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THERMAL SPRINGS OF THE UNITED STATES AND OTHER COUNTRIES OF THE WORLD

A SUMMARY

By GERALD A. WAllING. REVISED by REGINALD R. BLANKENSHIP and RAY BENTALL

ABSTRACT

Thermal springs are widely distributed throughout the world
but are most numerous in areas in which there has been vol
canic activity in late geologic time. A review of the available
literature has revealed much information on the location of the
springs, the temperature of the water, the rate of flow, the
chemical character of the water and evolved gases, and the uses
made of the water. All such information has been tabulated by
countries or geographic areas and is presented in the first part
of this report. Accompanying the tabulated data for each coun
hoy or geographic area is a brief description of the geology and
a map showing the location of the springs. The second part
of the report consists of a list of references, some annotated
briefly, to the literature on thermal springs. The references
are grouped by countries or geographic areas and within each
group are arranged in alphabetical order by author. However,
for ease of citation throughout the report, the references have
been assigned consecutive numbers.

INTRODUCTION

During his early work with the U.S. Geological
Survey, the author was assigned to studies of the min
eraI and thermal springs of California and Alaska.
Later he assisted in the compilation of data on thermal
springs throughout the United States. These studies
stimulated his interest in the distribution and character
of thermal springs in other parts of the world, and
during 1954-58 he examined available literature on the
subject and compiled an extensively annotated bibli
ography. Although he planned originally that the
bibliography, complete with annotations, would be re
produced in this report, it grew to such size that its
publication in full was not feasible. Accordingly, it
was decided to place the bibliography in the open file
of the U.S. Geological Survey in Washington, D.C.,
where it may be examined by persons interested, and to
publish in this report the titles of the references together
with brief annotations of selected references. As pub
lished herein, annotations accompany only those titles
that either do not of themselves reveal their relevance
to the subject of thermal springs or seem not to indicate
adequately the scope of the information contained in
the publications. Although numbered consecutively
(from 1 to 3733) to facilitate citation in the tables of
springs and elsewhere, the references are grouped ac-

cording to the geographic area or political unit to which
they pertain, and within each group they are arranged
alphabetically by author.

Much information on thermal springs was obtained
through examination of the available literature. For
ease of presentation in this report, the data on springs
have been arranged in tables, each table for a country
or a geograpluc area. Numbers assigned to the indi
vidual springs or groups of springs correspond to the
numbered locations on the appropriate maps. The
boundaries of a few 'countries may have changed some
what since the maps were compiled and those shown
are not necessarily the political boundaries now recog
nized officially. Given for each spring or group of
springs, if known, are the name or location and infor
mation on the temperature of the water, the How, the
chemical character of the water, and the associated
rocks. Other pertinent information also is given, and
those references that contain data on a spring or group
of springs are identified in the tables by their serial
numbers.

PERSONNEL AND ACKNOWLEDGMENTS

Most of the reports and articles cited in the present
bibliography were examined in the libraries of Stanford
University at Palo Alto, Calif., and the University of
California at Berkeley, to which access was courteously
granted. Through the kindness of Mrs. Florence Yao
Chu, of the Stanford library, many publications were
borrowed from other university libraries and from the
Library of Congress. Many other books and journals
were obtained from the library of the U.S. Geological
Survey.

Assistance in the translation of a number of Russian
publications was given by Dr. Siemon W. Muller, Pro
fessor of Geology, at Stanford. Articles in Turkish
were translated by Miss Sakina Berengian, of the
Hoover Institute and Library at Stanford. Articles in
German, French, and Spanish were translated with the
help of Kathryn Kip (Mrs. G. A.) Waring.

Many of the abstracts in the original bibliography
were adapted from the "Bibliography and Index of

1



2 THERMAL SPRINGS OF THE UNITED STATES AND OTHER COUNTRIES OF THE WORLD

Geology Exclusive of North America," issued annually
by the Geological Society of America, and from the
"Anuotated Bibliography of Economic Geology," is
sued semiannually by the Society of Economic Geolo
gists. Many abstracts of articles on the chemistry of
foreign thermal springs, especially in Japan, were
adapted from "Chemical Abstracts" of the American
Chemical Society. Each of these societies kindly gave
permission for its abstracts to be reproduced in the
original bibliography, which is in the open file of the
Geological Survey.

Specific data on a number of springs in California
and Nevada were supplied by Mr. Donald E. White, of
the U.S. Geological Survey, and information on several
springs in southeastern Oregon was furnished by Mr.
Frederick D. Trauger, also of the Survey.

The bibliographic titles were verified by Mr. Blank
enship, assisted by Miss Barbara ,Coate, Mrs. Mollie S.
Jablow, Miss Susan D. Smith, and Mrs. Mary Ann
Zimmerman, all of the U.S. Geological Survey in Wash
ington, D.C. Mr. Blankenship reviewed the entire
manuscript and gave it a preliminary editing; he also
rearranged parts of the text and supplied several addi
tional references. To Mr. Bentall fell the major task
of making the final revision, shortening the manuscript,
and preparing the brief annotations that are included.
Mrs. Frances G. Thompson, of the Washington office,
made the final rearrangement of the order in which the
countries are covered and did the renumbering and
crosschecking that were necessary at this stage. Other
crosschecking during preparation of the final manu
script was done by Mrs. Mildred P. Martin and Mrs.
Dorothy Lamar in the Menlo Park, Calif., office of the
Geological Survey, and by Miss Guila C. Darling in the
Lincoln, Nebr., office.

As revised, the bibliography unavoidably still con
tains a few errors and inconsistencies, but these should
not detract substantially from its usefulness as a guide
to published information on the thermal springs of the
world. .

BIBLIOGRAl'HIC SOURCES

Various geological and chemical bibliographies, some
of them annotated, were the source of most of the refer
ences listed in this report. The author examined lIS

many of the original publications as were available, ab
stracted therefrom the pertinent data on thermal
springs, and verified the name of the author, date of
publication, title, and other bibliographic data. From
some of these original publications he obtained refer
ences to others, which were similarly examined. The
bibliographies consulted are listed below.

American Chemical Society, Chemical Abstracts, 1907-58, 52 v.
American Geophysical Union, Transactions. 1920-57, 38 v.

Geological Society of America, Bibliography and Index of
Geology EXClusive of North America, 1933-56, 21 v.

Geological Society of London, Geological Literature Added
to the Society's Library, 1894-1933. 37 v.

Royal Society of London, Catalogue of Scientific Papers. 1800
"1900,20 v.

Society of Economic Geologists, Annotated Bibliography of
Economic Geology, 1928-56, 29 v.

U.S. Geological Survey, Bibliographies of North American
Geology: Bulls. 746 and 747, for 1785-1918; Bull. 823, for 1919
1928; Bull. 937, for 1929-1989; Bull. 1019, for 1940-1949; Bull.
985, for 1950; BUll. 1025, for 1951; Bull. 1035, for "1952-1953;
Bull. 1054, for 1954; and Bull. 1065, for 1955.

Publications concerning the therapeutic use of ther
mal mineral waters deal chiefly with the various spas
of Europe. Some of these publications contain analyses
of the waters, and most include information on the de
velopment and use of the springs. Many pamphlets
have been issued by the principal resorts to describe
their springs and the bathing and medical facilities, but
only a few such publications are included in the geologi
calor chemical bibliographies.

The association of algae and other low forms of plant
life with natural thermal waters has received consid
erable study. The presence of certain types of animal
life in thermal springs also has been investigated.
Some papers on these subjects, which have been pub
lished in journals of botany and of biology, are cited
in the bibliography.

The geographic coverage of published information on
thermal springs is uneven. Many commercially de
veloped springs at spas and health resorts have been de
scribed in great detail, but other springs that may be
of equal geological and geochemical interest-but are in
remote places-seem to be mentioned only in early books
of travel and exploration or in the accounts of mission
aries. Many of these rather casual references have
been listed in the geological and other bibliographies
or have been referred to by later writers. However,
an attempt has been made not to extend the present
bibliography unduly by including reports that contain
only casual mention of springs that are described in de
tail in other reports.

Most technical papers on specific thermal springs
have been published in journals in the countries where
the springs are located. The literature on the thermal
springs of Europe is the most extensive, for many of
the springs there have been developed and used since
early medieval times and some were bathing and health
resorts as early as the Roman period. The Comptes
rendus of the Academy of Sciences, Paris, contain many
articles on the thermal and mineral springs of France
and her colonies. The principal springs and spas of
Germany, Austria, and Czechoslovakia are discussed in
the Sitzungsberichte and the Anzieger, Mathematisch-



INTRODUCTION 3

Naturwissenschaftliche Klasse, Akademie del' Wissen
schaften, Wien.

Many papers on the geology and geography of parts
of Asia and Africa, published in the "Quarterly Journal
of the Geological Society of London" and in the "Geo
graphical Journal of the Royal Geographical Society,
London," contain descriptions of thermal springs in re
mote regions. Articles in many other journals and
magazines contain significant information and are there
fore cited in the present compilation. Some of the listed
books and articles were not available for examination
but were included in the bibliography because they were
thought likely to contain pertinent data on thermal
springs. Also included in the bibliography are citations
to published abstracts of many of the references.

Most of the books and periodicals cited in the present
bibliography are in the library of the U.S. Geological
Survey and the Library of Congress, both in Washing
ton, D.C. Most of them are also in the library of the
University of California at Berkeley or in the library
of Stanford University. Some rare books and periodi
cals are in the libraries of the U.S. Department of
Agriculture, the Catholic University of America, the
Smithsonian Institution, and the National Library of
Medicine, all in Washington, D.C., and in the libraries
of Yale University, New Haven, Conn., and Duke Uni
versity, Durham, N.C.

FEATURES OF SOME SPRINGS

Many hot springs have been described as remarkably
uniform in temperature, flow, and mineral content.
Arago (ref. 8) postulated that the temperature of the
earth in Mgeria had not decreased more than 4° C. in
2,000 years, because the springs near Bone had supplied
ancient baths and in 1785 still had a temperature higher
than 96.0°C. Little other evidence has been presented
to explain why many springs are so constant in
character.

Some intriguing areas, especially in Asia, have been
brought to notice. For example, Fuchs (ref. 43) men
tions the solfatara of U rumchi, in the northeastern part
of Sinkiang Province of China, but no additional in
formation on this solfatara has been found in the avail
able literature. No good description of the geysers or
spouting springs in southern Tibet, or specific informa
tion on the numerous hot springs thought to be in the
mountains of Mongolia, seems to be available. Several
thermal springs are reported in the Himalayas of
Bhutan, but they also do not seem to be described in
publications. Marek (ref. 3280) describes the general
belief that the site of ancient Troy was near the present
village of Bunarbashi in western Turkey and suggests
that the springs near that village may be the hot springs

mentioned in the Iliad of Homer (ref. 3272). However,
no other available literature contains a discussion of the
evidence afforded by those springs as to the site of
ancient Troy.

The hot springs of Tiberias near the Sea of Galilee
doubtless were used in ancient times for their healing
qualities. In early Biblical times the town near them
was called Hammath (meaning "warm springs") and
was mentioned as one of several fenced cities (Joshua
19: 35). The town was known later as Emmaus (mean
ing "hot springs"), but no mention of the medicinal
use of these or any other hot springs in the valley of
the Jordan River and Dead Sea is found in Biblical or
other early records.

The construction during 1919-27 of a siphon and
drainage-tunnel system to divert the occasional over
flow of hot acid water from the lake in Keloed crater
of Kawah Idjen volcano in eastern Java is mentioned
by Tazieff (ref. 94) and is also mentioned and illus
trated in the "Bulletin of the Netherlands East Indian
Volcanological Survey" (ref. 3724) ; but no detailed ac
count of the difficulties that must have been encountered
in such a project seems to have been published.

CONVERSION FACTORS

On the basis that 1 U.S. gallon equals 3.785 liters
and that 1 hectoliter equals 26.420 U.S. gallons, a flow
of 1,000 liters per minute is equivalent to 264.20 U.S.
gallons per minute, and a flow of 1,000 hectoliters per
day (24-hr) is equivalent to 69.444 liters per minute,
or 18.347U.S. gallons per minute.

In each table of this report the water temperature of
the springs is shown according to a single scale, either
centigrade or Fahrenheit. Any temperatures recorded
in the original publications in degrees Reaumur have
been changed to centigrade (1°R= 1.25°C). Degrees
centigrade .can be converted to degrees Fahrenheit by
multiplying by % and adding 32; conversely, degrees
Fahrenheit can be converted to degrees centigrade by
subtracting 32 and multiplying by %. The equivalence
of the centigrade and Fahrenheit scales within the nor
mal range of thermal waters is given below.

'0 'F '0 'F '0 'F
15 59 45 113 75 167
20 68 50 122 80 176
25 77 55 131 85 185
30 86 60 140 90 194
35 95 65 149 95 203
40 104 70 158 100 212

In early chemical analyses of mineral waters the con
stituents commonly were reported as concentrations of
hypothetical salts, and the concentrations of the con
stituents generally were expressed in grains per U.S.
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gallon or imperial gallon, in grams per kilogram, or
in grams per liter. In the annotations prepared orig
inally, most of the analyses are reproduced as given by
the author of the article, although a few that were
given in grams per kilogram or grams per liter were
converted to milligrams per liter. In most reports pub
lished since about 1900, results of analyses are stated
in parts per thousand, per hundred thousand, or per
million, by weight, or in grains per gallon; 1 grain per
U.S. gallon (231 cu. in.) is equivalent to 17.12 ppm
(parts per million) by weight and 1 grain per imperial
gallon (277.41) cu. in., or 1.201 U.S. gallons) is equiv
alent to 14.25ppm by weight.

Water containing less than about 7,000 ppm of dis
solved solids has a density close to unity, and the con
centration values, for practical purposes, are the same
whether expressed in parts per million by weight or
in milligrams per liter. However, water containing
more than about 7,000 ppm of dissolved solids has a
density appreciably above unity, and the concentration
values expressed in one unit cannot be equated to those
expressed in the other. For example, ocean water,
which has a density of about 1.026, has a dissolved
solids concentration of about 35,000 ppm, and the con
centration values expressed in milligrams per liter are
about 2.6 percent greater than if expressed in parts per
million by weight.

ABBREVIATIONS

Abbreviations used for citations and for scientific and
engineering terms in this report are those listed in "Sug
gestions to Authors of the Reports of the U.S. Geologi
cal Survey," Washington, D.C. (U.S. Govt. Printing
Office, 5th ed., 1958).

. THERMAL SPRINGS

Strictly defined, any spring or well water whose aver
age temperature is noticeably above the mean annual
temperature of the air at the same locality may be
classed as thermal. Among European springs that are
developed commercially, only those whose temperature
is higher than about 20°C are classed as thermal. In
the United States, only those springs are called thermal
whose .temperature is at least 15°F above the mean
annual temperature of the air at their localities. In
areas where the mean annual air temperature is low,
some springs that do not freeze in winter because of
natural protective conditions are considered to be ther
mal; in tropical areas some springs that are only a few
degrees warmer than the temperature of the air .may
be considered thermal.

DISTRIBUTION

The most notable feature of the distribution of ther
mal springs is their close association with the main belts

and areas of volcanoes of present or geologically recent
activity. (See fig. 1.)

Thermal springs are common in extensive areas of
lava flows of Tertiary and later geologic age-s-for ex
ample, in Yellowstone National Park in Wyoming and
in the great lava-covered areas of Idaho, eastern Oregon,
and northern California. In the lava of the Auvergne
region in France and in areas of volcanic rocks in Italy,
thermal spriugs are more common than in other parts
of those countries.

Thermal springs are common also in areas where
rocks, regardless of their character and age, have been
faulted and intensely folded in geologically recent time.
The close relation of thermal springs to structure in
such intensely deformed mountain regions as the Alps
and the Pyrenees has been commented upon by many
writers. In regions of faulted block mountains in the
western United States, many thermal springs issue
along or close to the fault zones.

ORIGIN

Most investigators of thermal springs believe that
almost all the water is of meteoric origin but that some
of it may be magmatic. However, few studies have
been made of the origin and movement of ground water
in areas of thermal springs. As most observations of
the temperature and flow of thermal springs have been
made at intervals of many years, no trends in their
changes have been established. Many thermal springs
have been described as artesian, the water rising from
deep strata along faults and fissures.

Allen (ref. 120) concluded that steam given off by
magma is the source of the heat in all the hot springs
he had studied, chiefly in Yellowstone National Park
and Lassen Volcanic National Park. He further con
cluded that the mineral content of the water is derived
partly from the adjacent rock and partly from mag
matic sources. Intensive studies by Day (ref. 29) seem
to prove that volcanoes, hot springs, and mud geysers
are phases of one and the same kind of terrestrial
activity.

Because nearly all thermal springs are associated
with volcanic rocks, most writers on the origin of such
springs have tended to assume that the heat was of
volcanic origin. However, some writers have suggested
that other possible sources of the heat are chemical re
actions underground-such as the oxidation of iron
pyrite and a few other minerals-and the disintegration
of radioactive substances. Many thermal springs,
especially in the Alps and Pyrenees, issue in areas of
granitic or sedimentary rocks, and probably the water
is hot because of the great depth from which it rises..
Observations in deep mines and borings indicate that in
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regions of comparatively uniform and undisturbed
rocks the temperature generally increases at the rate
of about 1°F for each 50 to 100 feet of depth. Thus,
the temperature of artesian water in some areas may in
dicate the approximate depth from which the water
rises. It may be concluded, then, that thermal springs
are of two main classes-those that issue in areas where
the geothermal gradient is abnormally high because of
igneous activity and those that issne where the geother
mal gradient is "norma!''' However, there is a com
plete gradation between the two classes.

The presence of slight amounts of boron' and certain
other constituents in thermal water is considered to in
dicate that the water has comeinto contact with magma.
This hypothesis has received increasing attention during
the past half century.

Near many commercially developed thermal springs,
borings have been made to supplement the supply of
water. It is not always easy to distinguish between
the natural and the artificial outlets, and both generally
are classed as springs. Many artesian wells and un
successful test wells for oil or gas yield thermal water.

MINERAL CONSTITUENTS

The principal mineral substances dissolved in water
of thermal springs are the same as are common in other
natural waters. Their characteristics .have been dis
cussed in numerous publications and are summarized
by Collins and others (ref. 129).

Sodium (Na) and potassium (K) are common con
stituents of many minerals, chiefly the sodium and potas
sium feldspars. Because many of their compounds are
highly soluble, these constituents may be present in
considerable amounts in highly mineralized water. In
natural water, sodium is much more plenti£ul than
potassium. Lithium (Li) is similar to sodium in chem
ical action but rarely is present in large amounts.
When lithium is determined, it generally is reported as
lithium chloride or carbonate.

Calcium (Ca) and magnesium (Mg) are derived
mostly from limestone and dolomite and some feldspars.
In water from springs the content of calcium generally
is two to five times that of magnesium, but in sea water
and other very saline water the magnesium content gen
erally exceeds that of calcium. Calcium and magne
sium cause most of the hardness of water. Hardness
caused by calcium and magnesium equivalent to the
bicarbonate (HCO,) in the water is called "carbonate
hardness"; the remainder is called "noncarbonate hard
ness." These terms are approximately equivalent to
the old terms "temporary" and "permanent;" which
were based on the fact that carbonate hardness is partly
removed by boiling the water. Water having noncar-

bonate hardness may contain in solution the sulfates and
chlorides of calcium and maguesium. Barium (Ba)
and strontium (Sr) are similar in action to calcium and
magnesium, but if present, the amounts are very small.

Except in acid solutions, iron (Fe) and aluminum
(AI) are only slightly soluble. The water of many
springs contains several parts per million of iron. Gen
erally, the aluminum content is less than that of iron
and often is not determined separately. In many
analyses the content of both is reported as the oxides
Fe,O, and Al,O,. An iron concentration higher than.
0.5 to 1.5 ppm can be tasted.

Manganese (Mn) is not common, but in natural water
it may be present in association with iron in amounts of
a few parts per million. Manganese dioxide (MnO,)
has been deposited by a few thermal springs in quanti
ties sufficientto be worked commercially.

Rarely is arsenic found in measurable quantity in
natural water, but it has been identified in a few mineral
springs, both cold and thermal, and usually is reported
as arsenic (As), as arsenic trioxide (As,O.), or as
arsenic pentoxide (As,05)' Also, some thermal waters
have been reported to contain minute amounts of gold,
silver, copper, lead, zinc, and other metals.

Chloride (CI) is one of the commonest and most
plentiful constituents in solution. It is derived in large
part from common salt, sodium chloride (NaCI), and
to a lesser extent from magnesium chloride (MgCI,),
which is present in small amounts in some rocks.

Sulfate (SO,) results from the solution of gypsum
and anhydrite and is present in considerable amounts
in many natural waters. It may be derived also from
the oxidation of sulfide minerals, chiefly pyrite and
marcasite. A sulfate drinking water is sometimes
called a "bitter water." High concentrations of sodium
sul£ate (Glauber's salt) .01' magnesium sulfate (Epsom
salt) in drinking water are laxative.

Several different forms of sulfides are present in
many '''sulfur'' waters. They are derived principally
from the reduction of the sulfate ion (SO,) and sulfate
and sulfide minerals, a process that produces hydrogen
sulfide (H,S) ; they may be derived also from the solu
tion of natural sulfides. Complex sulfides may give
the water a clear greenish-yellow color. "White sulfur"
water may contain a finely divided allotropic form of
sulfur in suspension. "Blue sulfur" and "black sulfur"
water may have slight amounts of iron sulfide in sus
pension or solution.

Bicarbonate (HCO,), resulting from the action of
dissolved carbon dioxide (carbonic acid) on limestone
and dolomite and many other rocks, forms most of the
anion content of many waters. Carbonate (CO,), re
sulting from the solution of the more soluble carbonates
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or from the decomposition of bicarbonate, rarely is
present. Bicarbonate and carbonate are reported in
many analyses as "alkalinity," which is expressed as
calcium carbonate (CaCo,).

Bromide (Br) and iodide (I) are present in very
small amounts in a few saline spring waters that are
mineralized by solution of marine deposits.

Boron (B) is present in appreciable amounts in many
natural waters. As borate (B,O,) it is common in

.vapors from fumaroles and other volcanic vents.
Fluoride (F) is present in small amounts, generally

less than 2 ppm, in the water from many springs and
wells. However, most early analyses do not record its
concentration. A concentration of fluoride between 0.6
and 1.2 ppm is beneficial in reducing the incidence of
tooth decay in children, but more than this amount may
cause mottling of the tooth enamel.'

Phosphate (PO.) is uncommon but may be taken
into solution from phosphate minerals, perhaps chiefly
apatite. Generally, the amount present does not exceed
a few parts per million.

Ammonium (NH.) and nitrate (NO,) may be derived
from organic matter and therefore may indicate pol
lution of the water. However, because they may be
derived from inorganic salts also, they are not neces
sarily evidence of direct contamination.

Silica (SiO,) is present in nearly all rocks. It is not
easily dissolved in water, but generally is present in
soluble or colloidal form in comparatively small
amounts, ordinarily less than 100 ppm. In the colloidal
form it may make the water opalescent. (The same
color effect may be caused also by finely divided calcium
carbonate in suspension.) In some water analyses the
silica is reported as silicate (SiO,) or as metasilicie acid
(H,SiO,).

Most mineral-spring water that tastes sour contains
free sul£uric acid (H,SO,). Nearly all such water con
tains relatively large amounts of sulfates of iron and
aluminium (alums), which give an astringent taste.
Water from a few springs contains free hydrochloric
acid (HCI).

The water from many springs contains dissolved
gases. One of the principal gases given off is carbon
dioxide (CO,). It makes the water slightly acid and
gives it a pleasant taste. The carbon 'dioxide may be
derived from the atmosphere or the soil or from chemi
cal action on limestone. Next in importance among the
gases is hydrogen sulfide (H,S), which may be pro
duced by reduction of gypsum and other sulfates or by
decomposition of organic matter. This gas accounts

1 Welsh, G. B., and Thomas, J. F., 1960, Significance of chemical
limits in U8PHS drinking water standards: Am. Water -Works Assoc.
Jour., v. 52, no. 3, p. 289-300.

for the odor that characterizes many "sul£ur" waters.
Both hydrogen sulfide and carbon dioxide are common
in volcanic exhalations. Nitrogen (N,), probably
derived from air dissolved in the water, has been noted
as the chief constituent of the gas evolved by some
springs. Similarly, oxygen (0,) may be present as a
constituent of the dissolved air. Slight amounts of
argon (A,) and some other rare inert gases have been
found in many thermal springs. Also methane (C:EL) ,
or marsh gas, is given off from some warm springs whose
water rises through rocks containing organic matter.

The hydrogen-ion concentration, expressed as the pH,
of a water is an index to the possible corrosiveness of
the water. The pH is the negative logarithm of the
concentration of hydrogen ions, in moles per liter. (A
mole, or gram molecule, is the quantity of a compound
or element that has a weight in grams numerically equal
to its molecular weight.) A solution having a pH of
'T.O is said to be neutral. Progressively lower values of
pH indicate increasing concentrations of hydrogen ions
(acidity), whereas progressively higher values of pH
indicate decreasing concentrations of hydrogen ions or
increasing concentrations of hydroxyl ions (alkalinity).

Physicochemical studies of mineral waters, includ
ing determinations of their electrical resistivity and
radioactivity, are the subject of many papers published
during the past half century.

DEPOSITS

Many thermal and some cold springs deposit large
amounts of calcium carbonate as hard tufa or traver
tine, and some springs form similar deposits of siliceous
sinter. In places, a mixture of the two forms a silico
calcareous sinter. Numerous papers describe tufa de
posits and their method of formation. The deposition
of other minerals has been discussed by White (ref.
109), and the formation of siliceous deposits has been
studied by White and others (ref. 112) '.

ORGANIC ASSOCIATIONS

Organic matter, which generally occurs as an im
purity derived from vegetal matter, is reported in many
water analyses. Reported in some early analyses is the
organic substance crenic acid, a pale-yellow uncrystal
lizable substance believed to be present in vegetable
mold and in ocherous material. By oxidation it forms
apocrenic acid, which in "chalybeate" waters appears as
a brown amorphous deposit. These oxidation products
are reported in some early analyses as crenates and apo
crenates of sodium, potassium, and iron. Baregine
(named from its first recognition at Bareges in
France), or hydrosin, is a brownish-yellow residue of
nitrogenized organic matter obtained on the evapora
tion of some sulfur waters. Glairine, or glarin, is a
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l! Hodgman, C. D., editor in chief, 1944, Handbook of chemistry and
physics: 28th ed., Cleveland, Ohio, Chemical Rubber- Publishing Co.,
p. 1449-1451.

tudes, as given below, was derived by comparing tables
of altitude-atmospheric pressure.'

AUitude Boiling point
MetcT8 Feet "0 OF

0 0 100 212
1,000 3,280 96. 7 206.1
2,000 6,560 93.4 200. 1
3,000 9,840 90. 1 194.2
4,000 13,120 86.8 188. 2
5,000 16,400 83. 5 182.3

Below a water surface the boiling point increases
rapidly with depth, owing to the increase in pressure
resulting from the weight of the overlying water. The
boiling point below a water surface at sea level was cal
culated by Mr. Donald E. White, of the Geological Sur
vey, to be approximately as follows:

212
311

.;356
385
410

100
155
180
196
210

Approximate boiling point
°0 OF

o
164
328
492
656

o
50

100
150
200

Depthbelow thewater8urface
Meters Feet

Gases in solution lower the boiling point slightly,
whereas mineral substances in solution raise the boiling
point slightly. Therefore, the effect of gases dissolved
in moderately mineralized. water is hardly noticeable.
The boiling point of ocean water, which has an aver
age mineral content of abo~t 35,000 ppm, is only about
1°F above the boiling point of pure water.

DESCRIPTION OF THERMAL SPRINGS

UNITED STATES

Geologic formations of nearly all ages and types of
rocks are present within the 48 conterminous States.
Although thermal springs are most numerous in areas of
geologically young igneous rocks, some rise from much
older rocks of sedimentary origin. The paragraphs
that follow are a series 'of thumbnail sketches of the
geologic situations with which thermal springs are
associated in the United States.

The Atlantic and Gulf Coastal Plains are underlain
chiefly by sands, silts, and clays of Cretaceous and Ter
tiary ages. In the extreme southeast, much of Florida
is underlain by nearly horizontal strata of Tertiary
limestone from which many large springs rise in deep
pools. In nearly all of them the water is only slightly
above the normal ground-water temperature, but at
Warm Salt Springs near the west coast, as indicated on
fignre 3, tIre water is about ~2°F above mean annual
temperature.

BOILING TEMPERATURES

The boiling point of water decreases with increased
elevation above sea level. The rate of decrease is not
quite constant, but below altitudes of about 5,000meters
(16,400 ft) the boiling point decreases IDC for each
303-meter increase in altitude, or 1°F for each 550-foot
increase. The approximate boiling point at a few alti-

soft, unctuous amorphous deposit occasionally found in
basins where spring water collects. It contains nitro
gen and on ignition leaves a siliceous residue.

Sulfur-secreting bacteria, sometimes referred to
under the general name "sulfuraria," are minute vege
table organisms and are conspicuous in some thermal
springs. Generally, they are green and are common
in sulfur waters not hotter than 122°F. They prob
ably secrete silica in addition to sulfur. Bacteria
commonly known .as Orenothri» form the rust-colored
gelatinous material found in the water of some cold
iron springs, but they seem not to live in distinctly
thermal water. These bacteria are colored brownish
by iron oxide deposited in their sheaths.

The microscopic siliceous remains of various species
of diatoms have been found in and near some hot
springs, but it is not certain whether this type of algae
actually lives in the water. The most common types
of algae found in thermal springs are filamentous.
Green species flourish in water having a temperature
of about 120° to 140°F (49°-60°C), orange and red
kinds in water of about 140° to 160°F (600-7IDC), and
white kinds in hotter water. In Yellowstone National
Park, Weed (ref. 695) observed algae in spring water
having a temperature as high as 185°F (85°C). Some
writers refer to certain green filamentous algae as
"Confervae."

Several observers have recorded the presence of ani
mal life in thermal springs. In springs of Hammam
Meskoutine in Algeria, Blanchard (ref. 2437) noted
crabs, frogs, and tadpoles in water at a temperature
of 31°C, small fish at 39°C, and ostracodes at 51°C.
Brues (refs. 125, 126) examined the fauna of 154 ther
mal SPrings in the western United States and found the
upper limit for animal life to be about 122°F (50°C),
which is about 18°F (lO°C) above their normal limit.
He found also that the upper limit for plant life is
about the same as for animal life. .

In the hot springs of Iceland, Tuxen (ref. 1260)
found animal life in 37 thermal springs or groups of
springs. Of the 6 species found in water above 40°C,
only 3 were common. In thermal springs of lower
temperature,46 species were found.
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The Appalachian Mountains and subsidiary ranges
extend from western Georgia northward beyond Massa
chusetts. They are composed chiefly of folded and
faulted sedimentary rocks ranging in age from Pre
cambrian through Permian. In an area of faulted
Precambrian quartzite in western Georgia several warm
springs rise, the most noted group being at Warm
Springs.

The Appalachian ranges that form the boundary be
tween Virginia and West Virginia are composed largely
of folded and faulted Cambrian and Devonian lime
stone and sandstone. Several of the numerous thermal
springs in this general area have been developed as
resortz, one of the most noted being that at Hot Springs,
Va, North of the main Appalachians, in areas of an
cient schist or limestone, only three small warm springs
are reported.

The Mississippi Valley and the bordering plains are,
in general, underlain by gently dipping strata of Pale
ozoic and Mesozoic ages. No thermal springs are
reported in this region. In the Ozark uplift in south
western Missouri and parts of Arkansas and Oklahoma
and the Arbuckle Mountains farther southwest, the
exposed rocks are mainly Paleozoic limestone. The
Ouachita Mountains in western Arkansas and south
eastern Oklahoma are also composed of Paleozoic strata
which are intensely folded and faulted. Thermal
springs at Hot Springs, Ark., issue from Mississippian
sandstone on a plunging anticline.

A large area in eastern South Dakota and southeast
ern North Dakota is underlain by an artesian aquifer,
The aquifer, which lies at depths of about 900 to 1,100
feet below the surface, is the Dakota Sandstone of
Early Cretaceous age. Since about 1890 several thou
sand wells of small diameter have been drilled in this
area for domestic and farm water supply. The water
is distinctly warm, being 200 to 250 above the tempera
ture of the shallow ground water, bnt no natural ther
mal springs are present.

The Black Hills in southwestern South Dakota, as
indicated on figure 2, have been lifted high above the
plains of the Missouri River. The rocks form a broad
anticlinal fold, from the higher parts of which the beds
have been largely eroded, leaving hogbacks of Carbon
iferous strata nearly encircling the hills. In the east
ern part a core of granite is exposed. No thermal
springs break out in the hills, but in the plains near
their southern end there are large flows of warm water
at the town of Hot Springs.

In northern Montana the Rocky Mountains consist
of several nearly parallel ranges, but farther west they
are more irregular. They are separated by wide val
leys and plains. The rocks are chiefly granite, schist,

and other crystalline types overlain by sedimentary
strata of Paleozoic through Mesozoic ages. The princi
pal hot springs of Montana are in this region in areas
of fractured granite or schist. Several warm springs
issue from folded and faulted Paleozoic strata, and
others from Cretaceous beds. Warm Springs Creek,
which has a water temperature of 68°F and discharges
80,000 gpm, may be the largest natural stream of ther
mal water in the United States. A few warm springs
rise in valleys bordered by Tertiary or Quaternary lava.

The mountains of central Idaho are of granite and
ancient sedimentary rocks and contain numerous hot'
springs, as indicated on figure 4.

Most of southwestern Idaho is underlain by basalt of
the Snake. River Group (Pleistocene and Recent),
which is mantled in some places by lake beds of the
Payette Formation (Miocene and Pliocene1) . In the
valley of the Bruneau River, a southern tributary to the
Snake, many warm springs rise through overlying lake
sediments or directly from the lava.

The Yellowstone National Park in the northwest
corner of Wyoming (fig. _5) embraces a great lava
plateau largely of rhyolitic rocks. Detailed geologic
studies have shown that the geysers and hot springs of
this region derive their heat from magma that underlies
the thick lava beds.

Central Wyoming is a region of high plains and small
isolated mountains underlain by nearly horizontal Cre
taceous and Tertiary strata. There are MSO hills of
eruptive rocks. Several minor thermal springs issue
from faulted sedimentary rocks. Other thermal
springs are in areas of older rocks. The Big Horn, or
Thermopolis, springs issue from faulted Permian and
Triassic red beds, but their water probably rises from
the Tensleep Sandstone (Pennsylvanian and early
Permian) . These springs probably rank as the largest
hot springs in the country. According to Bnrk (ref.
575), the largest spring at Thermopolis discharges 12,
600 gprri and has a water temperature of 135°F. Out
liers of the Rockies in southern Wyoming are com
posed largely of Mesozoic and older strata in which
there are few springs.

The Rocky Mountains have their greatest develop
ment in Colorado. The Dakota Sandstone and other
formations of Mesozoic age are uplifted along parts of
the eastern front, but most of the Rockies are of Paleo
zoic strata. There are also many areas of granite and
other ancient crystalline rocks, and many small areas of
Tertiary lava. Thermal springs occur mainly in
faulted Paleozoic and Cretaceous rocks.

The southward extensions of the Rockies in New
Mexico are largely of ancient crystalline and sediment
ary rocks. The Jemez Plateau, farther south, is cov-



DESCRIPTION OF THERMAL SPflINGS 11

ered largely by Tertiary lava, which overlies faulted
Permiau and Triassic strata. Several warm saline
springs issue from these beds. Southwestern New
Mexico is covered in part by Tertiary lava, from which
many warm springs issue.

The Quitman Mountains, largely of Cretaceous
rocks, border the Rio Grande in western Texas. Small
warm springs issue from Lower Cretaceous sandstone
near the south base of these mountains and also 75 miles
farther downstream.

The plains of eastern 'Washington are underlain
mainly by the Columbia River Basalt (Miocene and
Pliocene?). No prominent thermal springs have been
noted in this area. The western part of the State is
dominated by the Cascade Mountains, which are com
posed of granite and ancient sedimentary rocks partly
covered by flows of Tertiary lava and are surmounted
by a chain of volcanic peaks. In this region are several
well-known thermal springs, but none are very hot.
Some issue from granite, others from basalt.

The Olympic Peninsula of northwesteru Washington
is composed maiuly of metamorphic aud sedimentary
rocks of complex structure. In this region two warm
springs rise iu areas of crushed and altered rocks,

The Blue Mouutains in northeastern Oregon consist
of ancient metamorphic and sedimentary rocks which
are much folded and faulted. Several hot springs issue
in this area. (See fig. 6.)

The plateau region of southeastern Oregon is cov
ered largely by the Columbia River Basalt. Many lava
flows have been somewhat folded and are broken by
faults that have produced extensive tilted block mount
ains. In the Harney Basin near Burns, and also near
Malheur and Harney Lakes, numerous warm and hot
springs rise through lake beds or the valley alluvium,
probably along faults in the underlying lava. Farther
east, warm springs also rise along the valleys of the
Malheur and Owyhee Rivers, which are bordered for
long distances by basaltic cliffs.

The Cascade Mountains extend southward from
Washington, through western Oregon, aud include
many lava flows and lava peaks. Small warm springs
rise at the base of Mount Hood in the north, and small
fumaroles issue from Quaternary lava near its sum
mit. Farther south, scalding springs are present at
several places in the Tertiary lava.

A large region iu southern Utah, northern Arizoua,
and adjoining parts of Colorado and New Mexico con
sists of plateaus that are deeply cut by stream canyons.
These uplands are composed chiefly of gently dipping
strata that range from Paleozoic through Tertiary in
age. The principal thermal spriugs in the region are
in the upper part of the Sevier River Valley in Utah

along the faulted front of the Sevier Plateau, as indi
cated on figure 7.

The 'Vasatch Mountains in northeastern Utah consist
largely of Paleozoic strata from Cambrian through Car
boniferous in age. The western front of the monntains
is traversed by the Wasatch fault which extends north
ward and southward from Salt Lake City. On or near
this fault are severaI large saline thermal springs, in
cluding Utah hot springs, which issue from Cambrian
quartzite, and Ogden hot springs, which issue from
syenite.

In the plateau region of northern Arizona no impor
tant thermal springs are reported. The central and
southern parts of the State are occupied largely by
mountains composed of crystaIline rocks and by folded
and faulted ancient marine strata. In many areas these
older rocks are covered by Tertiary volcanics, which may
account forthe heat of some springs.

Most of Nevada is within the Basin and Range prov
ince, a region of detached mountains separated by
desert valleys. Many of the ranges are composed of
granite and ancient metamorphic and sedimentary
rocks; others are composed chiefly of lava of Tertiary
age. The structure includes much complex folding,
but in many places it is dominated by block faulting.
As shown in figure 3, many thermal springs are scattered
throughout the State. The locations of the springs are
shown in more detail on figure 8.

Most of these springs are of moderate temperature
and small flow and are closely related to faults. In the
northeastern part of Nevada there are several mountain
areas of limestone and shale of Paleozoic age from
which several hot springs issue. Near the northwest
border, several warm to hot springs issue from intrusive
granite. The western side of the Black Rock Desert is
bordered mainly by hills and plains of Tertiary lava
where numerous warm and hot springs rise in close rela
tion to local faults. Farther south, Pyramid and Win
nemucca Lakes are partly surrounded by lava hills, and
hot springs rise near their bases.

The valley of the Humboldt River east of Winnemucca
is bordered largely by hills of lava. In the valley allu
vium small warm springs rise at several places and pos
sibly are artesian. In several areas of faulted Triassic
or Jurassic strata sonth of Humboldt River valley,
scalding springs deposit much tufa. -Boiling springs
also issue in several lava areas south of this valley.

In an area of granodiorite and metamorphic rocks a
few miles southeast of Reno, the Steamboat springs rise
at nearly boiling temperature. Their water has formed
extensive layers of siliceous sinter and is noted for the
presence of metallic sulfide minerals which are still
being deposited.
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FIGUREl 4.-Part of Idaho showing location of thermal springs. From ref. 148.

The Big Smoky Valley in the central part of Nevada
is enclosed by mountains that consist largely of strata
of Paleozoic age, covered in part by Tertiary lava. Hot
springs issue from both kinds of rocks, along the valley
border, but probably all rise from Paleozoic strata.
Similar conditions are present in Diamond, Steptoe,
and 'White Pine. Valleys. Near the south end of tile

State several wide flat valleys are bordered by moun
tains of Paleozoic strata, but warm springs in the valley
lands may be of comparatively shallow ground water
rising under artesian pressure.

Northeastern California is a region largely of Terti
ary lava flows. Surprise Valley, on the northeast border
of the State, is partly surrounded by lava mountains.
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Several thermal springs rise in the valley alluvium,
probably along buried faults. Other hot springs, some
at boiling temperature, are in the Honey Lake Valley
farther south, as indicated in figure 8.

The Cascade Mountains of vYashington and Oregon
extend south into California as far as the Pit River. In

California they consist largely of eroded volcanic moun
tams that do not form a distinct range. Mount Shasta

.is the most prominent of the lava masses, Near its sum
mit are small hot springs and vapor vents.

South of the deep canyon of the Pit River, the Sierra
Nevada forms a great mountain block. Its northern
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part is composed mainly of lava, and within this region
Lassen Peak had a period of explosive steam activity
during 1914-17. This activity did not appreciably af
feet the large hot springs on its southern slopes.

The crestal part of the Sierra Nevada is composed
mostly of granite, and its profoundly faulted eastern
front rises steeply from desert valleys of the Great
Basin region. Along the east front of the Sierra, hot
springs rise chiefly in lava areas near the base of the
range.

On the western slope of the Sierra Nevada, wide
bands of ancient sedimentary rocks overlie the granite,
but there are minor areas of Tertiary lava. No impor
tant thermal springs issue on this great slope, but in the
southern part of the Sierra warm springs issue at sev
eral places from faulted granite or gneiss.

In the coastal ranges of Cretaceous or older rocks
north of San Francisco Bay there are many warm
springs. These springs generally have a high mineral
conten:t but only a small flow. Some of them rise close



DESCRIPTION OF THERMAL SPRINGS 17

WYOMING

I
llA
12~\salt Lake City

14••
-14A,B

.9

113° IDAHO 112°-- -- -- -- ----1
. I

I

I,
I

I

.19
.'8

U A H I
I,

.24

\0,29

10
30 3 1 It"'
J~32 I~'33

34 35 p-
t:'

.36 0
37

.28 3~ 38
41 0 ,

42 •• 44 I46. _45 43
,,~ I49 "-48

50. 47 ¢.51

'" I
I

I
.52

.53 I,

.54

.27

.23

25
.26

42 op4°

I

I,,
I,
I

I,
41°n'-------1--¥~oL"""!'£i__'=lM_--~-----ll1!: .!.I_OO ---,

I

I,,

,
I

I
i!i'~,

&ilz,,

38°~,------+----J----!--1------+--------".4------j
I
I,
I,
I

I

39°,~f------i--A------
I

I
I
I

I

I3r _
Base from U.S. Geological Survey W.S.P.679-B ARIZONA

o 50
I

o 50
I , , I I I

FIGURE 7.-Utah showing location of thermal springs. From ref. 148.



18 THERMAL SPRINGS OF THE UNITED STATES AND OTHER COUNTRIES OF THE WORLD

1

99.\
,<0,,",

I~
I,

1O~\.,,
141\,

I

150•

<42•

106•

It4~,.
144- -145

-146

152•

<4,
148:

•<49

151•

A

103•

140
<4,
•

l03A
• ••122 104.

134. 105

126 128 Ji4A

• f{29 135

127-
13i-Uf • -136
133 137

31 .32 "33 ••
35•

U'!J34A
94•

145

.>
1<6

116" 114"

"
22 22A- 23·

21· 22B- 25-1 •
• ",

.300 I
28 308 ".
• -30A

29· '30
-30e

'23•

•154

J19 93C

•"0
121•

77

9>A
83 92 • _910

• • 9IC -I02A
93-

A D
93A-93 8•

88
77A.

BBA
• B9

9<'
.82 90A~

91

IDAHO

86".•

144•

79

;'0
."

HA
• 20

•

oTonopah

123•

'8•

'"•

H•

v""•• 85

1<4
~.

115 116

••117 118

69

•6A ,

•

'41
•• J42A
.142
143

157
•

155
•

HI•

'>.. '38
139 140', •

• 140A'. ,
Owens Lake .... 139

<:,
-,

,
-, ,,

66A
~ j8

.66

118'

•136

E

138
•

·70
71

7lA

•HO

•H3

N
CJl4

75• •74A

OREGON t

</? 139A

Whitney 14,496 ft * •
135.

5 •

53- 54.
_ Reno 73
5~Ji5A .58 •

•.ezS5B,CP
57. ·S655Ef

.59 .62

.-S9A
60 61•

120'

-r

Lake44
"";JTahoe

44A.

i>

.'"

98
•

133
•

101•

132•

.99 100

•

."
• l!li

7.
6
••16-19

8- -9 10 22

20
21

-:
J13A

150
!

q .4

\S'l41 (Dry)
.42

Goose Lake
o

150

89•

D

92".•93
94

o
c-

48A
45 48 •
·46· 5151A

Clearu; 4~9\~'-65
5~--·---_. 7 66-6

47 5~ 5 9
• 52 53• "'--...e'58

• ~-.!lr
70 72-74;~62-64

• 60 80.
II • -Sl .83 B3A75 •

76. 82
77-:78

79

a 50 100
I , , ! !

a 50 100
! , ! ! !

Base from U.S. Geological Survey W.S.P. 679-8

42·~H ....'

FIGURE S.-CnlifornIn and Nevada showing location of thermal sprfnga. ChIefly from ref. 148.



DESCRIPTION OF THERMAL SPRINGS 19

to faults or near volcanic rocks. About 75 miles north
of San Francisco an area of faulted metamorphic rocks
contains a noted group of hot springs and fumaroles
known as "The Geysers," which deposit sulfate minerals.

The coastal ranges south of San Francisco Bay con
sist largely of granite and of serpentine and marine
sedimentary rocks of the Franciscan Formation of
Jurassic and Cretaceous age. In large areas these rocks
are overlain by Tertiary sandstone and shale. Several
warm springs that issue from the serpentine contain
considerable quantities of magnesium salts; others from
granite or from Tertiary strata are of more usual
character.

The San Bernardino and San Jacinto Mountains of
southern California are composed largely of granite,
which is extensively faulted. On the western slope of
the San Bernardino Mountains, Arrowhead hot springs
issue at a scalding temperature from fractured granite.
Along the western base of these mountains several warm
springs rise through Tertiary deposits that overlie the
granite.

From Tomales Bay north of San Francisco, the great
San Andreas fault extends more than 600 miles south
ward into the basin of the Salton Sea, and probably
beyond. There are no well-known thermal springs
along the main part of this fault, but near the southeast
border of the Salton Sea are fumaroles and boiling mud
pots that are considered to be on a buried extension of
the San Andreas fault.

About 1,185 spring localities are given in the follow
ing table. Three States-California, Idaho, and Ne
vada-have about 200 localities each. Of the 140 spring
localities listed for ,Wyoming, all but 21 are within the
Yellowstone National Park. Oregon has 126 .thermal
springs or groups, and there are several dozen in each of
the States of Colorado, Montana, New Mexico, and
Utah. There is only one thermal spring in each of the
States of Florida, Massachusetts, New York, North
Carolina, and Pennsylvania. The remaining thermal
springs listed in the table are scattered through eight
other States-Arizona; Arkansas, Georgia, South
Dakota, Texas, Virginia, Washington, and West
Virginia.

Thermal springs and wells in the United States (excluding Alaska and Hawaii)
{Data chiefly from ref. 148 and files of U.S. Geol. Survey]

No. Tempera- Flow
on N arneorlocation tureof (gallons Associated rocks Referenceson Remarksand additional references

Iigur water (OF)
m~te)

chemical quallty

Arizona (See fig. 2.)

1 Pakoon (Pabtun) Spring, on tributary of 100 ------------ Lava (late Tertiary) . _______ -------- ------------ Ref. 138.
Orand Was ,18 mIles north of Colomdo
River.

2 Sec. 23, T. 30 N., R. 23 E .• I) mnessoutb of Hot ------------ Lava (Tertiary)_____________
--~-~-~~ -~-~ --- -----

Hoover (BOUlder) Dam.
a Lava Warm Springs, near Lava Falls 89 6,700 Granite__________ __~_~______

--- - --- - ~-- -~--~---- Several springs. Refs. 138, 144.
Rapids in the Orand Canyon of tbe.
Colorado River.

4 Sec. 33, T. 18N., R. 19W., 25miles south- W",m
~---~---~---

Lava (Tertiary)_~_~~_~______ --- -----~-~-~--~---~
west of Kingman.

5 Sec. 32, T. 15 N., R. 6 E., 10 mlles north- 72 50 Lava (Tertiary) overlying --------- ---- ------- 3 springs. Water used locally.
east of Camp Verde. sandstone (Permian).

6 Verde Hot Springs, 0.5 mile northwest of 104 76 Lava (Tertlary) _____________ ----- ---- ------- -- -- Several springs. Resort.
Childs.

7 6 miles south of St. Johns _____~_~ _________ 74 2 Sandstone (Triassic) ________
-----------~~--~----

Deposit of tufa.
S Castle (Monroe) Hot Springs, in sec. 3, 115-122 280 Lava (Tertlary)_____________ 133, 131.. __________ 2 springs. Water used for bathing. RoI.<

T. 7 N., R. 1 W., on Castle Creek, 50 144, 187, 1M.
miles south of Prescott.• Salt Banks, in sec, 33, T. 6 N., R. 17 E., Warm

----~---~~-~
Sandstone (Cambrian) ____ ~_ ----------- --- --- --- Large group of springs . Water used 10

30 miles west of Whiteriver. cally.
10 Soda Warm Spring, in sec. 13, T. 6 N., 65

--~-~-----~-
Limestone of Supai Forma-

---~-- ---- --- --- ----
R. 19 E., 23 miles west of Whiteriver. tion (Pennsylvanian and

11 Agua Oalteute Springs, in sec. 19, T. 5 S.,
Permian). .

Several springs. Resort.99-104
-----~---~--

Lava (Quaternary)________ ~_ 137,192--__________
R. 10 W., 15 cines northeast of Palomas.

12 Sec. 35, T. 5 S., R. 19 E., 3 miles north of 90 6 Lava (Tertlary)_____________
~------~--------~-~-

Water used for bathing.
arevetpe.

13 Near GIla River, 3 miles north of Fort
------~--~~------------- Lake beds (Pliocene)________ --~-- ------- ---- ---- Do.

Thomas.
14 Indian Hot Springs, 8 miles northwest of 81-118 300 ___ _cdo ~ _______________~_ ~__~ 189, 190_~______'"--- 5 springs and 1 well 600ft deep. Resort.

Pima.
15 Near Bonito Creek,ln T. 4 S., R. 27 E., W",m ------------ Lava (Tertlary) _____________ --------------- -----

25 miles east of Fort Thomas.
16 T. 4 S., R. 28 E.,10 miles west of Moreuef , Hot Small _____do ___________________ _~_ ------------------ -- ReI. 19L
17 Clifton Hot Springs _______________________ 127-160 ------------ _____do,______ ____~___ ~_______ 137,191..__________ 4 springs. Resort. Refs. 188, 328.
18 AguaJito (Quitabaqulto), near Mexican Warm

-----~---~--
Alluvium near schist________

------~--~- --~---~~- Water used for village supply and irriga
border. non. Ref. 186.

19 Hooker's Hot Springs, in sec. 6, T. 13 S., 130 40 Faulted granite_____________ ------- ------- --- --- 2 main springs. Water used for bathing
R. 21 E., 10 miles northeast of Cascabel.

20 Agua Caliente Spring, in sec. 1~ T. 20 S., 90 so Gravel (QuaternarYJ over- -- ---- ------- ------- Water used for bathing. Refs. 138,184,193
R. 13 E., 5 miles east of Ama o. lying red shale an sand-

21 Sec. 7, T.18, S., R.31 E., 6mIles southwest
stone (Cretaceous?).

Water used locally.
----~---~~~- --------~--- Quartzite dike near lava ---------------- ----of Paradise. (Tertiary).
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Thermalspring8 ana wells in the United States (emaluding Alaska ana Hawaii)-Continued

Arkansas (See Itg. 3.)

i Rice's Spring, on Mud Creek. ____________ 82 --------165" Limestone (Ordov!clan) ___~_ -20;137;100;2Oi:---- Resort. Ref. 144.
2 Hot Springs _______________________________

102-147 Hot Springs Sandstone 46 springs in area of 20 acres. Hot Spring
(MississippiBIl) overlyln~ 204,207,209,210. National Park. Army and Navy General
Arkansas Novaculite (De- Hospital, santtartums. Refs. 148, 195-
vonfen and MIsslsslp- 198,205, 206,208.

3 Big Chalybeate Spring, 5.5 miles north-
~I.n).

Ref.. 197." '85 C ertand shale (Ordovician).
-~ -~~--------------- Water used locally.

east of Hot Springs.• Sec. 17, T. 4 S., R. 27 W., near the Little 74 ------------ Arkansa..'1 Ncvaeullte (De- ---------------- ---~ Ref. 197.
MissourI River. vonrenand Mississippian).

5 Sec. 19, T. 4 S., R. 24 W .. In bed of Caddo 00-100 ------------ _____do ______________________ -------------------- Several springs. Refs 197, 205,
River at Caddo Gap.

6 Sec. 12, T. 5 S., R. 26 W., at Redland 77 ------------ _~___do __________________ ~~__
-------------------- Ref. 197.

Mountain.

California (See fig. 8.)

00 2

100--1l'i2 25

65-15 6

160 5

•01 ---------io-70

115 do 2 wells. Water used for bathing. Ref.
302.200 .do Water used for irrIgatlon. Rer. 297.

Granite ~ ~ • ~. Water used for bathing.

Faultedlav8 (Pllooone)_. 2117 1 springs. Resort. Ref. 284.

Lava overlying Cretaceous Deposit of tufa. Water supply for cattle.
strata.Lava (TertIary) 2 springs. Ref. 306.

Altered volcanic ash Vapor vents. Ref. 302.
Lava (Tertiary)_____________ Ref. 297.

i

2

2A

3

3A•
5

6

7

6,
10
11

12

13

14

15

16

17

16

16A

19

20

21

22

23

24

26

26

27

28

29

29A
30

31

32

33

Sec. 211, T. 15 N., R. 8 E., 14 miles south
east of Happy Camp.

Klamath Hot Springs (Shovel Creek
Springs), 20miles northeast of Ager.

4.5 miles northeast of Ager _

Near top of Mount Shasta, 11miles north
east of Sisson.

North of Big Glass Mountain. _
Pothole Spring, 35 miles northwest of Al

turas.
Near Rattlesnake Creek, 9 mlles west to

Alturas.
Essex Springs, In sec. 10, T. 42N., &.11 E_

Warm Spring Valley, 15 miles west of Al
turas.

Kelly's Hot Spring, In sec. 29, T. 42 N.,
R. 10 E., 4 miles northeast of Canby.

Near Canyon Creek, 15mlles southwest of
Alturas. .

1.5 mlles southeast of Alturas _
Little Hot Spring Valley, 25 miles north

west of Bieber.
Near Bidwell Creek, 1 mile northwest of

Fort Bidwell.
Boyd Spring, on east side of Upper Lake,

12 miles southeast of Fort Bidwell.
Near southwest side of Upper Lake, 4

miles north of Lake City.

Near south end of Upper Lake, 12 miles
northeast of Cedarville.

Sec. 12, T. 43 N .• R. 18 E .• near north end
of Middle Lake, 12 mnes northeast of
Cedarville.

Leonard Springs, In sec. 1. T. 43 N" R. 17
E., 11miles northeast of Cedarville.

Sec. 1, T. 42N., R.16 E., and sec. 6, T. 42
N., R. 17 E., 5 miles east-northeast of
Cedarville.

Cedar Plunge, l'i miles northeast of Cedar
ville.

Benmao Hot Sorlngs, in sec. 18, T. 42 N.,
H. 17 E., 5 miles east of Cedarville.

Menlo Warm Springs, In sec. 7, T.39 N.,
R. 17 E., 5 miles south-southeast of
Eagleville.

Near southwest side of Lower Lake, 8
miles south-southeast of Eagleville.

Bare Ranch, 12 miles south-southeast of
Eagleville.

Kook Creek, 65miles northeast of ReddIng_

BI~ Bend Hot Springs, in sec. 36, T. 37N.,
H.1 W.

Upper MllI Creek, 1 mlle northwest of
'I'ephet Hot SprIngs (No. 26).

Topbet (Soupan, Supan) Hot Springs, on
southwest side of Lessen Peak, l'i3 miles
northeast of Red Bluff.

Bumpas Hot Bprlngs, on south side of
Lassen Peak, 60 miles northeast of Red
Blufl'.

Bassett Hot Springs, 2.5 mnee east-north
east of Bieber..

Stenebreaker Hot Springs, 6 miles east
southeast of Bieber.Tipton Srrings _

Shaffer (Brenbecks) Hot Springs, near
north shore of Honey Lake.

Amedee Hot Springs, near Amedee rett
road station.

Highrock Spring, 10 miles east-southeast
of Amedee.

Morgan Hot Springs, 53miles northeast of
Red llJu1l.

80

80-02

8'

204

80

72
127;170

97-108

70

120-207

170-182

141)-149

160

130

180; 208

120

117-12l'i

120

70

'00

100--lSO

120-1l'i0

175 to
boiling

Bolling

173

110-165

70
160-204

178-204

66

90-200

10 do .:_~ • _

100 do _

275 do, 297~ • _

325 Alluvium near faulted lava _

100 Faulted(?) lava. _

1 Alluvium overlying lava ~ _
226 Basalt ~ ~ _

15 Faulted lava ~ _

1,000 Alluvium ~ _

100 do ~ • ~ ~ _

80 Faulted Cretaceous strata _
near andesite dike.

225 Alluvium near faulted lava _

50 do ~ • ._~ _

500 do ~ _

425 do ---

100 Faulted lava _

5 Alluvlum ~ . ~ _

5 Porphyritlc quartz diorite ~ _
dike In sedimentary strata.90 do ~_ --- - ----

3 Lava (TertIary)_. ~ _

5 do ~ _

100 do Ow. ~ _

17l'i 'rurreceous sandstone uete 297 _
Tertiary).125 ~ do • ~ ~ __~ _

925 Basalt (Tertlary). ~ ~ _
250 Faulted(?) alluvlum, 297 ~ _

100 do • ~ .__ 297 ~ _

525 Basalt (Tertiary) __._. ~ _

8l'i de, .__ 291 _

Do.

S springs. Water used for bathing and ir
rigation. Ref. 297.

Water used for domestic supply and Irrlga
tton.

Water used for domestic supply and irri
gation. Ref. 2117.

Do.

Water supply for cattle. Ref. 297.
2 springs. Water used for irrIgation. Ref.

207.
5 springs. _ Water used for demesne supply,

bathing, and Irrigation. Ref. 2117.
Water used for irrigation.

Several springs at site of speetaoular mud
eruption in March 1951. Refs. 264, 265,
279. 293,¥ .. 304.

4 springs. water used for sheep dipping.
Ref. 297.

3 springs. Water used for irrigation. Ref.
297.

3 springs. Water used locally.

5 main springs. Water used for bathing.

5 springs, Water used for bathing and
irrigation. Refs. 283, 297.

Water used for Irrlgatlon. Refs. 283, 297.

Refs. 283, 297.

2 springs. Ref. 297.

6 springs. Resort. Ref. 297.

3 springs. Refs. 239, 307.

About 10 springs and mud pots. Denoslta
ofsulfur. Refs. 213,238,239,297,307, 660.

About 20 springs. Refs. 213, 239, 240, 258,
297,307,660.

Water used for bathing and irrigation.

9 springs. Water used for irrigation. Ref.
297.

Water used (or irrigation.
3 sorlngs. Water used for bathing. Refs.

128 252,413 441, 526.
75f\rtnIl"S. Water used for bathing. Refs.

125,266,441.
Water used for domestic purposes and

irrigation. Rpf.297.
26 springs. Campground. Refs. 239, 307.
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ThermaZ springs and wells in the United, States (emcluding Alaska and Hawaii)-Continued

No. Tempera. Flow
on Name or location ture of (gallons Associated rocks References on Remarks and additional references

. figure water (OF) per chemical quality
minute)

California-Continued

Intermit- .do, 0 10 springs. Rels. 213,239,240, 297,307,660.
tent8 do. __• • ~ ~__ 6 springs. Refs. 239,297,307.

8 Alluvium overlying faulted ~_~ fi springs. Water used for bathing. Ref.
granite. 297.20 Slate (Carbonllerous) ~ ~ ~

15 Sandstone (Franciscan For- ~_.______ 4 springs. Campground. Ref. 297.
matlon).

20 Serpentine (Franciscan For- ~ 4 springs. Water 15saline and carbonated.
matlon). Resort.5 do, ~ ~ Water used for bathing.

25. do ~~ .~ ~ ~ ,g'sprlngs. Water used for bathing. Ref.
207.

_____do_______________________ 297 ~__~ 30springs.

35 ~~ do ~~ _

350

ncr
Refs. 109,216,246.

Water used for bathing.

Water used for drinking. Ref.

Water used for bathing. Refs.

2 groups of springs. Water Is carbonated.
Deposits of tufa. Campground.

7 springs. Resort. Ref. 297.

Water contains HfS. Used for bathing.
20 springs. Water is saline, contains HfS.

Natural gas. Resort. Ref. 306.
7 springs. Resort.

2 springs. Resort. Ref. 297.

3 springs. Water Is saline and carbonated.
:Ceposlt of tufa.

11spnnga, Resort.

7 sprlngs. Water used for drinking. Ref.
207.

4 springs. Water used locally.

3 wells. Water used for Irrigation.
S springs. Resort. Ref. 253.

10 springs. Water used for drinking. Ref.
207.

IOsprlngs. Deposits ofcinnabar and sulfur.
Refs. 214, 225, 244,245, 252,260, 274-277,
288, 293,303,"400, 401, 426.

26 springs. Resort. Ref. 284.

13 springs. Resort. Ref. 253.

Water used locally. Ref. 216.

2 springs. Water is bottled for drinking.
Ref. 297.

2 springs. Resort. Ref. 253.

9 springs. Resort. Refs. 216,253,284, 286.

3 springs. Resort. Refs. 216,253,284.

4 springs.
207.

2 springs.
246,297.

Well that flows intermittently. Former
resort. Refs. 246,297.

3 springs. Water Is saline and sulfurous.
Used for bathing. Ref. 246.

12 springs. Resort. Refs. 137, 246, 284.

7 springs.

3 wells. Water used for domestIc purposes,
bathing, and Irrlgatlon, Ref. 297.

8 springs. Water used for domestic pur
poses and Irrigation. Refs. 292, 297.

11springs. Resort. Refs. 284,297.

6 springs. Resort. Ref. 297.

About 30 springs. Refs. 213, 239, 240, 307,
660.

Water is carbonated. Used for drinking.
Ref. 297.

4 springs. Resort. Ref. 239, 297.

20,128, 297,306 ~

137,297 ~_

284,297 _

284,297 ~ _

297 • 3 springs.

297 • ~_ 2 springs.
207.

266 • 3 springs. Resort. Refs. 284,297.

137 _

Basalt near faulted Lower
Cretaceous strata.

Andesite overlying faulted
granodiorite.

Granite-slate contact, _

Lake Beds (Pleistocene) ~ _

Faulted andeslte ~ ._~ _

Serpentine and sandstone
(Franciscan Formation).

_~ do ~ _

Fractured sedimentary
strata (Franciscan Forma
tion) near schist.

Fractured sedimentary
strata (Franciscan Forma
tion).

Sandstone and serpentine
(Franciscan Formation).

Serpentine (srenctscensor
mation).

Lava overlying sandstone
(Franciscan Formation).

Serpentine (Franciscan For- _
mation).

Schist (Franciscan Fortna- 297 ~ _
tion).

Lava and schist (Franciscan 297 ~ _
Formation).

Schist (Franciscan Forma- 137,284,297 _
tion).

Serpentine (Franciscan For- _
mation).

Sandstone (Franciscan For- ~ _
mation).

Serpentine (Franciscan For- _~ _
mation)._____do ~ ~ _ ___ _ _ _ _

-Lava-CQuaternary)~~=== === == -297~ ~== ~==~== ~~:::=
Andesite (Tertiary) ~---- ~ _•

50 Basalt (Tertiary) 297 ~_•• •

8 do _

20 __• _.do.____ __ _ _ 0 _

3 Altered lava __~ ~ _

20 Serpentine (Franciscan For- 137,253,297 _
matton).

8 Sandstone (Franciscan For- • _
mation),

4 do_______________________ 297~__ ~ • _

10
400

25 Franciscan FormatIon 263 ~ _
(Jurassic and Cretaceous).200 do • ~ ~ _

50 ~ ~do ~_ _ ~ ~__

30 Sandstone (Franciscan For- 203,284,297 _
matlon )near lava.

4.5 Basalt (Tertlary) ~ _

140

80

150

Small

48-110 136

58-126 35

92 •
78;84 15

65; 164. --------~---

63-145 7

90-120 10

65-79 11

120 4

125 2

110-142 4

6&-140 35

140-153 25

100

120-135 15

60-75

03-104

70
86

51HlO

110-112

68-105

60-75

90

71Hl2

74

67-70

52-82

56-76

60-76

78
60-87

70-100

S,'H2O

170-190

120-205

90-106

94

80-98

125-161

86

65-111

120-140

150-205

83

123-148

Devil's Kitchen, 1.5 miles west of Drake
Hot Springs (No. 36).

Hot Sprin~Valley, 0.5mile west of Drake
Hot Springs (No. 36).

Drake Hot Springs, 6 miles southeast of
Lassen Peak and 70 miles northeast of
Red Bluff.

Bcilfng Spring (Tartarus) Lake, 1 mtje
south of Drake Hot Springs (No. 36).

Terminal Geyser, 3.5 mnes southeast of
Drake Hot Springs (No. 36).

Kruger Springs, 1 mile east of Greenvilfe__

Sec. 13, T. 25N., R. 8 E., 2 miles northeast
of 'I'watn.

Sec. 14, T.25 N., R. 8 E., on Indian Creek,
1 mile east of Twain.

Marble Hot Wells, 5miles south-southeast
of Beckwourth.

McLear Sulphur Springs, 5 miles south
west of Beckwourth."

Campbell (Upper Soda, Frey~) Hot
Springs, 2 miles south of SferravlIle.

Brockway (Carnelian) Hot Springs, on
north shore of Lake Tahoe and 13 mtles
southeast of Truckee.

Wentworth Springs, • ~ _

Orrs Hot Springs, 16 miles northwest of
Ukiah.

0.5mile north of Laytonvme~ ~ _
'ruecen (Lick) Springs ~_

Vichy Springs, 3 miles northeast of Ukfah,

Point Arena Hot Springs, 15 miles south-
east of Point Arena.

Crabtree Springs, 38 miles north-north
east of Lakeport.Fouts Sprlnga., _

Sec. 35, T. 16 N., R. 8 W., 2 miles north
west of Bartlett (cold) Springs.

Newman (Soap Creek) Springs, 45 miles
west of WllIlams.

Complexion Springs, 28 miles west of
Wiliams.Chalk Mountain ~ ~ _

Highland Springs, 6 miles southwest" of
Kelseyville.

England (Elliott) Springs, 8 miles south
southwest of Kelseyville.

Carlsbad Springs, 5 miles south of Kelsey
ville.KeIseyvllIe _

Soda Bay Springs, at base of Mount Ko
noctt.

Near southwest shore of Clear Lake, 10
miles east of Kelseyvllje,

Sulphur Bank (Hot Bolata) Hot Sprlnga,
10 mnesnorth-northwest of Lower Lake.

Howard Springs, 28miles north-northwest
of Calistoga.

Seigler SprIngs, 30 miles north-northwest
of Calistoga.

Gordon Hot Spring, 28 miles north-north
west of Calistoga.

Spiers (Copsey) Springs, 24 miles north
northwest of Cahsto~a.

Qastle (Mills) Hot Springs, 25miles north
northwest of Calistoga.

Anderson Springs, 22 miles north-north
west of Calistoga.

Harbin Springs, 20miles north-northwest
of Calistoga.

Deadshot Springs, 28miles west-southwest
of Williams.

BIancks Hot Springs, 27 miles southwest
of Williams.

Jones Hot Springs, 26.5miles southwest of
Williams.

Manzanita Quicksilver Mlne., ~ _

Wilbur (Simmons) Hot Springs, 26 miles
southwest of wtntems.

Elgin Quicksilver Mine, 30 miles west
southwest of wuuems.

Hoods (Fairmount) Hot Springs, 15miles
west-northwest of Cloverdale.

Skagg's Hot Springs, 9 miles west-south
west of Geyserville.

58

59

se
61

62

83

54

65

66

67

67A

58

"70

71

44A

45

45A
45B

45

47

48

<SA

"so
51

51A

52

sa
54

54A

"se
57

37

38

ss
40

41

41A

"
43

44

"35

se



22 THERMAL SPRINGS OF THE UNITED STATES AND OTHER COUNTRIES OF THE WORLD

Thermalaprings and wells in the United States (ea;CZuding Alaska and HawaiO-Continned

No. Tempera- Flow
on Name or location ture of (gallons Associated rocks Referenceson Remarks and additional references

flgure water (OF)
mfi:'te)

chemical quality

California-Continued

3 springs. Water bottled for table use; also
used for bathing. Ref. 216.

1 main spring and flowing well. Resort.
Ref. 216.

2 springs. Water used for bathing and
irrigation.

Water used for bathing. Ref. 297.

Well. Resort. Refs. 217,284, 400.

2 springs. Water used for drinking and
bathing. Refs. 217, 297.

Resort. Ref. 216.

4 springs. Water used for bathing. Ref.
297.

6 springs. Campground. Refs. 262,297.

Do.

11 springs. Resort. Source of part of
Montecito water supply. Refs. 219, 262,
306.

3 springs.

3 springs. Ref. 234.

2 springs. Water used for domestic pur
poses and bathIng. Ref. 297.

Lava and pre-Tertiary sedi- 297__• • _
nientary strata.

5 ._ •• _do•• • _

8 Faulted tuff (Pliocene?) 270,297 _

5 Faulted(?) sandstone (upper 297 • __• _
Eocene).4 do•• • • ~__

50 Sandstone (upper Eocene) __ 297~ ~. _

10 do__• • • _

17 Folded shale (Miocene) •• _

15 Fractured siliceous shale 270,297 •••
(MIocene).

Sandstone (Miocene)
faulted(?) against upper
Eocene strata.

45 Faulted sandstone (Mio· •__• _
eene),

Sedimentary strata (Plio- 297 • •
cene)._____ do 270,272,284,297 _

___::_do •••• • 270,297_._. _

3 Faulted gravel (Quater- • _
nary).

60

15 Shale (upper Eocene) • _

20 Franciscan Formation 266,297 _

• Sandstone (Franciscan For- 297________________
matlon) ,

" Altered sandstone and shale 297___________ •___
(Franclsean Formation).

10 Serpentine (Franciscan For- --------------------
mation).

• Sandstone (Franciscan For- .-------------_...--
mation),• Faulted sandstone (Terti- ----_._--- ----------
"'Y).

15 Sedimentary strata (upper 284,297____ .:_______
Miocene).

" Faulted sedimentary strata -------..--------_.-
(Teritary) .

15 Folded sedimentary strata 297________________
(Terltary).

15 Faulted(?) Franciscan For- 297________________
meuon.

10 • .______ • •

8 do., • • _

30 Lava and tuff (Pliocene) •

50 Lava and trifl' (Pliocene) • •__•• _

10 Alluvium overlying lava • _

100

1,700

160

30-50 Ftacturedaedlmentary strata 137,278,297 •__
(Franciscan Formation).

About 30 springs, including Iron, Witches'
Cauldron; 1.evn's Teakettle, and Acid.
Water is bottled for drInking. Resort.
Also wells produce steam for generation
of electricity. ners. 19,75,_130,211,212,
220, 221, 223, 224, 226-230, 233, 237, 241,
242,267,284; 285, 288, 296, 306, 400.

Several springs. Ref. 212.

10 springs. Campground. Refs. 137, 212,
228,230,288,297.

9 springs. Resort. Ref. 297.

2 springs. Resort. ReI. 297.

Water used for irrigation. Ref. 297.

Do.

Pumped wells at site of springs which
stopped flowing in 1906. Water bottled
for table use. Resort. Ref. 284.

4 pumped wells. Resort. Refs. 284, 297.

5 :flowingwells. Resort. Ref. 297.

6 springs. Water used for drinking.
Resort. Refs. 216, 284,311.

4sprin~s and several nowtnewells. Water
used for bathing. Refs. 212,267,276,284,
ass.

li springs. Resort. Refs. 144, 216.

2 springs. Water used for drinking. Ref.
28~

2 springs. Deposit of MgCOa.

Ref. 297,299.

6 springs. Water used for domestic pur
poses. Ref. 297.

7 springs. Resort. Refs. 137, 216, 253.

4 springs. Water used for domestic pur
poses and watering garden. Ref. 297.

17 springs. Water used for drinking and
bathing.

Water bottled for table use. Resort.
Refs. 216,284._______• ._. • Pumped well. Water bottled for table
use.__• Faulted granite 2 springs. Ref. 297.

100 Gneiss and granite 297 17 springs. Resort.

10 Sandstone (Miocene) 270,272,297. 5 springs. Resort. Refs. 216,282.

50 Sedimentary strata (Upper _. 10 springs. Resort. Refs. 247, 272,297.
Cretaceous).5 do. __• - ._. _

111-118

Il9-OO

70

90

140to
bolling

90

"'76;100

81>-108

120

110-160

6D-82

78; 82

80

72

114-118

100

97-115

63-ll2

126-173

68; 76

100

7s-s,
72-120

8>-00

',..7
110

75

103;114

·100-140

65-111

100-121

100

65-118

105

O.

"107

72; 95

98

67-97

Sulphur Creek, 21' miles southeast of
Cloverdale.

Little Geysers, 22 miles east, southeast of
Cloverdale.

Mark West Warm Springs, 7 miles north
east of Fulton.

Los Guilicos W~ Springs, 3.5 miles
southwest of Olen Ellen.

McEwan Ranch, 3 miles southwest of
Kenwood.

Eldridge State Home, 6miles north-north-
west of Sonoma.

(

Ohms and Boyes Hot Springs, 2 miles
northwest of Sonoma.

Fetters Hot Springs, 2.75miles northwest
of Sonoma.

Agua Caliente (Aqua RIca) Springs, 3
miles northwest OfSonoma.

Aetna Springs, 17mUesnorthofSt. Helena,

Calistoga Hot Springs, 225yds. eestotdepot.

St. Helena White Sulphur Springs, 2 miles
southwest of St. Helena.

Napa Rock (Priest) Soda Springs, 15
miles east-northeast of St. Helena.

Phillips Soda Springs. • _

Rocky Point Spring, 6 mnes northeast of
Point Bonita.

Sulphur Springs, 2 miles northeast of
Walnut Creek (town).

Byron Hot Springs, 2 miles south of
Byron.

Warm Springs, 2m.llesnortheast ofWarrn
Springs (town).

Alum Rock Park Springs, 7 miles north
west of San Jose.

Gilroy Hot Spring, 14 miles northeast of
Gilroy.

Ban Benito Mineral Well, 4 miles south
east of Holllster.

North Fork of Little Sur River, 30 miles
(by road) south of Monterey.

Tassajara lIot Springs, in sec. 32, T.19 8.,
R.4E.

Peralsc Hot Springs, 8 miles aoutb-soutb
west of Soledad.

Slate's Hot Springs, in sec. 9, T. 21 8.,
R.3E..

Dolan's Hot Bpringa, 7 miles from Slate's
Hot Springs.

Paso de Robles Mud Bath Springs, 2.5
mnes north of Paso Robles.

Paso de Robles Hot Springs, in southwest
part of Paso Robles.

Santa Ysabel Springs, 4: mlles southeast of
Paso Robles.

oemete Warm Spring, 30 miles southeast
of Paso Robles.

San Luis (Sycamore) Hot Spring, 8 miles
south-southwest of San Luis Obispo.

Pecho Warm Springs, 15 miles southwest
of San Luis Obispo.

Newsom's Arroyo Grande Warm Springs,
a.s miles east of Arroyo Grande.

Las Cruces Hot Springs, 4 miles north of
Oaviota station.

San Marcos (Mountain Glen, Cuyama)
Hot Springs, 20 miles northwest of
Santa Barbara.

Montecito (Santa Barbara) Hot Springs, 6
miles northeast of Santa Barbara.

Sec. 4, T. 5 N., R. 25 W., 1 mile east of
Mono Creek and 12 miles northeast of
Santa Barbara.

Sec. I, T. 5 N., R. 25 W., 4 miles north of
Santa Ynez River and 15 miles north
east of Santa Barbara.

Vicker's Hot Springs, in Matilija Canyon,
9 mnee northwest of Nordhoff.

Stingley's Hot Springs, 8.5 miles north
west of Nordhoff.

The Geysers, 18 miles east-southeast of
Cloverdale.

'0
ai

106

106

107

70

73

"75

76

77

7.

72

104

102

103

.,
83

83A

••
ss
se
.7

88

'0
.OA

90

01

0'
93..
O.

96

"sa

m..
100

101
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Thermalspringa ana wells in the United States (emcluding Alaska and Hawaii)--Continued

No. Tempera- Flow
on Nameor location ture of (gallons .assocteted rocks References on Remarks and additional references

fi"". water (OF) per chemical quality
minute)

California-Continued

80 _

140 25 Faulted granite ~ ~ _

125 Faulted granite 4 springs. Campground. Refs. 262, 297.

14 sprinRs. Large deposit of tufa. Camp
ground. Ref. 297.

Water is carbonated. Used for drinking.
Ref.m.

7 springs. Resort. Refs. 284, 297.
a sprIngs. Water used for bathing. B.&

sort. Ref.297.
Ref. 297.

1 main and several minor springs. Water
contains 3,630 ppm of dissolved solids.
Extensive deposIt of tufa.

20 pools and vapor vents. Deposita of
sulfur and alum. ners. 262,m.

Seven'l small springs. and vapor vents.
Small deposits of cinnabar. Refs. 248,
275.

3 main springs. Steam baths. Resort.
Rera. 248, 252, 266, Z15, 280, 308.

5 main springs and 2 stream vents. Large
deposit of tufa. Rf'f. 305.

2 main springs. Resort. Ref. ~25.

Water used fOr irrigation. Refs. 262, 297,
305,310.

Water used for irrigation.
5 springs. Campground.

2 springs. Ref. 207.

Refs. 282, 297.

20springs. Small deposit of sinter. Water
used torvapor baths. Refs. 282,297,305.

Ref. 297.

3 main springs. Water used for bathing
and sheep dippIng. Quarries in onyx
marble and travertine nearby. Refs.

, 235,238, 261,282,302.
20 springs. Refs. 282,m, 305.
Water used for cattle supply. Refs. 282,

207.
Water used for cattle supply. Ref. 297.

Several springs. Refs. 275,282,297,305,306.

2 springs. Water is carbonated. Used for
domestic purposes and bathing. Refs.
297,306.

Pumped well. Water used for bathing.
Ref. 297.

Flowing well. Water used for bathing.
. Ref. 297.

12springs,. Campground. Ref. 297.

2 springs. Water slightly saline. Bottled
for table use.

Several springs. Deposit of tufa. Resort.
Refs. 125,297.

Water used for bathing. Refs. 282, 297.

2 Rhyolite (Tertlary) _

~:~~a(~~te--~::::::::: ::=========:==:=====
5 Alluvium _

_~~~~J~~_~~~::::::::::::::: m;-i37;-282,--m:-....5 Faulted lava (Recent) _

75 Gravel near Iava _

35 Basalt (Quaternary)-------- _

Faulted(?) lava (Quater- _
lUll'Y)

Rhyolite (Quaternary)------ ~ _

Faulted lava (Quaternary) ~ _

Granite near Tertiary vol- _
canJctu1l. .

25 do_____ _ _
5 Lava (Tertlary)------------- _
5 do _

45 Sandstone and shale (upper 234, 297___________ 4 springs. Resort. Ref. 128.
Eocene).40 do 234,297 4 springs. Resort.

50 do Water used for bathing.

10 Fissured andesite 297 _

60
625

<00

25 do_______________________ 4 springs. Campground. Ref. 207.

40 Gnelss ~______ 297________________ 8 springs. Campground.

6 Fractured greenstone near 215,297__________ 3 springs. Water 18 brackish. Used for
Franclslari Formation. bathing.

20 Faulted sandstone and shale 5 springs. Resort. Refs. 250, 297.
(Miocene?).

25 Granite_____________________ Water is carbonated. Used for drinking.
~ef. 207.

10 do ~ Water used for domestic purposes and
irrigation.

30 Lake beds (Tertiary) Several springs. Water used for domestio
purposes and irrigation. Refs. 297; 300.

100 Alluvium _
10 Granite near leva, 207 _

Granite, __ _ _

306

100
10

100 Faulted granite~ _

1 Miocene(?) strata near con- _
tact" with Upper Jurassic
strata.300 Lava near granite _

100

Small Lava (Recent) overlying 207 _
granite.

30 Tertiary strata overlying _
Paleozoic strata.

Small Lava (Tertiary)--------_---- _

Small Lava (Recent)-------------- _

Intermit
lent

600

100

65

97-191

65-116

62-102

120

80-93

150-203

180 to
bolling

1'" to
belling

95-123

100

105-126
130

100

Wonn

76

70
.<H20

110

100-112

100-110

79-109

68-97

77

70-105
100

100

176
00

170

115-194

180

12G-202

00

135

97-141

121-148

104

128-146

7.

Fales' Hot Springs, in sec. 24,T. 6 N., R .
23 E., 13 miles northwest of Bridgeport.

Buckeye Hot Spring, in sec. 3, T. 4 N., R.
2i E., 5.5miles west-southwest of Bridge
port.

Sec. 'El, T. 5 N., R. 25E., 1.5 miles south
east of Bridgeport.

1.5 miles south-southeast of Bridgeport. _
Warm Springs Flat, 5 miles southeast of

Bridgeport.
Sec. 20J T. 4 N., R. 26 E., near Mormon
Cree~.7 miles southeast of Bridgeport.Paoha Island In Mono Lake _

MODO Basin Warm Spring, on east edge of
Mono Lake.

Sec. 13,T. 3 S., R. 28 E., 5 miles northeast
of OaeeDIablo Hot Springs (No. 123).

case Diablo Hot Springs, in sec. 32, T. 3
S., R. 28 E., on IT.8. Highway 395.

Casa Diablo Hot Pool, in sec. 35, T. 3 S.,
R. 28 E., 3 miles northeast of oeee
Diablo.

The Geysers, in sec. 30, T. 3 S., R. 29 E _

Whitmore Warm SprIngs,·in sec. 18, T.
4B.,R.29E.

Benton Hot Bprlnga, In sec. 2, T. 2 S., R.
31 E., 300 yd northwest of Benton post
office.Bertrand Ranch _

Reds Meadows Hot Springs, 10 miles
southwest of Mineral Park.

Fish Creek Hot Springs, In sec. 9, T. 5 B.,
R. Z1 E., at head of Fish Valley.

Sec. 16, T. 7 B., R. 27 E., on South Fork
of San Joaquin RIver.

Blaney Meadows Hot Springs, in sec. 10,
T. 8 S'HR. 28 E.

MltoC:{.al~~ Springs, 25 miles south of

Fresno Hot Springs, on branch of Waltham
Creek, 18 miles west of Coalinga.

South FOrk of the MIddle Fork of Tule
River, 27.5 miles east-northeast of
Portersville.

Jordan Hot Springs, 65 miles north of
Kernville.

Monache Meadows, 14 miles southwest
of Olancha. .

California (Deer Creek) Hot Springs _
Keough Hot Springs, 8 miles south of

Bishop.
Sallne Valley, 10miles northeast of SaUne

Valley Borax Mine. .Bkinner Ranch, _

Stalninger Ranch (Grapevine) Springs, in
Grapevine Canyon, 50 miles northeast
of Keeler.

Keene Wonder Spring, etwest base of
Funeral Range. Nevares and Texas
springs are farther south.

14 mUes southeast of Haiwee _

Devtl's Klt.chen, 2 mnes northeast of Coso
Hot Springs (No. 142).

Coso Hot Springs, 20 miles northeast of
Little Lake.

185--914 Q--65--a

Radium Sulphur Spring, in northwestern
part of Los Angeles.

BImini Hot Spring, in northern part 01Los
Angeles.

Grover's Hot Springs, 4 miles west of
Markleeville.Valley Springs. _

Matllila Hot Springs, 6 miles northwest of
Nordhoff.

wheeler's Hot Springs. 7.5 miles north
northwest of Nordhoff.

Willett Hot Spring, in sec. 31, T. 6 N., R.
20 W ....24 miles north-northwest of Fill
more.

Sespe Hot gprfngs, in sec. 21, T. 6 N., R.
20 W., 22 miles north-northwest of Fill
more.

Elizabeth Lake Canyon, 13 miles north
northeast of CasUse station.

Encino Ranch (Seminole) Hot Springs ~

l"'A

111

186

136

137
138

13.

139A

1'"

142

127A
128

120

130

131

132

133

134

112

112A

108

109

110

126

123

127

...
141A

112B

1120

113

USA

117
..8

11.

120
121

122

123

124

..<
115

"6



24 THERMAL SPRINGS OF THE UNITED STATES AND OTHER COUNTRIES OF THE WORLD

ThermaZ springs and wells in the United States (excluding Alaska and Hawaii)-Continued

No. Tempera- Flow
on Name or location ture of (gallons Associated rocks Referenceson Remarks and additional references

fi"",. water (OF)
mi~te)

chemical quality

CaIiCornia-Continued

5 do., ._ •• ••••• • Water used for bathing. Ref. 297.

5 do ~. • ~~••••__•• __ Several small springs.

_____do • •• ~•• _~.. 6 springs.

25 Fractured granite •••• ~•• ~ 3 springs. Resort. Ref. 297.

25 Faulted granite•• • ~~••• 5 springs. Resort. Ref. 297.

300 ft deep. Water used for bathing.
Refs. 249,302.

3 springs. Water used locally. Refs. 262,
297.

Water used for bathing and irrigation.

6 springs. Water used for Irrlgation. Re
sort. Ref. 218,222, 243,25&, 287.784.

Several springs. Campground. Refs.
232,269,297.

Pumped well. Water used for bathing.
Refs. 268,297.

Several small springs. Water used for
bathing. Refs. 262, 284.

2 groups of springs. Resort. Ref. 262.

6 wells. Water used for bathing. Refs.
268,297.

5 springs. Water contains H2S. Used for
domestic purposes, bathing, and Irrfga
tion. Ref. 297.

4 springs. Water supply for prospectors.
Refs. 271, 289,297.

Several springs. Water supply for pros
pectors. Refs. 269,289,297.

2 springs. Water used for drinking.

Pumped. Water supply for railroad.
Refs. 289,290,297.

Refs. 262,297.

Water bottled for table use. Resort. Ref.
297.

6 springs. Visited by Francisan friars and
mentioned in their records. Ref. 262.

1 main and several minor springs. Resort.
Ref. 297.

Originally flowed, now pumped. Resort.

3 springs which originally flowed but now
are pumped. Resort. Ref. 297.

3 springs. Resort.

Water used for bathing. Also drilled well
nearby. Ref. 297.

8 springs. Resort. Refs. 268,297.

Several springs. Water used for bathing.
Refs. 236,253.

6 springs. Resort. Ref. 268.

6 springs. Water bottled for table use;
also used lor irrigation. Resort. Ref.
268.

8 wells about 300ft deep. Water used for
bathing.

Drilled well. Water used for bathing.
Ref. 302.

2 springs. Resort. Refs. 231,255,284.

Water supply for prospectors. Ref. 262.

Ref. 262.
Water supply for prospectors. Refs. 261,

297.
Several springs. Water used for Irrigation.

Refs. 289, 290.
2 springs. Water supply for railroad.

Ref. 297.
water used for domestic purposes and

irrigation. Ref. 297.
2 springs. Water used for bathing. Refs.

262,297.
Water used for domestic purposes, bathing,

and irrigation. Refs. 262,297.
3 springs. Water used locally. Ref. 297.

290_••• _• _

Granite••• ••• _ .~

Alluvium•• • _

Faulted(?} granite •• 297 _

Faulted granite 291,298••• _

Alluvlum__• •• 291,297,298. _

Quaternary deposits near 137,298••• _
faulted Mesozoic rocks.

Faulted granite 284,291,297,298. __

AlluvIum overlying faulted 298_. _
bedrock.Faulted granlte 291,298 _

Granite near San Andreas 29L ••
fault.

AlluvIum overlying gneiss __ 291,297,298. _

Faulted gneiss_. 291,297,298 _

Fractured gneiss and quartz •• ~_•• _.

Faulted intrusive diorite __ •• 290 ~. _

Pegmetite••• • ~~•• ___ 290 ~••••__

Faulted{?} limestone (Pre·
cambrian).

Alluvium (Quaternary) near
tuffaceous lava (Tertiary).

Granite •• ••• _. •• __•• _

Basalt (Tertiary) 297 _
Alluvium near granite • _

Alluvium near Tertiary lava .• _

Faulted quartzite (Cam- ._._. _
brIan)._____ do. v _ _ _ _

Faulted gneiss. • _

Faulted granite and gneiss__ • _

Granite. .____ _ ._. _

3

15

35

15

75

3

30

Fractured granite and gneiss. 297__•• ~. ~ _

50 do., __~ •• 137,268,284, 297_~~~~

250

Alluvium near San Andreas 29L. ••
fault.Valley alluvium. •• •• _

Faulted grantte , 232,291,297. _

Alluvium overlying 'reru- 232,282,297 _
ary strata.

900 AlluvIum near faulL_. ••• _

5 Diorite dike in grnnite, , __.~ •__

10 Faulted granite • 297_. •__

150 do 137,232,297- _

20 .do•••• . _

5

20

100

225

200

4

115

20

125

30

30

300

112 -----_.-.---
(max)
83-116 20

70-111 25

112-116 ------------
200 ------------
100 5

80 25

So-l00

88

96

121-124

102

118

125

134-136

100

90-110

92

8>-100

120

123

110-187

80-106

00

186

84--68

.2

131-139

90

80
80

80

108;109

80

98; 113

131

11'

104-112

100--115

60-100

82

85-106.5

75

77

Near Little Lake, 18miles south of Betwee,
Panamint Valley, 4miles north of Ballarat.

Yeoman Hot Springs, in sec. 1, T. 21 N.,
R. 7 E:, 5 runesnortheast of Zabriskie.

2 mlles north of Tecopa ~ _

Resting Spring, 5.5 mlles northeast of
Tecopa.

2 miles northeast of Kernville _

Neills Hot Spring (Agua Caliente), 7
miles south-southwest of Kernville.

Clear Creek (Hobo) Bot Springs, in sec.
25, T. 27 S., R. 32 E.

Delonegha Springs, 45 runes northeast of
Bakersfield.

Demo-rat Springs, 40 miles northeast of
Bakersfield.

Williams Hot Springs, 16 miles northeast
of Caliente.

Saratoga Springs, 15 miles west of Sperry
railroad station.

Paradise Spririgs, 25miles north of Daggatt.,

Soda Station Springs, in sec. 14, T. 12 N.,
R.8E.

Newberry Spring, in Sec.32, T. 9 N., R. 3
E., 600 yd south or Newberry railroad
station.

Tylers Bath Springs, in Lytle Canyon, 15
miles northwest of San Bernardino.

Sec. 15, T. 3 N., R. 3 W., in Deep Creek
Canyon, 16 miles southeast of Victor
ville.

Sec. 14, T. 3 N., R. 3 W., in Deep Creek
Canyon, 15 miles southeast of Victor
ville.

Harlem Hot Spring, 5 mtlesnotth-north-
east of San Bernardino.

'

Waterman Hot Springs, 6.5 mnes north
northeast of San Bernardino.

Arrowhead Hot Springs, 7 miles north
northeast or San Bernardino.

Urblta Hot Springs, 1 mile south of San
Bernardino.

Sec. 34, T. 1 N., R. 2 W., in Santa Ana
Canyon, 12 miles east-northeast of San
Bernardino.

Near Baldwin Lake, 40 miles southeast of
Victorville.

Fairview Hot Spring, 7 miles southwest
of Santa Ana.

San Juan Capistrano Hot Springs, 13miles
northeast of San Juan Capistrano.

Glen Ivy (Temesca.l) Hot Spring, 11miles
eourh-soutbeast 'or Corona.

Wrenden (Bundys Elsinore) Hot Springs,
225 yd north of Elsinore depot.

Elsinore Hot Springs, 50 yd north of
Elsinore depot.

Murrieta Hot Springs, 4 miles east-north
east of Murrieta.

Pilares Hot Spring, 8 miles northeast of
PerrIs.

Eden Hot Springs, 9 mlles southwest of
Beaumont.Highland Springs. _

Oilman (San Jacinto, Relief) Hot Springs,
6 miles northwest of San Jacinto.

Soboba (RItchey) Hot Springs, 2.5 miles
northeast of San Jacinto.

Desert, in sec. 30, T. 2 S., R. 5 E _

Lucky Seven, 2 miles southeast of Desert

Palm Springs, 6 miles south of Palm
Springs station.

Dos Palmes Spring, on northeast side of
Salton Sink, 6 miles east of Salton rail·
road station.

Hot Mineral Wel1.. ~_~••••• _

Deluz Warm Springs, 20 miles north
northeast of Oceanside.

Agua Tibia Spring, 30 miles northeast of
Oceanside.

Warner (Las Aguas Calientes) Hot
Sprinl\"s, in sec. 36, T. 10S., R. 3 E.

Agua Caliente Springs. in sees. 18 and 19,
and 19, T. 14S., R. 7 E.

162

153

159

174A

174B

175

176

161

164

165

166

167

168

169

170

171

172

172A

173

174

154

155

156

167

100

176A

177

178

179

180

162A

163

143
144

145

146

147

148

149

150

151

152

153



DESCRIPTION OF THERMAL SPRINGS 25

ThermaZ 8prings a'fuJ, wells in the United States (ea:cluding Alaska and Hawaii)-Continued

No. Tempera- Flow.n Name or location ture of (gallons Associated rocks References on Remarks and additional references
flgure water COF) per chemical quality

minute)

California-Continued

e

181 Jacumba Springs, tn secs. 7 and 8, T.18 S., 94;96 " Fractured granite. _______ ••. --------- ._.-------- 2 springs. Water used ror bathing and
R. 8E. irrigation. Refs. 232, 297.

182 Fish Springs, on west side of Salton Sea, 90 280 Alluvium. _____ •__•_________ 232_____________ow. Several springs, also wells 260-850 ft deep.
13 miles south of Mecca. Water supply for prospectors. Refs. 269,

21>7.
182A Salton volcanoes. _______ •____ . ____________ reo to Small Alluvium near fault. _______• ---------.-. -_. ----- 4 main groups on soutbeaat-nortbwest liu

boiling 2.5 miles long. Refs. 249, 2M, 255, 257, 259
270, 294,300, 304, 746.

Colorado (See fig_2.)

68 Granite Refs. 138,335.

25 Decomposed granite 322 : _

5 Sandstone (Dakota?) 322 Several small springs.

3 Sandstone (Cretaceous) ~--- 4 springs.

500 Granite ._ 137 _

150 Carboniferous strata, 322 _

Deposit of tufa.

5 springs. Campground.

4 main and about 30 other springs. Resort.
Refs. 322, 325, 335.

About 100 springs. Water contains 12 ppm
of fluorine. Resort. Deposit of ture.
Refs. 109f 3]5, 317, 322, 325, 326, 331.

Water usee locally. Ref. 138.

2 groups of springs totaling more than 100
individual sprlngs. Resort. Reb. 144,
322.

2 groups of springs totaling about 20 in
dividual springs. Resort. Refs. 322, 330.

water used locally.

5 springs. Water used locally. Deposit
of tufa.

Water used for bathing.
Water used for bathing and irrigation.

Refs. 316, 317, 322, 330.
3 groups 01 springs. Water supTJly for 2

sanitariums and municipal swimming
pool. Resort. Refs. 312, 317, 322, 332.

Water used locally.

Deposit of limonite.

3 springs. Large deposit of tufa. Resort
Refs. 109, 128, 315, 317, 322, 325.

2 springs.

Several springs. Resort. Ref. 323.

3 springs. Water used for bathJng.

150 springs. Deposit of tufa. Resort.
Refs. 313, 325-327.

25 springs. Strong odor of sulfur. De
posit of ture. Resort and sanitarium.
Refs. 311, 325-327, 513.

Refs. 325, 327.

Several springs. Resort. Refs. 140, 317,
325, 327, 333, 334. _

Many springs issuing from bank and bed
of Colorado RIver. Resort. Refs. 325,
326,334.

Water used for bathing.

Pumped well 10 ft deep. Ref. 317

Flowing well 1,665 It deep.
30 springs. Deposit of tufa. Resort.

Refs. 322, 332.

Diorite intrusion in Car- 322 • 5 springs issuing along Rock Creek (Orys-
bontrercus strata. tal River). Water used for bathing.

Ref. 324.

Granite and gneiss • _

Mesozoic strata Dear granite, 137,322____________ 5 springs.. Resort. Refs. 138, 317.

Alluvium, _ _ 322 _

Sandstone (Tertiary) near 322 water.used locally.
igneous rock.

Limestone near granite 322 _

Limestone (Cretaceous) _

Sandstone (Paleoaclct) 137 _

Quartzite near granite 332 5 springs. Water used for bathing. Ref.
322.

Contact of Upper Creta- 322,328 _
ceousstrata and gneiss.Mesozoic etrate., . 322 _

Alluvium overlying faulted _
Pennsylvanian strata.

Faulted Hermosa Fonnatlon 137,316 _
(Pennsylvanian).

Limestone (Cretaceous) _

Sandstone and shale (Per- 322 _
rman).

Granite cut by dikes 137,318,319,328 _

Grantte., ____ _ _ _

200

200

,
,

300

200

100

150 Granite near monzonite in 322 _
trusjon.50 do •• _

20

30

100

50

10

140 Sandstone (Dakota?) _
50 Lava overlying sedimentary _

strata.

,"0

10

25 Cretaceous strata ________,,___ 322______________._

130 Fractured gneiss near con- .---- -----~ -----_._-
tact with granite.

2,000 Faulted sandstone 137,322____________
(Dakota?).

40 Cretaceous strata Deaf gran- 137,322 _________ •__
ite.

10 Faulted marl (Jurassic) _____ 322______•_________

50 Fractured syenite near 137,322,335________
gneiss.

3,000 Faulted Cretaceous strata___ 137,322____________

400 Limestone (Carboniferous) __
322.._______________

350

1,800

1,000

84

79-114

"

80-168

70

98-108

106-150

102-105

148-150

103-150

90-U8

112-]34

110

82

132-150

100;120

88

120-144

.98-150

100

72

00

83

100

140-160

"105-134

59-73

"132

100-158

101

100
1l6-133

Conundrum Spring, 16 miles south of
Aspen,

Alkali Springs, near north end of bridge.
over tbe Gunnison River at Austin.

Sec. 21, T. 13 S., R. 89 W.,10 miles east of
Somerset.

Ranger (Cement Creek) Spring, 1.5 miles
above mouth of Cement Creek.

Sec. 18, T.14 S., R. 84 W., 2.5 miles above
mouth of Cement Creek.

weuntta (Tomichi) Hot Springs, on Hot
Springs Creek, 28miles east of Gunnison.

Cebolla (Powderhorn) Hot Springs tOjo
delos Caballos), amnes south of Powder
horn.

Rhodes Spring, 8 miles southwest of
Fairplay.

Hartsell Hot Springs, 25 miles east or
Leadville.

Mound Soda (Currant Creek) Spring, 20
miles northwest of Parkdale.

Cottonwood (Buena Vista Hot) Springs,
6 miles west of Buena Vista.

Mount Princeton (Heywood Hot, Chalk
Creek Hot) Springs, 3 miles west of
Nathrop.Poncha Springs _

Juniper Hot Springs, in sec. 16, T. 6 N.,
R.94W.

RouttHotSprings, 7 miles north of Steam
boat Springs (No. 2A).Steamboat Springs _

Hot Sulphur Springs _

Wellsville Warm Spring, 5 nines north
west of Howard.

Canon City:
Near east end of Royal Gorge of

Arkansas River.
Fremont Natatorium _

Chamberlain (MIneral) Hot Springs, in
sec. 12, T. 45 N., R, 9 E., 6 miles south of
Villa Grove.

Valley View (Orient) Hot Springs, in sec.
31, T. 46 N., R,1O E.• 7 miles southeast
of Villa Grove.

Red. Creek (Siloam, Pemessusj Springs, 12
miles southwest of Pueblo.

Geyser Warm Spring, at Placerville _
Orvis (Ridgway, Uncompahgre) Hot

Spring, 2 mnas southeast of Ridgway.Ouray Hot Springs _

Moffat (Eldorado) Spring,12 mtles south,'
west of Boulder.

Hot Soda Springs at Idaho Springs _

Glenwood Springs _

Sec. 33, T. 41 N., R.1J W., 200 yd south-
east of Dunton Store.

Iron SPring, 0.75 mile north of Rico __. _

Wagon Wheel Gap Springs _

Sec. 26, T. 3SN., R,1 'Y., ze mnes ncrth-
east of Pagosa Springs.

Shaw's Spring, 6 miles north of Del Norte,

Big Dotsero Spring, on north bank of
Colorado River 1.5 miles downstream
from Dotsero.

Avalanche Springs, near A vetencne _

21

30

31

32

33

28

,

8

2

2A

3

29

6

zs
20
27

23

22

22A

16

17

18

10

20

15

,
10

11

12

13

14

."



26 THERMAL SPRINGS OF THE UNITED STATES AND OTHER COUNTRIES OF THE WORLD

Thermalspring8 and. wells in the United States (excluding Alaska anA Hawaii)-Continued

No. Tempera- Flow
on Name or tocetton ture of (gallons Associated rocks References on Remarks and addltloual references

figure water (OF) pO' chemical quality
minute)

Colomdo-Continued

34 Pinkerton gnrlngs, in sec. 26, T. 37 N., 87-95 8 Sandstone (Paleozoic) _______ 322____________ ~___• 5 main and severer small springs. Resort.
R. 9 W., 14 miles north of Durango.

Several sprfngs. Water used for bathIng.35 Tripp gprtngs, 10 miles north of Durango. so-as 50 Sandstone (Cretaceous) _____ 322_____•________:.__
36 Trimble Springs, 9 mnes north or Durango. 90-110 50 Folded and fractured Paleo- --_._--_....-------- 5 springs. Large deposit of tufa. Resort.

zoic and Mesozoic strata. Refs. 322, 325.
37 Sec. 8, T. 35 N., R. 4 W., 30 miles west of 120 3 Limestone (Carboniferous?)_ -----------_._------ 5 small springs. Campground.

Pagosa srrtnes (town).
38 12 miles northeast of Pagosa Springs 78 ..---------- Lava overlying shale (Colo- -_....---------._--- Ref.13S.

(town). rado Group).

" Pagosa Springs (town):
Pagosa Hot Springs_____________•• ____ 110-160 500 Fractured shale (Colorado 139,328 __•_____•• __ Several springs. Much evolved H20, CO

Group). Large depo£lt of tufa. Resort. Refs.
317, 319, 322,325, 326, 335, 526-WelL ___________._••••____________._ •• 140 100 -Shaie(Colorado-arour-r:::: --......----_. -_._-- Flowing wen.

40 .3 miles southeast of 'pagosa Springs (town). 120 Small
-i44~328:::::::::::: Ref. las.

41 Warm Sulr-hur Sprmg, on the South Fork SO Small Lava overlying Cretaceous
of the Navajo River, 7 miles east of strata.
Chromo.

42 Agua Caliente Sprlng, in T. 35 N., R. 8 go 50 Alluvium near lava (Quat· ._..----_....------- Refs. 328, 332.
E., 2 miles southwest of Capulin, ernCt~?'43 McIntyre (Los Olos) Warm Srrings, in 52 100 Lava ( uaternary) __________ ----_...-----_.._._. Several springs. Water used for Irrigation.
sec. 13, T. 35 N., R. 10 E., 8 miles east of Refs. 322, 332, 526.
La Jam.

44 Dexter Spring, In sec. 9, T. 35 N., R. 11 71 5 Lava (Tertiary) _____________ 332______________ ._ ReI. 322.
E., 12 miles east of La Jere.

Florida (see fig. 3.)

I
Warm (Big) Salt Spring, 8 mnes north-I

west of Murdock.
4,900 1 ._. . 1337, 338_•• • 1 Rises in deep pool 250 ft

Water used for bathing.
In diameter.

Georgia (See IIII'. 3.)

1 Lifsey (Pine Mountain) Spring, 6 miles 77 83 Faulted quartzite and schist 137,341,344,543___ Water used for bathing.
south of Zebulon. (CambrIan or Precem-

brian).
2 Taylor Spring, 2mileseastofLifsey (Pine 75 385 ____.eo____._.________________ 341________________ Supplies pool.

Mountain) Spring (No.1).
3 Thundering Springs, near Thunder sta- 74 30 _____do••••• __________________ 137,341,344,543___ 2 springs. Water used locally. Ref. 339.

tlon, 3 miles south of Molena., 500 yd south of Thundering Springs 69-72. 5 25 ____ .do___•___________________ 341. _______________ Water used for bathing.
(No.3).

5 Barker Spring, 8 mles south-southeast of 73 30 _____do•• __• __________________ 34L___ •___• __¥ _____ Do.
Molena.

6 Warm Springs, 0.5 mile west of Warm 87 600 Contact of schist and 137,341,343,344, 1 main spring. Resort and santtarfum
S~gS (town). quartzite. 543. Refs. 339, 340, 342.

7 Par an Springe 3 miles southeast of 77 20 Faulted quartzite______ ~____ 341.____ ~ __________ Supplies mill pond.
Warm Springs NO.6).

Supplies pond.8 Tom Brown Spring, 2.5 runes northeast of 59 25 ____ .do•••• ___________________ 341._._••___________
Chalybeate.

Idaho (See IIg. 4.)

120 15 .dc,••• 4 springs. Resort. Ref.3SS.

Hot 200 do_._. ¥ Several springs. Water used locally.

110 10 .do._ •• ~ __ ._. Water used for bathing.

Hot _. •• .do, •• ._¥ Water used locally.

113 150 do • • •• _. Resort.

Hot ._•• do. ~ _.___________ Water smells of H,S.

40 .do __• _

Water used for bathing. Ref.

6 spnnga.

Do.
3 springs.

383.
Ref. 383.

2 springs.

6 springs and seeps.

Granite •• _5

35 .do,••. • _

2 do__• _

10 _•• __do•••• _

15 dc.,••• _

20 do.,__• ¥ : _

450 do _

200 do•••• _

Hot

Warm

Hot

Hot

Hot

105-120
100-130

80

Hot

Wier Creek Hot Springs, In sec. 13, T. 36
N., R.ll E.

Colgate Sprjngs.Jn sec. 9, T .36 N., R.12E_
Jerry Johnson's Hot Springs, in sec. 7, T.

36 N., R.13E.
Horse Creek, 4 miles southeast of Jerry

Johnson's Hot Springs.
Stanley Hot Spring, In sec. 6, T. 34 N.,

R. 10 E., near Boulder Creek 4 miles
upstream from function with Lcchsn

. River.
Stuart Hot Spring..!. in sec. 4, T. 32 N., R.

11 E., on Link Creek 5 miles upstream
from functton wIth Selway River.

Sec. 4, T. 33 N., R. 14 E., 11 miles south
west of Elk Surrmit ranger station.

Martin Creek Hot Springs, in sec. 25, T.
31 N., R. 11 E., 3.5 miles west of WyHes
Peak.

Sec. 14. T. 29 N., R. 12 E., 2 miles south
of Grouse Peak.

Red River Hot Bprtngs, in sec. 10, T. 28
N., R. 10 E., 10 m:J.es northeast of Red
River ranger station.

Barht'sHot Springs, in sec. 13, T. 25 N., R.
11 E., on Salmon River 200 yds below
mouth of Hot Springs Creek.

Sec. 7, T. 24 N., R. 4 E., 2 miles north of
Salmon RIver.

Riggins Hot Spring, In sec. 13, T. 24 N., R.
2 E .. 10 miles east of Riggins.

Burgdorf Hot Spring,1nsec.l, T. 22 N .. R.
'E.

Sec. 13, T. 21 N., R. 1 E., on east side of
Little Salmon RIver 3 miles north of
Round Valley.

8

2
3,
.,

II

12

13

14

15

9

10
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Thermalspring8 and wells in the United States (exoluding Alaska anit Hawaii)-Continued

No. 'l'empera- Flow
on Name or location ture of (gallons Associated rocks References on Remarks and additional references

Iigur water (OF) poc chemical quality
minute)

Idaho-ConUnued

Hot ~ .dc..•.• _

Hot 200 ~ do • ~ __ 2 springs.
Hot 100 Belt Series (Precambrian) .~_~ _

Hot Columbia River Basalt _
(Tertiary).

Hot 100 do__v ~ vv ~ 6 springs.

Hot 25 do. ~ 8 springs.

Several springs. Water used for batbing
and irrigation.

Water smells of H2S. Ref. 482.

Several springs. Ref. 4{12.

10springs.' Water smells ofH2S, Ref. 483.

18 springs, Water supply for Forest Serv
ice station,

3 springs.

4 springs.

10springs.

3 springs.

Basalt

Altered lava (Tertiary) ,. _

Belt Series (Precambrian), _

Columbia River
(Tertiary) .

Payette Formation (Terti- •• _
ary).Granite•• _

50 Granite ~ v.~._v Water used for bathing.

10 Granite ~__ ~_____________ Ref. 383.

25 ~ do., •• • .______ 5 springs.

50 Lava (Tertiary) overlying _._. • ••
granite.10 ~ do • • _

3 do ~_________________ 2 springs.

10 Lava (Tertiary) overlying ~ • 4 springs.
granite.40 Granite • ~ : 2 springs.

80 ~ do.; ~ __._____ 14 springs.

40 do •• ~ _

10 do • ~_ ••• ~ ~ _

400 Lava (Tertiary) ~ + {I springs.

75 ~ do__•••_._.~ •• ,_•• 4 springs.

200 do, • 7 springs.

100

5 do ~ ~ __ ~ _

100 do •• • _. About 25 springs in so-acrearea.

15 do ~ ._____ 10 springs,

2 do ._. ~_~ _. ~ ~

400

ZOO

150 Faulted granite •• _

15 Granite. • ~._

250 .do . • _

10 ~ do ~ • _

2 do,••_••• _

7 do • ~ 3 springs.

25 .do,•. ~______________ Do.

100

Hot

Rot

Hot

Hot

90-136

Hot

90

SI)...190

warm

Hot

Hot

9{)

Hot

warm
8D-nO

Rot

Hot

Hot

Rot

Hot

Rot

110

Hot do ~ ~_~ severer springs.
Hot ~_~ do. • __ ~ ~_. • • Do.

Hot 2 _~ do , • 2 springs.

Hot 100 do ~ ~ • •• _

Hot 250 _~_~_do ~~___________ 2 springs, 0.5mUe apart.

Hot 450 do • ~ ~_ 6 springs.

Hot 100 .do • _

Hot 20 .do, __.~ ~ • ._ ••_ 2springs, 0,25mile north and 0.25mile south
of Oescede. Water supply for town.Hot 35 ~ do•• • ~ • v __

100 15 do.,•• _

90 15 do. •__ , • _

W"m

W"m

Rot

Warm

Rot

'yoghann Hot Sulphur Spring, in see. 26, T.
20 N., R. 1 E., on west side of Little
Salmon River 10 miles northwest of
Meadows.

Sec. 22, T .19 N., R. 2 E., 3 miles northeast
of Meadows.

Sec. 2, T. 15 N., R. 1 E., 1.25miles north of
mouth of Warm Spring Creek.

SeC. 33, T. 16 N., R. 2 E., 15 miles east
of Cottonwood.

T. 17 N., R . s W., in Snake River Canyon
upstream from mouth of Brownlee
Creek.

T.ll N., R . .')W" on Monroe Creek 6 miles
northeast of Weiser.

8ec.ll, T. 21 N., R. 5E.,12mileswest of
Shiefers.

Sec. 15, T. 20 N., R. 5 E., 15 miles south-
west of Shiefers. .-'

Sec.35, T. 20N., R 7 E., on South Fork of
Salmon River 7 miles south of Shiefers.

Sec. 25,T. 18N., R. 6 E., on South Fork of
Salmon River 25miles north or Knox.

See. 17, T. 18 N., R. 8 E., near mouth of
Riordan Creek.

T.15N., R. 3 E., 10miles north or cascede,
T. 16 N., R. 4E., on Gold Fork River 25

miles north of Cascade.
Sec. 1, T.16 N., R. 6 E., on South Fork of

Salmon River 15miles north of Knox.
Sec. 17, T.15 N., R. 6 E., 6 miles north of

Knox.
See. 14, T.15 N., R. 6 E., 6 miles northeast

of Knox.
Sec. 11, T. 14 N., R. 6 E., 4 miles east of

Knox.
See. 14,T. 14N., R. 6 Eo, 4 miles southeast

of Knox.
T. 14N., R. 3 E., 0.25 mile from Cascade,

Sec. 2, T.12N., R. 5 E.. on Middle Fork of
Payette River 12miles east of Alpha.

Sec. 11, T. 12 :N., R. 5 E., near Middle.
Fork of Payette River.

Sec. 15, T. 12 N., R. 5 E., near' Middle
Fork of Payette River.

Boiling Springs, in sec. 22, T. 12 N., R. 5
E., near Middle Fork of Payette River.

Sec. 28. R.13 N., R. 6 E" near Bull Creek
15 miles east of Alpha.

Sec.31,T .12 N" R. 6 E., near Silver Creek
15 miles southeast of Alpha.

Sec. 23, T.13 N., R.I0 E., 0.5 mile south
west of mouth of Bear Valley Creek.

Sec. 30, T. 14 N., R. 10E., 0.25mile from
mouth of Dag~er Creek.

Se8rie~?' 14 N., R. 9 E., on Sulphur

Sec. 34, T. 15 N., R. 10 E., near mouth of
Sulphur Creek.

Sec. 26, T. 15 N., R. 10 E., near Middle
Fork of Salmon River.

Sec. 17, T. 16 N" R. 10 E., on branch of
Indian Creek near Ohinook Mountain.

Sec. 20, T.16 N., R. 12 E., 10 miles north
of Greyhound.

Seo.15, T.17 N., R.ll E., 8 miles south of
Roosevelt.

Sec.28, T. 17N., R. 13E .. on Middle Fork
of Salmon River, 2 miles upstream from
mouth of White creek.

Sec. 17, T. 25N., R.17 E., on Horse Creek
25miles northwest of Shoup.

SeC. 32, T. 24 :N., R. 17 E., 17 miles west
of Shoup.

T. 22 N., R. 18 E., on west side of Copper
King Mountain.

Sec. 22, T. 23 N., R. 22 E., 5 miles north of
Carmen.

seR1~:in~n ~:Ch.R. 14 E., 1 mile east of
Sec. 19, T. 17 N., R. 14 E., near Cache

Creek 4 miles upstream from its mouth.
Se8'r~~k~'.15N.,R.14E., on Warm Spring

Sec. I, T. 15 N., R. 15 E., 5 miles north
west of Parker Mountain.

Sec. 15, T. 15 N., R. 16 E., near Parker
Mountain.

Salmon Hot Springs, in sec. 3, T. 20 N.,
R.22 g., 7 miles south of Salmon.

Sec. 34, T. 20 N., R. 24 E., 7 n-Iles north
east of Tendoy.

T. 18~, R. 22E., 27miles south ofSalmon.
T. 17 .N., R. 21 E., 1n Kronk: Oanvon of

Salmon River 40miles south of Salmon.

17

18

19

20

su

61

52

sa

"
"
"57

"
"60

61
52

16

21

22

23

24

25

26

27
28

es
30

31

32

33

"
35

30

37

38

39

'"
41

"43

"
"46

47

46

"



No. Tempera- Flow
on Name or location ture of (gallons Associated rocks Referenceson Remarks and additional references

Bgure water (OF)
mg~te)

chemical quality
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Tkerma~ springs ana wells in the United, States (exoluding Alaska and Hawaii)-Continued

Idaho-Coutlnued

Hot 100 Belt Series (Precambrian) . 6 springs.

Hot 200 _. do • 2 springs.
Hot 250 do • .__________________ 5 springs.

Hot 200 _. __.do 10 springs.

Hot Lava (Tertiary) overlying • • _
granite.67 . •__ Payette Formation (Terti- Refs. 354,371.
aryl.Hot Large do .________________ Water used locally. Ref. 363.

Warm do • Do.

8 springs.

6 springs.

Several springs. Resort.

Water used for irrigation.

5 springs.

3 springs. Resort. Also other springs
along Warm Spring Creek.

Several springs along line 0.5mile long.

20 springs. Water smells strongly of H2S.

Several springs.
10 springs in z-ecre area.

Water used locally. Smells strongly of
HiS.

About 16 springs. Resort. Refs. 113,150,
363,370.371.

Water used for irrigation.

Several springs. Ref. 144.

Water used for bathing.

Limestone (Carboniferous) _

Faulted greenstone •• • _

Granite • • ~.___ _ ~ OM. _

Lava (Tertiary) overlying ~ _
slate (Carbonfjeruus).

Contact of lava (Tertiary) _
with l1mestone (Carboni-
ferous).Granite, ____ _ _~ ~ _

Faulted Payette Formation • _
(Tertiary).Faulted lava (Quaternary) • _

Granite • • _

Limestone (Carboniferous) ~ ~

neer ieve .._____do__.__ ___ _ •_. • ~_

Faulted limestone and ~ _
quartzite (Paleozoic).Paleozoic strata. ~ 365 • ._

Lava (Tertiary) overlying ~

Precambrian strata.
:3 Belt Series (Precambrian). • __. _

400 do • • • • _

40 do ~ _

300 do__• • ~_~ • Resort. Ref. 375.

200 do • • • 6 springs.

450

300

,
350 .do . • 2 main and several smaller springs.

20 do • • 2 springs. Campground.

200 do__• _

700

4 do • • _

200 do., • _

3 do • • _

265

100
30

8 do. _

15 do • • • 2 springs. Water used locally.

30 do_______________________ Campground.

40 do• • • ~ _

150 do. __._. • .__ 5 springs.

200 .dc, • • • • 6 springs.

200 do • .___________________ 3 springS.

900 do. • • • 6 springs. Water used locally. Refs. 133,
144.

1,500

1,500

87

168

ji~~ --------200-

107 5,000

105 160

Hot • do_. • _

120

70-120

75-110

123
(max)

57

W'nn
130

Hot

Hot

Hot

Warm'

werm

wsrm

Warm

warm

Hot

Hot

90-140

109
warm

warm

134-147

115-136

00

100

100

110-115'

Hot

Hot

Sec. 18, T. 16N' J R. 21 E'J at upper end of
Kronk Canyon of Salmon River 3 miles
downstream from mouth of Pahsimeroi
River.

Warm Spring cress, 4 miles southwest of
Lemhi Indian Agency.

Sec. 4, T. 15 N., R. 25 E., 10miles west of
Leadore.

Sec. 9, T. 7 N., R. 1 E., 1mile southwest of
Sweet.

T. 1 N., R. 3 W' J on east side of Snake
River 1 mUe east of Enterprise.

T. 4 N., R. 2 E., on west bank of Squaw
Creek:3 miles north of Boise.

'1'. 3 N' J R. 2 E., on Cottonwood Creek 1
mile west of Boise.

Boi~e Hot Springs, in T. 3 N., R. 2 E' J 4.5
miles southeast of Boise.

Sec. 29J T. 5 S., R. 4 E., near Grand View__
Sec. 20, T. 10 N., R. 3 E'J 14 miles north

of McNish ranger station.
Sec. 32, T. 10 N., R. 4 E., 3 miles north

west of Garden Valley.
Sec. 6, T. 8 N'J R. 5:iie~n South Fork of

Payette River 10 east of Garden
Valley.'

Sec. 2, T. 8 N., R. 5 E., 0.5 mile west of
Danskfn Creek.

Sec. 11, T. 8 N'J R. 5 E., 1.5 miles east of
Boston & Idaho power plant.

Sec. 31, T. 9 N., R. 6 E., 0.25mile west of
Pine Flat.

Sec. 311 T. 9 N., R. 8 E' J on north side of
EoutD Fork of Payette River.

Kirkham Hot Springs, in sec. 32J T. 9 N' J

R. 8 E., on South Fork of Payette River.
Bonneville Hot SprintsJ in sec. 31, T. 10

N.• R. 10 E.. on Warm Spring Creek.
Sacajawea Hot Springs, in sec. 30J T. 10

N., R. 11 E., near mouth of Bear Creek.
T. 5N., R. 5E., amnes southwest of Idaho

City.
Nevin Spring, Sec.I, T. 3 N., R. 5 E., near

mouth of Cottonwood Creek.
Twin Springs, on north side of Middle

Fork of Boise River downstream from
mouth of Browns Creek.

Bassett Hot Spring, upstream from Log
ging Gulch, on north side of Middle
Fork of Boise River.

Sec. 1, T.14N., R.ll E., 2 miles northwest
of Greyhound.

Sec. 2, T. 12 N., R. 13 E., 6 miles east of
Cape Hom.

See.33J T. 14 N., R. 13 E., 10miles south
west of Casto.

Sec. 15, T. 10 N., R. 12 E., near Stanley__•
Sec. 36',T.ll N., R.13 E.!,.,nearmouth of

Yankee Fork of Salmon River,
Sec. 20, T. 11 N., R. 14 E., 4 miles east of

mouth of Yankee Fork of Salmon River.
sees. 22 and 27J T. 11 N., R. 14 E' J 6 miles

east of mouth of Yankee Fork of Salmon
River.

Sec. 19J T. 11 N., R. 15 E' J on Salmon
River 1 mile upstream from Sunbeam
Dam.

Sec. 3, T. 10 N'J R. 13 E., 2 miles south of
mouth of Yankee FOrk of Salmon River.

Robinson Bar Ranch Hot Springs, in sec.
34,T.11 N' J R.15E.JatmoutbofWarmSpring Creek.

T. 10 N., R. 15 E., near mouth of Hot
Creek.

Loon Creek Hot Springs, in T. 11 N., R.
15 E.

T.10 N., R.15 E., near bead of Leon creek,
See.19J T. 10N., R. 16 E., on Slate Creek

6 miles upstream from its mouth.
SullIvan Hot Springs, in sec. 27, T.ll N' J

R. 17 E., on Sullivan Creek 3 miles west
of Clayton.

Sec. 18, T. 9 N., R. 14 E., on the Salmon
River.

Pierson Hot SPring, in sec. 27,T. 8 N., R.
14 E.

Sees. 30and 31, T. 8 N' J R. 17 E., on East
Fork of Salmen River. .

Sec. 6J T. 7 N' J R. 17 E., on East Fork of
Salmon River.

Beardsley Hot Springs, in sec. 23, T.14 N.,
R. 19 E., on east bank of Salmon River.

Sulphur Creek Spring, in sec. 26J T. 14N'
J

R. 21E., 15mlles northwest 9~ Qoldberg.

63

"95

85

86

87

68

89
00

at

92

97

75

76

77

78

"80

81

82

83

84

"

114

65

66

67

68

69

70

71
72

73

74

"
ss

"100

101

102

103

104

105

100
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Thermal fJprings and 'lOeUs in the United States (excluding Alaska and Hawaii)-Continued

No. Tempera- Flow
on Name or rocenon ture of (gallons Associated rocks References on Remarks and additlonal references

figure water (OF) per chemical quality
minute)

Idaho-Continued

Hot 100 do _

Do.

4 springs. Ref. 375.

12 springs in s-ecre area. Water used for
bathing.

12 springs in 1 acre area. Water used for
bathing. Campground.

Several springs. Water used locally. Ref.
138.

Several springs. Water used for bathing.
Refs. 370, 371.

Water used for bathing and irrigation.

20 do_________ Also a drilled well. Water used for bathing
and irrigation.

15 do • _

25 do .____ 20springs.

100 Basalt (Tertiary) Several springs.

900 do_______________________ 10springs.

Lava (Tertiary) overiying
Paleozoic strata.

100 do,•• .

50 do 7 springs.

30 • sef~~~~~~k~~ in i-acrearea. Water used

200

180 do_____ ___ _ _ _ _

1,800 do_______________________ Mauy springs in a-acre area.

.50 do 6 springs. Water used for bathing.

45 do .__________ Water used for bathing.

Small do_.____ ____ ___ _ _

45 do • Several springs.

30 do ._~ ._._ 4 springs.

126

Hot 50 do _

128 45 do _
,

10 Granite _

2() Granite________________ _ About 30 springs.

15 do 15springs.

10 do Ref. 144.

250 do. •• ._~_. About 50 springs. Water used locally.
Ref. 375.

Hot 100 Lava (Tertiary) •__• • • About 25 springs. Resort.

Hot

Hot

Hot

Hot

Hot

Hot

130
(max)

Hot

130
(max)

99

Warm

Hot

102

Warm

Warm

Warm

W"m

80 Paleozoic strata, Ref. 365.

Hot 200 Granite _

Hot do _

Hot 900 do Several springs iu a-acre area.

Hot 100 do _

160 450 Faulted black limestono 376________________ Several springs. Resort. Deposlt of tufa.

1OG-130

Warm

Hot

Warm

Warm

125--150

164 do_______________________ 144 _
(max)103-167 900 Faulted law • _

146 500 .do _

T. 13N" R. 20E., on Warm Springs Creek
10 miles soutbeast of Challis.

T. 9 N., R. 27 E., in Little Lost River
Valley.

South side of Middle Fork of Boise River,
0.25 mile downstream from mouth of
Sheep Creek.

Sheep Creek Bridge Spring, on Middle
Fork of Boise River at Sheep Creek
Bridge.

Reed Spring, on Sheep Creek near its
mouth.

Smith Cabin Springs, on both sides of
Middle Fork of Boise River upstream
from junction with North Fork.

Loftus Spring, on north side of Middle
Fork of Boise River downstream from
mouth of Loftus Creek.

Crevice Spring, on north side of Middle
Fork of Boise River downstream from
mouth of Vaughn Creek,

Vaughn Spring, on south side of Middle
Fork of Boise River upstream from
mouth of veugbn Creek.

Ninemcyer Springs, on south side of
Middle Fork ofBoise River downstream
from mouth of Big Five Creek.

Pool Creck Spring, on north side of Middle
Fork of Boise River upstream from
mouth of Pool Creek.

South side of Middle Fork of Boise River
upstream from mouth of Straight Creek.

Dutch Frank's Springs, on south side of
Middle Fork of BoIse River downstream
from mouth of Dutch Frank's Creek.

Granite Creek Springs, on Middle Fork
of Botse Rlver,In sec. 4, T . .5 N., R. 9 E.,
s miles east of Narton.

T . .5 N., R. 9 E., on both sides of Middle
Fork of Boise River, 0.25mile upstream
from mouth of Granite Creek.

Sec. 36, T. 6 N., R. 9 E., on south side of
Middle Fork of Boise River, 0.0 mile
downstream from mouth of Granite
Creek.

Sec. 32, T. 6 N., R. 12 E., 2 miles east of
Atlanta.

Sec. 10, T. 3 N., R. 10 E .. 0.5 mile north
east of Feathervllle.

Sec. 9, T. 3 N., R. 11 E., 7 miles east of
Featherville.

Sec. 24. T. 4N., R.llE.,on Willow Creek,
10 miles northeast of Fentherville.

Sec. 13, T. 3 N., R. 11 E., on South Fork
of Boise River 10 miles east of Feather
ville.

Sec. 0, T. 2 N., R. 10 E., 6 miles south of
Peathervllle. '

Sec. 33, T. 3 N., R. 10 E., 4.5 miles south
of Feathervlile.

Sej'Jis:' 1 N., R ', I0 E .. north of Fishing

Hot (Ranch) Springs, in sec. 16, T. 3 S.,
R. S E., 10miles east of Mountain Home.

Daugherty's (Lattie's) Hot Spring, 10
miles north of Glenns Ferry.

Hot Spring, 1 mile cast of King HilL _

Sec. 1, T. 4 N., R. 14 E .. on Big Smoky
Creek 8 miles north of Carrietown.

Sec. 321 T. 4 N., R. 14 E., on Big Smoky
Creek 8 miles northwest of Carrietowu.

Sec. 18, T. 3 N., R.13 E., on South Fork of
Boise River near mouth of Bear Creek.

Sec. 30, T. 3 N., R. 14 E., on Little Smoky
Creek 8 miles southwest of Carrietown.

Wasewick Hot Springs, in sec. 28, T. 3 N.,
R. 14 E., 6 miles southwest of Carrie
town.

Wardrop Hot Springs, in sec. 29, T. 1 N.,
R. 13E., on Corral Creek 2 miles north of
Corral.

Sec. 14, T. IN., R.15 E., 5 miles north of
Blaine.

Sec. 34, T. 1 S., R. 13 E., 5 miles south of
Corral.

Russian John Hot Springs, in sec. 33, T. 6
N., R.16 E:,t near Wood River 18 miles
northwest or Ketchum,

Easly Warm"Springs, iu sec. 11, T. 5 N.,
R.16 E., on south side cr wcod River 16
miles northwest of Ketchum.

Guyer Hot Springs, in sec. 15, T. 4 N., R.
17 E., 2..5 miles w.estof Ketchem.

141

142

137

138

139

140

115

128

129

130

131

131A

131B

132

133

134

135

136

11.

116

113

122

121

123

124

126

126

127

120

110

117

118

119

107

108

109

111

112
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ThermalsprinU8 and wells in the United States {excZuding Alaska and HawaiO-Continued

No. Tempera- Flow
on Narneor location ture of (gallons Associated rocks Referenceson Remarks and additional references

flgure water (OF) pe' chemical quality
minute)

Idab_Continued

60 Limestone (Paleozoic) Resort.

Small Lava (Tertiary) ~______________ Ref. 370.

I, 300 do • ~ • ~ 3 springe

Small do•• ~ AI~o several flowing 'Wells diseharglng IiOO
gpm. Water used for bathing and irriga
tion.

used for bathing and

Water used for bathing. Ref.

Water used for bathing.

Water used for bathing.

Forms pool bubbling with odorless gas.
Water used loenlly.

2springs and flowing drilled well. Ref. 370.

6 springs. Water used tor bathing. Refs.
372,373,667.

5 springs. Water used locally. Refs. 138,
144.

Water used for bathing and irrigation.
Refs. 364,371.

2 springs. Water used for bathing. Refs.
133,137,144.

Several springs. Water used for bathing.
2 springs. Water used for Irrfgation. De

posit of ture.
Also a drilled well. Water used locally.

Ref. 368.

Also 5 drilled wells. wetee used for irri
gation. Ref. 358.

Water used for bathing and irrigation.
Refs. 368,370,371.

Water used locally. Ref. 358.
Several springs. Water used for bathing

and irrigation. Ref. 368.
Ref. 368.

Several sprlugs. Water used for irriga
tion. Ref. 368.

Several springs. Water used locally. Ref.
'58.

Ref. 358.

Several springs. Water used locally.
Ref. 373.

2 main and several small springs. Water
smells of H2S. Deposit of tufa. Resort.

Several springs. Water used for bathing
and irrigation.

3 springs.
Resort. Ret. 373.

2 springs. Water
irrigation.

2 springs.

6 springs.
144.

3 springs.

Lava (Tertiary) overlying ~ _
Paleozoic strata.

Black limestone (Paleczoie); 376 _

Basalt (Tertiary) overlying __• ~ _
rhyolite.

Basalt (Tertiary) ~ ~ _

Lava (Pliocene) • ~ •__

Lava (Quaternary) ~ _

Slate (Paleozoic)4_~___ 376__• ._____ Several springs. Water piped to baths and
hotel in Hailey.

Limestone (oarbonrrerouei., _

Lava (Tertiary) overlying _
limestone" (Carbonifer-
ous).Faulted rhyolite overlying + _

carboniferous strata.

~{;fJJfi~:~:!~~===.:=.;=.; .;====.;=.;=========

Payette Formation (Terti
ary) •

Miocene sediments near
Tertiary lava.

Alluvium ~____ _ _ _
Payette Formation (Terti- • _

aryl.Alluvium near fault in Pay. •• _
etta Formation (Tertiary).

Payette Formation (Terti- ~ ~_

ary).
~ do • ~. • • _

Lake beds (Tertiary) over- ~ • • _
lying lava.

Faultedlake beds (Mlocene) .~----- _
_____do ••_ _ _

Faulted Paleozoic strata _

Limestone (Carboniferous) ~_

Faulted limestone (Carbon- ~ _
iferous") .

Limestone (Carboniferous7) ~~ • _

Snake River Group (Quater _
nary overlying rhyolite.)____ .dc . ~ . _

5

200

500

450

100

'00
50

400

96

2,000

1,200

ias
1,200

',000

as

50

130

450

3,000

so
seo

8moll

Small

2 main springs in deep canyon. Water
used for bathmg, Refs. 148,377.

Water used for bathing. Ref. 148.

4 springs. Water used for bathing and
irrigation.

Maintains Soda (Lye) Lake having area of
of 3 acres.

Small Lava (Pliocene) • ~________ Nearby artesten well flows 200gpm. Water
used locally.

Small

35 do ~ __• ~ _
I, 000 do ~ _

Large ~_do_•• ~ ~__•• • _

1,800 Basalt (Eocene) overlying _. • __
tuff.__________•• Payette Formation (Terti· __• • _
ary),_________________do • • • • • _

111
114

1'"
196

131

Hot

149

80

58

110

69-87

warm

"
105

W"m

88-144

128

98

90

100

Warm
120

146

96

124

80

Hot

Warm

124

Hot

94-98.0

100

105

Hot

125--1liO

115-120
W"m

120-150

145-158

Sec. 36,T.4 N., R.16E.,on werm Spring
Creek 11 miles southwest of Ketchum.

Clarendon Hot gprjngs, in S6C. 26, T. 3 N 'J

R. 17 E., on Deer Creek 6 miles west of
Hailey.

Hailey Hot Springs, in sec. 18, T. 2 N., R.
18 E., 2.5 miles southwest of Hailey.

Lava Creek Hot Spring, in sec. 24, T. 1 S.,
R. 17 E., near Magic Reservoir.

Condie Hot Springs, in sec. 14, T. 1 S., R.
. 21 E., near Carey.
Sec. 25, T. 11 N" R. 32 E., 10 miles south of

Edie.
Sec. 34, T.IO N., R. 33 E., 18 miles west of

Dubois.

Lidy Hot Springs, in sec. 2, T. 9 N., R.
33 E., 16 miles west of Dubois.

Sec. 6, T. 9N., R. 44E., near Warm River;
Heise Hot Sprlne, in sec. 25, T. 4 N., R.

40 E., on South Fork of Snake River at
Heise.

Pincock (Lime Kiln) Hot Sprinl!t in sec. 6,
T. 5 N., R. 43 E., 6 miles souto of Can
yon City.

se~if~ Jorih~~~ot¥r~{n~nFall Creek 4
Alpine Hot Springs, in sees. 18 and 19, T.

2 S., R. 46E., on east side of South Fork
of Snake River 5 miles northwest of
Alpine.

Sees. 13 and 24, T. 2 S., R. 45 E., on west
side ofSouth Fork ofSnake River 3miles
southwest of Blowout.

Lincoln Valley Warm Springs, in sec. 36,
T. 3 S., R. 37 E., 3 miles south of old
Fort Hall.

Enterprise, in T. 1 N., R. 3 W ~_

Given's Hot SprIngs, in T. 1 S., R. 3 W.,
on southside of Snake River near mouth
of Reynolds Creek.

Toy Ranch,insec. 29.T. 5 S., R.l E ~__
Sec. 14, T. 6 S., R. 3 E., on Shoofly Creek

near Grand View.
Rosebrier Spring, in sec. 32, T. 6 S., R. 5

E" on Little Valley Creek 10 ranee
southeast of Comet.

Sec. 24, T. 7 S., R. 4 E., near head of
Little Valley Creek.

Bruneau Hot Sprinl!, In sec. 21,T. 7 S., R.
6 E., near Hot Springs post office on
west side of Bruneau Valley.

Sec. 22,T. 7S., R. 6E.,ln Bruneau Valley __
Trammel's Hot Springs, in sec. 22,T. 7 S.,

R. 6 E., in Bruneau Valley.
Sec. 35, T. 7 S., R. 6 E., on east bank of

Bruneau River.
Hot Creek Springs, in sec. 3, T. 8 S., R. 6

E., 11 miles south of Bruneau.
Sec. 3, T. 8 S., R. 6 E., in Bruneau Valley

downstream from mouth of Hot Creek.
Sec. 29, T. 8 S., R. 7 E., 100 yd down

stream from Buckaroo diversion dam in
Bruneau Valley.

Indian (Bat) Hot Springs, in sec. 33,T. 12
S., R. 7 E., on West Fork of Bruneau
River.

Kitty's Hot Hole, 10 miles southwest of
Three Creek.

White Arrow Hot Springs, in sec. 31, T. 4
S., R. 13 E., near Blanche.

Blanche Crater Warm Springs, 1.5 miles
northeast of White Arrow Hot Springs
(no. 170).

Tschannen Warm Springs, 2 miles south
east of White Arrow Hot Springs (no.
170).

Sec. 30, T. 8 S., R. 14 E., on island in
galmou Falls Creek near Austiu.

Ring's Hot Spring, In sec. 31,T. 8 S., R. 14
E., on south side of Snake River.

Banbury Hot Springs, in see. 33, T. 8 S.,
R. 14E., on south bank of Snnke River 4
miles upstream from mouth of Salmon
River.

Poison'Spring, in T. 9 S., R. 13 E., in
canyon of Salmon River 8 miles up
stream from mouth or rtver.

Boo lOhT. 13s., R. IS E., on Rock Creek
10m es sonth of Strfeker,

Artesian City Hot Springs, in see. 6, T.
12S., R. 20 E.

173

174

175

176

156

177

178

164
165

156

167

158

169

169B

170

171

172

169A

162

163

157

154

155

15U
150

161

150

151
152

14'
146

147

148

149

143

144

158..,

..,
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Thermal springs and. wells in the United States (e:colurUng Alaska and. Hawaii)-Continued

No. Tempera-- Flow
on Name or location tura of (gallons Associated rocks References on Remarks end additional references

figure water (OF) per chemical quality
minute)

Idaho-Continued

85 Carboniferous strata. ~__~_~_~ ~_~_

Warm ._. do • ~ ~~ • _

150 do ~ 3 springs. Resort. Ref. 124.

72 ~ __

Water used locally.

Water used locally.

Several springs. Water used for bathing
Resort. .

Several springs. Water used for bathing
Resort. Ref. 374.

Water used for bathing.
5 springs rising in pools. Ref. 144..

Water used for bathing and irrigation

Deposit of tufa. Refs. 366, 374.

Several springs, of whlcll the main spring
is Steamboat Spring. Resort. Refs
366, 374, 413, 625, 666.

Several springs. Water used locally
Ref. 144.
Do.

Also well 4001t deep. Water used for irriga
tlon.

Also 3 flowing wells. Water supply fo
cattle.

Water supply for cattle.

Several springs. Deposit 01 tufa.

Several springs.
Ref. 367.

Also flowing well.

367 Also flowing wells. Water used locally.

367~ ~~_~_~ • Water used for irrIgation.

Lake beds (Eocene) faulted
against llmestone (Car.
bonlf('·rous).

Faulted limestone (Paleo
zoic).

Faulted Quartzite (Paleo
zoic),

Lava (Tertiary) •__~_~__
Lava overlying Paleozoic 3621__• • _

strata.Gravel (Quaternary) • ~ • ~ ~_

Limestone and shale (Car- • _
bonuerons).

Limestone (Carboniferous). • ~ ~

Limestone (Paleozoic) _

Faulted rhyollte (Tertlary)_

Carboniferous strata ~_~~~ __~ _

200 Miocene strata overlying • _
fanlted Paleozoic strata.

10 Quartzite (Carboniferous?) •• 367 ~_~~_

120 Alluvium near faulted Car- _
bomrercuestrata.

4 Faulted lake beds (Bridger ~~~_~_~ ~_~ _
Formation).3 do • ~ __~ ~ • • • _

9,000

1,000

4,200

60 2,000

"

204

120

100

69

114

53-134

Wann Small
128 ------------
112 470

82 Small

76-88 ------------

Wann

110

100-144

Poulton Warm Spring. in sec. 6, T. 13 S.,
R. 21 E., 9 miles northwest 01Oakley.

Land SprIng, in sec. 7, T. 13 S., R. 23 E.,
6 miles northeast of Oakley,

Thoroughbred Springs, in sec. 21, T.16 S.,
B.IOE.

OakleY Warm Spring, In sec. Zi, T. 14 S.,
R. 22 E., 5 miles south of Oakley,

Sec.§., T. 14 S., R. 25E.,! mlle southwest
or l<;lba.

Frazier Hot Spring, in sec. 23, T. 15 S.,
R. 26 E. 5 miles southwest of Bridge.

Bridger Hot Spring, in sec. 11, T. 11 8.,
R. 25E., 6 miles northeast or Albion.

Sec. 22, T. 11 S., R. 25 E., 4 miles north
east 01Albion.

Sec. 19, T. 9 S., R. 28 E., near Lake Wal
cott.

Fall Creek Warm Springs, in sec. 29, T.
9 S., R. 29 E., 8 miles northeast of Yale.

Indian Hot gprings, in sec. 19, T. 8 S.,
R. 31 E., on south side of Snake River.

Lava Hot Sflring~ in T. 9 S., R. 38 E., on
both sides of Portneuf River 2 miles
south 01 Lava.

6 miles northwest 01 MeCammon ~~_

T. 10 S., R. 40 E., on west side of Bear
River at south end of Gentile Valley.

Downata Hot gprlngs, 4 miles southeast 01
Downey.

T. 6 S., R. 42 E., in canyon of Blackfoot
River.

Bear River Soda (Beer) Springs, in
T.98.,R.42E.

T. 14 S., R. 36 E., 2 miles southwest of
Malad.

T. 16 S., R. 36 E., 12 miles southeast of
Malad.

Bear 'Lake Hot Springs, near northeast
eboreof Bear Lake and 16 miles south of
Montpeller.

180

I,.

,,.A
'"191A

193

193

179

180

181

182

183

184

18'

186

187

188

,..
193

100

MaBBachulleUs (See fig. 3.)

400 I Schist (precambrian) __• 1137, 378 1 Water b.ottled for table use. Also used in
manufacture of soft drinks. Refs. 135,
144,378.

Montana (See fig. 2.)

84 500 do. • ~ ~ • • ~ . Resort. Refs. 144, 395.

330 ._do • ._____ .5springs.

1,'j0 • .do••••• ~ ~ __~ 3 springs. Resort. Ref. 144.

_________ ~__ Diorite sill in Belt Series 137,385 7 springs. Resort. Ref. 391.
(Precambtian).

____________ Belt Series (Precambrian)__• 385 ~ Water used locally. Ref. 391.

20 .do__••__~ ~~ ._. 7 springs. Water used for bathing.

Severalsprings. Water used locally. Refs.
388,395.

Several springs. Water used to heat
greenhouse. Rels.I44,395.

2 springs. Water used for bathing. Refs.
133,393.

7 springs. Water used locally.

Water used locally.

Water used for mining and milling, also for
irrigation. Large deposit of tufa. Refs.
141,379,397.

8 springs in area of several acres. 'Vater
used for irrigation.

Several springs. Resort. Refs. 382, 383.

Faulted Kootenai Forma- _
tion (Early Cretaceous).

Folded Ellis Formation • _
(Jurassic).Granite_. • • _ _

Tertiary strata overlying
granite.

Travertine overlying Itme
stone (Jurassic).

Lava (Tertiary) overlying
granite.

Gmnite. • 137 •• ~_ 3 springs. Resort. Refs. 144, 383.

Folded Cretaceous strata ~ Water used locally. Refs. 144,148.

30 Lower Paleozoic strata__~~ __ 128, 137409 ~_~__

Shale and limestone (Creta. • ~

ceous).•• do•••• ~ _

28

15,000

4,800

10,000

3,500

80,000

'"138

Warm

71

Hot

68

warm

Warm

W"m

W"m

122;141

72-86

110-114

110-125

Camas Hot Springs, in sec. 3, T. 21 N.,
R.24W.

2 Sec. 4, T. 21 N., R. 24 W., 1 mile west of
Camas.

Sec. 9, T. 18 N., R. 25 W., 4 miles south of
Paradise.

4 Granite (Lolo)Hot Springs, 8 miles south-
west of Woodson., Warm Springs Creek, 6 miles north of
Garrison.

6 Sun River (Medlelne) Hot SprinFe:' on
North Fork of Sun River 30 mi es by
road west of Augusta.

7 Helena Hot Springs, 2 miles west of
Helena.

6 Big Warm Springs, in sec. 24, T. 26 N.,
R. 25 E., 6 miles south of LOdge~ole., Little Warm Springs, in sec. 32, .26 N.,
R. 26 E., 9 miles south of Lodgepole.

10 Warm Spring, in sec. 19,T.17N., R.18 E.,
on Warm Spring Creek 12 miles north of
Lewistown.

11 Sec. 19, T. 12 N., R. 23 E., on Durphy

12
Creek, 3 miles south of Tyler.

Medicine Rock (Weeping Child) Hot
SpringS, on Weeping Child Creek, 15
miles southeast of Hamilton.

13 Sec. 31, T. 1 S., R. 22 W., 4 miles east 01
Slate Creek station.

14 Gall~y (Ross' Hole, Medicine) Hot
Sp gs, in sec. 15, T. 1 S., R. 19 W., 4

is
miles south of Camp Creek station.

Warm Springs, near Warm Springs rail-
road station, 10 miles northeast of
Anaconda.

16 Anaconda Hot Springs, 3 miles east of
Anaconda.

17 Gregson Hot Springs, 15 miles west of
Butte.
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Therma~ springs ana wells in the United States (ea:cluding Alaska and. Hawaii)-Continued

No. Tempera- Flow
on Name or location ture of (gallons Associated rocks Referenceson Remarks and additional references

figot, water (OF) P" chemical quality
mlnnto)

Montana-Continued

72 1,125

72 360

Hot 50

100-120 '50

80-122 50

95; 108 150

warm 100

137 ' 250

148-168 1,500

102 240

, 120 --------_.. _-
(max)

90 30

70 90

{) springs. Resort.

Water used for irrigation.

Several springs. Water used for irrigation.

About 100springs. Resort. Refs. 144,386

7 springs. Resort.

Refs.

Resort. Ref. 389.

4 springs. Water used for bathing.

About 10"springs. Refs. 133,389.

5 sprtnes. Water used for bathing.
138.388,389. .

2 springs. Resort. Refs. 133, 144.

Several springs. Water used locally. Ref.
391.

4 springs. Water used locally.

6 springs. Water used locally.

3 groups, totaling about 21) tndtvtdue
springs. Deposit of gypsum. Resort
Refs. 109.389,394,395.

Water used for bathing.

Several springs. Resort. Ref. 391.

2 springs. Water used locally.

Water used for bathing. Ref. 390.

22 springs. Resort. Refs. 133, 393.

Many springs. Resort. Refs. 109, 395.

Several springs. Resort. Refs. 393, 395.

3 main and several other springs. Water
used for irrigation.

2 springs. Water used locally. Ref. 144.

Lake beds (Miocene) over- 128,133,380,392,
lying Belt Series (Pre- ~ 396.
cambrian).Tertiary strata overlying ..__.. _
Belt Series (Precambrian).Granite • • .... • _

Folded Cretaceous strata•• .. • .._

Lava (Tertiary)_•• • • _

Lava (Tertiary) .overlying _.. • _
llmestone (Carboniferous).

Lake beds (Tertiary) over· __......__• _
lying granite.Granite • • • _

Granite. ._..... ____ 137 ..... _

Fissured granite .... 133, 137, 393.- .._

Granlte .._. .. 137 • _

Gravel overlying Tertiary 384,387 .._
strata.

Lake beds (Miocene) •• 384,387.._._... _•• _.

Syenite••• ... • _•• _

Schist and gneiss (Pre· __.......__•__• •__
cambrian).

Lava (Quaternary) • • ...._._... _

Tertiary strata ...... 128,133,137,144,
380.

Faulted Livingston Forma- 1281,133,137, 409?_
tion (Upper Cretaceous
and Paleocene).

Lava.(Quaternary)overlying 128,144,409 •
Precambrian rocks.

Lava overlying schist (Pre- __._ •• ..._
cambrian).

Lava (Quaternary) overlyIng •••_. _
Precambrian rocks.

Limestone (Cretaceous) •__•• __._. ... _

Madison Limestone (Mis- 384,387. __• _
slssipplan).

•• do. .....__• ....... 384, 387_.__.._. ••

500

1,500

110

Large

29,000

4,000

1,400

100

95-125

Hot

"62

132
(max)

120-160

90-134

125-187

Hot

74

65'

Big Hole Hot Springs, at Jackson •

Elkhorn Hot Springs, in sec. 29, T. 4 S.,
R. 12 W., on Miller Creek 6 miles north
of Polaris.

Ziegler Hot Springs, near Apex ~._•• _.__

Lovell Springs, in sec. 21, T. 8 S., R. 9 W.,
9 miles southwest of Dillon,

Brown (Ryan Canyon) Springs, in sec. 30,
T. 8 S., R. 9 W., n.mnes southwest of
Dillon.

Barkel's Hot Springs, at Silverstar ..__

Clark's Warm (Potosi Hot) Springs, on
south branch of Willow Creek, 5 miles
south of Pony.

Hapgood (NOrris) Hot Springs, on Hot
Sorlng Creek near Norris.

Puller's Hot Springs, on upper Ruby
Creek, 10 miles northwest of Virginia
Clty.

Sec. 18, T. 12 S., R. 1 E., 3 miles south
west of CUff Lake.

Bozeman (Ferris, Matthews) Hot Springs,
on West Gallatin River, 7 miles west of
Bozeman.

Hunter's Hot Springs, 20 miles northeast
of Livingston.

Emigrant Gulch Warm Springs (Chico
Spring), on Emigrant Creek near Chico.

Corwin Hot Springs, in sec. 25, T. 8 S.,
R. 7E.

Bear Creek Springs, In sec. 19, T. 9 S., R.
9 E .. 3 miles south of Gardiner.

Anderson's Sprin!!', in sec. 29. T. 3 S., R.
13E., near Boulder Creek 3 miles south
west of Hubble.

Alhambra Hot' Springs, 17 miles south of
Helena.

Boulder Hot Springs, 3 miles southeast of
Boulder.

Pipestone SPrings, 20 miles southeast of
Butte,

Bedford Springs, on north side of Indian
Creek 3.5 miles northwest of Townsend.

Kimpton (Warner) Warm Springs, on
branch of Crow Creek, 1 mlles west of
Toston.

Big Spring, on east bank of Missouri
River 4 miles southeast of Toston.

Plunket's (Meckel. Nave's Warm)
Spring, at head of Warm Creek, 10
miles southwest of Toston.

White Sulphur (Brewer's) Sprlngs. _

22A

23

2'
26

34

35

37

28

29

30

31

32

33

35

37

38

39

40

18

19

20

21

22

24

Nevada (See fig. 8.)

Hot Small do.__• . • _

Hot _•• do__.. ._~ • _

60 Alluvium near lava•• • ~ _

155 Lava (upper Tertiary)••••• __._. ~ __

Warm Small Alluvium _
. 130 •• do•• • •• _

__• ....... do__•__•__._••• • •• _. 2 springs. Refs. 144, 441.

Small ..do., .•_______ _ • •• _

Small Lava (Tertiary) •• •• _. Ref. 441.

20 Intrusive granite (Jurassic) .... 2 springs. Refs. 144,403,441.

Deposit of sufcecus sinter. Ref. 440, also
field notes by G. A. Waring.

2 springs. Water used locally. Refll.l44,
441.

2pumped wells, 550and580ftdeep. Water
used at mine. Ref. 451.

Ref. 144.

Several springs. Ref. 144.

2 springs. Water supply for prospectors.
Refs.-144,418.

Several springs. Ref. 144; also field notes
by G. A. Waring.

Data from field notes by G. A. Waring.

Several springs. ners. 144,418, 451.5 Faulted(?) lava (Tertiary)
overlying granite.

150 •• do_._. •• _._. ~

____• Lava (upper Tertiary)_._. ._. _

___________.. __•__do ._.._~ ••• _

____________ Lava (Tertiary) ~ .~ •• _. •

165-191

178

118

130

76;80

1I8; 138

Hot

lOS

130; 100

T. 46 N., R. 27 E., 12 miles west of Pine
Forest Range.

Bog Ranch Hot Sprl.m:s, on north side of
Thousand Creek Valley 6 miles south.
west of Denio, Oregon.

T. 47 N., R. 31 E., south of Steens Moun
tain.

T.45 N., R. 32 E., 12 mUes north of Ma·
son's Crossing of Quinn River.

T. 45 N., R. 32 E., 11 miles north of Quinn
River (town).

T. 45 N., R. 33 E., on west side of King
River valley.

Cordero Mlne. _

T. 45N., R.41 E., at head ofNorth Forkof
Little Humboldt River.

T. 40 N., R. 25 E., at Soldier Meadows, 15
miles south of old Camp McGarry.

T. 40 N., R. 28 E., west of sink of Quinn
River, at west edge of Black Rook Desert.

T. 43 N., R. 31 E., 7 mlles west of Mason's
Crossing of Quinn River.

Neat south bank of Quinn River__.~ ._~

T. 41 N., R. 41 E., on bank of Little Hum
boldt River, 12 miles southeast of Para
dise Valley post office.

Neal' North and South Forks of Little
Humboldt River, 25 miles east of Para
dise Valley.

Double Hot Springs, in T.37N., R. 24 E.,
on west fiank of Black Rock Range.

12

2

llA

3

4,
8

8A

7

8

9

10

lOA
11
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Thermal springs ana wells in the United States (ea;cluding Alaska and Hawaii)-Continued

No. Tempera- Flow
on Name or location ture of (gallons Associated rocks References on Remarks and additional references

figure water (OF) 1'<' chemical quality
minute)

Nevada-Continued

Warm _. ._do .~~ Ref. 441.

Several springs. Rels.144,438.

Water used locally. ReI. 386.
About]2 springs. Resort. Refs. 109, 144,

422,437.
Rises in broad deep pool. Water supply

lor cattle.

Ref. 144.

4 springs. Water used lor bathing.

Several springs. Water used locally.

Several springs and shallow wells. Water
used for bathing.

Water used locally.

Forms boggy area at edge of Goose Creek
Meadow.

Do.

3 springs, 1-2 miles apart. ReI. 451.

Several springs. Ref. 441.

Lake beds (Pliocene?) _

Lava (Tertiary) • _

Alluvium near granite ~_ 128 • _

Carboniferous strata__._____ 137 •__

Alluvium near lava • _

Rhyolite (Tertlary)_. .______ Several springs in I-aerearea.

Carboniferous strata • "_____ ReI. 144.

Alluvium (Quaternary) _. _
near lava (Tertiary).

Mesozoic strata••• • ._ _ ._ •• _
Alluvium; ___ _ __ _ _

Alluvium near lava. Ref. 441.

Lava (Tertiary) overlying 3 springs. BeLlM.
granite.

Lava (Tertlnry) -•• Several springs. Ref. 144.

8 do _

8 do _

30 do • _

10 Carboniferous strata _

Alluvium (Quaternary) near _
Carboniferous strata.Alluvium__• • _

Alluvium (Quaternary) near _
lava.10 Alluvium • • _

Lava (Tertiary) • _

20 Limestone (Paleozoic). _

55 Limestone (Paleozolc) _

Lava (Tertiary) _
Lake beds (Tertiary) over- _

lying paleozoic strata.
Cherty limestone (Paleo- _

zoic).6 Alluvium • • _

250

200

30 Lava (Tertiary) _

600 do • _
15 Quartzite (Carboniferous) • _

200

800 Limestone (Carboniferous) _

5
1,200

850

Small

Small Near lava (Tertlary) _

50 Faulted quartzite (Carboni- • _
ferous).

50

Small __ •••do • • Data lrom field notes by G. A. Waring.

Small
260

Small

_________________do__• ~.______ 144,409 • _

_______ ~ do _
30 Lake beds (Quaternary) _

3 Faulted (1) lava (Tertiary) • _
overlying granite.______• .do_____ _ ___ _ __. _

70

98

66

73

83

192

10'

Hot

Hot
170

Hot
62

Hot

4 springs. Water used for sheep dipping.
Large mound of tufa. Refs. 138, 430;
also fleld notes by G. A. Waring.

Data. from field notes by G. A. Waring.

Water contains much H2S. Used for
bathing. Ref. 144, also field notes by
G. A. Waring.

3 main springs. Large deposit of tufa.
Water supply for cattle. Data from field
notes by G. A. Waring.

Several springs in canyon. Water used for
irrigation. Data from field notes by
G. A. Waring.

Water used for domestic supply and for
Irrlgataon. Ref. 451.

Many springs. Deposit of tufa. Ref. 451.
3 sprIngs. Water used for bathing. Refs.

138,144; also field notes by G. A. Waring.
Several springs. Water used for bathing.

Ref. 138.
Several springs. Water used locally. Ref.

144.
Water used locally. Refs. 138, 421.

Several springs. Refs. 415, 418,,424.
Several springs. Refs. 144, 418.

Water irrigates meadow.

Do.

Water used for irrigation.

Ref. 441.

ManY springs in ze-ecre area. Largest hot
springs in northwestern part of Nevada.
Water used for lrrlgatdon, Sandy
mounds and deposits of tufa. Refs. 144,
409,418.

Many springs. Water used for bathing.
Ref. 436.

Several springs. Ref. 441.
Also several flowing wells. Water used for

irrigation. Ref. 441.
Warm ~ ~ do. __•__•••• ~.____ Do.

Warm

6!Jto
bojllng

188-194

142-154
98

113-122

W",m

Hot

104-106

104

133
78-126

st

106

103

62

Boiling

110-122

Hot

Hot
120-150

107

13D-150

Hot

Hot

145

Hot

Near base of west flank of Black Rock
Range.

T. 37 N., R. 25 E., on southeast side of
Black Rock Range.

T. 37 N., R. 26 E., in arm of Black Rock
Desert.

Van Riper, in T. 36N., R. 24 E., on south
west side of Black Rock Range.

T. 36 N., R. 25 E., at south end of Black
Rock Range, 10 miles southeast of Dtvt
ston Peak.

sees. 16, 21, 24, 34, T. 36 N., R. 26 E., on
west border or Black Rock Desert.

2 mUes north of Winnemucca•• ..:._. _
Golconda Hot Springs, in T. 36 N., R. 40

E.
Blossom Hot Spring, in sec. 10, T. 35 N.,

R. 43 E., 8 miles north of Valmy.

IliumbOldt Rive, ValleY -

T.39N., R.40 E., athead of South Forkof
Little Humboldt River.

Sec. 30, T.45N., R. 54E., 5miles southeast
of Mountain City.

Sec. 23, T. 46 N., R, 5GE., 15 miles east of
Mountain City.1.5 miles north of Contact- _

Mineral (San Jacinto) Spring _

Sec. 22, T. 47 N., R. 68 E., on west side or
Goose Creek.

Nile Spring, in sec. 30, T. 47 N., R. 70 E.,
on east side of Goose Creek.

Gamble's Hole, in sec. 10, T. 46 N., R. 69
E., on east side of Goose Creek.

Sec. 26, T. 46 N., R. 69 E., at head of main
fork of Spring Creek.

T. 41 N., R. 69 E., at south end of Thou
sand Springs Valley.

Hot Creek mining district in T. 39 N., R.
~e~th~nMarys River 15 miles north of

Cress Ranch, in sec. 14, T. 38 N., R. 59E.,
8 miles north of Deeth.

Sec. 21, T. 38 N., R. 62 E., in Emigrant
Canyon, 4.2 miles north of Wells.

5.5 miles north of Wells _

Metropolis ~__• • _

J ollnson Ranch _

H. D. Ranch • _
Hot Sulphur Springs, T. 33 N., R. 53 E., 9

miles northwest of Carlin.
Elko Hot Springs, in T. 34 N., R. 55 E., 1

mile west of Elko.
T. 33~ R. 58 E., 8 miles southwest of

Fort lialleck.
T.34 N., R. 62 E., near Warm Creek in

Independence Valley
Near east side of Ruby Lake _
M:ilIer's Hot Springs, in T. 30 N., R. 59E.,

at northeast end of Franklin Lake.
Hill's Warm Spring, in sec. 18, T. 44 N.,

R. 20E., 10 miles north of vve.
Hill's Spring, in sec. 11, T. 43 N., R.19 E.,

s mnes north of Vya.
Twin Springs, in sec. 4, T. 42 N., R.19 E.,

at Vya.
T.38 N., R.18 E., at south end ofSurprlse

Valley.
Wards' (Fly Ranch) Hot Springs, in T. 34

N., R. 23 E., at northwest end or Alkali
Flat and 5 miles northeast of Granite
Peak.

Gerlach Hot Springs, 1 mile northwest of
Gerlach.

Mud Springs, 2 miles west of Gerlach _
Deep Hole Spring, in sec. 25, T. 33 N.,

R. 22 E., at north end of Smoke Creck
Desert.

Wall Spring, in sec. 3, T. 32 N., R. 21 E.,
on northwest side or Smoke Creck
Desert.

Buffalo Spring, in T. 31 N., R. 20 E., on
west stde of Smoke Creek Desert.

as
39
40

SOA

41

29

30

soo
SOD
31

32

83

34

34A
35

35A

35B

350

36

37

SOB

l'A

13

14

15

16

17

18
18

lOA

18B
180
18D
18E
18F
18G
'0

21

22

22A
22B

23

24

26

26

27

28



34 THERMAL SPRINGS OF THE UNITED STATES AND OTHER COUNTRIES OF THE WORLD

Thermal springs and wells in the United States (excluding Alaska and Hawaii)-Continued

No. Tempera- Flow
on Name or location ture of (gallons Associated rocks References on Remarks and additional references

flgure water (OF) per chemical quality
minute)

Nevada-Continued

125 Small Lava (Tertiary) + ~.~~_.+ _

Warm .do • Also several flowing wells. Ref. 441.

Several springs. Deposit orsmcecue sinter.
Water used for bathing. Also as water
supply for auto station.

Several springs. Water used locally.

Ref. 144.

Deposit of siliceous sinter. Also a well.
Ref. 451.

Several springs.

Water used locally.

2 main springs. Water used for bathing.
Resort.

Wells. Water used for hathlng. Ref. 451.
Several springs on bank of creek. Ref. 451.

Several springs. Ref. 451.

On bank of creek. Ref. 451.

Erupting wells. Resort. Ref. 451.
Drilled wells. Resort. Ref. 451.
Many springs, including 3 small geysers.

Resort nnd Sanitarium. Refs. 400, 401,
404-406, 413, 417, 418, 420, 424, 426, 436,
44&-450, 453-456.

Resort. Ref. 144.
Water used locally Refs. 144, 418.

Several sormcs. Water used locally. De
posit of siliceous sinter. Ref. 424; also
field notes by G. A. Waring.

8 pools in t-ecra area; eiso several other
springs. Water is sulfurous. Used for
irrigation. Deposits of tufa and siliceous
sinter. Ref. 144and field notes by G. A.
Waring.

Several springs. Deposit of sinter.
Former resort. Ref. 144.

Several springs. Water used for tmeetton.
Data from field notes by G. A. Waring.

Ref. 438.

Several springs tssutna from tufa mounds
in tz-ecre area. Refs. 144, 418, 438, 442.

Faulted Granite ._ 137 ~_

Lava (Tertiary) +_+ ~ +_+ + _

Granite ~ _
Lake beds (Quaternary) 409 _

near lava (Tertiary).
Alluvium _

Lava (Tertiary) overlying _
granite. -

Lava (Tertiary) • _

Faulted granite; _ 137 ~~ _

76

Lake beds (Pleistocene)_. ++ •• • _
Faulted granlte , _ 133, 137 _

Alluvium overlying grentte.. _ ~~__+ _

Lava (Tertiary) overlying + +
granIte(?).20 Granite__• • _

550

200 Alluvium overlying Meso,
zoic strata.

250 Alluvium near basalt (Qua. 412+_+ ~ _
ternary).

125 do __••_~__• ~ ~_

40 ac.,__. _ +~ ~ _

250

Small Lava (Tertiary) overlying + ~_ Ref. 441.
granite..

Small Alluvium near granite +__________ Several springs.

Small Alluvium + _

900 __MM.do, •• _~ _

Contact of Mesozoic strata __~~+ _
with underlying granite.

Faulted(?) lava (Tertiary) + ~+~ ~ __

Small Alluvium .___________ Several springs.

____________ Alluvium near lava (late _
Tertiary).25 . de, _

178

172

120 75 Metamorphicrocks 137 ++,~ Water used for bathing. Resort. Ref. 144.

Water used locally.
Many springs. Resort. Refs. 125, 144,

428.
Several springs. Water used for irrigation.

Resort. Refs. 144, 429.
Several springs. Water used locally. Ref.

144.
Refs. 144,441.

W"m
Hot

We""
120

Warm

W"m

120 + +_do+. ~ _

Warm Small
158-209 50

Warm _+_._. Lake beds (Quaternary) •• +____ Ref. 441.

92 10 do. + + +++_ Water smells strongly of HsS. Ref. 441.

100-160

58-61

Rot

160-185

100-200 Metamorphic rocks + _

79-81 10 Anuvium_.~ + _

60-143

138-162

182

139-204

115-118
73

Hot +_ Lava (Tertmry)_____________ Refs. 144,441.

Hot + do • +__ + +________ Several springs. Refs. 144, 44J.

Warm do ++___ Ref. 441.

206-208 Faulted lava (Tertiary) + Several springs. Refs. 144, 441,

Warm Lava (Tertiary). +_____ Several springs. Ref. 441.

Warm • do._. +________________ Do.

103

130

Hot
Hot

167-203

158-202

Buckbruah Spring, in T. 29 N., RID E.,
on west side of Smoke Creek Desert.

Rotten Egg Sprlng
j

in T. 29 N., B.ID E.,
on southwest 5 de of Smoke Creek
Desert.

Round Hole Spring, in sec. 31, T. 29 N.,
R. 19 E., on southwest side of Smoke
Creek Desert.

Ross Spring, in T.28N., R.20 E., at south
end of Smoke Creek Desert.

T. 28 N., R. 21 E., near north end of
Pyramid Lake.

Fish Spring, in T. 26 N" R.19 E., 10 miles
northwest of Pyramid railroad station.

T. 26 N'j R. 20 E., on northwest side of
Pyram d Lake,

T. 27 N., R. 23 E., on northwest shore of
Winnemucca Lake.

T. 26 N., R. 23 E., on west shore of
Winnemucca Lake.

T. 24 N., R. 22 E., on Anaho Island in
Pyramid Lake.

Cottonwood Spring, in sec. 26, T. 23 N.,
R. 21 K, in Warm Spring Valley 3 miles
south of Dewey.

T.21 N., R.24 E., in Dead Ox Canyon 12
mUes south of Dixon.

Lawton Hot Springs, 6 miles west of Reno,

Moana Springs, 2 miles south of Reno _
Huffaker Springs, 5 miles southeast of

Moana bathing resort.
Zoleggi Springs, 3 miles southwest of

Huffaker Springs (no. 55B).
Da Monte Springs, 1.5miles east of Zoleggi

Springs.
Mount Rose, 10 miles south of Reno _
Reno Hot SErings, 10.5milessouth ofRene;
Steamboat Springs, in sec. 33, T. 18 N.,

R. 20 E., 11 miles south of Reno.

Bowers Mansion (Franktown Hot) Spring;
10 miles north of Carson City.

T. 19 N., R. 23 E., 10 miles southwest of
Wadsworth.

Carson (SwUt's, Shaw's) Hot Springs, 2
miles north of Carson City.

Nevada State Prlson + +_+
Walley's (Genoa) Hot Springs, 6 miles

northwest of Minden.
Hind's Hot Sprlngs, in sec. 16, T. 12 N.,

R. 23 E., near Simpson.
Wabuska Springs, in T. 15 N., R. 25 E.,

1 mile north of webusse.
Butte Spring, in T. 33 N., R. 26 E., at

north end of Hot Sprjnga Butte, 25miles
southwest of Sulphur.

Near Humboldt River, 2 miles north of
M1ll City.

Leach's (Pleasant Valley) Hot Springs In
sec. 35, T. 32 N., R. 38 E., in Grass Val
ley 25 miles South of Winnemucca.

Guthrie (Nelson) Sprfugs, in sec. 3~t.T,
32 N., R. 38 E., 25 miles south of win
nemucca.

Kyle's Hot Springs, in sec. 2, T. 39 N., R.
36 E., 25 mlles southeast of Humboldt.livElierRanch +_+ +_+ _

Sec. 1, T. 25N"} R. 36 E;Lnear north end of
Salt Marsh (Oaobb) valley.

Sou (Gilbert's) Hot Springs, in sec. 29,
T. 26 N., R. 38 E., near north end of
Salt Marsh (Osobb) Valley.

l
c one Sprlnl!;,in sec. 26, T. 25N., R. 38 E.,

in Salt Marsh (Osobb) Valley.
Sec. 35, T. 25 N., R. 38 E., 0.25 mile from

Cone Spring, in Salt Marsh (Osobb)
Valley.

T. 24 N., R. 36 E., on northwest side of
Salt Marsh (Osobb) Valley.

T. 23 N., R. 35 E., on northeast side of
Pah Ute Mountains.

5 miles south-southwest of spring No. 7L __
Springer's (Brady's, Fernley) Hot Springs,

in sec. 12, T. 22 N., R. 26 E., on U.S.
Highway 40.

Eagle Salt Works Springs, in T. 20 N., R.
27 E., 15 miles northwest of Fallon.

Borax Spring, in T. 17 N., R. 30 E., 3
mites east of South Carson Lake.

Lee Springs, 18 miles south of Fallon _

54

55

55A
55B

550

55D

55E
55F

"

70

71

7lA
72

63A

64

66

66A

67

68

46

47

48

4'
50

51

52

53

57

68

59

59A
00

61

62

63

65

69

72

74

74A

43
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45



DESCRIPTION OF THERMAL SPRINGS 35

ThermaZ springs and. wells in the United States (excluding Alaska and Hawaii)-Continued

No. Tempera-- Flow
on Name or location ture of (gallons Associated rocks References on Remarks and addltlonal references

figure water (OF) per chemical quaJity
minute)

Nevada-Continued

Water used for irrigation.

Water supply for cattle.

Water used for irrigation.

6 springs issuing from mound of sntceous
sinter.

About 20 deep pools in area 0.5 mile in di
ameter. Water used for irrigation.

Deposit of tufa.

Water supply for cattle.

Several springs. Water used for Irrtgutlon.
Ref. 418.

Several springs. Water used for domestic
purposes and lrrigation. Ref, 418.

Water used locally. Refs. 138,435.

Water used locally. Refs. 144,424.

Water used locally. Rels. 128, 144, 409,
441.

Several springs. Ref. 144.

Several springs. Water used locally.
Refs. 433,447.

7 springs. Water used for bathing.

2 springs. Water used lor bathing and
irrigation.

2 springs, Water supply lor cattle.

6 springs. Water used for irrigation.

2 springs, 0.25mUe apart. 'Vater used for
irrigation.

6 springs. Water used for domestic pur
poses and irrigation. Ref. 144.

Deep pool and minor springs. Water used
for Irrigation.

Water usedfor irrigation.

Several aprtnga. Water used for irrlgation.
Refs. 138,144.

2main spnngs. Water used for irrigation.

Several springs. Water smells of H2S.
Ref. 144. .

Water level lowered 4 ft by trenching,
thus doubling original'discharge. Water
used for irrigation. Ref. 425.

Water used locally. Rers.144,434.

About 50springs and mud pools on hillside
tufa terrace 0.75 mile long, also 3 springs
in nearby lowland. 2 or 3 springs sbow
true geyser action, 1 spouting to height
of 30 ft. Refs. 410, 414,434, 435.

Several springs. Ref. 438.

Several springs.

Several springs.

2 springs issuing Crom large mound of tufa.
Also a flowing well. Water used locally.

Talus deposlt __~ ~. 408 _

Alluvium near Pnlcozotc 406,408 _
strata.

Lava intrusive (Tertiary) •__
in Carbontrerous strata.Devonian strata. _

Faulted Paleowic strata ~.. Ref. 138.

Carboniferous strats________ 408~ Several springs. Water used for irrigation.

Alluvium near Paleozoic 406, 408 •• __ ~ 3 main springs. Water used for irrigation.
strata.____ .do • 406 ~ •__ • ~_ Water used for bathing. Ref. 408.

Alluvium__ Several springs. Water used for irrigation.

Paleozoic strata •__ • 144 ._~ __ •__ ~ Water used for bathing.

Alluvlum near faulted Pa- _
leozoic strata._____do • • ._. • _

5 Lava (Tertiary) 446 _

3 do__ Water used for roadside watering.

10 Lake beds (Tertiary) near
faulted Tertiary strata.

Alluvium near hills of Iault
ed lava,

200

460

23

200

100

800

625

100 Faulted basalt (Tertiary) ~35, 562 _

4,900 Alluvium ---------- _

20 .do c 406,408 _

6 do___ 432 _

5 do • • _

30 Faulted lava (Tertiary). • _

40 Lava (Tertiary) overlying _
Paleozoic strata.

5, gOO Lake beds (Pliocene) over- _
lying Paleozoic strata.100 do ._._._ •• __• •• •__

50 do ._. _

6,000

20

10 Alluvium ._•• _

300 .do • ~ • •__ • _

900 .do • •• ~ Several springs.

Small __v..do ~ • ~_._. _

Small .do • _

55

92

14'

181 •

110

Hot Lava (Tertiary) ~_. _

83 1,000 .do, _

Hot

58-76

76-84

85

65-70

Warm

Warm

Warm .do _

U8-135

se
173-193

Small Lava (Tertiary) •• __ • • ••

124 450 do 446 _

122 50 do 446__ • _

Hot do • _

120 to
botllug

130

117-144

Hot

125-132

122

84

95; 102

108-152

69-78

87

103-106

74

40 Alluvium near Paleozoic 406, 408 3 springs. Water used for bathing.
strata.

124;135 do 408 , 2 ~r:~W~,sn. Water used for bathing and tr-

71-75

Hot

Hot

105;108

Sec. 24, T. 29 N., R. 41 E., in Buffalo
Valley 25 miles soutbwest of Battle
Mountain (town).

Mound Spring, in sec. 7, T. 28 N., R. 44
E'l..in Reese River valley 25mues south
of Battle Mountain (town).

Sec. 23).T. 27 N., R. 43 E.,1 mne north of
Hot Spring Rauch in Reese River valley.
Sec. 26, T. 27N., R. 43E., at Hot Spring
Ranch.

T.27 N., R.47 E., 10miles south of Lander,

T. 22 N., R. 47 E., near north end of
Grass Valley.

T.18 N., R. 39 E.Ju Smith Creek valley
6 miles north of Hot Springs.

Sec. 25, T. 17N., R. 40 E., on west side of
Smith Creek valley.

BpencerHot Springs, in T.17N., R. 46E.,
18miles southeast of Austin.

Sec. 14, T. 16 N., R. 45 E., 20mnessouth·
east of Austin.

Horseshoe Ranch Springs, 1 mile north
east of Beowawe.

Sec. 2, T. 29 N., R.48 E., in Crescent
Valley 12miles south of Beowawe.

Sec. 12, T. 28 N., R. 52 E., at head of Hot
Creek, 14miles north of Mineral.

Carlotti Ranch Springs, In sec. 24, T. 28
N., R. 52 E., 10miles north of Mineral.

Bruffey's (Mineral Hill) Hot S£rings, in
:~t ~4{ ~1n~~:' R. 52 E., 7 m es north-

Flynn Ranch Springs, in sec. 5, T. 25 N.,
R. 53 E., in Diamond Valley.

Sirl Ranch Spring, in sec. 6, T. 24 N., R.
• 53 E., in Diamond Valley.
Sadler (Big Shipley) Springs, in sec. 23,

T. 24 N., 52 E., in Diamond Valley.
Sulphur Springs, in sec. 36, T. 23 N., R.

52E., on Sulphur Springs Ranch in Dia
mond Valley.

Jacobson Ranch Springs, on east side of
Diamond Valley.

Sec. 15, T. 24N., R. 47E., on west side of
Grass Valley. "

Sec. 33, T.24 N., R. 4S E., on east side of
Grass Valley.

Bartine Hot Springs} in sec. 5, T. 19 N.,
R. 50 E., in Antelope Valley 35 miles
west of Eureka.

Clobe Hot Spring, in sec. 28, T. 18 N., R.
50E., in Antelope Valley, 45miles south
west of Eureka.

Sara Ranch Springs, in sec. 7, T. 16N., R.
53 E., at head of Fish Creek.

Collar and Elbow SprIng 10 sec. sa, T. 26
N.\.R. 65 E., near north end of Steptoe
Valley.

Cherry Creek (Young's) Hot Springs, in
T. 23 N., R. 63 E., t.amnes southwest of
Cherry Creek (town) in Steptoe Valley.

Shelibourne Hot Springs, in T. 23 N., R.
63 E., about 100 ft from Cherry Creek
(Young's) Hot Springs (No. 95).

Borchert John Spring, in sec. 16, T. 22 N.,
R. 63 E., in Steptoe vanes.

Monte Neva (Goodricb, Melvin) Hot
Springs, in sec. 24, T. 21 N., R. 63 E., 1
mUenorthwest ofWarm Sprlnga railroad
station in Steptoe Valley.

T. 21 N., R. 70 E., at east base of Kern
Mountains.

Sec. 5, T. 19 N., R. 63 E., 10miles north
west of McGill.

McGill Wane Springs, in sec. 21,T. 18N.,
R. 64 E., 0.75mile west of McGill.

Ely Warm Spring, in see. 10, T. 16 N., R.
63 E., 1.5 miles northeast of Ely.

Moore's Ranch Springs, in T. 23 N., R. 56
E., in Newark Valley.

Bip;Blue Spring, in sec. 23, T. 14N., R. 56
E., near the north end of White Pine
Valley. .

Sec. 6, T.16 N., R.32E., 20miles southeast
of Fallon.

Izzenhood Ranch Springs, in T. 36 N., R.
45E., 25miles north of Battle Mountain.

White Rook Spring, in sec. 8, T. 33 N., R.
47 E., 2 miles west of Rock Creek.

Beowawe Geysers,in sec. 5, T. 31 N., R.
48 E., in Whirlwind Valley 8 miles west
of Beowawe.

"

77

77A

78

"

93E

930

94

"

7S

76

,m
92

93

93A

91

91A

OlE

'10

"
80
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8'
sa
84

8.

8.
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36 THERMAL SPRINGS OF THE UNITED STATES AND OTHER COUNTRIES OF THE WORLD

ThermaZ spring8 and wells in the United States (excluding Alaska and Hawaii)-Continued

No. Tempera- Flow
Remarks and addltlonal referenceson Name or location ture of (gallons Associated rocks Referenceson

figure water (~F)

mt:te)
chemical quality

Nevada-Continued

Warm Lava (Tertiary) overlying .__ 3 springs. Water used locally, Ref. 138.
Paleozoic strata.Warm do . 0______________ Several springs issuing from terrace of tufa.

Several springs. Water used for irrigation.
Refs. 144,407,431,443.

ii springs. Water used for bathing. Ref.
3".

4 springs. Refs. 144,399.

2 springs. Water used for irrigation.
nere. 398,443.

2 springs. Water used for irrigation.
Ref. 269.

Several springs. Water used for irrigation.
Refs. 138,144.

Several sprIngs. Water used lor irrigation.
Ref. 407.

2 springs issuing in pools on terrace of tu!a
and 2 springs in meadow at base of ter
race. Water used for irrigation.

3 springs issuing from mounds of tufa.
Water supply for cattle.

Water supply for cattle.

2 springs. Water supply for cattle.

Several springs. Water used for irrigation,
Ref. 431.

Water used for Irrfgatiou, R£"f.431.
Several springs. Water used for irrigation.

6 springs. Water used for irrigation.
Refs~ 144,407.

2 springs. Rl.'f. 144.

Several springs. Water used locally.
Ref. 144.

Several springs. Water used for irrigation.

2 springs. Water used for irrigation.
Ref. 431.

Several springs. Water used for domestic
purposes and irrigation. Refs. 4.07, 421,
431.

Water supply for town. Also used for
irrigation. Refs. 407, 421, 431".

Several springs. Water used for irrigation,
R~fs. 138,144,421.

Water used for irrigation. Ref. 141.

Water used for irrigation.

Several springs. Water used for bathing.
State reserve.

Several springs. Water used locally.
R:,Cs.419,423.

11 Springs. Water supply for town. Refs.
411,444, 445.

Deposit of tufa.

2 main springs. Water used locally.
Refs. 138,144.

Issues from large mound. Ref. 432-

Water used locally.

Several sprfngs Issuing from laree mound.
Water used for Irrteatron. Ref. 432.

Water used locally. Refs. 144, 432.

447 • • _

432. • • Several springs. Resort. Ref. 433.

447__• • _

Alluvium near lava (Terti· 407 • _
aryl.

Limestone (Paleozo~c).-••--- •__• _

Lava (Tertiary) overlying
Silurian and Devonian
strata.

Alluvium near faulted(?)
lava (Tertiary).

Alluvium near faulted(?)
lava (TertiarY).

Alluvium (Quaternary)
near lava (Tertiary).Lava (Tertiary) ._.__._

Allu vium •• • _

Alluvium near Paleozoic
strata.

Lava (Tertiary) ••• • • •• _•• Several springs. Water used locally.

Limestone (Cambrian) • _

Alluvium • •• _

Alluvium overlying lava •• _. • _
(Tertiary).Faulted lava (Tertiary) •• • _

Granite near lava. ~ __• ._. _

Alluvium. _. ._. •• __• _

Lava (Tertiary)-____________ 432. •• __

Alluvium near Paleozoic
strata.

Alluvium overlying lava
(Tertiary).

Alluvium near Paleozoic
strata.___ •• do •• •• 432 • _

40 Lava (Tertiary) overlying
Paleozoic strata.

Alluvium near Cambrian
strata.

Alluvium near faulted Pale
ozoic strata._____do., • • •__•• __

100

'00

185 Alluvium •__ • •• _

~2OO

1,500

00

10 do_._ •• ••• • • _

30 ._do •• ••• _

100 .cdo •• __• •__• _

9<Xl •• do. •••• •__•
200 do. •• •__• ._

2,000 do • ••• _

2,000

1,385

5,700 Alluvium near Paleozoic •••_. _
strata.

2.400 do ••• • _

972 Paleozoic strata •• __• • •• _

Small

8.000,
12,000
~OOO

84 • _

Alluvium. • .:.•• ••••_._______ 2 main springs. Water used for irrigation.
Ref. 407.

73 14 do. • •• __ • • •__•• Water used for domestic purposes and
irrigation.

64 227 _•• __do. _•••• ••• •__._._ 2 springs. Water used for irrigation.

57 2 do •••__, •• 2 springs. Water supply for cattle.

82

110

76-94

77

75

65-70

85-90 5, ooo Modo. • •

ss
00

100

"70

.65-75

"....

warm
Ho'

Wann

warm

66

Wann

64

Wann

Wann

Ho.

130-160

Boiling

124; 128

72

80-101 100

69-118 500

12(}-140 00

129;144 60

Ho' ------------
61 10

80 '00

Boiling 600

160-207 200

Wflliams Hot Springs, in sec. 33, T. 13N.,
R. 60 R, 12miles northwest of Preston,

Preston Springs, in sec. I, T., 12N., R. 61
E.

Lund Spring, in sec. 33, T. 12N., R. 62 E .•

Warm Sulphur Springs, in T. 11 N., R.
65 R, at head of Warm Creek.

Bilt Spring, in T. 11 N., R. 69 E •• in Snake
Valley. 15miles south, of Baker.

Sec. 30, T. 10 N., R. 70 E., at head of Big
Springs Creek.

Double Spring, in. T. 13 N., R. 29 E., 3
miles north of Walker Lake.

Bee. 4, T. 7 N .. R. 27 E., on East Walker
River, 20 miles west of Hawthorne.

T. 6 N., R. 35 E., at Sodaville _

Waterworks Spril1e:s, in sec. 22,T. 2 S., R.
39 E.• eranver Peak,

Alkali Sprin~, in sec. 26, T. 1 S., R. 41 E.,
11 miles northwest of Goldfield.

Wedell Springs, in sec. 7. T. 12 N., R. 34
E., 12 mUes southeast of Rawhide.

T.J4N., R. 43 E.•1mile east of McLeod's
Ranch in BiR'Smoky Valley.

Gendron Bpring, in T. 14 N., R. 43 E.,
. near Millett in Big Smoky Valley.
Charnock (Big Blue) Springs, in.T.13 N.,

R. 44 E., near Charnock Ranch.
Sec. 14, T. 11 N., R. 42 E., in Big Smoky

Valley 14miles south of Millett.
Darroue;h Hot Springs, in sec. 17, T. 11

N., R. 43 E., on Darrough Ranch in Big
Smoky Valley. .

Sec. 1, T. 14N., R. 47 E., 2mlles southeast
of Potts.

Diana's Punch Bowl, in sec. 22, T. 14 N.,
R. 47 E., 5 miles south of Potts.

Fish Springs, in sees. 26 and 35, T. 11N.,
R. 49Eo, in Fish Creek valley.

Sec. 32, T. 13N., R. 56 E., 5 miles north of
Duckwater.

Indian Springs, in T. 7 N., R. 42 E., near
San Antonio.

T. 7 N., R. 51 E., on Hot Creek 8 miles
northeast of Tybo. .

T. 4 N., R. 50 E., near south end of Hot
Creek valley.

Lock's Springs, in sec. 15, T. 8 N., R. 55
E., on west side of Railroad Valley 20
miles southwest of Currant.

Chimney Springs, in sec. 16, T. 7 N., R.
55 E., in RaUroad Valley 6 miles south
of Lock's Springs '(No. 126).

Blue Eagle Springs, in sec. u. T. S N., R.
57 E., on east side of Railroad Valley 18
miles south of Currant.

Kate Spring, in sec. 14, T. 8 N., R. 57 E.,
0.75 mile south of Blue Eagle Springs
(No. 128).

Butterfield Springs, in sec. -n, T. 8 N.,
R. 57E., on east side of Railroad Valley.

Bacon Springs, in sec. 34, T. 8 N., R. 57
E., on east side of Railroad Valley.

Bullwhacker Spring-, in sec. 28, T. 7 N.,
R. 57E., on east side of Railroad Valley.

Willow Springs, in sec. 5, T. 6 N., R. 57
E., on east side of Railroad Valley.

Mormon Springs, in sec. 33, T. 9 N., R. 61
E., 5 miles west of White River.

Moon River Springs ••••_
Riordan Ranch (Emigrant) Springs, in T.

9 N., R. 62 E., near White River.
White River Valley (Flag, Sunnyside)
Spring~in sees.28, 31, and 32, T. 7 N.,
R. 62 .s., on Whipple and Hendricks
Ranches.

Hot Creek Ranch Springs, in sec. 18, T.
6 N., R. 61 E., in White River valley 8
miles southwest of Sunnyside. .

Hicks Hot Springs, in T. 11 S., R. 47 E.,
5 miles north of Beatty.

Ash Meadow Springs, in sec. 22, T. 17 S.,
R.50E.

Pahrump Springs, in sec. 14, T. 20 S., R.
53 E., on Pahrump Ranch.

Manse Springs, in sec. 3, T. 21S., R. 54E.,
on Manse Ranch.

Geyser Ranch Springs, in T. 8 N., R. 65
E., 5 miles east of Patterson.

T. 5N., R. 70 E., on Hammond Ranch__•

128

127

128

"'120

121

122

123

124

125

138

13'

140

141

142

143

137

130

131

132

133

13'

IMA
185

136

129

l03A

10'

105

106

107

I07A

108

109

110

111

112

113

"'115

116

117

118
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Thermal springs ana wells in the United States (ea:oluding Alaska. and Hawaii)-Continued

No. Tempera- Flow
on Name or location ture of (gallons Associated rocks References on Remarks and additional references

fi"",o water (OF) per chemical quality
minute)

Nevada-Continued

.«

.4<",
I«B
.45
.45

'"148

.49

150

15.

'52

Beimetts Springs, in T. 2 S., R. 66 E., 9
miles west of Panaca.

Delmue's Springs, 10miles north 01PanacaFlatnose Ranch • ~~ _
Panaca Spring, in sec. 4, T. 2 S.• R. 68 E__
Caliente Hot Spring..!.inT. 4 S., R. 67 E.,

0.26 mile north of Oeltente.
Hiko Spring, in sec. 22, T. 4 S.• R. 60 E. __

Crystal Spring, 1 mile northwest of Hiko __

Ash (Alamo) Spring, 4 miles south of
Hike.

T.14 S., R. 65 E., 3 mneswestofMoaps__

Indian Spring, in sec. 16, T. 16 S., R. 56
E., 1 mne south of Indian Spring rail
road station.

Las Vegas Springs, In T. 20 S., R. 61 E.,
2 miles west of Las Vegas.

70 Small Alluvium near llmestone ~_~~. _
(Paleozoic).

70 200 Lava (Tertiary) ._._.~_~ • •• _
70 100 _••• .do, ~__~~ ••• _ • ._~ •__•__•

85-88 2,roo Faulted Paleozoicstrata 407_•• ~_~ _
110 ~ ~~ ~ do •• _. • ~ • ._._._~~ ~_

90 4,IXIO _••• _do ~ • 407,44L •

90 9, 000 do ._~ _

90-97 9, 000 __• __do. ~ ._

90 Limestone (Paleozoic)._. _

78 410 dc.,; 407,443 _

73 2,600 Pleistocene strata 407,421. - • __

2 springs. Water supply for cattle. Ref.
407.

2 springs. Water used for irrIgation.
Water used for irrigation.
Several springs. Water supply for town.
Formerly flowed, now pumped. Wate

used for bathing.
Water used for domestic purposes and

irrigation. Refs. 141,144.
Water used for domestic purposes and ir

rigation. Ref. 141.
6 main springs. Water used for demesne

purposes and irrigation. Ref. 141.
Several springs. Water used for bathing

and irrigation. Ref. 407.
Water supply for railroad; also used fo

irrigation. Ref. 398.

2 springs. Water used for domestic and
industrial purposes, also for irrigation.
Refs. 144-, 269.

New Me:lico (See fig. 2.)

liD .do .___________ __ Refs. 461,465.

50 Lava agglomerate (Quater- _. • ._
nary).ao Lava (Tertiary)._. ••• __••••••_•••• Refs. 138,144,460.

20 ._do__._. •• _.~•• •• •••• _. _

500 Andesite and rhyolite (Ter- 461,466 • 8 springs. Water smells ofR,S. Refs. 460,
tlary). 465.

10 Limestone (Carboniferous) 461,465__• Several springs. Large deposit of tufa.
faulted against granite. Refs. 457,460,466.

5 springs. Tufa deposit contains fluorite.
Resort.

Many small pools. Water supply for cat
tIe.

Several springs. Water used locally.
Refs. 457,461,465,466.

40 springs. Water is strongly carbonated.
Used locally. Refs. 457,461.

Several springs.

6 springs. Water smells ofR,S. Used for
bathing. Refs: 328, 469,464.

2 springs. Water used for bathing and
irrigation. Refs. 144,460.

Water used locally. Deposit of tufa.
Ref. 460.

Several springs. Water supply for Socorro.
Refs. 460,464,467.

7 sprmga, Refs. 144,460.

8 springs. Water used locally.

1 group of 10 and another group of 40
springs. Resort. Refs. 133, 328,/457,
464. /

About 40 springs in ao-ecre aree.. . Deposits
of travertine. Refs. 457, 461.•465.

/

466 _

Lake beds (Tertiary) near ••
lava.Rhyolite (Tertlary) ._._._~__

Lava (upper Tertlary) •• _•• __ ••••• _

Contact of Carboniferous 133, 137, 144-, 335,
strata with Precambrian 345.
rocks.

Sandstone and shale . 328•• _•• _•• _••• ~ _
(Triassic).

Sandstone (Cretaceous) •• _._ 137 _

500

3

3 Mancos Shale (Upper Ore- 144,328,460 • Water smells of H,S. Water supply or
taceous) intruded by per- cattle.
phyry dike.3 do.. __• ~ ._._. ._____ Do.

7 do•• • • ._ Do.

10 Lake beds (Tertiary) Several springs.

5 Granite • _

15 Lake beds (Tertiary)_•• • _

5 urentte., __ •••__•. • _

350 Gneiss intruded by dikes __ ._ 133, 137, 328, 458,
460,463,464.

65 Mesaverde Group (Late _. _
Cretaceous).

150 Basalt (upper Tertlary) _

.00

110 Lava (upper Tertlary) _

200 Faulted Chinle Formation 137, 144, 460, 461,
(Triassic). 465,466.

500

',200

50

Small __•• _do._. ._.__ 137,466.. _

Small Fault contact between
Chinle Fonnation (Trias·
sic) and Carboniferous
strata.

_. •••••_. Faulted Chinle Formation
(Triassic).__ ~ do__.~ ••••• _. _

Sec. 32. T. 11 N., R. 2 W.,10 miles south 68
of Shiprock.

2 Sec. 8, T. 7 N., R. 2 W., Smllesnorth of 65
Newcomb.

3 Sec. 16, T. 7 N., R. 2 W., 4 miles north 67
of Newcomb., Sec. 23, T. 2S N., R. 8 E., 0.75mile north- 80
west of La Madera.

5 Sec. 24, T. 25 N., R. 8 E., 1 mile north- 100
east of La Madera.

6 Sec. 25, T. 25 N., R. 8 E.,O.25m1lenorthof so
La Madera.

7 Sec. 35, T. 25 N., R. 8 E., 1 mile south- 100
west of La Madera.

S OJo Caliente gprlnga, 12 miles northwest 98-113
of Barranca.• Togay Springs, In sec. 33, T. 19 N., R. 15 65
W., 20 miles east of Tohatchle.

10 Murray Spring, in sec. 29, T. 20 N., R. 3 130
E., 15 miles north of Jemez Springs
(town).

11 San Antonio Springs, in sec. 7, T. 20 N., 120
R. 4 E., on San Antonio Creek 20 miles
north of Jemez Springs (town).

12 Sulphur Springs, in sec. 3, T. 19 N., R. 3 76-167
E., 12 miles north of Jemez Springs
(town).

13 Soda Dam Springs, in sec. IS, T. 18 N., 75-105
R. 2 E., in Canyon de San Diego, 2
miles north of Jemez Hot Bprlngs (No.
15).

" McCauley Spring, In sec. 4, T.18 N., R. 100
3 E., 7 miles north of Jemez Springs
(town).

15 Jemez Hot Springs (ofoe Calientes), in 94-168
sec. 22, T. 18 N., R. 2 E., 12miles north

16
of Jemez (pueblo).

Phillips sprlnfs,ln T. 16 N., R. 1 W., 10 70
miles west 0 Jemez (pueblo) and 1 mile
northeast of Rio Salado.

17 Indian (Jemez) Springs, in T.16 N., R. 2 120

'S"
E., 2 mIles north of San Ysidro.

San YsidrOHotSPrlnr"lnsec.8, T.15 N., S6

1.
R.l E., zmtles scut west of San Ysidro. (max)

San Ysidro Warm Springs, in sees. 3, 9, 10, 68

20
T.15N.,R.IE.

Las Vegas Hot Springs, 6 mIles northwest 80-140
of Las Vegas.

21 Ojo Caliente Springs, In sec. 21, T. 8 N., SO

22
R. 20 W., 12miles southwest of Zuni.

SO"Quelltes Mineral Spring,ln T. 8 N., R. 2
W., on north side of San Jose River 2

22
mIles northwest of Quelltes.

Socorro Warm Sprlngs,l.5miles southwest 93
of Socorro.

24 Ojo Caliente, in sec. 31, T. 8 S., R. 7W., 15 85
miles northwest of Monticello.

25 Sec. 23, T. 12 S., R. 20 W., 1 mIle south of 80-.24
Pleasanton.

25 Sec. 30, T. 11 S., R. 12 W., 1 mile south of SO
DD Bar Ranch.

27 Sec. 19, T. 12 S., R.13 W., on Diamond 15.
Creek near Its mouth.

28 Sec. 26, T. 13 S., R. 16 W., near Turkey 80
Creek.
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Therma~ springs and, well8 in the United. States (excluding Alaska and Hawaii)-Continued

No. Tempera- Flow
on Name or location ture of (gallons Associated rocks References on Remarks and additional references

flgure water (OF)
mJ:te)

chemical qualIty

New Mexico-Continued

r
r

" Sec. 3, T.14 S., R.16 W., on Turkey Creek Hot 20 Lava (Tertlary) _____________ --------------------3 miles above 1~ confluence with the
Gila River.

30 Gila Hot S~ringt;.lnsec. Ii, T. 13 S., R. 13 90-100 000
_____do____________________._.

---_.----------._--- 4 springs. Water used for bathing. Rer.
W., .on t e Gila River near Diamond 138,144,460.
Creek.

31 Sec. 3, T.t3 8., R.t3 W., on the Gila River. Hot 30
_____do______ •".______________

-.-.------------.--- Water used locally.
32 Sec. 20, T. 13 W .• R. 13 W., on the Oila Hilt 30

_____do_______________________
--------------------

River.
33 See. 16, T. 14 B., R. 14 W., on the Gila Hot 20

_____do_______________________ --------------------
RIver... Hudson's Hot Sprlngs, 4 mlles northwest 142 ------------ _____do_______________________ 133________________ aeveret springs. Water used for bathing
ofM1mbres•. Refs. 135, 144... ApachE' Telo Warm Springs, 7 mlles north 97 2,000 Alluvium near lava _________ -------------------- Several springs. Water used loeally
of Whitewater. Refs. 138, 144.

36 Faywood Hot Springs, in T. 20 B.,R. 11 142 120 Lava (Tertiary)_____________ MIL_______________ Several springs issuing [rom mound of tufa,
W., 6 miles northeast of Faywood. Resort. Ref. 526.

37 Hot Bprlngs (Palomas), near Truth 0' 90-105 10 L1mestone (Pennsylvanian) 137________________ Several sprfnga and wells. Water used ro
Consequences. faulted against granite. bathtng; Resort and State Hospital ro

erlppled children. Refs. 460,468.
38 Radium Hot BPrinro;, near' Radium 16fi; 185 Small Rhyolite (Tertlary) _________ -------------------- 2 springs. WatE'T Is brackish. Used fo

Bprlngs railway stat on 17 miles north of bathing and heating hotel. Rers. 133
Las Cruces. 137.

I
Lebanon. Warm Spring, Zl mlles southeast I

of Albany. "I
New York (See fig. 3.)

600 1 Faulted limestone
zole),

(paleo-I 13;, 1«,469,471.--1 Water bottled and
slnce colonial times.

marketed. Resort
Refs. 469-4.72.

North Carolina (see f1.g. 3.)

1

Hot SPrings, on French Broad River 40 I
mnes northwest of Asheville. 92-117\ 30 IShady Dolomite (Cam-!137, 144, 473, 476,

brian). 478,543. I
About 20 springs issuing at river edge.

Resort. Refs. 473-478.

Oregon (See 01. G.)

locally.

of H,S.

used for

used locally.Several springs. Water
Ref. 144.

Water used for .bathing.

Also 2 flowing wells. Water
bathing.

Water used for irrigation.

2 springs. Water used Ioeally. Ref. 482.

About 4.0springs in tn-acre area. Resort.
Ref. 481.

Many springs for 2 miles along rlver.
Water smells of H,S. Campground.
Refs. 133, 483.

10 springs. Resort.

Several springs. Water smells of H,S.

Many fumaroles emitting steam and gases,
Including H,S. Refs. 479; 484, 485.

Several small springs in a-acre area. Re
sort.

Beveral springs. Water used
Ref. 481.

Several springs. Water smells
Used for bathing. Ret 481.

8 springs in e-ecre area. Campground.
Ref. 481.

133,48L * __ 3 main springs. Water used for bathing.
Resort. Refs. 137, 488.

Faulted(?) Jurassic or Trias- 48L ¥ _

sic strata.Jotnted dlorlte .* _

Alluvium overlying Terti-
ary volcanic and sedimen-
tary rocks.

Conglomerate near lava
(upper Tertiary).

Lava (upper Tertiary) * _* _

CarbonUerousstrata * 4_*_ Several springs. Water used locally.
Ref. 482.

2

"

Small

400

75 ColumbIa River Basalt * .*

(TertIary).
________ ¥*4 _ _* do ¥** _ __ _ _ * _

Lake beds (Tertiary) over
lying lava.

900 de, ~* • *

50 do ** * _

___________• Columbia River Basalt
(TertIary) .

__ .** do ** ¥ * _

_____ ¥ __ ~__ * Lava (Quaternary) * _

25 do • A. ¥ _

SO

136

80

140.

110

50 Greenstone (CarbonIrer- 482 *_ 2 springs. Water used locally.
ous).

35 Faulted Columbia River • * Resort. Refs. 100, 480.
Basalt (Tertiary).

120 do * ~_~ J;tesort. Refs. 144, 482.

Hot

Warm

Warm . ~___.._do__• ._* • __ * _

180 175 do ._*_* ** _

Hot

Hot

147-180

168
(max)

176-196

Rot

120-194

'o-BO

140-198

138-145

Sec. 29, T. 2 S., R. 9 E., in crater of Mount
Hood.

Mount Hood Warm Springs, In sec. 24, T.
3 S., R. 8J.2 E., on south side of Mount
Hood.

Sec. 25, T. 6 8., R. 6 E., on the Claokamas
RIver.

Carey (Austin) Hot Bprings, in seo. 30, T.
6 S., R. 7 E., on the Clackamas River.

Bagsby Hot Springs, in sec. 26, T. 7 S., R .
5 E., on Hot Springs Creek 4 miles south
of Thunder Mountain.

Breltenbuah Hot Springs, in sec. 20( T. 9
S., R. 7 E., on the Breitenbush R vel.

Warm Springs, in sees. 19 and 20, T. 8 S.,
&,13 E., on Warm Springs RIver 9 mlles

"north-northeast of Warm Springs Indian
Agency.

Lehman Hot Springs, in sec. 1, T. 5 B., R.
33 E., on Camas Creek.

Hideaway Springs, in T. 5 S., R. 33 E., 7
miles southwest of Lehman Hot Springs
(No.8).

Sec. 6, T. 1 S., R. 39 E., 2 miles northeast
of Summerville.

Hot Lake, In T. 4 S., R. 39 E., 10 runes
southeast of La Grande.

Medical Springs, In sec. 24, T. 6 S., R. 41
E., 20 miles north-northeast of Baker.

Ritter (McDUffee) Hot Spring, sec. 8, T.
8 S., R. 30 E., on north bank of Middle
Fork of John Day RIver.

Hot Sulphur Spring. in sec. 35, T .10 S'l R.
32 E., on Camp Creek 6 mUes soutn of
Susanville.

Bear Gulch Spring, In seo. II, T. 15 S., R.
31 E., near Canyon Creek 10miles south
of Canyon City.

Blue Mountain Hot SPrings, In sec. 13, T.
14 S'kR. 34 E., near mouth of Reynolds
Cree 10 miles south of Prairie City.

Sam-a Mineral Springs, In sec. 2, T. 12 S.,
R. 43 E., 4 miles southeast of Durkee.

Radium Hot Spring, in sec. 28, T. 7 B., R.
39 E., 10 miles northwest of Baker.

aem-o Spring, in sec. 16, T. 9 S., R. 40 E.,
near Baker.

Belknap Hot Springs, in sec. 11, T. 16 S.,
R.6 E., 6mUes east of McKenzIe Bridge.

S

9

2

,

3,
•

16

16

16

17

I7A

I7B

10

11

12

13
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Thermalspring8 and wells in the United States (exclUding Alaska and Hawaii)-Continued

No. Tempera- Flow
on Name or location ture of (gallons Associated rocks Referenceson Remarks and additionaJ references

Ilgur water (OF)
~ute)

chemical quality

Oregon-Continued

3 dc., ._._____________ 3 springs. Water used locally.

1,000 do ._______ Several springs. Water used lor irrigation.
Ref. 490.

25 Columbia River Basalt 137,144._. 4 springs. Resort. Ref. 481.
(Tertiary).60 do. • • 4 springs.

20 do. • 15 springs in t-ecre area. Resort.

35 ._do 2 main springs. Resort.

5 Andesite (Tertiary) • • 2 springs.

Do.

Many small springs. Water used for
irrigation. Rer. 490.

Water used for irrigation. Ref. 489.

Water used for domestic purposes and
irrigation. Ref. 489.

Water used for domestic purposes; also
water supply for cattle. ReI. 489.

5 springs. Water used lor irrigation.
Ref. 489.

Water supply lor cattle. ReI. 489.
Water used locally.

3 main springs. Water smells or H,s.
Used for bathing and irrigation. Deposit
of siliceous sinter. Ref. 490.

Water used for domestic purposes; also
water supply for cattle. Ref. 490.

Water used for domestic purposes and
irrigatIon. Ref. 490.

Water supply for cattle.

Do.
Do. .

2 springs. Water used for domestic pur-
poses and irrigation. .

Water used ror domestic purposes; also
water supply for cattle. Ref. 489.

12 main springs, also a flowing well 200 It
deep and discharging 120 gpm. Water
from well used to heat hotel. Resort.
Ref. 490.

Water smells of HIS. Used lor bathing.
Refs. 133,144.

8 sprlngs. Resort.

Several springs. Water used locally. ReI.
144.

Water used lor bathing. Also several
wells supplying hot water for heating or
residences. Refs. 113,150.

Several springs. Water from one is used
for domestic purposes.

Water used for Irrfgation.
Water used for bathing and irrigation.
Water supply for sanitarium. Water used

for bathing. Resort.

Water used lor bathing. Also water sup
ply for cattle.

2 springs. Water used for domestic pur
poses and irrigation.

Several springs. Water used locally. ReI.
144.

2 springs. Ref. 487.

Many small springs. Water used for
bathing. Ref. 487.

Several springs. Water used locally. Ref.
487.

3 springs, of which the southernmost is
called Mound Spring. Water supply ror
cattle. Ref. 490.

Water used ror domestic purposes. Ref.
4llO.

osprings. Water supply lor Summer Lake
Irrigation District. Refs. 489,490.

50 Faulted lava {Tertiary) 489 •__

9,000 do . . ~ _

200 do • ~ _

2,500 do - • _

10 Faulted lake beds (Pliocene); ._~ _

2 do _

50 do ~. ~__. _

100 do ' _
40 Lake beds (Pliocene) near • _

faulted leva.21 Lake beds (Pliocene) ~_ 489 .
7

__

25 Alluvium overlyIng lake ~ _
beds (pliocene).

10 Lake beds (Pliocene) over- ._.__
lying basalt.

20 Lake beds (Pliocene) near ~ _
ranlted lava (Tertiary).10 do •

30 Lake beds (Pliocene) _
10 Basalt (upper Tertiary)-~--- ~---------

Small Alluvium •

600 Peulted Iake beds (Pliocene); • _

5 do • • _

20 Lava (Tertiary)---_--------- _

30 Alluvium overlying lake • _
beds.

3 • do •• _

48,000- Lake beds overlying faulted 489 _
70,000 basalt.

8 Lava (Tertlary)------------- • _

500 • do ._.__
1,350 .cdo, .~~ _

35 Lake beds (Tertiary) • _

Lava (upper Tertiary)- • _

10 Andestte and tuff (upper __• _

____________ L:£e:t~a:ld·(Tertlary) near _
lava (Tertiary)._____• _• do. __. •__• ._ • _

70 Granite • • • __

____________ Lava (Pliocene)_--.--------- _

150 ._do _

68

62

66

157

62

130

75
76

148

146

76

66

60.5

64.5

65

67.5
76

116

Hot

66

104
(max)
Wann

185

Hot

11'

105

69

63

es
63
80

63;71

69

128-162

65; 70

nO-141

6o-B'

162-174

130
(max.)

98

0.5 mlle northeast of oteae _

Taylor Warm Spring, 2miles east of OJene,
Crystal Springs, 1 mile south of OIene _
Oregon (Turner) Hot Springs, in sec. 10,

T. 40 S., R. 13 E., 10 miles southeast of
Bonanza.

Smith's Hot Spring, in sec. 10
1

T. 40S., R.
13 E., 9.5 miles southeast 0 Bonau-a.

Wilkerson's Warm Springs, in sec. 6, T.
40 S., R. 14 E., 13 miles southeast of
Bonan-a.

Robertson's Springs, in sec. 18, T. 38 S.,
R. 15 E,;,t in Horsefly Valley 8 miles
south of Bly.

Paulina Springs, in sec. 26, T. 21 S., R.12
E., near north shore of Paulina Lake.

East Lake Hot SprIngs, in sec. 29, T. 21S.,
R. 13 E., on south shore of East Lake.

Sec. 36, T. 19 S., R. 32 E., near Twelve
mile Creek 20 miles southwest of Paul
Ina.

Sand Springs, in sec. 35, T. 25S., R.19 E.,
5 miles northeast of Fossil Lake.

Sec. 32, T. 26 S., R. 18 E., on west shore
of Christmas Lake.

Ana River Springs, in sec. 6, T. 30 S., R.
17 E., 7 miles north of Summer Lake
post office.

Buckhorn Creek Springs, In sec. 5, T. 30
S., R. 17 E., 9 miles north 01 Summer
Lake Post Office.

Johnson Creek Springs, In sec. 34, T. 29S.,
R. 17 E., 12miles northeast of Summer
Lake post office.

Thousand Springs, In sec. 19, T. 30 S., R.
18 E., on east side of Summer Lake
Valley.

R. C. Foster's Spring, 2miles southwest of
Ana River.

W. O. Orisel's Spring _

Russell Emery'S Spring _

J. O. Foster's Spring _

Lost Cabin Spring • _
Pardon Warm Spring, in sec. 35, T. 30 S.,

R.16E.
Summer Lake (Woodward; J. W. Far

leigh's) Hot Spring, in sec. 11, T. 33 S.,
R.17E.

Sec. 12,T. 30 S., R. 22 E., on west shore of
Alkali Lake.

Sec. 22, T. 32 S., R. 21 E., on XL Ranch 3
miles north of Abert Lake.

Northeast shore of Abert Lake _

East shore of Abert Lake _
Southeast shore of Abert Lake _
White Rock Ranch Springs, 10miles north

of Lakeview.
Russell Bean's Spring • _

Hunters Hot Springs, 2 miles north 01
Lakeview,

Leo Hank's (Leithead, Joyland Plunge,
Lakeview) Hot Spring, 1.5 miles south
of Lakeview.

735-914 0-65------4

Foley Springs, in sec. 28. T. 16 S., R. 6 E.,
4.5 miles southeast of McKen-Je Bridge.

Sec. 7, T.17 S., R. 5 E., on the South Fork
of McKen-,le River, 8 miles southwest
oC McKen~le Bridge,

Wall Creck Hot Springs, in sec. 26, T. 20
S., R. 4 E., 10.5 miles northeast of Oak
ridge.

Winlno (McCredIe) Springs, in sec. 36~ T.
21 S., R. 4 E., 11 miles east of Oakrfdge,

Kitson Springs, in sec. 6, T. 22S" R. 4 E.,
g miles southeast of Oakridge.

Umpqua Warm Spring, in sec. 20, T. 26
S., R. 4 E., on Umpqua River 5 miles
south of Potter Mountain.

Jackson (Bybee) Hot Springs, 2 miles
northwest of Ashland.

Sec. 31, T. 24 S., R. 5}-2 E., In Summit
Lake Valley.

Klamath Hot Springs, at Klamath Falls __

28

28A
28B
29

35

32

33

34

36

37

38

31

29A

30

26

26

27

43

44

44A

44B
440
44D

44E

45

21

'0

46

22

23

24

'OA
40B

400

'oD
'OE
41

42

19

20
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ThermalsprinU8 and wells in the United States (erocluding Alaska and Hawaii)-Continued

No. Tempera- Flow
on Name or location ture of (gallons Associated rocks References on Remarks and additional references

ftgur. water (OF) p" chemical quality
minute)

Oregon-Continued

Water supply for cattle. Ref. 491.

Water used for irrigation; also water supply
for cattle. Refs. 141, 48lt,491.

Water used for irrigation: also water supply
for cattle. Ref. 4S6.

Several springs. Water used for irrigation;
also water supply for cattle. Ref. 491.

Several springs. Water used for irriR;atiou;
also water supply for cattle. Refs. 486,
491.

Water used for irrigation; also water supply
for cattle. Refs. 141, 486, 491.

Water used for irrigation; also water supply
for cattle. Ref. 486.

Do.

several springs in southern and eastern
parts of lake. Ref. 486.

Water smells of H2S. Ref. 486.
2 springs 0.5 mile apart. Water SUpply for

cattle. Ref. 486.
Refs. 371,491.

Water contalns 226ppm of dissolved solids.
Used for irrigation; also water supply for
cattle. Refs. 486 491.

Water used for irrigation. Refs. 486, 491.

Water supply for cattle. Refs. 486, 491.

Water used for irrigation. Refs. 486, 491.

Water smells Of HsS. Used for bathing.
Ref. 489.

2 main and several smaller springs. Water
used for irrigation. Ref. 489.

Water smells of H 2S. Water supply for
cattle. Deposit of tore.

3 springs. Deposit of siliceous sinter. Also
a pool of sulfurous water. Ref. 489.

Water used locally.

4 springs. Water smells of HsS. Water
supply for cattle. Ref. 489.

Water smells of rr.s. Used locally. De
posit of slliceous sinter. Ref. 489.

Water contains 72 ppm of dissolved solids.
Used for irrigation; also water supply for
cattle.

3 springs. Water contains 121 ppm of
dissolved solids. Flow metntetue log
pond for saw mill. Refs. 371, 491.

Water used for irrigation; also water
supply for cattle.

D~

Water supply for cattle.

Water contains 113ppm of dissolved solids.
Used for irrigation; also water supply for
cattle.

5 springs. Water supply for cattle.

2 maiu springs. Water contains 427 ppm
of dissolved solids. Used for bathing.

Refs. 371,4S7,491.
Several snrlnga, Water used for bathing

and irrigation. Ref. 491.

Several springs. Water used for irriga
tion. Ref. 491.

3 sprln~s. Water smells of H2S. Used
for Irrigation,

Water used for domestic purposes and
irrigation. Ref. 489.

Several springs. Water supply for cattle.
Refs. 144,491.

Water used for bathing. Deposit of tufa.
Water supply for cattle.

486 _

tuff

lake 486 _

_____do ~ _
_____do ~

Interbedded tuff, rbyolite, _
and lake beds (Pliocene)._____do______ _ _ _ _

_____ do_______ _ ___ __ 486 _

Interbedded tuff and basalt 486. _
(Quaternary).

_____do ~_ _ __ ___~ ~

30 do ~__ __~ ~ _

90

410 do ~_ _ ~ ~ _

10 do ~ • _

900 do ~ _

Alluvium overlying
beds (Pliocene).

Faulted interbedded
and basalt.

300 Faulted(?) lava (upper Ter
tiary).

300

180

5,900 ~_do ~ ~ _

1, 160 do ~~ _

',200

5,350

1,750

1.800

225 Alluvium___________________ 486 _

25 Alluvium Water supply for cattle. Ref. 486.

50 do_______ _ ____ _ _ _

45 Alluvium Water used for'irrlgation. Ref. 491.

20 do '__ _~ _

150 Interbedded tuff and lava _
(Miocene).

80 Faulted alluvium 489 ~__
Small Interbedded tuff and lava _

(Miocene).

20 Lake beds (Pliocene) near _
lava.

500;30 Faulted lava (Tertiary) _

5 Faultedlak:.ebeds(Tertiary)_ 48L ~_

20;2; 10 do • ~ _

10 do • _

20 Lake beds ~ _

6 Faulted tuff and basalt • _

50 Faulted lava (Tertia.ry) 489..- ~~ _

300 do_______ __ _ _ _

75 Lake beds, tUff, and rhyo- _
lite. .

485 . do • ~ • _

Lake beds, tuff, and rbyolite
(Pliocene).

Lake beds and playa' de
posits.

78--80 1,800 Alluvium near faulted ba- _
salt (Tertiary).

83 100 do ~ ~~_

89 500 do ~ ~ ~~ _

" 2565; 70 10; 25

154 180

54 1, 800--5, 200

6&-'08

68

68

74

72

67-74

68

W",m

67

73-80

78

72

72

'04
Hot

W",m

64

72

66

.44

72;83

.04
98; 107;

•64
.60

1.3

.60

138-144

63

105-115

175-185

62-70

122-126

104-108

Hoghouse Spring, in sec. 18, T. 31 S., R.
82 E., on west side of Donner .and
Blitzen River valley.

Sec. 5, T. 82 S., R. 32y.i E., 1 mile north
east of P Rauch,

Sec. 12, T. 82 S., R. 32 E., 1 mile south
west of P Ranch.

Baker Spring, 1.5 miles southeast of spring
No. 52D.

Oraue Hot Spring, in sec. 34, T. 24 S., R.
83 E., near Crane Creek Gap 4 miles
northwest of Crane.

Sec. 23, T. 22 S., R. 86 E., on the west
side of Middle Fork of Malheur River
8 miles northwest of Riverside.

Sec. 16, T. 25 S., R. 35 E., on the west
side of South Fork of Malheur River
8 miles north of venetcr.

Sec. 12, T. 26 S., R. 27 E., near south
shore of Silver Lake.

Sec. 33, T. 26 S., R. 28 E., 3.5 miles east
of Iron Mountain.

Double-O Spring, in sec. 84, T. 26 S., R.
28 E., 1.5 miles west of Dcuble-O Ranch.

Dcuble-O Barnyard Spring, in sec. 33, T.
26 S., R. 28 E., on Double-O Ranch.

Basque (East Double-D) Springs, in sec.
31, T. 26 S., R. 29 E., 1 mile southeast
of Double-O Ranch.

Johnson Springs, in sec. 5, T. Zl S., R. 29
E., 2.15 miles southeast of Double-O
Ranch.

Hnghet (Crane Creek) Spring, in sec. 8,
T. Zl S., R. 29 E., 3 miles southeast of
Double-O Ranch.

Sizemore Upper Spring, in sec. 9
b

T . Zl S.,
R. 29 E., 5 miles southeast of ouble-O
Ranch.

Sizemore Lower Spring, in sec. 15, T. Zl
S., R. 29 E., 0.5 mile southeast of Size
more Upper Spring (No. 62A).

Hurlburt Spring, in sec. 15,T. Zl S'T..R. 29
E., 1 mile southeast of Sizemore LOwer
Spring (No. 62B).

Between hlgh- and low-water boundaries
of Harney Lake.

Lynch Spring, in sec. 8, T. Zl S., R. 30 E __
Dunn Spring, in sec. 4, T. Zl S., R. 30 E.,

on south side of Mud Lake.
Sec. 86, T. Zl S., R. 29~~ E., 0.5 mile from

sontbeast shore of Harney Lake.Sodhouse (Springer) Spring _

Gus Allen's (Barry Ranch, Down's, Lake
view) Hot Springs, 2 miles south of
Lakeview. .

F. S. LongCelIow'g Spring • ~~ _

Sec. 16, T. 35 S., R. 26 E., on upper Rock
Creek 4 miles east of North Warner
Lake.

Jj~~I~~~~%gB:OCSprlDg~-ln-slic~-7~-T:-
36 S., R. 26E., on the north side of Hart
Mountain about 200It below crest.Fisher's Spring ._. _

W. D. Moss Ranch, on west side of South
Warner Lake.

Charles Crump's Spring_. _

Warner Valley Rench • _

Adel Hot Spring, in sec. 23, T. 39 S., R.
24 E., 1 mile east of Adel POst office.

Pat Hallinan's Spring, 1 mile southwest
of Houston Spring (No. 151).

Houston Hot Springs in sec. 27, T.40 S.,
R. 24 E., 3 miles east of Warner Lake
post office. .

Sec. 14,T. 22S., R. 32y.i E., 17miles north
east of Burns.

Millpond Spring and other springs in sees.
35 and 36, T. 23 S., R. 80 E.

0.75 mile south of Millpond Spring (No.
52).

Goodman Spring, 1 mile south of Millpond
Spring (No. 152).

3.15 miles southwest of Millpond Spring
(No. 52).

1..5miles east of spring No. &20 • _

'2E

53

'2

ss

es

62

02A

02B

,,0

'2D

62A

51

62B

620

62D

63
68A

64

64A

61A

47A

48.._

"

66

67

47

<SA
'P

'PA

'911
'PO

,PD

60

60A

51

se

"58

5P

60
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Thermal springs and wells in the United States (emcluding Alaska and Hawaii)-Continued

No. Tempera- Flow
on Name or location ture of (gallons Associated rocks Referenceson Remarks and additional references

6"",. water (OF) per cbemrcet quality
minute)

Oregon-Continued

122-141 •• • do • •• • • • ._._

67 Faulted Payette Formation • _
(Miocene and Pliocene?).

71 do • ._ •• ._. Water used locally. Ref. 492.

Several springs. Ref. 492.

3 main springs. Water used for bathing.
Ref. 144.

Several springs. Water used for irrigation
Do•

Ab:mt 15 springs within a distance of 0.5
mile.

Several springs. Water used for irrigation
Ref. 144.

Several springs. Water used for irrigation
Ref. 491.

Also a nearby weH 140It deep. Water used
for bathing. Resort. Ref. 371.

Water used locally. Refs. 144, 667.

3 main springs. Water used Iocally. Ref.
492.

Water used locally. Refs. 371, 492.

Water used locally.

Several springs. Water used Ioeally. Refs
144,491.

Several springs. Ref. 491.

Several springs. Water supply for aban
doned borax works. Ref. 491.

4 springs. Water supply for cattle. Ref
491.

Water used for bathing.
Several springs. Water supply for cattle

Ref. 491.

Also a nearby drilled well. Ref. 492.

Several springs. Water used locally
Ref. 371.

Water used locally. Also a small warm
spring nearby. Refs. 371, 492.

Several springs. Ref. 492.

Interbedded tuff and lava ._••• _

Lava (lower Tertiary) • • _

Basalt (Tertiary) _
• do • • • _

Basalt overlying rhyolite • _
(Tertiary).Faulted lava (Tertiary) • • _

Alluvium overlying lava • _
(upper Tertiary).

Faulted(?) lava (upper Ter- .••_. _
tiary).

___._do • • •••• _

60

24

,
Pennsylvania (See fig. 3.)

20

Faulted lava (lower Ter
tiary).

6 Lake beds (Pleistocene) ._
near fault zone.900 Lake beds (Pleistocene) •• _

30 Interbedded tuffs and lava _
(Miocene).10 do ._._. • • •• _.__• _

45 do • ._ •••. -:.__._. •• _••• __• _

135

10

5,000
~OOO

1,000

200

Large

Small do •__•• _ • • ._._._

___._.__.___ Payette Formation (Mio- _._•• _
cene and Pliocene?).Small do ••• •• __._._._•• • _

115

Faulted(?) Payette Forma
. tion (Miocene and Plio

cene?).
Payette Formation (Mio·

cene and Pliocene?) near
lava.

Payette Pormetlon (Mio
cene and Pliocene?).

164 ._. do •••_••• _

198

Hot

Hot

'"168

Hot

Hot

120

68
68

88-95

130

I,.
rn

96-100

11'
128

Warm

106-143

168-177Sec. 33, T. 34 S., R. 34 E., on west border
of the Alvord Desert 6 miles soutb of
Alvord Ranch.

Sec. 15, T. 37 S., R. 33 E., 2 miles south of
Alvord Lake.

Sec. 15, T. 37 S., R. 33 E., at old be-ex
works 2.5 miles south of Alvord Lake.

Sec. 24, T. 38 S., R. 37 E., 5 miles north
east of Flagstaff Butte.

Ii miles southwest of Whitehorse Ranch _
Sec. 16, T. 39 S" R. 37 E., on north side of

Trout Creek 0.5 mile downstream from
mouth of Little Trout Creek.

Sec. 4, T. 16 S., R. 43 E., near Willow
Creek 20 miles northwest of Vale.

Sec. 11, T. 19 S., R. 37 E., in Warm Creek
valley near Beulah.

Neal Hot Spring, sec. 9, T.18 S., R. 43 E.,
12 miles northwest of Vale.

Sec. 18, T.19 S., R. 43 E., on the Malheur
River 15 miles southwest of Vale.

Vale Hot Springs, in sec. 20,T.18S., R. 45
E., on the south side of tf-e Malheur
River 0.5 mile east of Vale.

Sec. 31, T. 17 S., R. 47 E., on the Malheur
River 3 miles west or Ontario.

Mitchell Butte Hot Springs, in sec. 12, T.
21 S., R. 45 E., on the Owyhee RIver.

Deer Butte Hot Spring, in sec. 14, T. 21 S.,
R. 45 E., on the Owyhee River.

North Black Willow Spring, in sec. 25, T.
21 S., R. 45 E., on the Owyhee RIver
near Snlvelev's Ranch.

South Biack Willow Spring, in sec. 35, T.
21 S., R. 45 E., on the Owyhee River.

Sec. 10, T. 23 S., R. 44 E., on the Owyhee
River 2 miles downstream from mouth
of Dry Creek.

Sec. 20, T. 24S., R. 37 E., near South Fork
of Malbeur River 5 miles south of River
stde.

Sec. 18, T. 27 S., R. 43 E., on the Owyhee
River 30 miles northwest of Jorden
VaIIey.

Near north end of Saddle Mountaiu 25
miles nortbwest of Rome.

Canter's Hot Springs, in sec. 2, T. 30 S.,
R. 46 E., 0.5 mile west of Jordan Valley.

Scott's Springs, 6 mHes southwest or Rome,
Tudor's Springs, 24 miles southwest of

Rome.
South Fork of Owyhee River, 40 mtles

south of Jordan Valley.
Sec. 36, T. 40 S., R. 42 E., 6 mHes north of

McDermitt, Nev.

78

78

se
81

82

83

84A

76

77

84

73

74

75

71

71A
72

9

70

68

84B..
"A
35B

..0

86

I
Perry County Warm Spring, near Sher·r

man Dale 14 miles northwest of Harris
burg.

721 90 I Folded Paleozoic strata ·_I'93 · 1 Water used locally. Former resort.

South Dakota (See fig. 2.)

d

Tax (5 fig 2)

1 Hot Springs, in western part or Hot 80-90 5,000 DeadwoodFormation(Late 133,137,500___ •____ 8 springs, including Minnekahta. an
Springs (town). Cambrian and Early Or- Kidney. Resort, sanitarium, U.S

dovlclan), Army hospital. Refs. 145, 148, 496, 498
601.

2 Hot Brook, 3 miles west of Hot Springs 90 50
•_•__do•••• ___________ A _______ ----_.._--- --------- Water used for irrigation. Refs. 148, 496.

(town).
3 Cascade Springs, at head of Cascade Creek 68 7,200 _____do_____•____•• ___________ 499_____________•• _ 3 springs. Water used for irrigation

10 miles southwest of Hot Springs Refs. 145, 498, 501., (town).
Buffalo Gap Springs ________________•• ___ Warm Small Carlile Shale Member or --_..----------- ---- Ref. 498.

Colorado Shale (Cretaee-
ous)... ~

1 Near bank of the Rio Grande, at south 100 ----------_. Faulted(?) Trinity Group ---------------_._-- Water used for bathing. Ref. 144.

2
end of Quitman MountaIn. (Early Cretaceous).

Near bank of the RIo Grande, 2 miles east 118 ------_. __.- ____ .do_____••• _. _____________ _.._- ---_..-_.- ----- Pool on river fiat. Overflowed until earth
of the south end of Quitman Mountain. quake In 1922. Water used for bathing

3 Ref. 144.
Hot Spring Creek, 5 miles east of the RIo 11' 45 Alluvium (Quaternary) --_.._--- --------_.- Water used for bathing. Rers. 73, 138, sea

Grande and 7 miles northeast of Ruidosa. overl~ing fanlted(?) Ore- 604.
taceous strata.
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Therma~ spr-ings ana wells in the Unitea States (excluding Alaska ana Hawaii)-Continued

No. Tempera- Flow
on Name or location ture of (gallons Associated rocks References on Remarks and additional references

Bgur water (OF) per chemical quality
minute)

Utah (See fig. 7.)

86 ._. •• .do...._•• _••••••••• ••• 508_•. __. . __•••_ 6sprlngs. Rels.I44,521.

85 .. __._ ... _.. __...do •.. __

So-140 ..__. • .do __._ _.._.. __.._. 406 • ._ .•

68 1,000 Alluvlum._. __ _ __._ .. _.. __._._

Refs.

2 main epringa. Water used for domestic
purposes and irrigation. Ref. 524.

Do.

Water used for irrigation. Ref. 524.

Water supply for cattle. Ref. 624.

2 springs. Water smells of sulfur.

2 springs issuing at river edge.

Several springs. Water used locally.
138,144,506,515,520.

3 springs. Refs. 144,506,520.

7 springs. Water smells strongly of H~S.
Large deposit of tufa. Refs. 144,406,506,
515,520.

Several springs rising in pools. Water used
for irrigation. Refs. 506,520.

20 springs. Deposit of manganese. Refs.
109,144,509,512,516,520.

Several springs. Water used lorirrigation.
Deposit of tufa. Ref. 520.

Several springs rislngln pools. Water used
for irrigation. Refs. 144,520.

Several springs. Water smells of H2S.
Used locally. Refs. 144,520.

Water used for irrigation. Rel. 520.

3 springs. Water used for domestic pur
poses and irrigation. Ref. 524.

Water used for irrigation. Rel. 524.

S main springs. Water is saline. Used
for bathing. Resort. Refs. 144,508.

About 30 springs. Water used locally.
Rels.I24,133, 144,505,521.

ReI. 144.

12 springs. Water is saUne and ferrugi
nous. ReU3S.

2 springs. Water is saline and ferruginous.
Used lor bathing. Rel. 512.

Water used for bathing.
2 springs. Water used for bathlng, Rets.

138,144,418,5OS.
2 springs. Water is brackish. Ref. 144.

6 springs. Water is brackish; used for
bathing. Deposit of calcareous ture.
Refs. 13S,144,508.

Water is ponded. Used for bathing and
irrigation.

Water is ponded. Used lor irrigation.

Several springs. WatersmellsofHsS. Re
sort. Refs. 124, 144,511, 512, 521, 686.

Water used tor bathing. Rels. 137,511-513,
523.

Water used lor bathing. Sanitarium.
Refs. 133, 137, l~t.513,523.

Several springs. water used for bathing.
Refs. 138,144,523.

20 main springs. Water used for bathing.
Extensive deposit of tufa. Refs. 138,144,
41S,514,526.

Several springs. Water used lor bathing.
Ref. 514.

Several springs. Water used "for bathing.
Extensive deposit of tufa. Refs. 13;,510,
51~

Several springs. Water used for bathing.
Resort. Ref. 523.

Water used locally. Ref. 523.

Several springs. Water used locally. Rel.
523.

3 springs. Resort. Refs. 138,144,526.

near

(Eo·

Alluvium. __.. __.. __•__. __. . .•••• •

Alluvium near Carbonifero
ous strata.

Limestone (lower Puleozolc), _._... _•... _.. __ . __•

Limestone (Oarboniferous) 525_. ••• _
near Wasatch fault.

Alluvium. _• . . __. .... _.. _.. __.. _._.

Wasatch Formation (Eo· ._._•..... _._._._
cene).

Alluvium..•••_•. _._._ .. __.. _... _. __._ .. __. ._

Faulted Oerbontrerous . , ._•• .._.._..._..
strata.

Carboniferous strata near .. _.. _.... • _
Wasatch fault.

Wasatch Formation (Eo·
cene).

Paleozoic or Mesozoic
strata.

Alluvium near faulted Pale
ozoic strata.

40

30 do. ..... _.. ._ ..... _.__. __.. _...

20 Wasatch Formation (Eo- 133,137•• _._•. __._.
cene) near Carboniferous
limestone.

30 . __.cdo.,•.• ._ •. __•__..._._ ... _..... • ~__

10 •__•.do __....._.. _.. . __ • .. _. __._ ... _..

400

Interbedded tuiI and lava
(Tertiary) .

Alluvium near faulted we
satcb Formation (Eo
cene).

Faulted Wasatch Forma
tion (Eocene).

285 ..do . __. . ._ .... __. .. _...

900 Auuvtum., .•• _•••• _•••••••• _. ._........ Water used for irrigation. Ref. 50s.

700

10

2,500

8

211

200

2.000

500 Alluvlum._ .. .. _..... _.. _ ..... _ _._.. _. __•.

1,200 Fractured lava (Tertiary) .._ 507__ __....__..

Large

Large

Small Paleozoic strata .• __•••••• 5OS_. __.•••••. ow

Faulted('?) schist and gneiss •. •• __
(Precambrian).

Faulted quartzite (Cam- 20, 133, 137, 144,
brian). 409,522.

Quartzite on Wasatch fault • • • •• _

Lake beds (Quaternary) . ._
Syenite on Wasatch fault_.__ 522_.__. ._._._._

Oerbontterous strata
fault. .

Wasatch Formation
cene) ,

80 500 _. do...•__. ._. ._ • •••••_. ••• _

130 350

70 .. '_" __ '_'_

68-71

24

57-62

62; 73

59; 65

61

61

59; 62

DO 200 ._ ...do __ ._._. .. ~ .. _._•. ._ .. _.. _..

128 _._... _. __•• Paleozoic strata on Wasatch 128,133.137,418.
fault.

lIS 350 .. do __.•__.. __. . __._•. _ 525.• _. __..... _.. __

Warm

111

90

74-78

78-110

SO-lOS

S5-116

Warm

Warm

82

90-122 3,500 Carboniferous strata near ._._ •• _••••• _._. .
Wasatch fault.

121-134 _•••••• _••• _ •••__do .•••_. . ._ 50S ._•.•• _.

84 ._---_.-.---
131-144 110

140 50

68 200
121;150 Small

74 _.-.--------
74-91 50

64

100-205

88

70

111;145

Saratoga Springs, on northwest shore of
Utah Lake.

T. S S., R. 1 E., on south shore of Utah
Lake 8 miles northwest of Payson.

T. 10 S., R. 1 E., near the north end of
Long"Ridge 2 miles east of Goshen.

Castilla Mineral SprIngsj.1n T. 9 S., R. 3
E., In Spanish Fork uanyon 15 miles
south of Provo.

Sec. 14,T.8S., R. 5E., on Diamond Creek
15miles east of Springville.

12 miles northeast of Jensen, in canyon of
Green River.

Hot Springs, In T.11 S., R. 14W., at north
end of Fish Springs Mountains and 3

.mnee north-northeast of Fish Springs
(town).

Big Spring, In T. 11 S., R. 14 W., 1 mile
southeast of Hot Springs (No. 20).

Fish Springs, in T.llS., R.14 W., 4 miles
southeast of Hot Springs (No. 20) and 3
miles east of Fish Springs (town).

Sec. 33, T. 14 S., R. 18 W., on Miller's,
Ranch S miles south of Trout Creek.

Abraham Springs in T. 14S., R. 8 W., on
Fumarole Butte, 19 miles north-north
west of Delta.

Sec. 31
i

T.15 S., R. 19W.,1n Snake Valley
1 rni e west of Gandy.

Sec. 9, T.16 S., R.18 W., in Snake Valley 2
miles south of Foote's Ranch.

Knoll gpringa, tnsec. 11,T.lSS., R.18 W.,
in Snake Valley 12 miles southeast of
Smlthvllle.

Sec. 24, T. 22 S., R. 6 W., 3 mUes north
west 01Hatton.

Brewer's Springs, in sees. 13 and 24, T. 15
S., R. 2 E., 1 mile northwest of Wales.

Lowry's Spring and Sqnires' Spring, in
sec. 23, T .1S S., R. 2 E., 3 milessonth of
Manti.

LiVingston Warm Springs, in sec. 13, T.
18 S., R. 2 E., 1 mile south of Manti.

MantiSprings,lnsec.17,T.18S., R.3 E.,
2 miles southeast of Manti.

Morrison Spring, in sec. 35, T. 18 S., R.
2 E. 2 miles northeast of Sterling.

Gunnison Spring, in sec. IS, T. 19 S., R.
1 E.

Warm Springs in sec. 20, T. 12 N., R. 15
W., 17 miles north-northwest of Terrace
railroad station.

Blue (Honeyville) Springs, in T.13 N., R.
5 W., 18 miles southeast of Snowville,

Udy's Hot Springs, near the Malad River
2 miles southwest of Plymouth,

Crystal Springs, in T. 11 N., R. 2 w., 12
miles north of Brigham City.

Near south end of Little Mountain, 7
miles west-northwest of Corinne.

T. 6 N., R. 5 W., on east-stde or Promon
tory Point.

Utah (Bear River) Hot Springs, in T. 7
N., R 2 W., 8 miles northwest of Ogden.

Clay's Hot Springs, 10 miles north of
Ogden.

Patio Spring, 12miles northeast of Ogden ••
Ogden Hot Springs, in T. 6N., R.l W.,at

mouth of Ogden Canyon.
Big Springs, In T. 2 S., R. 8 W., on the

west side of Stansbury Range.
Grantsville Warm Springs, 5 miles north

west of Grantsville.

Morgan'S Warm Springs, 4 miles south
west of Stockton.

Russell's Warm Springs, 4.5 mUes south
west of Stockton.

Beck's Hot Springs, 4 miles north of Salt
Lake City.

Warm Springs, 2 miles north of Salt Lake
City.

Wasatch sprlngs
i

in the northwestern part
of Salt Lake C ty.

Crystal Springs, in T. 4S., R. 1W., 4miles
southwest of Draper.

Schneitter's Hot Pots, 4.5 miles northwest
of Heber.

Luke's Hot Pots, 4 miles northwest of
Heber.

Buhler's Springs, 3.5 miles northwest of
Heber.

30

31

32

33

34

21

22

26

2J)

25

26

Z1

23

24

2

3

4

4A

5

6

6A

7
8,

10

lOA

lOB

11

11A

12

13

14

14A

14B

19

"A
2J)

15

16

17

18
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ThermaZ springs and wells in the United States (excluding Ala8ka ana Hawaii)-Continued

No. Tempera- Flow
on Name or location ture of (gallons Associated rocks References on Remarks and additional references

flgure water (OF)
mi~te)

chemical quality

Utah-Continued

91 .dc _

20 Faulted lava (Eocene) ~ Water supply for cattle. Ref. 524.

Bef.138.

Water used for domestic purposes and
Irrlgation. Ref. 624.

Water used for irrigation. Ref. 524.

Several springs. Water used for domestic
purposes and irrigation. Ref. 524.

Ref. 524.

Many small springs. Deposit of tufa
Ref. las.

Ref. 138.

Quartzite_ __ 518 _

Granite ~ ~~ ~ ~_ 518 _

Alluvium near faulted(?)
lava (Tertiary).

Lava (Tertiary) overlying ~~ _
Wasatch Formation (Eo~
cene).

Sandstone (Triassic) • _

Faulted lava and tuff (Eo- _
cene).

Faulted tuff (Tertiary) 524 _

Lava (Tertlary) _

Alluvium ~~~ ~ • _

57

20

30

10

200

100

100

450 do • ~~. ~_. ~ _

4, 000 do _
Water used for irrlgation. Ref. 524.

Several springs. Water used for irrigation
Ref. 524.

Several springs. Water supply for town
also used for irrigation. Ref. 624.

Water used for domestic purposes and
irrigation. Ref. 524.

Several springs. Water used for irrigation
Ref. 524.

Water used for domestic purposes and
irrigation. Ref. li24.

Water used for irrigation. Ref. 524.

Do.

Several springs. Water used for irrigation

Several springs. Water used for irrigation
Deposit of tufa. Ref. 524.

Water used for domestic purposes; also
water supply for cattle. Ref. 524.

Water smells strongly of H2S. Water
supply for cattle. Deposits of tufa and
sinter.

About 16 springs issuing from a low ridge
Deposits ofdense calcareous tufa. Wate
supply for cattle.

3 springs. Water used for bathing and
irrigation.

1,000 Faulted Triassic strata • • ,__ Several springs. Refs. 133, 144.

900 Alluvium neat: faulted we- _
satch Formation (Eocene).

16 Faulted Wasatch Forma- __~~ ~_~ _
tlon.6,000 do _

2 Faulted Jurassic strata ._. _

1,500 Faulted Umestone (Eocene) ~~__~~_~ ~__~_

130 Faulted lava (Eocene) _

4,500 Lava (Tertiary). • _

25 Alluvium overlying Wa- ~_~._~ _
satchFormation (Eocene).700 Allnvlum _

97

72

ss
70

72

60

90-175

Warm

108-132

Warm

53

60

74

60

52-61

"65

80

144-166

135-146

"192

Ninemile Warm Spring, In sec. 4, T.19 S.,
R. 2 E.

Sec. 32, T. 20 S., R. 2 E., 8 miles northeast
of Redmond.

Redmond Springs, in sees. 11 and 12, T.
21 S., R. 1 W., near Redmond.

Salt Spring, in sec. J7, T. 21 S., R. 1 E.,
2 miles northeast of Salina.

Oak Spring and Christianson Spring, in
sec. 1, T. 22 S., R. 2 W., 2 miles west of
Aurora.

Herrin's Hole Spring, in sec. 23. T. 23 S.,
R. 2 W., 1 mile north of Glenwood.

Cove Springs, in sec. 27, T. 23 S., R. 2 W' J

1 miles west of Glenwood.
RIchfield Hot Springs, in sec. 26, T. 23 S.,

R.3W.
Indian Spring and Parcel Creek Spring, in

sec. 25,T.23 S.• R. 2 W., near Glenwood.
Sec. 5, T.24 S., R.2 W., 2 miles southeast

of Rlchfleld.
Sec. 25, T. 24 S. R. 3 W., 6 miles south of

Richfield.
JerlchoSprlng,insec.6,T.25S.,R.3W.,

2 miles northeast of Joseph.
Johnson Spring, in sec. 27, T. 25 S., R.

3 W., 2 miles southeast of Monroe.
Cooper Hot Sprlngs, in sec. 15, T. 25 S.,

R. 3 W., 0.5 mile east of Monroe.
Joseph Hot Springs, in sec. 23, T. 25 S.,

R.4 W., 1 mile southeast of Joseph.
Sevier Spring,1n sec. 32, T. 25 S., R. 4 W_

Roosevelt (McKean's) Hot Spring, in
T. 27 S., R. 9 W., on west slope of
Mineral Mountains 15miles northeast of
Millord.

Warm Springs, sees. 21 and 28, T. 30 S.,
R. 12 W., 2 miles south-southwest of
Thermo railroad siding.

Radium (Dotson's) Warm Springs, in
sec. 7, T. 30 S., R. 9 W., 1 mile east of
Minersville.

L~iI:~~~r~~tf~~i~n~~ Rio Virgln 2
T. 37 S., R. 7 W., 25 miles southwest of

Panguitch.

Undine Springs, in T. 25 S., R. 17 E., In
Labyrinth Canyon of the Green River.

Warm Spring Canyon near its junction
with "Narrow Canyon" or "Dark
Canyon" of the Colorado River.

54

55

35

36

37

38

39

53

56

57

sa

40

41

42

43

"
45

46

47

48

"SO

u

Virginia (See fig. 3.)

65-75 ~ do •__• , ~ ~______________ 3 springs. Water used locally. Refs. 138,
541.

61-66 Folded or faulted Paleozole ~ _
strata.64 500 do.; ~ _

65 1,500-2, 000 .cdc, • _

61 60 do _

used locally. Refs.

Ref. 538.

2 springs issuing on opposite banks of the
river. Water used locally. Refs. 538,
64l.

Water used locally. Refs. 538, 541.

3 springs. Resort;. Ref. 638.

Water used locally.

Do.

3 springs. Water
133, 538, 541.

Water used locally.
Do.

Do.

Do.
Do.

4 springs. Resort. Refs. li29, 538.

7 springs. Resort. Refs. 529, sas, .542.

4 springs. Water bottled and marketed.
Resort. Refs. 638, 541.

3 springs. Water used locally. Refs. sas,
54l.

3 springs. Resort. Refs. 144, 529,533, 541.137, UI9 _

_____do _

_____do_______________________ Do.
____~do------~---------------- Do.

_____do 541. Water used locally. Ref. 538.

_~ do 133,144,541.. _

20 __ •__do; .. _

10 .do ~ _

200 do ~ _

7,000

280

100
1,000

300

50:; 800; 500 do _

_________________do _

74

63-68

68

60

73
76

65

63; 72

75 50 do ~. • _

91-~ ~:~ ~~~~~~~~~~~~~~~~~~~~- ----- -i33~i44~-Mi:S4:C~
72-106 do __~~ 20,128,133,137,

144,409.541,543.82-88 do 133,137,139,144,
409,543.

60; 65; 66

72

Limestone Springs, near Compton _

Warm Spring,l mile south of Bridgewater,
Dice's Spring, 1 mile southeast of Burke-

town.
Fitzgerald Spring, near Middle Rlver

Bridge, 2.25miles west of Fort Defiance.
Bragg Spring, 2.25miles northeast of Boler,
Bolar Spring, 3 miles northeast of Bolar _
Warm SUlphur Springs, at Warm Springs

(town).
Hot Springs, at Hot Springs (town) _

Healing (Rubino Healing, Sweet Alum)
Springs, at Hcaling Springs' (town).

Mill Mountain Springs, at Panther Gap
1.5 miles west of Goshen.

Rockbridge (Rockbridge Alum, Strick
ler's) Springs at Rockbridge Baths 10
miles north of Lexington.

Layton (Keyser's) Springs, on tbeJackson
River 2 miles south of Falling Spring
(No. 13).

Falling Spring, 8 miles south of Healing
Springs (No.9).

Sweet Chalybeate Springs, 3 miles north
of Sweet Chalybeate.

i
Lee Carter Spring, 1.5 miles northeast of

Sweet Chalybeate. ,
C. B. Hunter Spring, 0.5 mile north of

Sweet Chalybeate.
R. O. Stone Spring, at Sweet Chalybeate;
Sweet Chalybeate Spring, at Sweet

Chalybeate.
Lithia (Wilson Thermal), on Mill Creek

3.25 miles east of Gala.
Bluerldge (Buford's Gap) Springs, at

Buford's Gep.

15

16

17

2
3

4

5
6
7

8

9

10

11

13

14

12
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ThermalsprinU8 ana wells in the United States (excluding Alaska and Hawaii)-Continued

No. Tempera- Flow
on Name or location ture of (gallons . Associated rocks References au Remarks and additional references

figure water (OF) pe' chemical quality
minute)

Virginia-Continued

18 New River Whtte Sulphur Springs, at 85 3 •Folded or faulted Paleozoic -------------------- 3 springs. Resort. Refs. 144,541.
Eggleston. strata.

i Hunter's Pulaski Alum Springs, at aesstc, 72
---~--------

_____do_____________ •• ________ ---------------._--- 2 springs. Resort. Ref. 133.
8.6 mnesnorth of PulaskI.

McHcnry's Spring, near the North Fork 68 .._------_.. _•__•do________• _____________ • 144, ML__________ Water used locally.
of the Holston River.

20

Washington (See fig. 2.)

4 Greutte _

20 do 137 4 springs. Resort. Refs. 133, 546.

30 do 646,548 Several springs. Water is sulfurous; is
piped 2 miles to hotel. Resort.

30 do 4 sprlnga. Resort.

30 do 4 springs. Water used for bathing. De
posit of iron-stetned tufa.

25 do 3 springs. Ref. 548.

5 springs. Resort.

Water used for Irrigation. Refs. 544,649
550. .

5 springs. Resort and sanitarium. Ref
600•.

Several springs. Water used for bathing.
Ref. 546.

Small fumaroles. Ref. 547.
Steam vents and small fumaroles. Ref

547.
Water used for Irrigation. Ref. 551.

Several springs. Gas rises with water
Water used for irrigation. Ref. 546.

2 springs. Resort.

Basalt (Tertiary) 548 _

Basalt (Tertiary) overlying _
sandstone (Miocene).Basalt (Tertiary) _

7 Lava (upper Tertiary) over- _
lying granite.

60 Metamorphic rocks (pre- 3 main and 8 smaller springs in t-ecre area
Tertiary). Resort.

136 do_______________________ 17 springs In s-ecrearea. Resort.

1,100

60

40 do _

____________ Lava (Quaternary) _
__ ____ • do______ ____ _ _

300 Eliensburg Formation _
(MIocene).Large Basalt (Tertiary) _

50' do 137,646 _

122

'8

100

'8

so
142-190

Hot

66

76

67

114-127

120-122

68

109-120

120-125

100-no

108

100-132

Baker Hot Sprlug, in sec. 30, T. 38 N.,
R. {} E., on east side of Mount Baker,

Sol Due Hot Springs, in sec. 32, T. 29 N.,
R. 9 W., 14 mIles (by road) southwest of
Crescent Lake.

Glymple Hot Sprlngs. In see. 'J:l, T. 29 N.,
R. 8 W., lUi miles (by traIl) southwest
of Elwha post office. ,

Sulphur Creek Spring, in sec. 30. T. 32 N.,
R. 12 E., 1 mile north of Sulphur Creek
Shelter.

WhIte Chuck Hot Bprlnga, in sec. 1].T. 30
N., R. 12 E., near the White Chuck
River.

San Juan Hot Springs,in sec. 25, T. 28 N.,
R. 11 E., on the North Fork of Skyko
mish River 5 miles east of Galena.

acentc (Great Northern) Hot Springs, in
eec.ea, T. 26 N., R. 13 E., 5 miles west
of Scenic.

McDanIels Hot Springs, in sec. 15, T. 23
N.,R.nE.

Hot SPrings, in sec. 21, T. 20 N., R. 9 E.,
at Hot Springs railroad station. .

Clerf Spring, in sec. 5, T. 17 N., R. 20 E.,
8 miles east of Ellensburg.

Obenepecoan Hot Springs, in sec. 4, T. 14
N., R. 10 E., near south base of Mount
Ratnler,

sej'o~lc~iJ~~e ~r~~.E., on the North
North slope of Mount St. Helens _
Crater of Mount Adams _

Nicolai Spring, in sec. 15, T. u N., R. 23
E., 10 miles north of Sunnyside.

sec. 16, T. 6 N., R. 13. E., 5 miles south,
east of Glenwood

Blockhouse Mineral SPrings, in sec 12
J

T.
4 N., R. 14 E., 8 mnes west of Golden
dale.

Cascade Warm (Moffet's Hot) Springs,
in sec. 16, T. 2 N., R. 7 E., near Cascade.

7

4

e

,

3

1

2

16

8

•
10

11

12

12A
12B

13

14

16

West Vlrgmla (See fig. 3.)

Waynesboro Formation 554----------------1 .
(Early Cambrian). Former resort.1 do 554 _

20 Devonian strata ~ Ref. 552.

700 do __• ~ ~ ~ Water is slightly cloudy. Ref. 552.

170 Oriskany Sandstone (Early 133,137,144,654 4 springs. Water marketed for table use;
Devonian). alsoused Ior bathing, Resorthotel. Ref.

662.
100 Devonian strata Ref. 552.

36 Cambrian strata _

2,290 Carboniferous strata ~ ~ _
610 Silurian strata ~ ~ ~__

Ref. 552.

Do.ne.:
Do.
Do.

Several springs.
Ref. 552.

Formerly the source of water supply for
Terra Alta. Ref. 552.

2 springs. Source of water supply for town
of Berkeley Springs. State Park. San
ttartum. Rels. 538, 541, 552.

Ref. 552.

Do.

___c.do__• _

133, 137, 144, 554,
66'.

Carboniferous strata ~ • Ref. 552.

Ordovician strata _

Allegheny Formation
(Pennsylvanian).

Chemung Formation De
vonian).

Oriskany Sandstone (Early
Devonian).

Carboniferous strata. ~ _
_____do. ~ _
Silurian strata ~ ••
Devonian s'tmta • _

40

100

'00
850

5,500
7,700

1,140

61

61
61

61
61
66
71

63

54

54
54

54

54

73.5 1,000-1,230

63.'

54

72

"

Manacea (Irondale) Spring, at Irondale _

01ll1s (Iron Magnesium) Spring, at Terra
Alta.

Berkeley Springs, at Berkeley SPrings
(town).

Swan Pond Spring, 5 miles east of Mar
tinsburg.

North Branch ct wetser SprIng,1.5 mnes
south of Harpers Ferry.

Shannondale Springs, 5 miles southeast of
Charles Town:

Blue (Black) Sulphur SprIng _

Red Sulphur Spring _
Everett Fruit Farm, 5 miles southeast of

Romney.
Cold Stream Run, 1 mile west of Cold

Stream (town).
Capon (Cacapon) Springs, at Capon

Springs (town).

Warm (BollIng) Spring, 4 mUes south of
WardensvH1e.

Big SPring, 0.5 mile southwest of Herman,
Trout Rock Spring, 3 miles south of

Hopeville.
Arbogast Farm, 3 miles north of Onego _
Roaring Springs, 1 mile north orOnego _
Roaring Springs, at Circleville _
Near mouth of Thorn Creek, 2 miles south

of Franklin.
Big Spring, on Blg Spring Fork 2 mIles

west of Linwood.

,

7

8,
16

11
12

13
14
15
16

17

2

3
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Thermai 8pringfJ and well8 in the United States (excluding Alaska ana Hawaii)-Continued

No. Tempera- Flow
on Name or location ture of (gallons Associatedrocks References on Remarks and additional references

flgure water (OF) P6' chemical quality
minute)

West Vlrglma Continued

66 _. do •• • ~ •• _ Do.

300 __ ~ __do aeveret springs. Ref. 552.

for bathing. Hotel. Refs

Water used for bathing. Hotel.

Water used for drinking.
aeveret sprillgs. Ref. 552.

Ref. 552.
Water used for bathing, also used fo

growing water cress. Ref. 552.
Several small springs. ner. 552.

Do.
2 springs. Ref. 552.

Refs. 53S, 541, 552.

Water used
538,552.

Ref. 552.

554 • _
554 _

554 Refs. 5.18, 552.

Marcellus Shale (Middle 554~~._~_:.. _
Devonian).

Oerbonnerous strata • ._.

Devonian strata _

____ ~do~._~. _.~ • ~ ._ •• •__~._ • _
Bossardsville Limestone 554 ~

(Silurian).
Silurian or Devonian strata _

-sioneS--River--~Lime5iOne- -i33~i37~i44~64i~---
(Middle Ordovician). 554.

Greenbrier Limestone (Mis- 554 _
slssippian) .

___ do_______________________ 5M ~ ._.
Ordovician strata •

25 Marcellus Shale (Middle 554 • }
Devonian). Water used for medicinal drinking and

30 • do_._____________________ 133,137,144,541, bathing. Resort hotel. Ref. 538.
554.

_____do 554 • Water bottled and marketed for table use.
______________________________ ~. • Ref. 552.

Do.
Water used for bathing. Resort. Ref. 538

50

50
310

1,630

6
8<0
610

Large

650-600

.00

240
230-300

230

30 Contact of Bossardsville
LImestone (Silurian) and
Helderberg Lnnest.one
(Early Devonian).200 do _

___ __• ._. __do • _. • _

61

61.5
64

72

626

64

64
62
61
73

63

66
6.6

"
69
63.5

64

62

72

66

!
Dunmore Drinking (Reece Prichard)

Spring, 0.8 mile southeast of Dunmore.

Meadowgprjng, 0.6mile east of Dunmore__
Upper Spring, at Dunmore ._

Mm Run Bprlng, 2.6 miles southwest of
Frost.

Guy Run, 4 miles southwest of Frost__•• _.
Peter McCarthy Springs on Erowns

crees , 5 miles northeast of Huntersvllle.
S. P. Curry (Nap's Creek) Spring, at

Huntersville.
Ruckman Run, 6 miles east of Hunters

vnte.
Minnehaha Springs, at Camp Minne

haha, 4 miles southeast of Huntersville.
Piercy's Cave Spring, 2 miles northwest

of Asbury.
White Sulphur Springs (town):

Black Sulphur Spring ~. _

White Sulphur Spring _

White Sulphur Chalybeate Sprlng, __•Big Spring •__• •
Sterett Spring • ._ .~ _

Old Sweet Springs, at Sweet Springs
(town).

Salt Sulphur Springs (town):
Salt Sulphur Spring • _

Iodine Spring _
Right Fork of Trout Branch, 6 miles

sontheast of Gap Mills.
Upstream from Ewin Run (cold) Spring,

7 miles southeast of Gap Mills.

27

28

28

30

19

2lJ
21

22

23

24

25

26

18

Wyoming (See figs. 2, 5.)
[Data for Nos. 1-96 are chiefly from ref. 562;in those areas in Yellowstone Nationa! Park where thermal springs are numerous and closely spaced, only the more noteworthy

are listed]

Erupted violently in August 1922, but
ceased geyser action soon thereafter.
Refs. 637, 667.

2springs. Ref. 561.

Rises in large clear pool. Ref. 561.

Many bubbling vents on both sldes 01
Mammoth-Norris Junction Road.

Muddy pool, sometimes boiling and some
times quiescent.

Formerly erupted to height of 100-200 ft.
Ceased activity in un3. Ref. 637.

Erupts to height of 25-50 ft at intervals of
8--48 hr. Ref. 637. I

Erupts to height of 75-1Ol) ft at intervals 0
1-1.5 hr. Ref. 637. It

Erupts occasionally to height of 20-30 •
Ref. 637.. It t

Erupts to maximum height of 25 a
intervals of 7-19 hr. Ref. 637, 647.

Erupts to height of 60-75 ft several times a
day. Ref. 637. 1 I

Erupts to height of 8--60 ft at interva s 0
20 min. Ref. 637. __ 1~ f

Erupts to height of 25--30 ft at intt:1vw.:o 0
2-5 min. Ref. 637. ,_ f

Erupts to height of 60-76 ft at tntersaia 0
18-72 hr. Ref. 637.

Erupts to height of 20--35 ft several times an
hr. Ref. 637. 1 tim

Erupts to height of 18-30 ft severa ea
a day. Refs. 566,637. twl

Erupts to height of 8-15 ft once or ce
a day. Refs. 576, 637.

Several springs, the flows combining to
form stream, 6-8 ft wide, flowing into
Gardiner River. Refs. 592,625-628,672.

Several springs. Exteusive deposits of
travertine. Refs. 140, 557, 558, 574, 608,
617, 620, 625, 628, 634, 636, 637, 642, 645,
655,664,667,679,692,697,698.

Rhyolite (Tertlary) __• ._._. _

Clay • __ 562__•• .______ Several boiling springs and fumaroles.
Ref. 562.

Rhyolite overlying Meso- 562. • _
zoic strata.

Small do • • 562~. •__

58. 5 do M_~ 562._" _

225--1,152

18<

Hot

160
(max)

Echinus Geyser . M • ~ __ • ~ •• do •• __• po. _

Emerald Spring__•__._ • •• • __._ Mdo ~ • 562 wow. _

Fan Geyser • • • ~__• do • • _

Ledge Geyser_• __• .~ __M._M_. • • •__do ._~ ~ M. M • • _

Mud Geyser. • • • • M_. __ • do • • • •__

Steamboat Geyser_. ._ ••• • __~. • do. • _. _. •__• •• _

Valentine Geyser • _•• _. __•__•• do • ~_ _ po • _

100ft northwest of Valentine Geyser do __ ~ __ .M ._._. •__••• _

Vixen Geyser ~_. ~__ • • ._M_.~_· ._. __do _

\Vhirl1glg Geyser • • ~_M_. •.__ ____ _ _ do • •• _

Boiling (Hot) River, 0.8 mile north- 10,000 • 562 _
northeast of Yellowstone Park Head-
quarters.

Mammoth (White Mountain) Hotsprings,
0.5 mile southwest of Yellowstone Park
Headquarters.

3 miles east of Obsidlan Cliff • ~__.____ Small Rhyolite (Tertiary) __~ ._.~~ _
Northeast base of The Landmark_________ Small do._. • • ._.~_. _
Near east side of Lake of the Woods ._. ._ Small do ' •• •__• _
0.5 mile southeast of Lake of the Woods e__________ Small do • • _
Amphitheater Springs, 0.8 mile west of 135-196 do • • •__~___ 562 • • •__ Also solfataras.

Lake or the Woods.
Clearwater Springs, 1 mile southwest of 178-198 •__

Amphitheater Springs (No.7) and 0.5
mile northwest of Roaring Mountain.

Pool in crater of Semi-Centennial Geyser,
near Obsidian Creek 0.6 mile south of
Clearwater Springs (No. 7A).

Whiterock Springs. 1 mile south-southeast 149-156
of Lake of the Woods.

Bljah Spring, 0.4 mile northwest of
Fryingpan Springs (No. 10).

F~JRa.f~rti~' 2 miles northwest of _._._. ~ do. • • 562 • • _

Congress Pool, 0.3milesouthwest ofNorris • .do •__•__._M ~. ._.__••• _
Junction.Crater of Monarch Geyser, near Congress ._. • .~do • _
Pool (No. 10).

Geysers in Norris Geyser Basin:Ebony Geyser • M__• • ••,_. do • ._. •__• _

7B

2

3•6
6
7

·7A

8,
'A

10

lOA

11
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Thermal springs and wells in the United States (ewcZuding Alaska and Hawaii)-Continued

No. Tempera- Flow
on Name or location ture of (gallons Associated rocks Referenceson Remarks and addItional references

Ilgura water (GF) per chemical quality
minute)

Wyoming-Continued

Morning Glory PooL __._~ ~._____ 171 do .•••_••• 562 _
FaD Geyser_ 198 de. _

Mortar Geyser________________________ 108 •__• do • • •__

Riverside Geyser •.do • 562_••••_. • _

Erupts to height of 12-22 It at intervals of
5-]0 min. Ref. 637. •

Erupts to height of 4-12 ft at intervals of
10-20 min. Water is exceptionally clear.
Ref. 637.

Numerous springs including 6 that are
superheated and 3 small geysers. Ref.
561.

Numerous springs.

4 groups of sprlng1l Includes Boulder
Springs, the water ot which is In constant
ebullition. Ref. 561.

Large cauldron of White, pink. and pale
orange clay. Ref. 557.

Erupts to heigbt of 5-25 ft at intervals of 3
min. Refs. 576, 637.

Erupts to height of 50-75 ft at intervals of
6-12 hr. Refs. 557, 576. 637, 665.

Erupts to height of 5Q-60 ft at Intervals of
2 5 dayS. Refs. 576, 637.

Erupts to maximum height of 90 ft at
intervals of 8-15 hr. Large deposit of
sinter. Refs. 507, 637.

Erupts to helght of 12-17 ft once a day.
Sinter cone is 18 in. high and 5 feet in
diameter. Ref. 637.

Erupts to helght of 18-30 ft at intervals of
20-30 min. Ref. 637.

Ernpts to height of 5-20 ft at intervals of
2-31 min. Ref. 637.

Begun erupting in 1928to height of 100-125
tt; ceased erupting in 1929. Ref. 637.

Formerly the largest geyser in Yellowstone
Park but dormant since 1888. Lake is
370 ft long arid water 15 blue-green.
Much steam. Turquoise and Opal
Pools nearby, also several hot springs.
Refs. 557, 576, 587, 611, 617, 637.

Erupts to heig'lt of several ft at irregular
intervals. Ref. 637. .

Several springs and large pool of blue water;
also paintpots and fumaroles. Ref. 637.

'Vater is clear and quiescent,
Erupts to height of 15-35 ft at intervals of

24-30 hr. Ref. 637.
Erupts to height of 20-40 ft once a day.

Ref. 637.

Several springs and fumaroles; also large
shallow pool. Ref. 561.

Erupts to height of 15-·25 It several times
a day. Ref. 637.

Pools of bubbling mud; also fumaroles.
Ref. 676.

Several eprlngs inclnding an unnamed
geyser that erupts to height of 25 ft at
intervals of 6 min. Ref. 637.

Erupts to height of4-9 ft almost constantly.
Also several aprtngs issuing from small
cones. Barren area 240 yd long and 50
yd wide.

Pool 20 ft in diameter. Water in constant
ebullition. Ref. 576.

Large pool. Terraces of sinter. Ref. 561.

2 geysers. Erupt to maximum height of
20 ft at intervals of 2-3 days. Ref. 637.

Refs. 576, 677.
Erupts to height of 6-100 It two or three

times a year. Refs. 637 612.
Erupts to maximum height of 30 ft two or

three times a year. Ref. 637.
Erupts obliquely to height of SO-100 ft at

intervals cif6-9.5 hr. Refs. 637, 665.

062. . __. __..

149 . __.cdo__.• . . 002._••••• __. ••

5,400 __•__do•••__. .. __.. __. •• 562__. .. __._••

Small _.•••do. __•• . __.. _. . . _•••__._. .. _. _

197 54 __._.do._•• ._ .. __... _. __.. _ 562. __.•• ._.

197

190 __. __•••• do._. .••_•• _••••••_._ 562_.__•__._ .. _.•__

201 __. •__••••••.do... . ._ .. __.••••• 562•• ..•. _

146 2,700 .do.,.. __• •__._ ••• 562.__ . . __•••• _

690 Rhyolite (Tertiary)_._. __•__ 562...__•••••••__._

201 • .do.,.• __•••••••_•• _. __•• _ 562.__. •__••

UIO Small • . __.. __._••• • ._ 062.. •__.. _. __._
(max)

188-198 .. Rhyolite (Tertiary) •. __._ 562__. •. ;~_·_

178-199

119--203 __. • .do._. . •.•_._. 062. •• _.__• ••

201
(max)

184-202

__••••_. __. . __. ._ ._. __do. __• •••••••• __. . ••• __.

__. ._ ... _ . . .:_. • .do__._. __. __. ._. __••• . .. •__•

72 . __._do._ ••• .• __._._._.. _.• • __._~_. __. _

201 18 .do••••••••_•• _. ._ 062 .• •• __•

201 __. .•__~. __· do._._. •••••••__._ 562 •... ._._.
(max)______________________._ •••_.do_._.. ••••_. __. _

_____ •• _• . . .do__._. _. __• . . . _._•• __•_._._

Sylvan Springs, in Gibbon Meadows 3.5
miles southwest of Norris Junction.

Gibbon HllI Geyser. near east side of
Gibbon Meadows at foot of southwest
side of Gibbon Hill.

Artists Paintpots, at foot of northwest
side of Paintpot HllI.

Geyser Springs, at foot of east side of
Palntpot Hill.

Monument Geyser in Monument Geyser
Basin 1 mile west-Southwest of Petnpoe
Hill.

Beryl Spring. 1.5 miles north of Gibbon
Falls.

Queen's Laundry (Red Terraoo) Spring,
1.5 miles southwest of Fountain Ranger
Station.

River Group Springs, on both sides of
Firehole River 1.5 miles south of Foun,
tain Ranger Station.

Morning Mist Springs. near Nez Perce
Creek 1.2 miles east-southeast of Fcun
tain Ranger Station.

Fairy SPrings, 2.7 miles south-southwest
of Fountain Ranger Station.

Fountain Palntpot .~__ . __ .._.._.. • • • •__ ._ Rhyolite (Tertiary) ..•__._ 562__•__._. ._

White Dome Geyser, 0.8 mile south of
Fountain Geyser (No. 21B).

Spray Geyser, at base ofsouth end of Twin
Buttes 4 mUes sonthwest of Fountain
Ranger Station.

Pool in crater of Imperial Geyser, 0.2 mile
west of Spray Geyser.

Prtsmettc Lake in crater of Excelsior Gey.
ser,about midway between Upper Basin
Hanger Station and Fountain Ranger
Station.

Clepsydra Geyser _. ~••• . • _ . . __. _... __. _ ._. _.do. __• .. _.. __. __. __. •__. __. __.. _.. ._

Fountain Geyser. 2.2 mUes southeast of . • ~ .•_. . do._._. • ._._. . __. __._._~__•__. __.
Fountain Ranger Station.

Morning Geyser, near Fountain Geyser . ._. .. _. ~._ • __•• do•••_._. __._~_._ .. __._.__ •. . __._ .. __. .
(No.21B).

Great Fountain Geyse!:: 1 mile south- 204 22 __.. .do,.• _._•••.••. _•. . __. 662 •. • ._
southeast of Fountain ueyser (No. 21B).

Pink Cone Geyser . __. __•. __.. _.. __. . __. __. •• _._. _~. __do_._._. .•_._._~•• . __. __.. •. _. __

Flood Geyser, 0.5 mile southeast of Prts
matic Lake (No. 25).

Rabbit Creek area, 1 mile east-southeast of
PrIsmatic Lake (No. 25).

Tributary of Juniper Creek, 6.5 miles east
of Fountain Ranger Station.

Juniper Creek Springs, 1.1 miles southeast
of No. 27.

Biscuit Basin, 2.2 miles northwest of Old
Faithful Inn:

Jewel Geyser..•__• •• •• _~---- ••

Sapphire Pool (Soda Geyser)._.••_••••

1.7miles northwest of Old Faithful Inn, on
northeast side of Firchole River:Gem PooL •• _. __•• • •__• . • ••• _•••.do._. • __.. ._ ••••__•• _

Artemisia oerser.c.,.. • • ••_•• __•••• •. do.... _. •• _ 562 . _

Atomizer Geyser• • • ._. ._~_~ •__• __•__do.._.. __. . •••~ •• _._. • ._

1.2miles northwest of Old Faithful Inn. on
northeast side of Firchole River:

Sentinel Geysers__._•.•_. __• •__••••

20
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DESCRIPTION OF THERMAL SPRINGS 47
Thermalspringa and wells in the United States (ewcluding Alaska and Hawaii)-Continued

No. Tempera- Flow
on Narneor location ture of (gallons Assoclated rocks References on Remarks and additional references

Ilgur water (OF) per chemical quality
minute)

Wyoming-Continued

39 Bechter River Springs, 12.5 miles south- ~_do ~ ~ ~ ~ ~_

southwest of Old Faithful Inn.

Grotto Fountain. ~ do ~ ~ ~ ~

Old Faithful Geyser, near Old Faithful do ~ ~ 610__~_~_~ _
Inn.

Erupts to height of 40-50 ft once a day.
Ref. 637.

Erupts infrequently to maximum height
oHO ft. Ref. 637.

Erupts to maxlmum height of 40 ft at
irregular intervals: sometimes inactive
for iong periods. Ref. 637.

Pool 4.5 yd in diameter.

Erupts to height of 65-100ft at intervals of
12-16 hr. Large deposit of sinter. Refs.
587, 617, 637, 644, 647, 648, 652, 655, 661,
665,689.

Erupts to height of 1I6-1n ft at intervals
of 65 min. Large mound of Rffiysinter.
Refs. 106, 553, 566, 576, 579, 590, 599, 611,
637,648,652,659,660,677,688,689,692.

15 shallow, muddy springs. DeposIt of
sulfur. Ref. 561.

Erupts to maximum helght of 25 ft at
intervals of ZO-I80 min. Cone of gey
serite 12 ft high. Refs. 587,637.

Erupts to height of ISO-ZOO ft at Intervals
of 8-80 hr. Refs. 579,637,652, 663,672.

Erupts to maximum height of 25 ft stmul
taneously with nearby Grand Geyser.
Refs. 645h"'.Erupts to eight of 17-32 it at intervals of
3 hr. Refs. 637,652.

Erupts to height of 35-76 ft at Intervals of
2-3 weeks. Refs. 566,637.

Erupts rarely to mextmum height of liO
ft. Ref. 637.

Erupts to height of 20-30 ft at intervals of.
2-8 hr. Refs. 576, 644, 647, 651, 655, 660,
661,677, 689.

Erupts to maximum height of 65 ft at
intervals of 6-12 hr. Ref. 637.

Erupts obliquely to maxlmum height of
75 ft at intervals of 1.5-3 hr. Ref. 637.

Erupts rarely to height of 125-150ft. Ref.
637.

Erupts to height of 150-180ft at intervals
of 6-16 days; sometimes inactive for long
periods. Refs. 574, 579, 637, 648, 649,
652, 655,665,672,679,689.

Erupts to height of 20-40 ft at intervals of
5-8 hr. Ref. 637.

Erupts to height of 100ZO ft.. Abundant
"geyser eggs." Ref. 637.

Erupts to height of 10-12 ft. Ref. 637.
Erupts to height of 10-50 ft twice a day.

Ref. 637.
Erupts to maximum hel~ht of 20 ft at

intervals of 1-3 min. Ref. 637.
3 cones erupting simultaneously several

times a week. Maximum height of erup
tion is 66ft for northern conP

h1I4
ft for

center cone, and 3 ft for sout em cone.
Ref. 637.

Erupts to height of 50-60 ft several times
a day. Refs. 576,637.

Erupts rarely to maximum height of 80 ft;
sometimes inactive for long periods.
Refs. 637,645.

Erupts rarely to maximum height of 30 ft;
sometimes inactive for long periods.
Refs. 637,645.

Ref. 645. "
Erupts rarely to height of 150-200ft; some

times inactive for long periods. Refs.
579, 626,637, 647,652, 665, 672, 679,689.

Erupts rarely to maximum height of 30
ft. Ref. 637.

Erupts to height of 200-220 ft two or more
times a week. Refs. 579, 637, 645, 647,
649, 652,661,664,672,689.

Erupts to maximum height of 2Sft at inter
vals of 2-6 min. R~f. 637.

200 do_______________________ 562 • ~

201 do ~_~~ ~ ~ _

190 ~ dQ 562 • _

149 ~ do ~ ~ •__~~ : _

151 do ~__~ ~ _

198 ~ .dc 562.__• _

200 do__~ 562 ~ _

205 ~ .dc . · 562 " _

Daisy Geyser ~__~

SplendId Geyser ~ _

Giant Geyser ~ _~~ _

Solitary Geyser, '0.6 mile north of Old
Faithful Inn.

Black Sand Basin, 0.8 mile west of Old
Faithful Inn:CUff Geyser ~ _

Whistle Geyser ..,

Rainbow PooL ..~ _

Midget Geyser ~ ~ __~ ~ ~do ~_________ ~ ~_ ~

Beehive Geyser ~~_~ do ~__~__ 562__ ~ _

P~~~~ <fI~e~ai~Cltff~n~.5 mile south- ~ ~do ~ ~_~_~__ 562 ~~ _

1 mJle west of Summit Lake and 7 miles ~ do__•__~ ~ ~ ~ ~ __
west-southwest of Old Faithful Inn.

0.5 mile south-southeast of Summit Lake do., ~_~ ~ ~ ~__
Lone Star Geyser, 2.7 miles south-south- ~ ~ dc., ~ _

east of Old Faithful Inn.

Shoshone Geyser Basin, 7.5 mnes south-
southeast of Old Faithful Inn:Bead Geyser_~ ~ ~ _~_ _ ~__do ~ ~ _~____ _ ~_ ~ ~ _

Lion Geyser ~ ~ do__• ~ ~_ _ ~_~ _~__
Little Giant Geyser _~ ~ ~~ do ~ ~ ~__

Minute Man Geyser ~ ~ ~ ~_~ do _

Union Geyser ~ do ~ _

SawmUI Geyser ~ ~ ~ do ~~_~__~~~~_ __ 562 _

0.3 mile north of Old Faithful Inn, on
northeast side of FIrehole River:Lion (Niobe) Geyser__________________ 201 ~ do ~~~ _

Lioness Geyser________________________ 203 do ~ 562 ~_~ ~_

Sunset Lake ~ :______________ 169 ~ dc., ~ _
Emerald PooL ~~_________ 158 do ~ _

C':~;h?.sy~. 0,4 mile northwest of Old ~ .do ~_~_~ 562 _

Oblong Geyser ~_____________ 202 ~ do 562 _

0.5 mne north-northwest of Old Faithful
Inn, on northeast side of FIrehole
River:Grand Geyser ~ ~__~ ~ do ~__~ ~ 062 _

Turban Geyser __ • ~ do ~ ~ _

1 mile northwest of Old Faithful Inn, on
southwest side of Firebole River:Chain Lakes (Bottomless Pit) Geyser. __._________ Rhyol1te (TertIary) • _

Spa Geyser • .___ _ _ do _

Grotto Geyser __ _ ow _. do. : • ._. _

34A
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48 THERMAL SPRINGS OF THE UNITED STATES AND OTHER COUNTRIES OF THE WORLD

ThermaZ springs and wells in the United States (e::ccluding Alaska and Hawa.ii)-Continued

No. Tempera- Flow
on Name or location ture of (gallons Associatedrocks References on Remarks and additional references

"""'0 water (OF)
mJ:'te)

chemical quality

,
Wyoming-Continued

Ref. 561.

2 springs, one ri~iDg In shallow basin and
the other a small geyser. Ref. 661.

Erupts to maximum height of 12 ft every
few sec. Ref. 561.

Pool. Water eontatns much sulfur in sus
pension. Ref. 637.

Pool 20 ft in diameter; erupts to height of
5-6' ft at short intervals. Deposit of
sulfur. Refs. 561, 576.

Ii small mud pools. Ref. 561.

Several springs, including Inkpot SOrlug,
and fumaroles in marshy area. Water
from Inkpct Spring is black. Deposits
of iron sulfide. Ref. 561.

Pools of pink and white mud. Also several
small geysers. Refs. 561, 576, 637.

Spouts to maximum height of 6 ft at irreg
ular intervals. Refs. 561, 637.

Erupts to height of 15-25ft at intervals of
35 mln when lake level 15 low and at
interval'! of 2--4days when submerged by
lake water. Refs. 561, 637.

Erupts to height of 25-60 ft at irregular
intervals. Refs. 561, 637.

2 geysers erupting to height or 100-125 ft at
intervals of 4-5 hr. Refs. 561, 637.

Refs. 561, 637.

Large pools. ReL 561.
Several springs. Ref. 561.

Do.

Erupts to height of 10-15ft. Ref. 637.

Erupts almost continuously. Ref. 637.

Erupts to maximum height of 30 ft at
intervals of 26-90min. Ref. 637.

Rhyolite overlying llme- _
stone.Basaltlc gravel or breccfe.c., 562 _

740 do; 561,562____________ Deposit of sulfur.

200 do _

Hot

158 Limestone _
(max)

178-198

120-163 .~______ Limestone near rhyollte_____ 562________________ Several groups of springs. Terraces of
travertine. Refs. 561,621.

194 Large do _

(max)_____________________________do, __ _ _ _ _

_ ___ _ _ do _

201 do ., _

Lakeshore Geyser do _

Occasional Geyser : do _

Twin Geysers ;. ~ do _

Plshlng Cone Sprlug, offshore from do _
Thumb Paintpots.

Deluge Geyser, near Witch Creek in Heart
Lake Geyser Basin.

Spike Geyser, near Witch Creek in Heart
Lake Geyser Basin.

Rustic Geyser, 0.25mile west ofnorth end
of Heart Lake.

Near confluence of Snake and Lewis
Rivers, 0.5 mile north-northeast of
South Entrance to Yellowstone Na
tional Park.

Snake Hot Springs, near the Snake River
5 miles upstream from confluence with
Lewis River.

Near mouth of Basin Creek, 3 miles south
of Heart Lake.

Near Snake River, 0.5 mile downstream
from mouth of Basln Creek.

Washburn Hot Springs, 1.8 miles south
east of Dunraven Pass Ranger Station.

Three River Junction Springs, near con- _~ Rhyolite (Tertiary) _
ttuence of Phillips, Littles, and Ferris
Forks of Buchter River.Tendoy Falls. Springs, on FerrIs Fork of do _
the Beehter River.

~~~~;;~tegi:.~~f~g~!::t~eii&e~= l00:ig~ -----Small- ========:::::::::::::::::::::: ::::::::::::::::::::Near south outlet of Lewis Lake; 154 Small _
(max)________________________ Rhyolite (Tertiary) _

Sulphur Creek Sprlugs, 1.3miles upstream Rhyolite (Tertiary) _
from mouth of Sulphur Creek and 2
miles south-southeast of Dunraven Pass
Ranger Station.Near mouth of Sulphur Creek, 3 miles do _
south-southeast of Dunraven Pass
Ranger Station.0.5mile northeast of Inspiration Point, on do _
both sides of Yellowstone River.Forest Springs, 1.2 miles east-southeast do 2 large mudpots and several small springs,
of Canyon Lodge at the Yellowstone Ref. 561.
River Falls.0.5mne south of Norris-Canyon Road and • do _
4 miles west-southwest of Canyon Ran-
ger Station.

Violet Springs, on tributary of Alum
Creek 6 miles southwest of Canyon
Ranger Station.Highland Hot Springs, on tributary of . do 561,562.. _
Alum Creek 3.5 miles southwest of
Violet .Springs (No. 56) and 1.1 miles
north-northeast of Mary Lake.

Alum Creek Springs! 2 miles east of High
land Hot Springs No. 57).

1 mile southeast of Highland Hot Springs
(No. 57) and 1 mile northeast of Mary
Lake.Elk Antler Creek Springs -;- do _

Sulphur Spring- (Crater Rills Geyser), 194 Small do 562 _
1 mne west of Yellowstone River and
4 miles south of Canyon Ranger Station.

C~~~d~~~ :0~~Eo~'E1~ ~~I~-rCC~l~ ------------ ------------ __.:~_do --------------------
Dragon'S Mouth Spring, on Lake-Canyon 160 do______________________ 562________________ Pulsating pool ofclear water. Ref. 561.

Road 6 miles (by road) northwest of
Fishing Bridge. Pool 30 ft in diameter. ReL 561.

{:~riG~;~~~~~~:~ __~:~:~:: __:~_~~~ .<r::~~_ ~~~~~~~~~~~~ ~~~~~::~~~~~~~~~~~~~~~~~~~~~~~ _~~~~~~-_~~~~~~~~-_~
Sulphur Caldron, on northeast side of Yel- ~ do _

lowstone River nearly opposite Dragon's
Mouth Spring (No. 61B).Near west shore of 'Vest Thumb of Yet- do _
lowstone Lake, 2 miles north of Thumb
Ranger Station.

Near west shore of West Thumb of Yel
lowstone Lake, 1.5 miles north-north
west of Thumb Ranger Station.

Near Thumb Ranger Stallon, on west
shore of West Thumb of Yellowstone
Lake:Thumb Paintpots_____________________ 200 ~ do 562 _

(max) .King Geyser do _

"
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DESCRIPTION OF THERMAL SPRINGS 49

Thermai springs and wel18 in the United States (excluding Alaska and Hawaii)-Continued

No. Tempera. Flow
on Nameor tocenon ture of (gallons Associated rocks References on Remarks and additional references

ftgm, water (OF)
m~te)

chemical quality

Wyoming-ContinJed

Ref. 561.

Do.
Do.
Do.

Several springs. Water used locally. Ref.
597.

Ref. 597.

Refs. 144,373,564.

Several springs. Water smells of sulfur.
Used for bathing and Irrlgatdon.

2 springs.

Many springs. Water is salty. Deposit
of tufa. Ref. 144.

6 springs.

Deposit of sulfur. Also boiling mud pots
0.5 mile west. Ref. 561.

Alsopowerful steam vents. Ref. 576.

Several deep pools of clear water in area
300 yd long and 250 yd wide. Ref. 561.

Several springs. Deposit of sulfur. Resort
and sanitarium. Refs. 144, 592, 594, 597,
703.

Much Co2• Ref. 637.

Erupts frequently. Ref. 637.

Several springs. Seorodtte deposlted as
coating on sntceous sinter. Refs. 609,
611, 620, 637, 702.

Several springs.

Do.

Do.

Do.

Issue near veins of calcite and gypsum.
Also fumaroles. Deposit of sulrur.
Ref. 561.

562 ~ ~_

562 _

137,564,598._. _

Folded Carboniferous or _
Triassic strata.Lava (Tertiary) overlying __•• _
shale (Cretaceous).

Chugwater Formation (Per- _
mlau and Triassic) near
fault.Wasatch Formation (Eo- _
cene) near granite.

Limestone (Triassic or Ju- 676 _
russle),

Limestone (Oerbomrerousj., • _

Deadwood Formation (Late
Oemt.nenand Early Ordc
vtclan) or Tenslee:psend
stone (Pennsylvanian and
Permian).

Folded Carboniferous or
Triassic strata.

Rhyolite (Tertiary). _

10 do _

Small do•• .________ 562 _

____________ --_--0.0 ----------------.-
Hot

Hot

76-100

113-180 •• _. do__• • Ref. 561.

186-198

190
(max)

__________________._._. __•__do • • •__

______ _ • __~ • .do., • • _

_ __ _ do • .~.

____• _._. ._. • .do ._. _

______._____ • dc., • • ._

__• do_______ _ _

198 • .do_._____________________ 562 _

Hot ~ do • • _

156-01 Breccia of andesitic and li62__ ~ _
basaltic fragments.

________________________ Rhyolite (Tertlary). ._. ._

________ .... • do ..•••

Near head of tributary to Broad Creek, Vi
mUes east of Whistler Geyser and

N~~~eE~~a~tt;igE~~St~N:ro~~·Creek: 2 do _
miles southeast of Whistler Geyser and
Joseph's Coat Springs (No. 72).

H~~p~flta~e.Basin, 1,5 miles north of ~ ~ •• do Numerous fumaroles. Ref. 561.

Near tributary of MUler Creek, 2.7 miles do .~ •__ • _
northwest of Saddle Mountain.Near tributary of Lamar River, .2.6 miles __• • do__• •__ • • _
west-southwest of Saddle Mountain.Near head of Moss Creek, 3 miles south- • do _
southwest of Whistler Geyser and
Joseph's Coat Springs (No. 72).

Bog Creek Springs, near head of Bog do ~-.--------------- _
Creek, a tributary of Sour Creek.Head ofunnamed tributary ofSour Creek, do ._.__~~ • _
1.5 miles northeast of Bog Creek Springs
(No. 79).Along unnamed tributary of Sour Creek, do • ~ _
2 miles east of Bog Creek Springs (No.
79).Sour Creek Springs, 2.3 mUeswest of Fem do • • _
Lake.

Pommtpa Springs, 0.6 mile southwest of
Fem Lake.Near east end of Fem Lake; , Small do _

Near northwest end of Whlte Lake________ Warm Small do, • _
Near southeast end of White Lake; Warm Small c.dc__• ~. _
The Mudkettles, near Pelican Creek 1.5 do._. ~~_~ _

miles east of sontheast end of Whlte
Lake.

T~UWk~~r~t(N~. ~W~ southeast of the ------------ ------------ _~ do__• ------.~------------

Near west end of Sulphur Hills, 1.8 miles 196 • do ~ ~ • _
south of Stonetop Mountain.Ebro Springs. 2.5 miles south-southwest of • __do •• _
Stonetop Mountain.

Vermilion Springs, near Pelican Creek,
2.3 miles south of Stonetop Mountain.

Pelican Sprfuga, at confluence of Pelican
and Raven Creeks.Beaoh Springs, on shore of Mary Bay of do • _
Yellowstone Lake.

Turbid Springs, near south end of Turbid
Lake.

Steamboat Springs, on northeast shore of
Yellowstone Lake at Steamboat Point.

Butte Springs on northeast shore of
Yellowstone Lake, 1.5 miles southeast
of Steamboat Point.

DeMaris (Cody) Hot Springs, 4 miles
• southwest of Cody.

Near Yellowstone River, 1 mile down
stream from mouth of Lamar River.

Calcite Sprlngs t in canyon of Yellowstone
River 1 mile aownstream from mouth of
Tower Creek.

N~:;l6r~~uf:ti~~r6a~h~i~re~~~h-north-
Wahb Springs, in Death Gulch 2.2 miles

upstream from mouth of Cache Creek.
Near Deep Creek, 0.4 mile upstream from

mouth of Shallow Creek.
Near Deep Creek, 3 miles upstream nom

mouth of Shallow Creek.
Near Deep Creek, 4 miles upstream from

mouth of Sballow Creek.
Near Deep Creek, 5 miles upstream from

mouth of Sballow Creek.

{
Whistler Geyser, near west bank of Broad

Creek 3 miles upstream from its mouth.Joseph's Coat Sprlnga.; • _

73

74

75

76

77

78

88

"
90

91

9.

93

"
"96

97

79

80

81

82

83

"ss
86
87

65

65A

66

67

68

"70

71

7'

93 T. 55 N., R., 94 W., in gheep Canyon of W.nn ------------
<, the Bighorn River near moutb of Five

"
sprin~s Creek.

T. 53 ., R. 94 W., near upper end of Warm Small

100
Black Canyon of the Bighorn River,

Sec.8, T. 48 N., R.ll5 W., near the Snake Hot 100
River 2 mtles soutb of boundary of
Yellowstone National Park.

101 T. 39N., R. 116 W., near tbe Snake River 94 100
4 miles downstream from moutb of
Hobak River.

102 Granite Hot Springs, in sec. 6, T. 39 N., 110 360
R.1l3 W.

103 Near west bank of Salt River, 2.5 miles 68-140 38
north of Auburn.

104 Seiii;e;rn:a~~Velt: 110 W., on tbc Green Warm Large
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Thermal springs and wells in the United States' (ea:cludmg A7,a.ska ana H aroaii}--eontinued

.xc, Tempera- Flow
on Name or location tore of (gallons AssocIated rocks References on Remarks and additional references

fi"",. water (OF) pO' chemical quality
minute)

WYoming-Continued

Folded Oligocene strata ~ Water used for bathing and irrigation.
Ref. 564.

Sandstone (Tertiary)_~_~ 564 6 springs. Resort. Ref. 144.

564_____ Several springs. Resort. Refs. 144, 623.

Red beds (Triassic) _

Refs.

Refs. 124, 144.

Water used for bathing. Ref. 514.
Several springs. Deposit of tufa.

144,442.
Do.

Several springs rising in deep pools. Re
sort. Refs. 126,144, 592,594, 646.

Several spnnga. Water smells of HIS.
Used for Irrigation. Refs. 144, 564, 594,
623.

Several springs. Water used locally. Ref.
623.

1 large spring and several small springs.
Large deposit of tufa. Resort. Refs.
126,144,148,564,577,586,592,638,646,704.

Deposits of tufa and sulfur. Flow formerly
much greater. Ref. 704.

Several springs. Water used locally. Refs.
144,623.

137, 575, 585, 597,
598.

Oligocene strata near Chug
water Formation (Per
mian and Triassic).

Faulted Upper Cretaceous
strata.

Faulted Mesaverde Group
(Late Cretaceous).

Sandstone (Oligoeene) _

Tensleep Sandstone (Penn
sylvanian. and Permian).

Granite ~ _
Tertiary strata overlying _

limestone (Carboniferous).
Oarbontrerous strata near ~ _

granite.
Chugwater Formntion (Per- 137,564 _

mien and Triassic)._____do. _

105 T.32 N" R. 107 W., Dear Fremont Butte, Hot Small
106 Near Warm Spring Creek 4 miles north- 84 ------------

west or Dubois. (max)
107 Near-mouth of Little Warm Spring Creek, 68 ------------

3 miles southwest of Dubois.
106 Fort Washakie Hot Springs, in sec. 2, T. 110 2,000

IS., R.1 W., 24 miles west of Riverton.
109 T. 30 N., R. 97 W., 4 mnes southwest of 100-120 100

Hailey.

110 T.29 N., R. 96 W., near Sweetwater River Warm ------------
12 mUes southwest of Myersville.

l1l BlfhHom (Thermopolis) Hot Springs, on 135 >]2,600
t e Bighorn River at Thermopolis.

UIA 3.5 miles northwest of Thermopolis, near Hot Small
sulfur deposits.

112 Sec. 35, T.32N., R.86 W., on Horse Creek Warm Large
near Independence.

11, Alcova Hot Springs, in T. 30 N., R. 83 W., 139 75
in Fremont Canyon of the North Platte
River.

"' T. 31 N., R. 71 W., near the North Platte Warm ------------
River 9 miles south of Douglas.

115 Saratoga Hot Springs, in T.17 N., R. 84 120 10
W.

116 10 miles northwest of Laramie_____________ 74 ------------

Although Alaska and Hawaii have recently been ad
mitted as States, their geographic separation from the
48 conterminous States warrants their consideration
here as separate entities. Alaska may be divided
broadly into five geographic provinces: (1) the Pacific
mountain region, which includes the coastal mountain
ranges and islands of the southeastern "panhandle," the
Alaska Range and subsidiary ranges in the southern
part of the State, and the southwestern extension con
sisting of the Alaska Peninsula and the Aleutian Is
lands; (2) the Central Plateau region, which is mostly
within the basins of the Yukon and Kuskokwim Rivers;
(3) the Rocky Mountain region, embracing subsidiary
ranges in the northern part of Alaska; (4) the Arctic
Mountain region, consisting of the Brooks Range and
subsidiary ranges, all nearly parallel with the Arctic
coast; (5) the Northern Plateau, which descends to a
broad coastal plain that extends north to the Arctic
Ocean.

The thermal springs in the southeastern part of
Alaska are generally associated with shear zones in
granitic rocks which are present as batholiths or intru
sives of Mesozoic or later ages in the Coast Ranges.

Few hot springs are known in the Alaska Range and
other ranges in the southern part of the main area, al
though the rocks of that region are intensely folded and
faulted. Nearly all the known hot springs in the Alaska
Peninsula and Aleutian Islands are associated with vol
canic rocks, and most of them are near volcanoes that
are still active.

Several thermal springs in the Yukon River basin
are in three general areas: between Circle and Fair
banks; the Hot Springs-Rampart area; and north of
the Yukon, between Ruby and Fort Hamlin. These are
areas of intrusive granitic rocks, of Mesozoic and pos
sibly later age, fractured by post-Eocene movements.
On the Seward Peninsula are also several hot springs
in areas of intrusive rocks of Mesozoic or Tertiary age.
Although Quaternary volcanic rocks are present at
numerous places in the Yukon River basin and Seward
Peninsula, no thermal springs seem to be associated with
these rocks.

Information concerning the various thermal springs
is given in the table below. The locations of the springs
and volcanoes are shown on figure 9.
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ThermaZ springs in A.laska
[Data chiefly from refs 172and 178 Principal chemical constituents are expressed in parts per mllllon]

No.
on

fig. 9
Name or location

Temper
ature of
water
(OF)

Flow
(gpm)

Total dis-
solved Prlnclpal chemical constituents
solids
(ppm)

Assoctated rocks Remarks and additional references

Hot ~ • • • •••• do,•• • •__••• Ref.li2.

Hot • • • . __._~ •• do Springs and Cumaroles. Ref. 160.

167 .~ • • ~ • • do • .___________ ReI. 155.

3219 __. • • do __• • _

Ref.

3 springs. Analys1s Is for water
having temperature of 125°F.
Water used for bathing and irri
gation.

Bathing pool: cabins.

Pool 20 ft in diameter. Small de
posit or ture. Ref. 176.

Numerous springs near river
channel.

1 main and 7 smaller springs.
Temperature of water from main
spring, l17°F. Water used for
domestic supply and irrigation.

Issues on creek bank. Small de
po~its of tufa and sulfur. Bath
cabin.

Main end 4smaller sprlnga. Water
from main spring is hottest.
Bathing pool.

Free R,S. Water used for bathing
and irrigation.

Several springs Issuing along creek
for distance of 0.5 mile. Small
amount of H 2S. Large mounds
of ture. Bath cabin. Refs. 154,
165.

Ref. 170.
2 main springll; also much seepage.

Smalj deposit orselt. Water used
fur bathing and irrigation. Ref.
165.

2 small groups of springs. Free
H,S.

Springs and hot mud pools.
11lO.

Ref. 160.

Water tastes alkaline. Free C02,
rrss.

10 main springs. Analysis is Cor
water having temperature of
149°F. Water used Cor bathing
and irrigation.

11 main springs. Small deposits of
tufa, sulfur, alum, Water used
for bathing and irrigation.

2 main and several smaller springs.
Free H2S.

Supplies pool which does not freeze
over in winter.

Do.

Several springs; flow all, winter.
Iron oxide stains on rocks.

Several springs. Free H2S.

Small amount of free H2S. Water
used for bathing, Large mound
of siliceous sinter 13.5 miles
farther southeast marks site of
former thermal springs.

Water rises in pools. ReC.177.
Near solretertc volcano. Ref. 171.
Ref. 171.

Hot springs and fumaroles. Water
used for cooking food. Refs. 160,
166.

Refs. 155, 160, 166, 171.

12 main springs, also mud pots and
fumaroles, at altitude of 2,000 et.
Refs. 153, 171, 173.

Mud pools, some boiling. Water
is sulfurous. Ref. 155.

Ref. 160.

Lower Cretaceous quartz
ite.

Granite, probably In
truded into Paleozoic
strata. .

Granite intrusive in schist,

Granite lntrusive__••• _

scntst., _
Gravel, probably over-

lying granite.
Quaternary gravel over

lying gneiss.
Granite, at contact with

slate.
Probably granite intrusive

in Cretaceous strata.
Granite intrusive in Car

bonllerous volcanic tufl'.

Probably schist •• _

Paleozoic schist and ume
stone.

Probably Mesozolc or
older strata.

Probably granite intrusive
in gneiss.

Crystalline ltmestone,•• _
Alluvium overlying gran

ite.

Granite intrusive__._. _

Probably Mesozoic strata,
Granite intruslve•• _

__ • do. • _

____••• • • ._.__ _____ _ do. ' _

634 sro, (44); Na+K (208); HCOa
(494); Sat (67): CI (38); free
COa.

417 SIOJ (59); Na (121); HCOa (86);
SOt (48); Cl (120).

10 • • •__

45 2292 5102 (29); Na+K (58); HC03 Fractured granite_________
(22); COa (32); SO. (45): Cl
(39);small amount offree H,S.

130 442 SIOJ (78); Na+K (107):SOt (61): Granite, probably In-
Ol (92): small amount of Cree truded into Paleozoic
H,S. strata.

IlO ' 350 510, (SO); Na; HCOa; Cl; free Granite intrusive in schist.
CO"H,S.

Large • •• _

50

Small

Small

Moderately
large

145

130 1813 SlOz (82); Na (248): HCOa (173); do • • ~

SO. (98); CI (252);free C02.

Large •• _•• _. •• _

220 338 SI02 (77); Na+K (94); HCOa do •• _
(118); SOj (78); free H2S.

Moderately
large

_ ~ Altered Paleozoic strata_._
__._. ~. ._ .___ __. ~ • • ~_ .____ La va •__• •• _
• ._ .• • • ._._.__• ._do ••• _
__ v _ _ ••••• __ • .~ do •• •__

Large
8 ---i5;95S- -S10;-(87);-Ca-(M5);-Na-li,b117);

K (61); Sat (25); Cl (3,450);
small amount of free H 2S.

_.____________ Probably Paleozoic strata,

______________ _ _ • • .~ _. do ._. ~ _

Hot

Hot

Hot •__•__.___ . do • • _

Hot • ._ • •• __ _ • •• • do • _

114

Hot

Hot
Warm

Hot
Hot

Hot

warm
werm

warm

W,nn

Hot

150

120

72-153

150

131

100

W,nn

werm

Hot •• ._ •__.' _. • • •• __• dc., ~ _

190-208 _•• __••• • . • do. • _

82-99.5

130

Hot

101-136

100-134

5 Near Inmachuk River_______ 100
5 Kruzgamepa, 70 miles north 100;156

oINome.

7 Near Kwlniuk Rlver________ Hot

8 On tributary of Sweepstake Hot
Creek.

9 Horner, 0.75 mile north of 86-120
Yukon River,

35 Near Conical volcano on
Atka (Athka) Island.

36 Near Kliuchef volcano on
Atka (Athka) Island.

37 About 5 miles from Kor6vin
Bay on Atka (Athka)
Island.

38 Seguam Island _

39 At base oC volcano on
Chuginadak Island.

40 Kagamtl IsIand _

See footnotes at end of table.

20 On Big Windy Creek, in
canyon.

21 On upper Flat Creek _
22 About 20 miles north oC

Glacier.
23 About 8 miles west oC

Glaeler.
24 On Otter Creek, 10 miles

southeast or Iditarod.
25 Near Tuluksak River, in

Whitefish Lake area.
26 Near head of Ophir Creek,

in Whitefish Lake area.

27 On Twelvemlle Creek _
28 Attu Island _
29 Little Sitkin Island _
30 Semisopochnoi (Semlsel-

sopochnoi) Island.
31 At Hot Springs Bay on

Tanaga Island.
32 At base of volcano on

Kanaga Island.

33 Near White volcano on
Adak (Adakh) Island.

34 Great Sitkin Island. _

1 Near head of Reed River _

2 On upper course of Alatna
River.

a Near bead of Selawik Rtver ,

4 Arctic, on Rot Springs Oreek,

10 Melozltna, 16 miles north of
Kokrines.

11 Little Melozitna, 27 miles
north of Rub roadhouse.

12
O~bo~:1ts~~~~h. 35 miles

13 On tributary of Innoke
River.

14 Baker, near north bank or
Tanana. River.

15 Hutlinana., 8.5 miles east or
Eureka post office.

16 Near Little Miuook Creek.c,

19 42miles southwest oC Ofrcle.,

17 Near Tolovana Rtver., _

18 Chena, 62 miles east-north
east oC Fairbanks.
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Thermal springs in AZf',ska-Continued

No,
on

fig. 9
Name or location

Temper
ature of
water
(OF)

Flow
(gpm)

Total dis-
solved Principal chemical constituents
solids
(ppm)

Associated rocks Remarks and additional references

Hot ._.__._ •• do • Refs. 165, 160, 166.

Temperature of water from 5 main
springs ranges from 125°to 162°F.
Batbhouse.

Ref. 160.

Several springs issuing on beach
between tide levels. Rel. 155.

Mmy springs; also hot marshes.
Refs. 160, 166.

Water is suHurous. Refs. 160, 171.

Much free HzS. Deposits of ocher
and sulfur. Refs. 161, 174.

Several springs and many fumar
oles. ners. 119, 151,158,161, 163,
164, 182, 183.

"

Issues on beach between low and
high tide levels.

9 main springs. Analysis Is for
water having temperature of
186°F. Water used for bathing.
Ref.180.

Ref. J81.

.,.

Several main springs; also fumar
oles on southwest slope of
Mount Hague.

Rel. 160.
1 main and several minor pools.

Water tastes alkaline. Muoh
free gas. Rers. 160, 166.

Water issues near shore.

28 springs, including several small
geysers. Analysis is for water
having temperature of 192°F.
Ref. 153.

Intermittent and steady jets of
steam from many vents. Refs.
ise, 157,160, 169, 175,177.

Several springs. aotratsree in the
crater. Refs. 155, 160, 166, 168,
171.

Several springs and steam vents.
Refs. 152, 165, J59, J71.

16 springs, including 1 geyser: also
fumaroles. Water contains as
much as 159ppm of BzOa. Refs.
83,153,171.

Small geyser.

Granite cut by pcgmettte
dikes.

Probably Cretaceous
strata.

Jurassic sandstone prub
ahly intruded by lava.

12 springs Issutng near creek
Small deposits of tufa.

3 springs. Water used for bathing.0::. _
.1;'" •.

Fractured diorite "4.metn springs issuing on shore
between low and high tide levels.

Granite intrusive in gneiss. 10 main springs. Bathing resort.
Rer.180.

Faulted schisL_~ • 24 springs Issuing along bank of
small creek. Water used for
bathing,

9 sprIngs. Bathhouses; cabins.
Ref.180.

3 metn springs, 124°_149°F. Bath·
ing resort. Ref. 166, 180.

Water is sulfurous.

Lava _

Lava and tuff _

Faulted granite and dto
rtte,

Granite cut by dtebase
dikes.

Paleozoic llmestone and
schist.

Alluvium overlying Intru
stve granite.

DIorite intrusive In gran
ite.SchisL _

Si02 (105); Na + K (201); 804
(129); 01 (188); small amount
of free H,S.,

Si02 (108)') No. (87); HOOa (43); Granite. • . Several sprlnga. Bathhouse.
S04 (142 .

sio, (119); Na (137); SO, (226);
Cl (33); free H2S.

Si02 (96); Na + K (59)· HCOa
(18); OOa (25); S04 (35); 01
(42);small amount offree H2S.

Na (206); SOl (329); CI (133) _

Si02 (94); Na (201); SOl (302);
Cl (99); free CO" H2S.

Si02 (110); Na+ K (69); HOD!
(43); C02 (63); Bt07 (34);small
amount of free H,S.

sio, (96); Na + K (58); HCOa
(93)' S04 (49).

SiO, (00); Ca (378); Na (1,440);
SOl (88); oi. (2,745);free HIS.

'786

, 787

, 393

1674

, 692

1276

,""

, 268

14,877

413 Si02 (142); Na + K (54); HOD! Granite. ~~~__~_~ .
(27); COa (52); small amount
of free H,S.

_____ __ __ _____________ _______ ___._do .
_________ _ _ ._ _ do ~_~_. _. .

3

22

25

83

80

13

10

30

100

Small
10

10

Small

Large •• • _ ___ Lava _

Large _. .do, _

Large •• Jurassic strata _

52,000

________________ ._______ Tertiary strata _
_. • .___ Paleozoic strata _
_ .____ ___• ._ •__•• _. • do ._. _
__________ __ __ __ _____________ ___ _ _ do •

1,377 S102 (150); Ca (39); Na (350); cdc _
HCDa (29) SO, (130); Cl (483);
n,o, (157).

2,282 SiO~ (88); Co. (164); Na (606); .do ._. _
HOOa (67); SO, (88); 01
(1,133); B20a (92).

________________• do __•__ ._._ •__.:._. _

1952 SiOz (129); Ca (10); Na (288); Lava •
HCOa (192); SO, (39); 01 (350);
BzOa (36).

•• ___ _ •• __•••_• • do _

94 ._. •__do _

214

140

Hot

Hot

Hot

Hot

Hot
Hot • •__•• • do • •

Hot • : __ .do_. __• • _

Hot _••• __• ._.__ • ._. • •• do _

Hot

'181

43-68

60-122

95-149

95-215

Wann

Hot

warm
Hot
Hot
Hot

81-179

84-111

Warm
150

109-162

'125

Hot

Hot

145-191

101-103

li6-106

62-117

Northeast of Vsevidof vol
cano on U.mn.akIsland.

Bogoslo! and New Bogoslof
Islands.

70 Sitka, near shore 16 miles
south of SItka.

Near north side of Gut Bay__

77 North bank of Unuk River;,
78 5 miles southeast of Saks

Cove.79 Bell Island; , _

71

56 Southwest shore of Becberot • _
Lake near base of Mount
Peulik.

57 Near Katmal Pass _

72 North stde of Stiklne River,
18 mUes northeast of
Wrangell.

73 Shake's, 20 miles northeast
of Wrangell.

74 South side of Sttktne River,
8 mUes north of Wrangell.

75 South end of Vank Island,
8 mUes west of Wrangell.

76 Bailey Bay. ', _

66 Near North Arm of Peril
Strait.

67 Tenakee, on north shore of
Tenakee Inlet.

68 3 miles east of head of Fish
Bay.

69 Baranof, ~. •

53 Near Balboa Bay • •__
64 Port Moller _

55 Near Port Heiden _

41

Makushin volcano on Un
alaska (Unalashka, Dona
lashka) Island.

46 Akutan Island. including
springs at head of Long
Creek and in Hot Springs
Bay valley.

47 Islet northwest or Akutan
Island.

48 Islet southeast of Akutan
Island.

49 Near Pogromni volcano on
Ijnlmak Island.

60 Near Morzbovoi (Morshe
vol) village.

61 Amagat Island, near Mor
zhovol Bay.

52 Near Pavlov volcano _

58 Near Mount Katmal, in-

~~g~t~~:dinS~~~~. of
59 West ForkorDouglas RIver,

25 miles west of Cape
Douglas.

60 Near shore of Lltuya Bay _
61 Near head of Mud Bay _
62 Near Nlka Bay _
63 North shore of Llstanskt In-

let.
64 4 miles above head of

Tenakee Inlet.
65 Hooniah, 75 yd from shore _

Central part of Umnak
Island.

43 Near Hot Springs Cove on
Umnak Island.

42

1Hottest.
2 Main spring.

a Maximum.
I Coolest.
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No thermal springs have been recorded in eastern
Canada; a number are present in the southwestern
part of the country, where they seem to be associated
chiefly with faults in ancient sedimentary strata or
with fissures and fractures in the granitic and meta
morphic rocks.

Data on the thermal springs are presented in the
table below. The locations of the springs are shown on
figure 11.

Thermal springs and wells in Hawaii
IAll issue fromor tap Tertiary or Quaternary lava]

5 0,5 mile northwest of
PuuKukaa.

1 West part of Molokai
Island.

Remarks andreferences

Ref. 347.
Water vapor but no definite flow. De

positof Glaubersalt (NatSOt·10H20).
Ref. 347.

Steam issuing fromcrevices. Incruste
tions of sulfur. Refs. 347, 348, 358.

Steam issuing from crevices on north
edge; used as vapor" baths. Also
solfataras in bottom of crater. Refs.
345,346,348-351,353-355,358.

83 Small spring-fed pool at foot of fault
scarp. No outflow. Ref. 350 and
personal communication from O. A.
Macdonald to G. A. Waring (1950).

84 Small flow. Ref. 350.

Hot

93 Drilled well. Water contains Oil. (393
ppm), Mg (395 ppm), Na+K 820
ppm), HCO! (44. ppm), Cl (2,800
ppm). Ref. 359.

95 Drilled well. Ref. 357.

Hot

91 Do.

Warm Small flow. Probably on southwest
rift zone of Kilauea volcano. Refs.
350, 356, and personal communtce
tion from O. A. Macdonald to O. A.
Waring (1950).

Wann
W",m

HawaH County

Temper
atureof
water
(OF)

Maul County

Name or location

1 On shoreat Kawaihae _
2 Near shore at xenue., _

6 Near north base of PUll
Kukaehlll.

7 On shore 3 miles south
of Kapoho.

8 NearWalwelawelaPoint.

3 In and near crater of
MaunaLoavolcano.

4 Orater of Kilauea vol
cano.

2 Mouth of Ukumehame
Canyon on Maul Is
land.

No.
on
fi,.
10

OTHER NORTH AMERICAN COUNTRIES

More than half the area of Canada slopes gently to
Hudson Bay, but the two main streams of the country
have other outlets. The St. Lawrence River flowsnorth
eastward to the Atlantic Ocean, and the MacKenzie
River flows northwest to the Arctic Ocean. Most of
the eastern part of Canada is within the great region
of Precambrian rocks known as the "Canadian Shield."
Farther west the broad plains are underlain by gently
dipping Paleozoic and Mesozoic strata which rise
through foothills to the Rocky Mountains, where the
strata are upthrust, faulted, and folded, and the under
lying granitic and metamorphic rocks are exposed. In
the western Coast Ranges the rocks are largely granitic
and metamorphic. These are overlain by ancient sedi
mentary strata in many areas.

CANADA

The eight main islands and several smaller islands
that constitute the State of Hawaii are composed al
most entirely of volcanic materials, overlain in a few
places by deposits of coral limestone and alluvial mate
rial. Active volcanism is limited to the largest and
easternmost island, Hawaii, which includes the great
volcanic craters of Kilauea and Mauna Loa, both of
which erupt occasionally with the outpouring of molten
lava. Because the volcanic materials of all the islands
are largely fragmental and porous, the water table is,
in most places, only a few. feet above sea level and
springs are not common.

The location of thermal springs and wells is shown on
figure 10, and information concerning them is presented
in the table below.

22"r--7Jt--~~f-------~----------t---------1

Adapted from Hammond Atlas. 1948

~OKAI

LANAI\:)

.2
Thermal well

.7
Thermal spring

EXPLANATION

20"t--+-_

FIGURE to.-Hawaii showing location of thermal springs and thermal wells. From refs. 347, 350, and
357-359.
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FIGURE 11.-Part of southwestern Canada showing icceuca of thermal springs. Chiefly from refs. 711 and 712.

Thermal spring8 in Canada
[Data chiefly from refs. 711, 712. Principal chemical constituents are expressed in parts per million]

No, 'remper, Flow (lm- Total
Remarks and addItlollaI rererenc

mflg. Name or location ature of perjal gallons dissolved Principal chemical constituents Associated rocks11 water per minute) solids
(OF) (ppm)

Alberta

434 Cll. (QS); Mg (23); RCOa (lliS); Upper Banff Limestone Rets. no, 722, 723.
SO, (147); 01 (42). (MississippIan).

Ja~'er (Miette), on Sulphur
p~~~kSi~t~~~Sfrom Jasper

2 Bank of Fortymlle Creek, 4
mnee northwest of Banff.

3 Near south base of Stoney
Squaw Mountain, 2 miles
north of Banff.

4 Auto Road, near Vermillion
~:~~.3miles northwest of

1135-9140-65-5

werm
Wann

67

Small

Small

'00

Upper Banff Shale (Mis
sissIppian).

Pennsylvanian strata _

6 main springs.
708,709.

Ref.723.

Do,

Resort. Rets.
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N°'1onrlg.
11

Name or location

Thermal springs in Canada-Continued

I
Tem""-I Flow lim- I Total I Iature of perlal gallons

l
dissolved Principal chemical constituents

water per minute) solids
(OF) (ppm)

Associated rocks IRemarks and additional references

Alberta Continued

Bejtlsh Columbia

5 Banff:
Basin, near valley floor__ " 150 1,005 Os (400): Mg (71); BODa (175); Triassic strata faulted Piped to bathhouse. Refs. 710

S04 (1,120); gas, 97 percent Na. against Devonian lime- 711, 722, 723.
stone.

Cave, near valley floor __ ss 250 1,107 Os (217); Mg (39); RODa (140); _____do______________ .". __._ Refs. 710, 711, 722, 723.
S04 (580): gas, 97 percent Na.

Kidney. on northeast 101 20 1,064 Os (230): Mg (39); RODa (154); ____ .do__________•__________ Piped to swimming pool. Re
flank of Sulphur 804 (687). 710, 711, 722, 723.
Mountain.

Middle, on northeast 92 100 1,059 Ca (228); Mg (39); HC03 (128); ~ ~~~_do ____ ~ _~______~~ ______ Issues in small cave. Refs. 710
flank . of Sulphur SOi (610); gas, 97 percent N 1• 711,722,723.
Mountain.

Upper Hot, on north- 115 130 1,098 Oa (239); Mg (40); HC03 (133); _____do, ______________~~_~~_ Piped to bathhouse. Refs. 710
east flank of Sulphur SOi (634): gas, 9Spercent N~. 711,722,723.
Mountain. -.

Warm Several springs.
Warm -------Large~ ========== ================================== -Fissur(idquart~-diorite==== Water used for bathing, Ref. 707.

483 S04 (47); Na (137);Cl (217). ~~ Fractured diorite ~_____ May be mixed with sea water.
Refs. 706,713.

Several springs. Deposits of tufa
Ref. 717.

800 Ca,S04 (202); Na2S04 (154); Fractured schist and J8 main springs. Ref. 714.
NaCl (423). granite.

Small ~ __~~~ ~._~ __ ~~_~~ __~~ ~_do ~ __ ~ _

Do.

Do.
Do.

Several springs.
Ref. 707.

Several springs. Large deposits of
twa. Ref. 717. '

Several springs; probably the bet
test In Canada. Resort. Ref.
718.

Ref. 707.

Do.

Water issues in twa-lined basins.
Refs. 717,724.

About 15 springs. Refs. 717, 720,
724.

ReL 707.

Several springs. Ref. 706.

Ref. 717.

Several springs. Water is sul
furous. Used for bathing. Ref.
715.

Many small springs. Deposit 0
tufa. Water ls alkaline. Ref. 715

2 main springs. Water is radio
active. Resort.

a main springs. Water is radio
active. Resort; sanatorium
Ref. 716.

Several springs. 'Large deposit of
tufa. Rrsort. R~f. 721.

Several springs. Water is strongly
radioactive. Resort. Ref. 705.

2 main springs (910 and 113°F) and
4 smaller springs. Analysis is
for water having temperature of
91°F. Water Is radioactive. De
posits of tufa. Resort. Ref. 705

Bxtenslve deposits of tufa. Prob
ably several springs.

Do.

Metamorphosed sedimen
tary and volcan1crocks.

Fractured Jubilee Forma
tion (Cambrian).

Cambrian(?) strata__• _

Metamorphic rock__~_~~~_

Sedimentary strata (Ju
rassic?).

Fractured ancient sedi
mentary rocks.Gneiss __~ __~~ __ ~ ~ ~

Jubilee(?) Formation (Up
per Cambrian).

Beaverfoot Limestone
(Upper Devonian).

Jubilee Formation (Up
per Cambrian).

Ca (169); Na (119); S04 (413);
CI (338).

Ca (32); Mg (41); SOi (162);
Cl (39).

Ca (94); Na (108); SOt (360);
C1 (63).

Ca, Na, S04, C1- _

Ca (57); Na (J61); HCO, (48);
SOi (433).

Ca (150);Na (290)j HCO, (1,144)_

Ca (140);HCOI (216);SOi (306)_

Ca (228); Mg (75); HCOI (230);
SOt (570).

742

1,280

367

1,766

696

1,218

1,195 Si02 (57); CaD (292);MgO (68); ~ ~ __~~ _
(hottest) S03 (505);Cl (23).

1,285;
1,367

733

60

330

100

700

Large

Small

Small

Fissured quartz dtortte,__

Fissured quartz dtcrlte..; __

Small __~~_~~ _~_ ~ _~_~ ~ ~ _ Schist_~~ ~_

Small

Small ~ ~ _ _ ~. _~~ __• _._~ ~_ _ __~ _.do., •• ~ __ ~ _
__~~_~________ 8,640 Na, CL ~~.~_~~ ~ do ~ __ ~ _

====== === === == 192 -SO~:==== === ======= === === ======= = -FIssured quart~dicirite=:=~

112

112

Hot

185

Hot

109

Hot

125

130

120

160

lOS
(max)

90-100

wenn

W",m

Warm

Hot

warm

112
112

Warm
130

Warm

101. .5
(max)

11oi-116

86-113

121-125

120-150

140;145

120-128

29 Bedrock, on west bank of
Kootenay River 9.5 miles
northeast of Canal Flats.

30 East shore of Columbia
Lake, 2 miles north of
Canal Flats.

31 Bank of Lussier (Sheep)
River, 11 miles east-south
east of Canal Flats.

a2 Bank of Ram Creek,13 miles
southeast of Canal Flats.

1 North bank of Liard River,
2 miles below mouth of
Coal River.

2 Bank of Liard River, J mile"
northwest of bridge on
Alcan Road.

3 West bank of Toad RIver,
1.5miles above its junction
with Racing River;Smiles
from arcen Road.

4 South bank of Prophet
River, 35 miles west of
Alcan Road

5 East side of Stikine River,
nearly opposite Great
Glacier.

6 North bank of Peace River
at Hudson Hope.

7 0.5 mile east of southeast
corner of Lekelse Lakeand
10mnes south of Terrace.

8 West side of Bishop's Cove
on Ursula Channel.

9 Near Gardiner Canal, 12
miles above Desolation
Channel.

10 Nearsoutheast bank of Brim
River,200yd above mouth
olr1ver.

11 Shore of Ursula ChanneL~__
12 Head of Klekane Intet., ~_

13 Shore of Nascall Bay __,.~ __~_
14 Shore of Eucott Bay on west

stde of Dean Channel.
15 Shore of Brynildsen Inlet

on Labouchere Channel.
16 Northwest of Bella Coola. _
17 Shore of South Bentinck

Arm, 25 miles south of
Bella Ooola.

18 Head of South Bentinck
Arm.

19 1 mile from Fall Harbour on
Kynguot Sound, Vancou
ver Island.

20 Sharp Point, between
~ydney Inlet and Refuge
Cove, west slde of Van
couver Island.

21 Skookumchnck, 20 miles
northwest of Douglas.

22 Bank of August Jacob's
Creek, 11 miles northwest
of Douglas.

23 Bank of Sloquet Creek, 10
miles above [unction with
Lilooet River.

24 Harrison, near south end of
Harrison Lake.

25 Halcyon, on east shore of
Upper Arrow Lake.

26 Ainsworth, on west shore of
Kootenay Lake.

27 Radium (Sinclair) ~~_~~_~

28 Fa1rmont, 1.5 miles north
east ofnorth end of CoIum
bte Lake.
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MEXICO

The main part of Mexico consists of a great plateau
region bordered on the east and west by mountain
chains and comparatively narrow bands of lowland
between the mountains and the coasts. In the northwest
a chain of barren mountains traverses nearly the entire
length of Baja California. These mountains have
steep eastern slopes but a gentler descent to the Pacific
coast on the west. In southeastern Mexico there is a
detached mountain region, but in the extreme southeast
the greater part of Yucatan consists of low sandy
plains. In the main plateau region the VaHey of Mexico
near Mexico City and the Bolson de Mapimi in the
States of Chihuahua and Coahuila, are floored by de
posits of former lakes, of which many small lakes and
marshy lagoons are remnants.

Most of the eastern' and central parts of the plateau
region are underlain by Cretaceous strata. In western
Mexico much of the upland region is covered by Ter
tiary volcanic rocks, which also extend nearly to the
east .coast in the southern part of the plateau region.

Farther south much of the upland is of ancient crys
talline rocks. Marine Tertiary strata form bands along
much of both coasts and along a large part of Baja
California.

Popocatepetl volcano southeast of Mexico City, and
several other great volcanic peaks, are along a nearly
east-west line.

Some of the craters are still semiactive. The new
volcano of Paricutin, which began to develop in Feb
ruary 1943, is in the western part of this band, about 60
km northwest of Jorollo volcano, which developed in
a similar way beginning in September 1759.

Most of the thermal springs of Mexico seem to be con
centrated in or near the middle part of the principal
band of volcanic activity, which extends westward
across the country from Orizaba volcano 120 km west of
Vera Cruz.

The table below is a summary of the available data
on thermal springs in Mexico. The locations of the
springs and the principal volcanoes are shown on figure
12.

Thermal·springs and wells in Mea::ico
[Data chiefly from ref. 744. Prlncipal chemical constituents are expressed in parte per million]

No. Tempera- Total dis-
on Name or location ture of Flow (Ilters solved Principal chemical constituents Associated rocks Remarks and additional references

fig. 12 water per minute) solids
(°0) (ppm)

Aguaseallentes

1 Ojo Callente (Cantera), 4 28-30 Moderately
._----~-~- --- ---- -~----- ---- --- ---- - ---._--- -------_.- .-- -------.-.----- Several springs. Water used fo,

km southwest of Aguas 1M.. bathing. Refs. 732, 750.
Oeuentes.

2 In valley east of Aguas 4() ----------._-- ------_.-- ---- ---------------~~------_. ----- ~~ - ------ ---~-----.--------- Rels. 727, 750.
Calientes.

Baja CahCorllla

e

es
1

1 East border of Laguna 44-5.1 Moderately 24,800 CaSO~ (5,222); NaCl (21,960)_,__ Alluvium_________. _____~_ Several springs. Ref. 746.
Sarnda(LagunaMaquata). large

2 West side of Volcano Lake, 42-77 Moderately ---------- ------- -- - --~---. -.-- ---- --------- _____do., _. __•____________• Several springs and mud volcano
at base of cerro Prieto. 1Mg, in northwest-trending band

mile long and 0.5 mile wide
Refs. 746, 7ll9, 770.

3 vctcen, 8 km east of El warm Small ------._-- --- --- ~ -~-~~~- --.-------------~--- -----~--------. -----~ --- ---- Several springs in ravine. Larg
Marmol ODyX quarries. deposits of tufa. Ref. 768.

Chihuahua

r

1 olo Caliente_________________ Warm Moderately ---------- -------~~---~~--------_._---------

Phonolite. ____. ____ ~______ Issues ,t b", of bill. Refs. 740
large 734.

2 Several Ian north of Llanos __ Hot Moderately
-------~-- ------. - --. -.---------- ---- ------~ -~------ _._-- ------ --- ._---- Rof.740.

large
3 6.ll Ian east of Santa Rosella, Hot Moderately -------_.- --- ---- -~--~--------.-. -~-~~------ .----- --- --- --- ------~---- -- 6 springs issuing et b", of bluff

1M.. Water ts sulfurous. Used fo
bathing. Ref. 749.

OoUma

1 1_Barcena volcano, on San I
Benedicta Island.
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Thermal springs and wells in IIIexico-Continued

No. Tempera- Total dis-
on Name or location ture of Flow (liters solved Principal chemical constituents Associated rocks Remarks and additional references

t1.g.12 water per minute) solids
(°0) (ppm)

Durango

1 1 Near Agua Oaltente railway I
station. W arm 1__ ------------1--------- -1----------------------------------1----------------------------I

Guanajuato

1 Comanjilla, 20 k:m west of 104 Moderately
~--------- -------------.---.-------_.------. Decomposed fractured Group of spouting springs and

Ouanajuata. (max) large granite. several small geysers, including
Geyser Humboldt, Large
amount of H2S. Deposits 0
sinter and opaline silica. Refs.
7Zl,77l.

2 Aguas Buenaa, 20km south- 45 Moderately High SiO~; Na2S04; free H2S__________ Tertiary conglomerate Several springs. Deposit of 8ili
east of comeufme. (max) large faulted against Triassic 000", sinter. Water used fo

slate; near basalt and bathing. Refs. 727,77l.
andesite.

2 Tupatare, 50 km west of W~m -------------- ---------- ----------_._--------------------- La ve______________________
Water used locally. Ref.77l.

Salamanca.
4 San Gregorio, 14 km north- Tepid Large 960 Si02 (79); Na,O (246);K20 (50); Basalt and rhyolite.,______ Water used for irrigation. Ref. 763.

west of Cultzeo de abesoto SOa (165);Cl (176).
village.

S Mungula, 10 km east of San Hot Small ---------- -----.._----------- ---. -----------
_____do____________________• Water is muddy.

Gregorio.• Cultzeo de Abasolo__________

" 2,900 604 Si02 (81); NasO (167);K,O (95);
_____do_____________________

2 main springs. Water used fa
SOa (54); Cl (&I). tmeuuon. Rer. 763.

7 Pueblo Nuevo_______________ Warm Small ---------. ----------_.-._--------------.-._- _____do__•___________ •______
Rd. 771.

J.Useo

Atotonllco, 2 km from Hue
[ucar.

2 Embocadero and zepoten,
70 kID west of Ameea.a Laguna de Magdalena. _

4 Agua Caliente, near Teu
chitlan.

o Tala municipio:
Agua Callente Grande,

28 km east of Tala.
20 km from Tala •
10 km CromTala _

6 Agua Caliente Ohlca, near
Zapopan.

7 Agua Caliente, 4 km from
Zapotlanejo.

8 Near Ixtlahuacan, 22 km
nortbeast oC Guadalajara.

9 Agua Caliente de la Co
fradla, near ouquto.

10 Agua Caliente de Ia Cuna,
20 km from Yahualiea.

11 EI 'rerrerc, 8 km west of
'I'lalomuleo.

12 Tototlan munlclpfn _
13 {12 km west of Atemjac _

;5 km northwest of Atemjac__
14 Near Santa Ana Aeatlan:

Ojo de Agua Caliente _

Bailo de Guerrero _

Do.

Do.

2 groups or springs. Water used
locally.

Water used for bathing.

Do.

Do.

Do.

Do.

Water is mineralized; used locally.
2 springs. Water used locally.

Water used locally.

2 springs. Water used locally.

Several springs. weterueedloceuv.
1 main and 2 smaller springs.

Water is sulfurous. Used locally.

Water used locally.

2 springs. water used locally.
Water used locally.

Do.

4 springs. 'Yater used locally.

2 groups of springs. Water used
locally.

Water used locally.

Do.

Water used for drinking.

3 springs. Water used locally.
Water used Cor drinking.

Do.

Water used for bathing.

Do.

2 groups of springs. Water used
locally.

2 groups of springs. Water used
for bathing.

Water probably sulfurous. Used
for drinking.

Water used locally.

Water used for drinking.
Ca, C03•• ~_~ • ~___________________________ Water used locally.Low

~ ~____ SO.; free H2S~ _~ ~ .__________________ Bathhouse.

Small

Small
Small
Small

Moderately
large

Moderately
large

Moderately
large

119 ce, HCO,; free C02 _

Moderately ~ ~ •• • ~_ __ __ ~__~ ~__~_
large

-------Small- ===== ===== ================================== =================== =========Small ~___ _ _ _ _ • ~ _

Moderately
large

Moderately
large

-------------- ---------- ---------------------------------- --------------------_._- -~--

Hot

W~m
W~m

W~m Moderately
large

Warm Moderately
large

W~m Moderately
large

Warm Small

Hot Moderately
1~!a

Hot Moderate y
large

W~m Moderately
l~!a

W~m Moderate y
large

Warm

45

Hot
Warm

Hot

Warm

Warm

Warm

warm

Hot

Warm
Hot
Hot

W~m

W~m

W~m

Hot

W~m

W~m

Hot

Warm;
hot

25
Hot

__._______ Moderately
large

Ixtlahuaean de los Membril
los municipio.

Agua Tibia, at Chapala _

'paeotan, in Union de Tula
municipio.

Agua Caliente, 8 km from
EJutla.

Agua Caliente, in Juchttlan
munielplo.

Agua Oeltente.tn Chiquilist
Ian municipio.

Agua Caliente, south of
Amacueoa,

North of Manatla pueblo _
San Cristobal de Barranca

municipio.
Atoyac municipio:Isla Grande _

Isla Chica • _

Molino •

San Sebastian municipio _

Apazulco, 4 km from the
coast.

Atotonllco, 60km from Purl
ncactcn municipio.

Achiotes, 20 km from Purl
ftcacfon mnnfelplo.

San Miguel, 16 km from
Purifl.caclon municipio.

15

I.

17

18

19

20

21

22
23

24
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Thermal springs and wells in Me.xico-Continued

No. Tempera- Total dis-
on Name or location ture of Flow Otters solved Principal chemical constituents Associated rocks Remarks and additional references

fig. 12 water per minute) solids
(OC) (ppm)

"I Near base of Colima vOlcano_/28 Pihusmo municipio _

Jalisco-Continued

Hot 1... 1 1 " --------1 Recent basalt; , 1Many large fumaroles. Ref. 743.
Warm Small • • Probably rave 2 groups, 4 and 8 km from town.

Water used locally.

Mexico and Distrito Federal

r
e

r

s
+
m

1 Guadalupe Hidalgo, north
of Mexico City:Pozito__________________• 21.5 Small 603 Na:lC03 (193); NaCl (108); KCl ______________. __ w_ww wwwwww_ Water used for drinking.

Artesian well ____wwww~ ___ (108); free CO,.
Water used for batblng.21 wModeratelY·

ww~ _______
-Ca:Na~-HCw6;::::::::::::::::::

w__._ww __w__~w ww_~ __________
2 Banos de Aragon, soutb ot es .45 ____w__ ww.w .ww_____w~ _______ Near early Peseo Grande. Wate

Guadalupe Hidalgo. large used fer bathing. Ref. 7EO.
a Banos de Penon, 4km north- 47.5 Moderately 2,216 810, (15J); CaCOa (404); MgC03 Limestone and shale_. __w_ Water used for bathing by Aztecs

east of Mexico City. large (429); N"a,C03 (183); K,C03 now supplies modem bath esteb
(294,; NaCI (737); gas, 63 per- lisbment. Refs. 731, 751, 753.
cent CO" 29 percent Nt.

Recent lava___ www_ww __ ww __ 7 matn fumaroles exhaling wete• Popocatepetl volcano__ ~ _____ " ____ w_·w_w __~_ ____w__._. .w__w_~~ __ ~_______________w___ ww __
(max) vapor, some with eonsfderabl

force; also about 60 solfataras
Refs. 726, 743,749., Between Ixtapan de la Sal 35-40 Moderately 6,500 Ca (646); Mg (83);Na (1,615);K ______________w__w_w ______ w_ Several springs. Water contain

and Tonatico. large (86); COa (800); 80. (894)' OI 11 ppm of LI, 8.6 ppm of Fe,03
(2,200); BOJ (105); free CO,. AhOa, 7.6ppm of As, and 6.2pp

of Br. Large deposit.'! of tufa
Source of salt supply for toea
residents. Ref. 747.

Mlchoacan

100.5 _._ww ~_____ 18,000 Ca (HC03h (7,287); Mg __w.dc w_~ w ~_

(HCOJh (li,8oo); NaHCOa
(935); NaCI t3,437).

~_~__ ._w_w _ww ~ .w w ~ ww __w ww_ww __ ww __w ~ ~ w_.w _~do __• •• ww ~~_ ~ _

Hot Moderately
large

Hot Moderately
large

Hot Moderately
large

'!HI' Small

_ ww_~w_~ ww w_~ w_w. __w w. __ ww_www __ ww w_ Trachyte ww._w_w______ w. __ww w ~_~ w ww ~ do ~_ ~ w__ ww

Water used for bathing.

2 springs. Water used for batbIng.

Water used for bathing.

Water Is sulfurous. Used for
bathing.

Do.

Water is sulfurous. Used for
bathing. Ref. 758.

4springs. Water used for drinking.
Refs. 728,758.

3 springs. Water used for bathing.
Several springs and solraterae.

Refs. 728. 742.
Water used locally.

Water used for bathing.

Many fumaroles. An estimated
17,000 tons of water per day
emitted as steam. Refs. 734-737,
751, 761.

Water used for drinking.

Water used for drinklng,

Do.

4 springs, some distance apart.
Water Issulfurous. Refs. 728, 763,
m

2 springs. Water used for bathing.

Water is sulfurous.

Water used for drinking.

Do.

Do.

Refs. 728, 7E5, 758, 762,766, 767.
Spouts to beigbt of 3 meters. ReIs.

728,755,758,762,766,767.
Spouts to height of 2 meters at in

tervals of 2 hr. Refs. 728,755,758,
762, 766,767,

Refs. 728, 755, 758, 762,766, 767.

CaC03 (36); CaSO. (14); free ._w .ww._w ~ __ ~ __._w__
HIS.Ca, S04 ww._.w __w w_._~ ._.w _ww ~__ ~ w. _. _

Large

Moderately
large

Moderately
large

Large

Moderately
large

Large

Moderately
large

Moderately
I"se

Small
Small -w--iiiiii- -Fe:Ca,-Na~-SOj::~:::::::::::::: :::::::::::::::::: ::::::::::

Moderately ._. __~_~ _~ ~ .w__ w_ w__ ~ w_ww __w__ ~ _
largeModerately w . _w .. w. _w. __ ww __w__ww_~_w www __w__. . __ w. __
I".._____w__w..w ._.~. ~~ . w__ Recent lava and tuff _

80

20

as

88

"

W"m

Hot
Hot

Hot

Warm

Hot

Wann

Tepid

Hot

64-86

37-41

Hot

45

14 Agua TIbia, in Taretan mu
nicipio, 18km southeast of
Uruapan.

15 Atzizlndaro, near northeast
shore of Lake Petecuaro.

I
AguB Caliente, near Yurecu

arc munlelplo.
EI NacimIento, 6 km from

Yurecuaro municipio.
La Bnena Huerta,4kmfrom

Yureeuaro municipIo.
2 Near Ixtlan de los Hervores:

Pozo los Bafios •• ww_
Pozo del Carb6n •

Poze del Coyote (Pceo
Grande).

Other hot sprIngs, including
Pozo Blanco, Geyser de
Salitr!lt Geyser TrituhuIar,
Pozo verde; also hot pools
and well.

3 Agua Caliente, 30km south
southeast of La Pledad.

4 Agua Caliente, 16 km from
Angamacutiro.

5 Near Purudndlro, ~ _

6 Near Huanlquec, 48 km
northwest of Morella,

7 Near west end of Lake
Cuitzeo:

Bano de las Arenas •

Cbamiquel and Trieui·
Iuea.

San SebastlBn
w

_
w

__ • _

8 Near southwest shore of
Lake Ouftseo:

Bano Prieto, 4 km from
San Augustin.

4 km from Hacienda
Huandacareo.

San Juan Tararameo,
near CuUzeo village.

9 z~~e;~a:~ oT~il~d o~
Lake Outteeo.

10 {4 km south of Ueareo, •
Sierra trcerec, w __ w __~~ _

11 OJo de Agua de Arumbaro._.

12 OJo de Agua Caliente, 8 km
from Los Reyes.

13 Parfeutln volcano •__.~_~~_
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Thermal springs and wells in Mexico-Continued

No. Tempera- Total dis-
on NaIDe allocation ture of Flow (liters solved Principal chemical constituents Associated rocks Remarks and additional references

fig. 12 water per minute) • solids
(°0) (ppm)

Michoacan-Continued

a springs. Water used for drink
Ing.

Evolved gas causes ebullition
Water used for bathing.

Water used locally.

Water used for drinking.

Water used for drinking. Some
H,S. Rer 727.

gsprtngs. Water used for drinking
SomeR2S.

Many hot springs, fumaroles, and
solfataras. Refs. 762, 765.

amain springs,! ofwhich is ageyse
that spouts to height of 2 meters
also fumaroles. SomeH2S. Refs
729,765.

Many sulfurous vents on border 0
lagoon 80 by 200 meters. Refs
729,758, 762, 765.

Saline pool 6 by 8 meters; viscous
mud thrown to height of 10
meters. Refs. 729, 765.

2 groups of vapor vents and boiling
springs. Refs. 729. 758, 765.

Crater with hot muddy lagoon and
many fumaroles. Vapor from
largest vent rises to height of 20
meters. FreeH2S0t,HCI. Refs
729,765.

Several' springs. Common salt
extracted from adjacent soil. Ref
765.

Several springs and fumaroles
Water vapor and sulfurous gese
emitted with such force ths
stones are cast onto Refs. 728
756, 762, 765.

Crater with lagoon of boiling mud
Sulfurous vapors. Refs. 729,756
765.

Evolved gas contains HIS, SO)
Refs. 762, 765.

Ref. 765.

Lagoon in crater; also several
springs. Water Is acid. Near
former sulfur workings. Refs
729,756.

Water used locally.
Water used for drin;1dng.

Do.
2 sprfnga a few km. apart. Wate

used for drinking.

Water is settee and suUurous
Used locally.

Water is sulfurous. Used fo
bathing.

Water used for drinking.

Water used locally.

Decomposed rhyollte _

N a, ·S04, 01- • _
2,040

130

IDgh • • _ Lava • •

Small • •• • do, •• • _

Small • _ _ • ._. •_. dq • _

Small ••• .dc _" • _

Small ___ _ • do _

Small ._~ • • do , _

Small • .______ _ _ do _

Small • do • _

Small ___ _ _ Lava _

Small • . Decomposed basalt _

Small • do po

Moderately
large

Moderately
large

Moderately
1",..

Moderately
1",..

Moderately
1",ge

----- ---- -- -.- -- ---. ---- ----- __ ow. _._ - • ._ - - .~ ~ .~_-_. - _. __ • _

Hot Ca, S04. ~. • _
Hot __• • •• __ _ •_. _

Hot
Hot

Hot

25

37.5

W",m

Warm Moderately __• • _

w..Warm Moderately • • _

1",..34 Moderately Moder- HOOa; SO/;;free C02, H2S _

large ately
blghHot • • • _

Hot

'0-86

W",m

as

ss

70-89

82-91

44-.5'

89
(max)

90-100

Hot

88-102

80-100

92-111

Currltacao (Currutaco), on
north flank of Cerro de

24 Azufre.
La Tacita, in and near

Laguna de Azulre on south
slope of Cerro de asurre.

Banos de Azufre, 3 Jan
south of Cerro de Azufre.

'r'estmeroe (Taximarca1),
several Jan south-south
west of Cerro de aeurre.

25 EI Salitre, near Tuzantla _
26 queteedc, 50 km northeast

of Huetamo.
27 Jaripeo, 4km from Buetamo,
28 Itucuarillo snd La Salada, 30

km south of Tacambaro.

Chiflador (Chillador), near
"north base of Cerro de
Azufre.

Pozos de Gallo, in MarItaro
area.

Pozos de MarItaro, near
Laguna Verde.

Laguna Verde, north of
Banos del Chino.

23 Nopalynear Bafios del Ohjnc,

Station de Hutngo _

I
AruIDbaro. near Morella.

municipio.
16 Barreno, near Morella mu

nicipio.
Outnehc, 10 km northwest

of MoreUa municipio.
17 Fila de Aguo. Caliente, 25

km south-southwest of
Morella munic1plo.

18 Tajlmar80 municipio:
Agaa Frla, 20 km south

of trcereo.
Los Hervideros, 10 km

from Tajlmarao.
19 Banos de Purua, 50 km

southeast of Morella mu
niciplo.

20 2 km northeast of San
Fernando.

21 Rancho Salitre, west of
Jorullo volcano.

22 Huacana municipio, 55 kIn
south of Uruapan,

Hacienda Ague. Fda, at
north base of Cerro de las
Humaredas.

Banos del Chino!,..west of
Hacienda Agua ,nla.

Morelos

1 Agua Hedlonda, aJan north- 25.3-26.1 Moderately 2,130 CaSO/; (1,200); CaCOt; MgS04; _..-----_..-~-.-- ----------- Water used for bathing.
east of Cautla. W.. NaCl. '

2 Pozo Hediondo, in Xocntte- 22 ____do ________ High ---------------------,,--_.._- ----- ----.----------------------- Free H2S. C02. Water used to.
pee city. bathing.

3 At Atotonllco, 6 km from so-as -------------- ---------- ---------- --_. --.-- --------------- ------_.- -.----------------- Water is sulfurous. Used locally.
ronecetepec., Banos de Tula, 3km from Warm Moderately ---------- ------.- -----------------------._. ---------------------------- Water Is sulfurous. Ured r"amecusao. large bathing.

Nuevo Leon

1 Topo Chico (San Bernabe), 98 Moderately .--------- Na, CI, SO/;; gasc97.5 percent --------------_.------------ Bathing resort. Tepid "arsenic"
8km north of Monterrey. large N2, 2.5 percent 02. spring nearby. Ref. 749.

2 Carmen, 20 Jan nOrtheast of Warm ____ do________ ---------- ----------------------.----------- ----------_.---------------- Water used for bathing.
Linares.

3 San Ignacio, 20 km ,,,t or Hot ---_._-------- ---------- ---------------------------------- ---------------_.------.---. FreeH2S. Water used for bathing.
Linares.
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No. Temper- Total
OD Name or locatfon ature of Flow (liters dissolved Principal chemical constituents Associated rocks Remarks and addltfonal references

fig. 12 water per minute) solids
(00) (ppm)

Oaxaca

1 La Chivela Pass, above ford 36.6 Moderately -------._- ---------------------------------- Limestone_______________• Several springs, Water is sulfur-
of Rio Verde. large ODS. Ref. 757.

2 On coastal plain, half a mile (max) ____do________
____ A_A_A. ----------------------------------

_____do._. __________________ Several springs. Deposit of tufa.
from base of mountains. 33 Water is slightly saline. Free

(max) HsS. Water used for bathing,
.

ners. 741, 757•

Puebla

1 Obfguahuapan municipio, 4 33 ----_._------- ---------- CaCO; (618); Cree CO" H,S ______ ............_.........~~-~-- Water used locally.
kIn east or Tlacomulco.

2 Ortzaba volcano__ ••• _._••• __ HoI -------------- ----.--_.. .-_.._-_....__.--_..._~--_.__.----
-~-_._.~--_..--------------- Several fumaroles In main crater.

Water Is sulfurous.
3 Paseo Bravo and San Pablo, Hot Moderately 1,800 CaCOa (547)________L ________ ._ ---...-_........ --_..._.__.. Water used for bathing. Rer. 733.

1 km west of Puebla city. large, Ole de Ban Pablo, 4 kIn from " Moderately ------.._. Ca, HCOa••••••••••_·:•••••_••••_ ._....... __._------------._. Water used locally.
'reeere. large

• Axocopan, s sm from Pueble 20 Large_______ 339 Na, HCO" S04. 01; gas, 93 per- ••• __ v _ •••••• _ •••• _ •• _ •• _ •• _ Water used for bathing.
,It~. cent C02, 7 percent N,. .

6 0)0 e Rancho Colorado, in W",m Moderately -.._.._.~- ..._.._..._......_._-~~-_.._------ ----.-- -...---...._........ - Do.
San Hneyotllpan muntct- large
pio., Colucan and San Vicente, Warm; ._.._._------- ~._------.

Ca, SO••___•__••• _•••••• _••• _••:. ......_......_._..~ _...._~.~ Water used locally.
12and 16km Crom Izucar. hoI

S Chichiplco and Oiode Altua, W",m -.-......._~-- Ca, BO.__~___~_._~ ______._._._•• ----.-...._....._....._. ~... Do.
6 and 8 km from Tehui·
zlngo.• 2 km from Huehuetlan_____• as ..-._--------- ~._~------

Ca. SO••_••• _••• _•••••••••~.__._ ...._._~--_._~----_.- ~-- ---- 2 springs. Water used locally.
10 Ojo de Agua de 'I'Ianeualpl- W"'m ...._._------- ~---------

~--- ----.- ._.__....-...._._._._--- .._._~--------_._----------- Water used locally.
can, in oureouemunicipio.

11 Los Homos and Ixtatlala, in Warm' Moderately .._.._--~. _.__._------_._~-----------_ ..._.- .-_._..._.__.._._..__._._... Water used for bathing.
Teotlalco municipio. hot large

12 Agua Santa, at Xixlngo vn- W"'m _.--_._------- ---------- --..--.._....._._._..__.._-------- ------ ---------------------- Water used locally.
lage.

Queretaro

raeleDda MOD"'De"o. 25km north oC Queretaro:
EI Salto__._••••_._._•• _. 32 Moderately ---------. ......_......_..._.._..._..._.._.- Basalt_. _____•__._._.___._~ Ref. '64.

1 large
Two wells_________ ••• _•• 26;29 -------- ..-._- .....__._------_.-._------------_.-------... •__._do__••__._.__•_____•• __ Pumped wells. Water reached at

deptb of 50 meters. Ref. 764.
Pueblo Santa Rosa_______•__ Z1 -MOderately- ._-----... .__._...__._----_._-----------_..- --------~-------~-----------

Ref.764.
2 Near Pate, 70km east-south- .. --~-----_.

_...--_.__..__._----------_.__._-- Porphyry_~.______________ Ref.7'1:1.
east of Queretaro. I", ge

San Luis Potosi

1 EI Gate, 40kIn south ot San .. 316,000 500 --.-------.---.-..._..._------ ---- Lake beds In area of Water " strongly radioactive.
Luis Potosi. faulted rhyollte. Used for bathing, irrigation, and

generation or electric power.
Also flowing wells 200-000 meters
deep. ReC.s. 752, 772.

Sonora

1 IAgua CalieJ:;lte, between 1
'repuetetee land Piedras
Verdes.

HoI IMode'tl:~ 1----------1----------------------------------1----------------------------1 Ref. 740.

Vera Cruz

Large 1 1 -------------------------------1----------------------------1 Rof. 730.
1 INear Amatlan_______.;______! 70

Las Pastoras and La AI- werm
moloya, in Rio Grande

2
munfclplo.

Atotonllco de los Martinez, Hot
50km southwest orNieves.

3 La Tinaja, 5 km south of Warm
Sain Alto., Boeas (EI Vergel), near Hot
Chalcbibuites.

Near San Andreas de 'reui.,•. Warm-
hot

6 Santa Cruz, 12 km south- Warm
west of Fresnillo.

Zacatecas

Small

Moderateiy
mge

Mcderately
. large

Moderately
large

Moderately _~ ••_. • •__~~~. __ ~ •• Trachyte porphyry _
large

Water used for bathing.

Issues at west base of bill. Water
used for bathing. Ref. 738.

Water used for drinking.

6 springs. Water from some is
potable, from others too highly
mineralized Cor drinking. Water
used locally.

Small batbing resort. Ref. 727.
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Thermal springs and wells in Mexico-Continued

No. Temper- Total
Associatedrocks Remarks and additional referenceson Name or location ature of Flow (liters dissolved Principal chemIcal constituents

fig. 12 water per minute) solids
(00) (ppm)

Zacaterae-Continued

II

7 Bano de atotonttcc, 3 km " Moderately Moder- --~.._---- ----- ---------- --------- ------.------ ---.------ ----- Water used for bathing.
southwest of Valparaiso. large ately

high. Water is slightly alkaline. Sm,
B Ojc Catiente, 35 km south- 35 Moderately 162 -- --- ----------------------- --- --- - ---- ---- -.----------------- bathing resort.east of Zacatecas. large Water used locally.9 Agua Caliente, near Momax. werm

-Mode~ateiy- ------i93" ----.-.- ----------- --- ---._-----.- - --- --~------------------ --~

"" CO,. Bathing resort.
10 Agua Tibia, 2 km west of Warm --- ---- - ------ ------- ---- ---- ----- ---~~----._------~-~-------~

Sanchez Roman. large Water used for drinking.n Ojo de Agua de Ia Higuera, Warm Small
--~-~-----

---------- ------- ---- ------------- --- --- -~--------------------
in Huanusco municipio.

Moderately 60 Free CO2. Small bathing resort.12 Near JaJpa___. ______________ Warm - ---- --- - --~------- - --- -------- --- ------------ ----------------
large

CENTRAL AMERICA

(costa Rica, EI Salvador. Guatemala. Nicaragua. and
Panama)

The western Sierra Madre of Mexico swings south
eastward, parallel to the Pacific coast, and forms the
southernmost highlands of that country. South of
Jornllo volcano in Mexico there are very few prominent
volcanic peaks in this range, but in its extension into
Central America the mountains of this range are pre
dominantly volcanic and there are numerous cones,
some of which are still active or semiactive (solfataric).

East of the main mountain chain, which is composed
mainly of volcanic rocks, most parts of Central America
that have been mapped geologically are underlain by
marine sedimentary rocks of Cretaceous and Tertiary
ages; but Paleozoic strata and a few small, scattered
areas of sandstone and clay containing plant remains
that indicate Triassic age are exposed in northern
Guatemala. Structurally, Central America does not
seem to form a direct connection between South
America and the main part of North America because
the sedimentary beds genarally are folded along nearly
east-west lines, oblique to the trend of the isthmus.
The deep depression that contains Lakes Nicaragua and
Managua may be a graben. Extensive volcanism began
in the main ranges near the close of the Cretaceous pe
riod and has continued to the present. The lava and
ash are chiefly andesitic and basaltic.

Nearly all the thermal springs recorded in Central
America are in areas of lava, and most of them are on
or near geologically Recent volcanoes. No thermal
springs seem to be reported in British Honduras and
Honduras, which are east of the zone of volcanism.

Costa Rica has considerable lowland along each coast
and extensive plains in the northeast. The northwest
ern part of the main volcanic chain is formed largely
by a succession of volcanic cones. Farther east the

chain is partly divided into two cordilleras separated
by a central plateau, beyond which the chain swings
farther eastward, nearer the median part of the isthmus.

El Salvador has a narrow coastal plain which is
bordered by the main cordillera. Much of the country
consists of irregular plateau areas which are inter
rupted by many volcanic peaks in notable alinement
but in several broad groups. Most of the volcanoes are
probably of Pliocene age.

In Guatemala the Pacific Coastal Plain is nearly 80
km wide. The Sierra Madre rises steeply from the
coastal plain, and along its southern base are numerous
volcanic peaks, several of which are still active. The
main ranges of the chain have lesser ranges branching
from them and are interrupted by several depressions.
North of the main chain of the Sierra Madre there is a
region of high valleys enclosed by minor ranges, beyond
which the country slopes to the Caribbean Sea through
the undulating plains of El Peten, which occupy nearly
one-third of the country.

The Pacific coast of Nicaragua is bordered by the
volcanic cordillera which extends into, and is inter
rupted by, a great depression that is in part occupied
by Lakes Nicaragua and Managua. This depression
is bordered on the northeast by a minor range which is
in part of volcanic rocks, and from it the land surface
descends northeast and east to a wide swampy coastal
belt along the Caribbean Sea.

-Panama has a main range which extends eastward
through the central part of the isthmus uearly to the
low pass at the Panama Canal. Chiriqui volcano,
quiet since the 16th century, is near the western border
of the country, and there are other volcanic peaks
farther east. East and south from the canal, a lower
range of mountains continues nearly to a minor trans
verse range that forms the boundary with Colombia.
Though mineral springs are common, only a few are
noticeably thermal.
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The table below summarizes the available information
on the thermal springs in the several countries of Cen
tral America. The locations of the springs and princi
pal volcanoes are shown on figure 13.

NO'1on
fig. 13

Thermal 8prings in Central America-Continued

I
Tempera- [ Remarks and additional

Name or location tare of relerences
water (°0)

Thermal springs in Central America
[Data. chiefly from refs. 783, 800,808,809,811. Location of unnumbered springs not

Identtfled]

~~'I Name or-location IT::::~,;;rI
fig. 13 water (°0)

Costa Rica

60-66 Several saline springs.
TepId Small flow.

Mud pools and vapor vents.

3 aprlngs feeding small lake.
Combined flow 200-300 liters
per second. Refs. 778,806.

1 clear and several mud springs.
Refs. 778,800.

Small lakes from which outflow
is 220 liters per minute. Refs.
797,799.

Fl'lw 20 liters per minute. Refs.
797,799.

9 main springs and several vapor
vents. Water Is sulfurous.
Ref.806.

Mud crater 6 meters In diameter.
Noted for clouds of steam.
Refs. 787,806.

Vapor vents and pools of boiling
black mud. Refs. 791,795,806.

Re!.799.

97 Springs orcieeewater, mud pools,
and vapor vents. Ref. 799.

Weak vapor vents. Ref. 799.

4 small springs.
2 main springs issuing from frac

ture in decomposed lava.
Ref. 807.

37 Water used locally.

Several large springs. Water
used locally.

Hot

Hot

50-59 Several springs issuing from de
composed basic lava. Water
used for bathing.

'0-"

29-42
72-82

'0-"

3 main gas vents issuing from
decomposed lava. Deposits of
sulfur. Refs. 778, 780.

Vapor vents Issuing from decom
posed basalt. Refs. 778,780.

Springs and vapor vents. Refs.
778, 780,799.

Many fumaroles. Refs. 778,780.
S~rings along shore of small lake

tncreter. Rd. 823.

Small springs along border of
lake.

Several springs in ravine. Refs.
778,780,807.

Several springs on flank of sub
sidiary Santa Ana' volcano.
Ref. 823.

Gas and vapor jets and pools of
acid mud. One, called E1 In
fiernillo, spouts boning water.
Deposits of sulfur. Refs. 778,
780,795,806,807, 817,819-821.

100 Springs, includIng a geyser, and
(max) vapor vents.

99
(max)

70
(max)

93
(max)

86-97

Warm

96
(max.)

Costa Rica Continued

Ansol El Zapota, south
east of Cerro San
Lazaro.

Ausol La Labor, south- _
west of Cerro San
Lazare.

Ansol San JOO6, 2 kIn
northwest of Laguna
Verde volcano.

Ausol San Carlos, 1 km
east ofAusol gau Joae,

ausot cerro Branco, 1km
northwest of Laguna
Verde volcano.

Ansol El Sauce, between
Ausol San Carlos and
AnsoISanJos~.Ansol de Amaya • _

Near 'relune pueblo •
Hervtrteros de El Obrajuelo,

neer.Ague Callente pueblo.

l
w est border of El para.,"o

pueblo.
3 Bank of Rfo Grande de San

Francisco, 2 km south of
EI Paraiso pueblo.

Ahuachapan area:
Playon de Salitre, 8 km

northeast of Ahoch·
apan.

Ansol Valdiviseo, 6 km
northeast of Ahuacha·
pan,

Playon de AhuaehapAn,
3 km east of Ahuacha·
pan.

Ausoles de Agua Shuca,
8 kIn southeast of
Ahuaehapan.

Ausol de Barreal, north
of Cerro San Lazaro.

,

•

1
2

11 Inflernillos on northeast
flank of San Vicente vol
"""0.

12 Hervideros de Carolina, near
Rto Torola 3 Ian northwest
of Carolina.

13 Bank of Rio areute, 2 km
northwest of E1Rosario.

Ausol Los TermopIlas_____ 93-97

5 Ansolesde CuyanausuL _

6 Izalcovolcano(active)_______ Hot
7 Laguna de Coatepeque, at Hot

east base of Santa Ana vol-
"""0.

Lake Obemmlco, at base of
Javal volcano.

9 Ausol El Bcqueron (Quezal
tepeque),16 km northwest
ct San Salvador.

10 TIopangovolcano _

EI Salvador
[Data chiefly from refs. 786,787,793,800,808,809. For general tnr-rmetronon eusolea

of Ahuachapan area, see als")refs. 789,796,801, 807, 819,821]

29 North side of Pico Blanco, Warm Water used locally.
Deal RIo trren.

30 Near R[o Jurquln___________ Warm Not developed.
------ Oorls ________________________ si-ei 4 aprlngs Issuing from sandstone.

Principal chemical consttt-
uents: 804, C1. Large deposit

Huaicallllo ___._ •____________
of tufa. Ref. 812.

._-.-- 23.5; 34 2 main springs. Total dissolved
solids, 7,500 ppm. Large de-

Los Hervideros______________ prsit of tufa.
------ 28-46 3 springs. Principal mineral

constituents: S04, C1. Ref.

Mount Ha.to Viejo, Rfo Viejo
812.

------ 70
Gorge.

---_.- Near Rfo La Paloma. _______ Warm

Remarks and additional
references

Several springs issuing from
Miocene sandstone. Principal
chemlcek constituents: os, CI.
Water used for bathing. D&-
posit ot tufa.

Water Is saline. Ref. 700.

Springs, fumaroles, and sotreteres
on north slope. Refs. 21, 774,
"4.

Fumaroles and soltataras.
Several springs. Water used

locally.
Several springs. Small deocstt

of iron oxide. Refs. 790,822.
Prlnolpal ohemleal constituents:

CaCc3, Na2S0~, NaCl. Water
used for bathing. Refs. 790,822.

Several sprIngs. Water used
for bathIng.

2 springs. Water used for
bathing. Ref. 822.

Several springs. Total dissolved
solids, 500 ppm. Prlnolpal
chemical constituents: Oa,
HC03, SO~. Deposit of tufa.
Water used for bathing. Ref.
'22.

Several springs. Water used for
bathing.

Small flow from several springs.
Water is saline.

Several aprlnga issuing from
Tertiary strata. PrincIpal
chemical constituents:" Na,
SO~, C1.

Do.

Do.

Do.

Do.

Lake in lower crater; hot water
and steam thrown to great
heIghts at intervals of 12 to 20
min. Also boiling sgrings on
~~ of volcano. Re . 21, 774,

Small flow from several springs.
Water used locally.

Water used for bathing. Ref.
779. .

Several springs. Water used for
bathing.

Several saline springs.
Water used locally.

Hot springs near Salitral and
warm springs near Santa Ana.

aotreteres in crater; also mud
pots on southwest flank:.
Ref. 813.

Water used locally.

Do.

Hot
36.6

(max)
Hot

50

29

Hot

Warm

Wann

38.8

71
(max)

Hot

Hot

Wann
warm

Hot

51.5
(max)

Warm
wsrm

werm

Hot

Hot Mud pots on southwest flank and
hot springs 8 km farther south.
Ref. 818.

Warm

wenn

50-56

17-36

'()-5()

34.5-51.5

24.5-38

45.6-46.2

2 Hacienda la Cueva, near
Liberia.

8 Near Bagaeea, 23 sm south
east of Liberia.

4 Hornlllos des MIra.valles _

20 Turrialba volcano _
21 Near Rio Perlta _

22 Near Salltral, 1.5 km south
of Cartage.

23 Ague Caliente).8 km south
southeast of Oartago.

24 San Cristobal, 10 km south
southwest of Cartage.

25 Near Orosi:
orosi Convent, _

Hacienda Navarro • _

Rincon de te Vieja volcano__

26 Near Rfo Macho _

27 El General, 80 km southeast
of San J056.

28 Near Pejivalle, on north
side of mouth of Rfo
Dlquls.

18 El Salitre, 2 km east of San
rose.

19 Ireau volcano _

5 Muchucatale, 16 km south
east of Castillo.

6 On bank of Rro Pocosol,
several km above Its junc
tion with Rio San Juan.

7 Las Canas, near head of Rfo
Avangares.

8 On bank of Rio Peila Blanca,
25 km above its junction
with Rfo Fortuna.

9 Agua Caliente de Ia Trin
chera, on bank of Rro
Barranca 8 km north of
Esparto.

10 Poas volcano _

11 On coast near Hafen Caldera.
12 Near San Mateo, 50km west

of San rose.
13 010 de Agua, 5 km south of

Alajuela.
14 San Pablo Turrubures, 40

km southwest of San rose.
15 On or near Rfo Grande:

Salitral del Rayo _
Agua Caliente de Can

grejal, 4 km west of
Salitral del Rayo.

Near /unctlon of Rfo
Vir 11i with Rfo
Grande.

Paso del Alumbre _
16 Near Rio Atarrazu below its

junction with Rfo Cande
laria.

17 San Antonio de Desampa
rados, 5 km southeast of
San rose.
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Thermal springs in Central America---Continued Thermal springs in Central America-Continued

No·1on
flg.13

Name or location "I T::~;;r I
water (°0)

Remarks and additional
references No·1on

:Ilg.I3
Name or Iocatlon

I
Temp"'-Iture of

water (OC)

Remarks and addltlonal
references

El !)atvudor-Continued Nicaragua-Continued

Nicaragua
[Data chiefly from refs. BOO, 808,809, 8181

Guatemala
[Data chlefiy from refs. 800, 80S,809]

1 Oosegufnavolcano___________ Hot Fumaroles and scljataraa.
2 EI Viejo volcano_____________ 91 1 main spring and 3 craters with

(max) fumaroles. Ref. 773.
3 Chichigalpa volcano_________ Hot Fumaroles and sotreteres. Ref.

83.
4 Near 'renee volcano:

San Jaalntn, at south Hot Several pools of varicolored clay
base of volcano. and boiling water. Free H2S.

Deposits of sulfur and various

Tfsate, farther west______
salts. Refs. 784. 791'1.

Hot Thick mud in ebullition. Ref.
784.

s Axusco, 3 km south of Leon__ Tepid Large flow of water into large

6 Momotombo volcano________
pool at bottom of ravine.

Hot Fumaroles and many solfataras.
7 'I'ipltapa, at outlet of Lake Boiling Large flow. Free H2S. De-

Managua. posits of sullur. Ref. 784.
8 Masaya-Nindiri volcano _____ Wann Vapor vents.
9 Laga de Apoyo. near east Warm Small springs. Water used 10-

base of Masaya-Nindlri cally.
volcano.

10 Lake Amatitlan Warm-hot

Hot Fumaroles and sollataras. Refs.
809,815.

Warm Several springs. Ref. 815.

Warm Fumaroles and solfataras near
the crater.

Hot Water used for cooking.

Panama

Caldera on southeast :Ilank
of Chiriqui volcano.

2 Agua de Salud, near Celebre
village.

10 Ometepe (Concepcion) vol
cano, on island in Lake
Nicaragua.

Near Tottoa village _

8 Suess. Edward, 1904, The face of the earth ,:' v.I. p. 542-552.

WEST INDIES

The West Indies consist of three main groups, or
chains, of islands. The Bahama Islands in the north
are mainly low coral islands in which no thermal
springs have been reported. The Greater Antilles, con
sisting of Cuba, Hispaniola (Haiti and Dominican Re
public), Jamaica, and Puerto Rico, are composed of
various kinds of sedimentary and crystalline rocks and
have thermal springs in a few places. The Lesser An
tilles, in the southeast, form a curving line trending
southeast and south toward the coast of South America,
as shown on figure 14.

The curving band of islands was considered by Suess S

to be divisible into three zones. The inner zone is
formed by the Lesser Antilles, the middle zone embraces
the Greater Antilles, and the outer zone includes the
Bahamas and several islets farther east.

The Greater Antilles generally are considered to be
the upper parts of a submerged mountain chain which
divides in Hispaniola, one branch extending through
Cuba and the other through Jamaica.

Cuba has mountainous regions in the extreme east, in
the central part, and in the westernmost part, and there
is much rolling to flat country between the uplands.
The north coast is bordered largely by hilly lands, but
much of the south coast is swampy. Both coasts are
bordered by many islets and coral reefs. Metamorphic
and igneous rocks (pre-Cretaceous1) form parts of the
range that borders the south coast near the east end of
the island. Cretaceous limestone underlies many areas,
but the greater part of Cuba is underlain by early Ter
tiary limestone which is uplifted and folded in many
areas. There is little evidence of voleanic activity.
Thermal springs at several places in the Habana (Ha
vana) area have been developed as resorts, but few
others seem to be recorded. Cold mineral springs are
more widespread, and several have been developed as
resorts.

Large flow of very sulfurous
water. Ref. 781.

Fumaroles and sotreteres.
Fumaroles and sotreteres. Ref.

778.
Several springs near lakeshore.

Much steam. Refs. 775, 780.
Fumaroles and sotreteres near the

crater. Refs. 778, 780.

Several springs. Water used
locally.

Fumaroles and soIfataras.
1 main spring and several rume

roles. Water used for bathing.
Refs. 775. 778, 821.

Water used lorbathing.

Sulfurous water in small crater
lake. Refs. 789, 807, 819, 820.

Fumarole having high pressure.
Refs. 785, 787, 817, 819, 820.

Fumaroles and solfataras.
2 main steam vents (Hervedor

and Boqueron): also lesser
vents and mud pools. Free
H2S. Deposits of pyrite crys
tals. Refs. 778, 799. 807.

Fumaroles and solfataras. Ref.
807.

Fumaroles around crater. De
posits of sulfur and alum.
Refs. 778. 817.

Springs and vapor vents near
border of lagoon. Ref. 786.

Fumaroles and souateres.
Springs and steam fumaroles

issuing along fracture line.

45 Total dissolved solids. 2.212ppm.
Principal chemical constituents
Si03 (380 ppm): Na (123 ppm);
SO~ (I.450ppm). Rek 777, 1£9.

45 Total dissolved solids, 2,186ppm
Principal chemlcal constitu
ents: sro, (340 ppm): Na (106
ppm) 804 (l.490 ppm). Refs.
777.799.

Bprlnga and fumaroles: also ruma,
roles in main crater. Refs. 778,
821.

Water used locally. Ref. 775.

Hot

Hot

Hot
Hot

Hot

Hot

Hot
Hot

Hot

9&-98

Hot
32--£9

Hot

57-90

89
(max)

37

wenn

Hot

Hot
Hot

Las Aguas Amargas _

Selcaja, 8 km northeast of
quezettenenso.

2 Santa Maria volcano _
3 Almolonga, on Cerro que

mado volcano 6 km south
west of queeettecengo. .

4 Zunll volcano, 15 km south-
east of Quezaltenango:

Las Fuentes Georgtnes__

Ii Agua Caliente. near Lake
Atitlan at north base of
Atitlan volcano.

6 La Oenoe, near Rfo Monta
gna, 30 km southwest of
Salama.

7 About 4 km from San Jcee,
20 km northeast of Guate
mala City.

8 Acatenango volcano _
9 EI Fuego volcano _

11 Pacaya (Pecul) volcano. 10
km southeast of Amatit
lan.

20 Laguna Ague. Caliente, 7 km
northeastof Jucuareu.

21 Conebagua volcano ~ __
22 Plavita} at southeast base of

Oonehague volcano.

18 EI LImbo volcano _

19 San Miguel volcano _

[

Los Ausoles, 3 km northeast
ofSanta Rosa de Lime.

14 Pozos 'Hblos, 'on margin of
Rfo Pasaqutne near south
horder of Santa Rosa de
Lima.

15 'I'eeapa volcano:
Laguna de Alegria. _

El Tronador _

16 Falde. volcano, ~ _
17 Inflernillos de Chinameca, at

northwest base of China
meca volcano.
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Hispaniola is separated from the eastern extremity
of Cuba by a passage about 60 miles wide. The island
comprises the republics of Haiti and Santo Domingo
(Dominican Republic) and is largely mountainous.
There are three nearly parallel east-west ranges. The
northern range rises steeply from the coast; the central
range is broader, with gentler slopes; the southern
range also rises steeply, but there is a wider lowland
along its eastern part. Between the three ranges are
considerable areas of plain and lowland, and a lake of
considerable size is in the southern part of the island.
A wide central east-west core of pre-Tertiary igneous
and metamorphic rocks extends throughout the island.
This core is bordered chiefly by Tertiary deposits of
Miocene age, but in the west it is bordered in part by
Cretaceous sedimentary rocks. Most of the lowlands
are underlain by Quaternary deposits, including a large
area of coralline beds in the extreme northwest. An
area of Mesozoic basalt forms uplands southward from
Port-au-Prince and also farther west, but there is no
evidence of Tertiary or later volcanic rocks. An early
study by Tippenhauer (ref. 843) indicated that the lava
might be of post-Tertiary age, but later studies class it
as Upper Cretaceous. In the western part of the island
four localities of thermal springs are well known, and
one warm spring has been reported in the eastern part.

Jamaica lies about 90 miles south of the eastern part
of Cuba and has a central east-west range and sub
sidiary ridges branching from it.: The mountains are
highest in the east and merge westward with hills of a
plateau region that occupies two-thirds of the island.
There are. some wide plains along the south coast.
Schist and other metamorphic rocks are exposed in the
eastern mountains, but most of the uplands are of Up
per Cretaceous limestone which is generally much
folded and extensively overlain by lower Tertiary marl
and limestone. These rocks cover the greater part of
Jamaica in large areas of hills and valleys. In the
northwestern part there is much sinkhole country.
Shallow-water Miocene and Pliocene deposits underlie
most of the coastal lowlands, and geologically Recent
uplift has produced coastal terraces and raised beaches.
Tuffs and other volcanic rocks indicate early Tertiary
volcanic activity. There were some plutonic intrusions
in Oligocene time, but no recent volcanism. Thermal
and cold mineral springs issue from the older rocks in
a few places.

Puerto Rico, about 70 statute miles beyond the east
extremity of Hispaniola, has a main east-west mountain
range which lies somewhat south of the median part of
the island. At each end of this range the mountains
descend steeply to the sea,. The south flank also de
scends steeply to a belt of coastal plain. The north

flank of the range is less steep, and numerous spurs de
scend to a belt of lowland. Thermal springs have been
reported in only three places, all on the southern coastal
plain.

The Lesser Antilles extend from a few miles east of
Puerto Rico eastward and southward to near the coast
of South America. (See fig. 14.) Some of these is
lands are considered to be related geologically to the
mainland, as they are composed of schist, crystalline
limestone, and other ancient rocks similar to those
found in northeastern Venezuela. In other islands the
older rocks are overlain by Cretaceous and later marine
sedimentary strata, similar to those found on the main
land. Several smaller islands are composed largely or
entirely of Tertiary to Quaternary volcanic rocks.

Saba Island, near the northwest end of the Lesser
Antilles, has an area of about 5 square miles. It is
formed by a single volcanic cone that rises to an alti
tude of 2,800 feet. The town of Saba is in the old
crater and is reached by steps cut in the mountainside.
St. Eustatius Island, about 8 square miles in area, is
composed of several volcanic hills, but no thermal
springs have been reported. St. Christopher (St.
Kitts) is about 23 miles long. It has a central volcanic
range and considerable areas of lowland. Nevis, which
is separated from St. Christopher by a passage only 2
miles wide, is almost circular, about 8 miles in diameter,
and is formed by a single volcanic cone that rises with
moderate slopes to an altitude of 3,200 feet. Montser
rat, about 40 miles farther southeast, is 11 miles long
and about 7 miles wide. It is composed of a group of
volcanic peaks, of which Soufriere Mountain is the
highest. Guadeloupe, 40 miles farther southeast, con
sists of a high western part of old eruptive rocks over
lain by Recent volcanic materials and of a low eastern
part of Tertiary deposits of conglomerate and shell
limestone. Dominica is separated from Guadeloupe by
a passage 25 miles wide. It has a north-south range
of high mountains, including Morne Diablotin in the
north and Boiling Lake on the side of a mountain in
the south. Martinique is composed chiefly of volcanic
mountains. A group of mountains in the north is domi
nated by Mount Pelee, There is another group in the
south, and a belt of upland connects the two groups.
St. Lucia is largely mountainous and steep slopes rise
directly from the coast, but it also has large areas of
cultivated plains. In the southwestern part of the is
land are two pitons, which are conspicuous pyramidal
peaks that are not a definite part of the main mountain
system. A few miles east of them is the Soufriere in
a depression that sometimes has been called a volcanic
crater.
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St. Vincent has a central range of volcanic hills that
culminate in Soufriere volcano in the north. Grenada
is the southernmost of the truly volcanic islands of the.
Lesser Antilles. It has a north-south mountain range,
considerable lowland in the southeastern and northwest
ern parts, and a raised limestone beach at the north
end. The oldest rocks exposed are of schist, porphyry,
and sandstone, which are overlain by much basalt. In
the central part of the island is Grand Etang Lake,
which occupies 13 acres in an old crater where a. sana
torium and health resort have been established. In the
northeastern part is the larger Lake Antoine, also in
an old crater near sea level.

Trinidad is formed for the most part of three nearly
parallel ranges that trend north of east and two inter-

vening wide areas of lower lands, The Northern Range
borders the coast, where high cliffs rise from the sea.
The greater part of this range consists of the Carib
bean series of schistose rocks, which probably are of
Mesozoic and Paleozoic ages. Also, there are a few
small areas of marmorized and siliceous limestone of
Jurassic and Cretaceous ages, and one small area of
basic intrusive rock. The Central and Southern Ranges
are underlain by marine sedimentary strata of Eocene
through Pliocene ages; Cretaceous sandstone and shale
are exposed in a few places.

The available information on thermal springs in the
West Indies is summarized in the table below. The
locations of the thermal springs are shown on figure 14:

Thermal springs and wells in the West Indies (Greater and Lesser A.ntilles)
[Principal chemical constituents are expressed in parts per million}

No. Temper- Total
on Name or location ature of Flow (liters dissolved Principal chemical constituents Associated rocks Remarks and additional references

fig. 14 water per minute) solids
("0) (ppm)

1
f

ee
g

,

1 San Diego de los Baiios______ 34-38 S75 1,280 CaCOa(141);Mg (HC03h (230); ---------------------------- 3 main springs (Ft Tigre, E
CaSOt (808);free HtS. Templado, La Paila) on bank 0

RIo cereuenebo. Water h
fetid odor. Used -for drtnkfn
and bathing. Rels. 831,836,844

2 San Vicente, 3 km north of Warm -.-._---_..~-~ ---------- CaSOt (143);Na~SOf (39); CaS ---.------_.__.__._-----_._~ 6 maln and 2 small springs
vmetes. (679);freeH~S, CO~. Bathing resort.

a San Antonio de los Banos___ Warm
---~~-~-------

_._-_._~~-

--~---------------_._-------_._---._-----------_._~--~--~-----
Several springs. Bathing resort

Ref. 836., Ouanabacoa (Santa Rita) ___ 17.5-26 13 1,378 Mg (HCOI), (323);· CaS04 Tertiary limestone and 1 main and a smaller springs
(hottest) (197);MgSOf (261). sandstone; serpentine. Resort. Refs. 828,.844., Santa Maria del Rosario...__ 10-22 6 1,440 CaS04 (147); Na~SO, (406); Volcanic tuiI near serpen- 4 main springs. Resort. Ref. 828

NaCl (389). tine.
6 Madruga... _.___. ____. ___. __ 22-2.5 25 676-772 CaCOa, MgCOI, CaCOh NaCL Serpentine_______. ________ 3 main springs (Paila, Castilla

Tigre). Bathing resort. Refs

San Miguel de Gnamacaro__
828,844.

7 Tepid 100 780 ------_.--_._----.•_~-~-~~-----~--- ____.do, ______•___•________ 3 main sprIn~s. Water is alkaline
used as tab e water.

S Clego Montero_____._ .._____ Warm
-.----_._-~---

____ woo_ow _._.- ~-~--~---- ------ ._-- ---_..._- -~_.---~_ .._-~_._~---~-~--~- Shallow wells. Water used fo
bathing., Las Dellelas de San Antonio, 22 10 1,722 Mg (HCOa), (273): NaHCO; Tertiary sandstone. _______ Shallow wells. Water used '02 km north of Santiago de (636);Na,S04 (196);free COJ. table water and bathing.

Cuba.
10 Sante Fe, on east side of Isla 28 _.--~----.-_.. ---~--~---

CaC03, CaS04, CaCb, NaCI, .- --- -- ------- -----. --- .---- Several springs. Resort.
de Pinos (Isle of Pines). SiOl.

Cuba
[Data cbiefly from refs 832 834 835J

Dnmlnlea
[Data chiefly from ref 874J

o

g

d

1 North of Portsmouth_~._____ Warm Small -~~---~--- ----------_._------ -~~--~ ---- ----- Leva___________•___ ._.____ Several springs. Water is snl
rurous.

2 Slope of Morne Diab1otin, Warm Small --_._-_._- -_. _.~--~---~ -~-- --- --- ----------- _~___do __•___~~__._~___~____ Several springs. Water I, snl
near Portsmouth. rurous. Ref.836.

a Ravine d'Or__________. ______ Warm Small _._------- --~------- ------- -_._---_._------- ____ _do_~._____ _____________ Do., Near Laudat, north of Warm Small _._-_._--- --_._._------- --- ------- ----_._--- _____do. _______ _~_____ ~___~_ Do.
Grande acurnere Moun-
tain.

GrandeSouldere Mountain:
Bolling Lake___.... _____ 88 Large -------.-- --_._-_.-•• _ow. __ ~___ _ _ _ _ _ _ - ______ __ ow cdo ________ ._. ____ow _. __ Lake in crater, 60 meters in diam

eter; water usually turbulent
contains sulfur In euereneton
Much vapor. Refs. 847, 853, 856
863,864,867., Middle Lake__________.. 4O-SO Large --_._-_._. -_. -~---- ---- ----_.. --- -_. .__._--~ _____do__________________ _~_ Lake in crater fed by I spoutin
spring and several other springs

Western Crater,0.5 mile
Deposit ofsulfur. Ref. 867.

83-96 Large -~_.._-_.- -~- ._-- -~----- --- --- --- --. ----_._- _____do__._.________________ 4 groups of springs; also large mu
southwest 01 Boiling spring. Refs. 856, 864, 867.
Lake.

6 .Wotten Waven, 1.2.5 miles 83; 96.5 Large _._~~-_._- --_.__.~~----------.--. __._----~-- --------- -------- - ----- ----- I mud spring, I sulfur spring; aIs
east of Roseau. several small warm springs.

7 East of Souldere v:fllage_____ 4&-92 Moderately
-~------~- --- -~----- ----_._-_.__. ---_..- --~- -7---- -.---. -.--.----------. Several springs; also fumaroles

large Deposit of sulfur.

Dominican Republic (Santo Domingo)

1 I "km son'bwaa' of A..a 1 Tepid I 220 1-----.---./....--~----------------------.- --~ [----------- 11 'W~~e~~~::~J~::~ro~~fm~:
Ref. 843.
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Thermal springs and wells in the West Indies (Greater and Lesser Antilles)-Continued

No. Temper- Total
on Name or location eture of Flow (liters dissolved Principal chemical constituents Associated rocks Remarks and additional references

fig. 14 water per minute) solids
(°0) (ppm)

Grenada
(All data from ref. 869]

1 Near Peggy's WhIm_________ 44.4 Small ---------- cs, No., K, HCOa_. _____________ Lava______________________

2 Hamnsack, east of 'turton 24.4-48.9 Small ---.---.-- .---------------------------------
_____do_____________________

7 springs. Water from hcttes
Hall. spring centes ciev in anspenslon

3 Near Lake Antoine__________ Warm Small ---------- ---------------------------------- ____ .d 0 _____________________ Several springs. Free H2S.

Guadeloupe
(Data chiefly from ref. 876J

aourrtere Mouctain:
1 Orater_•••••• ______ ._.__ ......
2 Lac du acurre, on upper warm

part of north slope.

3 Lower part of north 76-89
slope., South slope ____~_~_~ _____ 95

5 Lowland south of Soufdere So-90
Mountain,

• ~~~ ~~ •__•• ._ ._. •• ~ .~~__ Lava. _. • __ ~ •__

___• • _. ~__~~ ~~~__~ • ._do • ._.~__._

_________________• • ~ ~.__~ • _._do__••__~ ~ ~_

• ~. ~__~~ ._ • •• • ~ ~ do • •• _••• _._.

Large ~ _~_ ~~_~ ~ ~_~ ••••_• ~~ do,•••_~ ~_~ •• _

3 main fumaroles along a fissure
Refs. 836, 850, 852, 856.

Water contains sulfur in suspension
Also several fumaroles. Refs
835, 850, 852, 856.

3 main fumaroles. Refs. 836, 850
852,856.

Several fumaroles. Refs. 836, 850
852,856.

Several springs (1 spoutdng) and
mud pools. Source of Janne
Matyltse stream. Refs. 850, 852
85'.

HaUl
[Data chiefly from refs. 829, 843]

Small ~ ~ _~ • ._ • • ._. .do .~ ~~_

515 Oil. (26): Na+K (1351; HOOa Cretaceous basalt., _
(93): SO, (117); Cl (121).

1 EauxBoynes (TerreNeuve),
30 kID northwest of Gen
etves.

2 Los Pozos. __ ~ ~••• _

3 Sources Puentes (Area
hale), west coast at foot of
Monnt TerrIble.

4 Grand Rlver of J~r~mie:
Las trots (Anse d'Hetn

eujt), near head of
Right Fork.

Tiburon (La cshoueuej.
near head of Left Fork.

.reremte (Dame-Marie,
Dalmarle), 8 .km
downstream from
Tiburon.

'5-49

31.5-42

32.7

Warm

34; 37.5

35-40

200

Small

2,000

Small

Small

403

1,214

12,684

Oil. (li1); Na+K (56); HCOa Faulted upper Eocene
(277); SO~ (68); Cl (36). limestone.

Oil. (118); Na+K (223); HOOa Faultei(!) Ollgocenellme-
(260); SO. (62); 01 (464); free stone.
HIS.

Ca (397): Mg (299); Na+K Faulted Miocene strata••••
(3,930): HCOa (610); SO, (872):
01 (6,627): free H:lS.

Tertiary strata • _

6 springs. sormer senetortum and
military hospital. Refs. 826
827,830.

5 springs. Ref. 826, 827, 830.

2 mainsprings. Possibly contain
inated bv see water. Refs. 826
830, 842, 843.

Ref. 842.

2 springs. Water used for bathing
Ref. 842.

2 springs. Water used for bathing
Refs. 826, 842.

Jamaica
[Data chiefly from refs. 840,841]

y

n

1 Near head of ceberrte Rtver., Warm --_.-.__.~-~~-
-----~._-- --------------.._~ ---~~~---- ------ Black shale _______________ Water is chalybeate. Heet' ma

be due to decomposItion orpyrite
2 Bank of White River, in wenn

---~---~------ ---.------ -------- -~- --~. --------------.__ .- _____do_____________________ Heat may be due to decompositio
Hanover Perish. of pyrite.

3 Quebec Estate, in St. Mary Hot ~----------------------- --_.- --~ ---~-- ---.--- ---------- --~ -------------_.__._---------
Parish., B",,' of branch of Back werm

---------._--~ --~--~._-~ --------------..------_. -~---- ---- --_._-----_..._- _.- ---------
River, in Portland Parish. -

5 Golden Dale Estate in Port- Hot ._---_._.~-----.-------- -------._--._-----_. ---------- -_.. -- ---~ ~ --------------------- Water is sulfurous.
land Parish.

6 Bed of east branch of Guard 65 ._-_._-------- ---_._.._- Oil., COa SO~~ ________ •__ •__.~__~ Manganese veins _____• ____ Water jets from riverbed: contain
(Guava) River, in Port- Fe,Mg.
land Parish.

7 Near mouth of Priestman's Hot
-~---------------_._-_.- ---~ --------~- ---------_..__.--_.- -------.-- -----_._------~---- Water Is saline.

River.
S Bath of 8t. Thomas, the 52-55 230 441 CaSO. (71); NaSOi (91); NaCl Slate and limestone (pre- Several springs. Resort. Refs

A~:i:t~/.v~r~orge near SuI· (197). Cretaceous). 833, 836, 839.

9 rdllk River Bath, 2 miles 33 -------------- 29,650 CaCh (1,500); MgClI (4,120); Miocene limestone___• ____ Issues a few feet above river level
upstream from river NaISO~ (3,100); Naci (20,770). Water "",d ror bathing. Refs
mouth. 836, 838, 839.

10 Shore of Manati Bay. ___ ~___ 26 .~~----------- -_._-.-.-- ._---_.._- --~---- ------_.--------- ------------ -_. --_._._._---- Several springs. Water I, saline
Ref. 839.

11 Port Henderson, near en- werm Small .._------- -_. --- -~~- ------------._---------- .------- -_..__._..-_._.~---- 2 springs. Ref. 839.
trance to Kingston Har-

"bour.

Martinique

Mount Pelee:
1 3 mll" southwest of Hot Small ---------- ------- ----~-- ---------- -- -~._-~~- Recent lava _______________ Refs. 851, 861, 868, 877.

main crater.
2 2 miles south-southwest Hot _._--------.-- -_._-----. ----~- ----------_._----_.- ---~-- -- ____.do_____________________ Crater having area of 2 acres

of main crater. Refs. 851, 855, 857, 861, 868, 877.
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Thermal springs and wells in the West Indies (Greater and Lesser AntilleJ)-Continued

No. Temper- Total
on Name or location eturc of Flow (liters dissolved Principal chemical constituents Associated rocks Remarks and additlonal references

fig. 14 water per minute) solids
(°0) (ppm)

Monfserrat
[Data chiefly from rer. 866]

1 Hot Pond, near 009.5t about Hot Small ---------- .--------------------------.------ --_.---- ----.- .._- ---.------ Severnl springs feeding pond.
1 roUenorthwest of Plym- Refs. 866,872.
cum.

2 Mulcair scurnere, on east Wann ------.------- ---------- --_.- -.---------.----------------- . -----------.- -------------- Sulfurous vapor. ReI. 866.
coast.

Cow Hill, in Tar (Tow?)
River district:

3 Old sourrtere.,__________ ~ Hot Small -~~~-~.__. ----------- ------------- _._---~--- --------_. -------------- --~-
2 springs; also vapor vents., New scurrrere ______~____ Hot -------------- ~~------~- -- --~ -------- -~ -.~ -._---~-_._-- --- .~---- --~ --~ --------~~ ------ Vapor vents.

5 Gage's lower sourrtere _______ Hot -------------- ~--~------ ~~ ------~ -~~ ------~ --~ ------------ -~ --------~- ----------.--~-- Large group or vapor vents.
6 Gage's upper soulrlgre___ ~ __~ Hot --~-----~--_.. ----~~---- --~ --~ --------._------------------ ------------- -------------~- Vapor vents. acr, 866.
7 semiecnve sourrjere_________ Warm

----~-._----~- ---------~ -------------------- --~ --~_._---.- ------~------ ---~ -~~ -------- Several vapor vents.
S Spring Ghaut sourriare ___•__ Warm -------------- ---------- ---------------------------~-- ---- ~ ---------~ -_._-----~ ------- 2 main vapor vents.
9 Galway'S eourrnre,_________~ 34..2-93.2

~~-~------~--- ----_.---- ~ --~---- --~ -.- -------------------- ------------------------~ --- 13 main springs, 1 spouting. Refs.
862,867, 872.

Nevis

1 0.5 mile south of Charleston__ 36 Moderately
._----~~-- -------~-- --~ ------- --~ ---------~- ------- --- ------~ -~~---- --~-

Several springs. Water is eut
large Iurous. Used for bathing. Re[s

836, 838, 873.
2 0.25 mite south or term 60 -------------- ------~~-- ----~------- --~ ----------------~-- ._---- -~- -------------- -~--- Several sotreteres. Refs. 836. S73

estate.
(max)

Puerto Rico
{Data chiefly from ref. 837]

r.
o

6.

1 Quintana. 15 km north of ..
-----~--------

791 Ca (85); Na (265); SO~ (125); Sedimentary strata near Water u.,d for bathing. R•
Ponce. or (163). teve. 836.

2 Banos de Ooamo___ ~______~~ " ---~---------~
1,604 Ca (420); Na (149); Sat (609); Faulted conglomerate and Issue 50 ft above bed of Coam

Cl (132); CaCO, (18). volcanic tuff. near post- River. Bathing resort. Ref. 83
Eocene volcanic crater.• Vlrella ____________~~ _~______ 30 --~--~--~----- 5.827 Ca (1.688); Na (819); SOt (460); Ooastal platn deposits _____ Water is unpotable.

Cl (1.358); CaCO, (1.065).

Saba

1 I North end crtsland ~ 1
2 Southwest shore • __ w",m!64.2

Small 1 1 [ Lava and volcani, tuff j
Small _ ~ • • do _ Ref. 875.

Contam1nated by sea water.
875.

Ref.

1 IN earand on Mount Mr'''Y·I''· >-96.sl
Saint Christopher (Saint Kitts)

Small 1 --1- 1 Lava and volcani, tnff !Springs, fumaroles, and solreteres.
Refs. 838, 856, 867, 873.

Saint Lucia

r
ch

1 La Soufdere (Qualib:l1l), 22-92.5 Moderately ---------- -.---- ---------------------------- Decomposed volcanic 10 main springs, 6 pools, and vapc• mUes south-southwest large rocks. vents 1n area of 3 acres. Mu
of sourrtere village. H,S. Small deposit or sulrur

Refs. 836, 838, 849. 856, 864. 871.

Saint Vincent
{Data chiefly from ref. 878J

1 La aournsre Mountain ______ Hot -------------- --~------- --- ------. ------------------------ Lava______________________
aoireteree In crater and fumaroles

on east slope of. mountain.
Water Is clear to black: highly
malodorous. Refs. 838.846. 847,
855. 857, 863, 878.

2 Head of Larikai River Hot -------------- ---------. --- .-----------._-------_. -----.-- _____do__________• _MM. ___ ._. Small fumaroles. Deposits of sul-
valley. r",. Refs. 870. 878.

reut Walliboll vener, ______ Hot -----------.-- ------~--- ----------- --~._-- ----~-~--- ---._- ____.dc_______________ ~ ___._ Small fumaroles. Deposits of sul-
a fur. Ref. 847.RouseauValley ___~ _______ ._ Hot -.---_._-.~------.------ -~ ------- ---~--- -- --_. -------.---- _____do_~~ __•_______________ Small fumaroles. Deposits of sul-

r",. Ref. 870.

I
Plaisance, 1 mile north of I

Polnte-a-Pferre.
..

Trinidad

2"1 SiO, (28): Na+K (76): HCO,
(146)~ Cl (54).

I
Faulted Tertiary ": Stopped flowing in 19U when deep

water wells were drilled nearby,
Reb. 860, 879.

'135-914 Q-65-----6
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SOUTH AMERICA

ARGENTINA

The ancient granite and other crystalline rocks ex
posed in the Andes Mountains and the associated table
lands of northwestern Argentina are overlain in part by
Tertiary and Quaternary volcanic rocks. The region
includes many volcanic mountains and extensive saline
flats in the tablelands between the main ranges. Far
ther south, the eastern slopes of the Andes are largely
of marine Paleozoic and Mesozoic strata. Folded con
tinental Tertiary beds underlie the lower slopes and
extend eastward beneath great plains that reach to and
beyond the Parana River, The lower lands are covered
by Quaternary deposits, but some hills of ancient base-

ment rocks rise above the plains. Misiones Territory,
in the extreme northeastern part of Argentina, is within
a great region of Mesozoic basalt and intrusive rocks
that includes much of southern Brazil. The arid up
lands of Chubut and Santa Cruz Territories in the far
south are underlain mainly by ancient crystalline and
metamorphic rocks, but these are covered in many areas
by Cretaceous and Tertiary continental deposits and
Quaternary gravel.

The locations of thermal springs in Argentina are
shown on figures 15 and 16. Sketch maps of the Rio
Hondo and Copahue areas, which are noted for their
thermal springs, are presented on figures 17 and 18.
The available information on the numerous thermal
springs in Argentina is summarized in the table below.

Thermal 81Jrinus and wells in Argentina
[ Data chiefly from refs. 920, 929,and Geological map of South America, scale 1:5,000,000(Geol. Soc. America, 19.50). Princlpsl chemical constituents expressed in parts per

million. Locations of unnumbered springs not identified]

No.
on

fig, 15
Name or location

Temper,
ature of
water
(DC)

.

Flow (liters
per minute)

Total
dIssolved

solids
(ppm)

Principal chemical constituents Associated rocks Remarks and additional references

Flowing well.
Do.

3 drilled wells.

Several springs. Water is saJ.IJ:1e.

Do.

Do.

4 flowing wells.
4 flowirig wells. Water used for

bathing.
4 flcwjng wells.
4 main springs. Water contains 20

ppm of FeaOa+AhOa. Used for
bathing.

Water Is slightly saline. Used for
bathing.

Water used for bathing.

Water contains 28.7 ppm of AI.
Used for bathing.

4 main springs. Analytical data.
for spring havlna temperature of
570 O. -weter ueed for bathing.

t metn and several smaller Springs.
Water used for bathing,

2 main and 4 eneuer springs.
Water contains sulfur in sus
pension. Used for bathing.

3 drilled wells (Quemado, Pena,
Morallto). Water is strongly
saline. Used lor bathing.

2 main springs. Water used for
bathing.

6 main and several smelter springs.
Water used for bathing.

5 main springs. Water used for
bathing.

4 main springs. Water used for
bathing.

5 springs in 2 groups (Los Reyes
and EI Bajo). Bathing resort.

Water used for bathing.

2 main springs. Small deposits of
sulfur. Water used for bathing.

3 springs. Water used for bathing.

R1ses In large pool. Much gas.
Water used for bathing.

Water used for bathing.

7 main springs. Bathing resort.

Tertiary trachyte overly
ing Paleozoic strata.

Tertiary strata _

Tertiary strata overlying
Upper Cretaceous de
POSItS.

Tertiary strata ._.

Folded Tertiary strata. _

Na, HCOa, 80" 01. _

Ca, Na, HCOs, SO, .do ._. _

Ca, Na, H C0;" •• _~•• do ~ _

Na, HCOs_• ~~ • do., ~+ _

g:gf~1~~~~~~:~~============= ============================
~:g\J5)~~~;(i85);-Nacl-{i"(ri);- -DevoiiiaIi-slatli::::::::::::

Fe20s; free H2S.

Na,804 _

Na, HCOs _

970 Ca, Na, 804_••• _

372 Ca, HCOa • • ~_do _

.444 ce, Nat HOOI; free H,S_.______ Lava(?) near Precambrian
rock.

13,936 _

(hottest)
1,924 Na, HOOa, CL • do _

3,577
(hottest)

838
(coolest)

, 895
(hottest)

424

_ •__ • • Tertiary strata near Ter-
tiary lava.Na, S04 •__ • do _

Oa,804 •__ + ;________ Upper Cretaceous strata__

_ •• Quaternary lava _

2,689 Na, 801, 01; free H2S Folded TertiarYstrata _

830 Na, 80
4

do _

1,080 Na, S04, OL • do _

500

8mall • •_. • do ••_• • _

Small 4 • • do__._. •• _

Small

Large

Large

Large

Large

Moderately
large

J..arge

Moderately
large

Large

Large

Moderately
large

Moderately
large

--------....84 ----4;180-
80 4,840

50 2,736
Small 422

21 • ._ Na, HCOa, 80~, CL •• _. • • •__• •

-------.------ ---------- ~:: iigg~: gg~ 8:::::::::::::: ::::::::::::::::::::::::::::
--------;-100- ---i1~030+ CaO (682); SOa (I,023)i NaCI Probably Tertiary lava__•

(14,909).Small • do. _

38

41

19

40
40

20-35

24 Small 3,043

'}// Moderately 22'
large

2S Large 20S

22-30 Large 207-340

35

36

48

41-69

45-4'
38-50
38-53

35-1;3
Warm

Warm

40-4'

W"m

2Q-43

25-49.5

34-1;3

12 Los Reyes, 20 km west of 28.5-52
Jujuy.

13 San Roque, 12 km southeast
of Jujuy.

14 Angosto de Oaehfpuncc 31.5; 40

15 Ar~ ~~g:io~ km west of
16 Near San Antonlo ••

17 EI Carmen (EI Molino), 26
km south of JujUY.

18 Agua Caliente de EI Molino,
31 km southeast of Perico
railway Junction.

Puerta del Chanar, in
Jujuy

Pozo Morauto in Jujuy_
Pozo Pefia, in JuJUy _

19 Near .entuco.; _

20 Agua Caliente, on border or
Salina de .entorene.

21 Salina de Aguas Calientes,
at south base of Cerro
Aguas CaUentes.

22 Vega de Agua Caliente, near
RIo Agua Caliente. .

Inchachuli, in Los andes,
Pompeys, in Los andes,
RIo Tugle, in Los Andes,

Tucomar, in Los Andes. __._
23 RIo Llpee (Lipion)._._ •• _

1 El Oratorio. at Guere, _

2 RIo Jordan, 30km southeast
of Tilcara.

3 San Lucas, 10km east of Rro
Jordan.

4 cetmancrtc, 8 km northeast
of railway station.

Ii Quinta, 20 km east of Yuto
railway station.

6 Volcan, 1km west otreuwes
station.

7 Near Quemado railway sta
tion.

a Palo a Pique. on bank ofRfo
8an Francisco.

9 .Arroyo el Rabon _

10 El Palmar, 4 km south of
Rabon.

11 Chorro +_+.+_++ _
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Thermal springs and wells in Argentina-Continued

Refs. 881,892.

Ref. 881.

Ref. 008.

Ref. 911.

Water used for bathing.

6 main springs. Water used for
bathing.

Several springs. Water contains
30 ppm of FeCOaj much ocher
deposited. Ref. '907.

Water collected in reservoir for
drinking by cattle.

20springs on Island in river. Refs.
881,892.

Several springs. Bathing resort.
Ref. 881.

Several springs. Ref. 881.
Do.

4 main springs.

Several springs.
no.

3 main springs and several smaller
ones. Water used [or bathing.

3 flowing wells.

4 main springs. Water used for
bathing. Rei. 908.

Medicinal drinking water. Ref.
908.

Do.

4main and several smaller springs.
Water used for bathing. ReI.
008.

Water deposits sodium btcerbon
ate. Used for bathing. Ref.
008.

Several springs. Medicinal drink
ing water. Refs. 889.908.

Several sprbgs. Water used for
bathing. Ref. 908.

Water used for domestic purposes.
Ref. 908.

Water used for bathing. Ref. 908.

Water used locally.

Water used for bathing.

Do.

Do.

water is radioactive. Used for
bathing. Combined flow 420
liters per minute. Refs. 896,904,
919,920.923.

3 springs. Water used for bathing.

5 springs. Water contains 14 ppm
of Fe. Bathing resort. Ref. 927.

7 main springs. Water used for
bathing. Refs. \J06,920, 927.

Water contains 6 ppm of F. Ref.
910.

Several springs. Water is sul
rurcus.

Rei. 919.

Several springs. Water contains
16ppm of Fe~03 + Ah03. Used
for bathing. Refs. 919, 923.

Remarks and additional referencesAssociated rocks

Probably Precambrian in
trusive rock.

Tertiary and Jurassic Ieva,

Precambrian(?) rock _

Tertiary and Upper Cre
taceous strata.

Ca, Na, HCOa, SO" SiOa (24) Tertiary and Upper Cre-
taceous strata.

Na, HC03 Pliocene strata _

Na, HCOa; free COa_. do • _

Na", HCOI do _

N S, HC03__• do _

Na, HOO~; much free 00
2

do _

Na, SO" CI.. Precambrian crystalline
rock.N a, SO,. do M _

Na, SOt OL do _

Na, HOOI___ Granite _

Na, HCO~______________________ Quaternary deposits _
N a, HO 01_ __ ___._do _

Na, HCOa: Tertiary strata overlying
Precambrian rock.

Principal chemical constituents

Na, SO~, Cl; free HaS, CH,______ Tertiary limestone _

__________________________________ Quaternary and Tertiary
strata.Na, HCOI •__do _

692 S03 (96); NaCI (284); S102(40)___ Cretaceous(?) strata _

SOa (10,400); NaCI (299,300) Tertiary strata overlying
Precambrian rock.

High Ne, HCOa. C1.._________________ Quaternary deposits 2.flowing wells.

Low

Low

1.200

1,225

1,220

39'

480

rush

1,770 CaCh, NaCl _

Low

417-572

317,000

Large

Small

Small

Small

Small

Moderately 00'
large (hottest)

Small 4,934

Small 1.889

L arge 1,144
(hottest)

Z1 2,247

23 Moderately Na, H003 • Precambrian(?) strata _
large

60 Moderately
large

21 ca,Na, SOt, CL _

-------------- 26.000 ----------------------------------1-------------- 980 ---------------------------------- Faulted Cretaceous marl

:::::::::=:::: ~:~~ ::::::::==::::::==::::::=:=:::::=: and limestone.

-Moderateiy- 207 -Ca,-N8~-HCI03:::::::::::::::::: PrecambrIan(?) rock _
large (hottest)29 Ca, Na, HCOI _

52 Na, HCOa, SOl, OL _

80 _ __ _ __ _ __ __ _ __ __ _ _

38-42 Tertiary strata _

24 Moderately
Iarge

'4--38 Small

19 Small

so Large

M-58 Moderately
Iar~34 Moderate y
large

,...1 Moderately

so
large

Moderately
large

27
(max)

8'62
84
80,....

22-28

Tepid

34-38

W...m

35-50

47 _

20.7; 32

W...m

,5-64

21

30

37-39

Temper- Total
ature of Flow (lttera dissolved

water per minute) solids
(°0) (ppm)

18-31 300 '.504
(b1tteSt)

22-110 -.._---------- 207

Name or location

Las 'rermes, ____ ___ _ _ __ ___ _ __ __ _ _ _ do •

t= =::::::::: :::::::::::::::::::=:::::=: ~ :==::: ~ ::=:~~::_:~=: :::=::=:::::=:390 370 sro,(30); Na (93); K (27); COa do _

____ _ ___~~~~~_~~~t_~~~_;_~~_~~!~ do _
____ _ _ __ _ do _

400 500--672 Na, HOOI, SOt, CL do _

Moderately Ca, Na, SOl, C1.. do _
large

Condor-HuasL _
'rctore Yacu _
Atacama________________ 31

(max)
20-35
20-.30

31

52 Santa 'I'ereette (Maean), 15
km southeast of Agua
Caliente.

53 Fuente de EI cnccos, near
Famatina.

54 40km northeast of La Rioja_

Trigo-Chae_ra _
Alto de las netttes.; _

49 Atacama (Vichy) and Isca
Yaeu,

50 Near Lavalle renwes steuon, 29.5-35.5

Remate Hill, in Santiago del Warm
Estero.61 Agua ceuente . _

45 Suriyaco, at border of saline
flat.46 Ohanampaa _

41 Las " Htgueritas, 15 km
southwest of 'Ifnogesta.

Adentro and Palmas vtejes,
in Catamarca.

saugil.in Oatamarca _
Along Rio Hondo (see also,

fig. 18):Inti-Yacu _

36 Oura Fierro. 2 km south
west of Villa VU.

37 LIampa, 10km south-south
west of Villa Vil.

38 Naclmientos de Hualfln, 8
km east of Llampa.

39 La Colpa., 10 km southwest
of Llampa.

40 Agua" de Dionisio, 30 km
southeast of Villa vu.

41· Fuente de Vis-Vis and
Nacimiento de Vis-Vis.

42 Choya de Andalaga (Yaco
chuyo).

43 Cl.6naga} on bank of RIo
Haullm.44 Fiambala _

33

30 Rosario de Is Frontera. at
base of Sierra de Ia Can
delaria 10 km southeast of
Rosario, In Salta:

Ague. Salada Alts •__
sttteoee•. _
Sulfurosa _
Ferruglncsa, _. •__._
Severalothers _

Ceibal (Puestc de Aguas), 20
km east of Candelaria.

Banos de Fleming, in
Salta.

Cuchlyaco, in Salta ~-

Inti and Porongal, in
Salta.

Quebradade Luingo, in
Salta.

32 Agua Salada de Timbo, 25
km south-southeast of
'rrencee.

Las cefas, 30 km east of
Tucuman.

34 Near south base of Agua
Caliente Peak.35 Villa VU _

31

24 Fuente de El Sauce (Paral
so). 10 km northwest I)f
Campo Santo.

25 Termas de Inti (Agnas Cali
entes del Molino), 18 km
northeast of Giiemes.26 Luracatao. " • •

Z1 Near Juramento renwev
station.

28 Near Lumbrera railway
stati-m.

29 010 de Agua. 7 km southeast
or GaIpon village.

No.
on

fig, 15
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Thermal springs and wells in Argentina-Continued

No.
on

fig. 15
Name or location

Temper
ature of
water
(°0)

Flow titters
per minute)

Total
dissolved

sonde
(ppm)

Prlncipal chemical constituents Associated rocks Remarks and additional references

Water is saline.

2 main and several smaller springs.
Free H2S. Water used for bath
ing.

5 maln springs near Bridge or Incas,
a natural bndge. Resort. ReCs.
886,891,895,899,004., 911,914., 915,
918.

Water used for bathing and irrlga~

tion.
2 groups of 5 springs each. Water

bottled and sold. Bathing ra
sort. Refs. 882,883, 914.

Water used for bathing.

2 springs. Bathing resort.

Several flowing wells 25-30 meters
deep. Water used for bathlng
and irrigation.

2 springs. Water used for bathing
and irrigation.

Several springs. Water used for
bathing and irrigation.

4. main springs. Water is radlo
active. Used Cor bathing. Refs.
89t, 913,921.

Water used Cor bathing.

2 groups of springs. Water used
for bathing and irrigation.

2 main springs. Deposits of salt
and ocher. Ref. 925.

Water contains 7 ppm of Br, Used
Cor bathing.

water used for bathing. Ref. 925.

Water used for bathing.

Several springs. Water used for
bathing.

Water used for bathing. Ref. 925.

4. springs. Water used for Irrlga
non.

2 main springs. Water contains
14ppm of AI. Deposit of sulfur.
Bathing resort.

Water is potable.

8 main springs. Analytical data
for spring having temperature of
38°0. Water contains 8 ppm of
Fe. Bathing resort.

Deposits of sulfur.

6 springs. Bathing resort.

4 main springs. Bathing resort

1 main spring. Deposit of tufa.
Water used for bathing.

2 springs 2 km apart. Water used
Cor bathing and frrlgatlen.

Water used for bathing.

Many spnngs in area of 600sq mt.
Deposits oC salt enu- ocher.
Water contains 12 ppm -or Fe.
Used for bathing.

3 main springs. Bathing resort.
Ref. 928.

Water used for bathing. Ref. 928.

1 main spring and several small
flowing wells.

Flowing well. Water used for
drinking by cattle.

Water used for bathing.
2 main springs. Water contains

much Fe,03 and Ah03. Fer. 912.
Several springs. Deposits of sul

fur. Water used Cor bathing.
Ref. 005.

Water used locally.

rockC,.,.Tertiary volcanic
overlylng Lower
taeeous strata.

Quaternary deposits~._. _

Quaternnry lava • _

Mesozoic or Paleozoic
strata.

Tertiary strata overlying
Permian strata. Water
may rise from Devonian
graywacke.

Tertlary strata ~

Tertiary strata overlying
'rrresstccr Permian s're'a.

Quaternary and Tertiary
strata.

Quaternary and Tertiary
strata.___ ~ .do ~ __~~ __• _

Granitic rock•••• .~~_.

Quaternary and Tertiary
strata.

Quaternary deposits over
lying Paleozoic strata.

Jurassic lava and Paleo
zoic Hmestone.

Folded Tertlary strata~~._

~~ ~_ .dc ~ __~ _

Oa (HOO~h (397); Mg (HOOJ), do_~~~~ .~~~__~ _
(350); CaSO~ (418); MgSO.
(523); Na2S0. (766); K2S0~
(492); NaOl (6,329).

ce (293):HCOI (836); SO. (460); Oarbonlferous schist •__
free H2S.

Oa (1,210); Na (15,176); H003 Lower Cretaceous strata__
(146); SOt (2,64.4.); Ol (22,365).

Ca (1,324); Na (21,785); HC03 _~~__do __~.~ • ~.

(113): SOt (2,930): 01 (29.900).
Ca (625): Na (163); HOOI (113); Upper Cretaceous strata__

SO. (1,636); Cl (167); much
free H2S.

Oa (70): Na (277); HOOs (4.5); .do , ~ _
01 (389);free H2S.

Oa (780);No. (3,103):HOOJ (158): ~ do. ~~~.

SO. (2,134.); 01 (4.,963); freeH2S.Na, S04, OL _

Oa (1,028); Na (5,552); HOOI
(743); SO. (1,838); Cl (7,100).

Na, K, SOt __ ~ ~_~~~. _

Oa (111); Na (125); HOOI (50);
SO. (408); Ol (99).

SiO, (48); Oa (131); Na (387);
HCOa(97); SO. (525);Ol (368).

Na+K (62); HOOs (4.9); SO~
(130).

Na (1,825); HOO, (1,229); 01 ~.~__do ._~~ ~_~

(870).Na, SO~ ~ ~ ~_~.do ~~_._. _
Na (2.845); SO. (1,059); 01 Permian strata ~ ~

(3,403).
Na (4,789); HOOI (1,258); 01 Triassic or Permian strata.

(5,254); tree 002.Na, SO~_. ~~ ~. do ~~_~ _

Na, SO~, Ol ~_.~ ~~~ Upper Permian strata__•__

Oa (500); Na (363); SOt (3,265); Jurassic volcanIc rock, _
Fe (58); Al (115): Mn (44.).

Na (149); SOt (155) ~ ~_ Paleozoic strata; , _._._. _

Oa (972); No.(3,127);HOOI (218); Tertiary volcanic rock~._
SOt (2,184.); 01 (3,690); much
freeH,S.

N aH 003.~~~ __ " ~~~__~_ ~~ ~~ ~_

Np., S04; free H2S~ ~.__ Paleozoic strata _

Na, SO.; much free H2S•••• Paleozoic limestone ._

640 No., HCOa __• ~

334

410

9,234

1, 604. Na, S04 ~ ~ _

1,056 Na, HCOa, SOt.~ ~_~~ __

980 Ca (108); Na (183); SO~ (468);
01 (121).

600 Na, SO••_. .~ ~.

1,200 NaR003 (876); Na2S0. (309);
KCl (126); free 002.

4,560 No., SO., CL ~~~ Precambrian(?) strata. __~_

8,270 Na, SO~, O.L •__•• ~~~.do••• ~ ~.__

1.061

871

1,54.0

16,350

5,970

520
7,900

12,260

2,780

578

4,84.0

520

10,205

240

Large

Large

Large

Small

amen
Large

6,000

Moderately
large

Large

Moderately
large

Large

Moderately
larre

Large

Large

=========::::: -4-00;-356-
100 2,300-

2,868

_~_~_~ Moder- Na, SO.. 01; free R2S. Tertlary(?) deposits. _
ately
hlgh_ ~________ 8,674 NaOI (6,327) ~ ~________ Probably Jurassic lava _

__~ .____________________________ Tertiary strata ~_

Moderately 6,610 Na, SO~, Cl; free H2S uc.,.... ~~_~.~ ~ __
lug.

26.2

27.1

34

22

Warn>

50
26.5

24--27

26
40; 45

21-25

20 Large 1, 030

32.5-4.6 Large 42,254.
(hottest)

36-49.5 Large 55,100
(hottest)

22 8mall ~'66

26;35.5 Moderately 832
large (hottest)

25 Moderately 11,370
large

51 Large 1,300
(max)

21.3-27

24.5; 25

19.3
(max)

35.6-50.1

22.4

Alto Verde, 15 km north of 26.4 Moderately
'I'unuyan. large

Banos de Capis and serenm 26 Large
Dlas, 15-20 km northeast
of San Carlos.

Las Peiias__•• _. _____________ 10 Moderately

Ague Poca ___~~_._~_________
large

sa SmallEl Salado___________________•

" Large
La vtacrcsa.; _______________ 20.5 Large

Paloma, 2 km southwest of 21.4 Moderately
Vigorosa spring. large

Arroyo del Tigre________ ~___ 30.4 Large

Oerro Bola, in bed of Rfo
(max)

10 Large
cenede sece.Los Burros__________________ 21.2 Large

Sosneado ____________________ (max)
31;33 24,000

60 Near bank of Rio Blanco _
61 T8.1acasto _
62 Banos de In reje, 28 km

north-northeast of San
Juan.

63 Banos de El Salado (San
Bernardo), 5 km east of
Banos de Ill. feje.

64 Salados Albardon, 20 km
northeast of San Juan.

65 Zondal,.25 km southwest of
San Juan.

66 Banos del Inca (Puente del 35-38
Inca), near Trans-Andean
Railwa.y and border of
Chile.

67 Cariada del Monte (Oarri- 21.5
eat de Arriba).

68 Villa vtceneto 26.4-36.8

88 Aguas Amarnlas_~~ _

89 Peralito, in canyon of Rio
Salado.

90 Los MoUes, 2 km below Per
aUto springs.

91 La Kiki, on leCt side of Rio
Salado 12 km east oC Los
MoUes.

92 AlCalCalito, on left slde of Rio
Salado, 18 km east or Los
MoUes.

93 La Vista, 33 km southeast of
Las MoUes.

94. Cajon Grande (Companario)

69 La Peoa (Oaaeada), south of 21
Rio La Pefia.

70 Hlguertta de Oallau ••• _18.5;20.2

75

75

71 Zapata, 15 km northeast of
Mendoza.

72 Borbollon, 14 km northeast
of Mendoza.

73 Las Totoms, about 10 km
northeast of Mendoza.

74 cecbeute, on right bank of
Rio Mendoza.

86 Agua Caliente, 5 km north- Warm
east of Bosneadovillage.

87 Volcan Peteroa (Banos de 20.349.5
Azufre), at east base of the
volcano.

77

78
78

80

81

82

83

34

85

55 El Saladillo de los Oolorados,

56 Surgente de Copai de Guay
spa, 15 km southwest of
Patquia.

"',',__ 'rctorttas.fn La Rioja _
Pismauta, 8 km west of

Jachal.
68 Quebrada de Runco (Hedl

onda).

59 El Volcan•• _



DESCRIPTION OF THERMAL SPRINGS 75

Thermal springs and wells in Argentina-Continued

No.
on

fig. 15
or 16

Name or location
Temper
ature of

water
(00)

Flow (liters
per minute)

Total
dissolved

solids
(ppm)

Principal chemical constituents Associated rocks Remarks and additional references

ss
56

91

68

"
100

101

Quebrada de Zapallar_______ 28 Moderately High Nat HC03. SOlo OL ____________ Quaternary deposits_______
large Na, HC0

3
______________________ Precambrlan(?) rock ______ Deposits of opaline silica and ironSan Marcos, onrlght banker 21 Moderately 2,203

Rio San Marcos. large . oxide. Water contains 4 ppm of
Fe. Used lor bathing.

L, Magdalena, a Barreto 28 450 1,127 Na, SO~_________________________ Quaternary deposlts_______ Flowing well 221 meters deep,
railway station. Water used for drinking by

cattle.
Barreto, 10 km east of rail- 32 6,000 522 Na, S04. __________________•_____ ____do_____________•_______ Flowing well 320 meters deep.

way station. Water used ror drinking by
cattle.8aIto Argentino ____________._ 21 8 3,283 Mg, Na, 80

4
____________________ _____do____________•________ Flowing well 100 meters deep.

Bottled and sold as mineral
water.

Villa Albertina, 10km south 21• .5 140 3,863 Na, 804, OL ________________._._ _____do__•• ____•____________ Flowing well 88 meters deep.
of Buenos Aires. Bottled and sold as mineral

Punta Lara, OD bank of Rtd Na, S04, OL____________________ water. Contains 2..5 ppm of Mn.
warm Moderately 7,0.50; ____ •do_____________.~______ 2 flowing wells 84 and 87 meters

de la Plata. large 7,.524 deep. Bathing resort.

No.
on

fig. 16

116 Col1uoo (Huechu-Laulquen), 60
2 km south of small lake. (max)

117 Queni, west and south of wenn
small lake.n6 Southwest of Telek village_. werm

n' Gran Baja, 18 km north of Warm
San Julian.

396 8i02 (lIB): Na (35); HOO s (130)_ Quawmary andesite and
trachyte._ ~ .~. • ~ ~ .dc•••_0 __ • ~ _

______________ 83S Si02 (116); Oil. (72); S04 (572) do • ._

Flowing wen 654 meters deep.
Water used locally.

Flowing well 711 meters deep
Water used locally.

Flowing well 787meters deep.

Oil test well yielding water at rate
of 1,200 Itters per minute. Water
from upper zone is saline. Water
from lower zone contains 387
ppm of Br and 5 ppm 011. Used
to supply bathing pool.

Water used for bathing;

Do.

Water contains 10 ppm of Fe, 13
ppm of AI.

Analysis is for spring having tem
perature or 40°0. Water con
tains 23 ppm of Fe, 8 ppm of Ai.

3 mnin and several small springs;
also fumaroles. Water used for
bathing. Ref. 903.

Lake having area of 3 hectares in
crater 0.5km In diameter. Water
contains 25 ppm of NH4' 33 ppm
of Fe, 195 ppm of AI, is heated
by escaping gases. Used for
bathing, Deposits or sulfur.

2 main springs. Water used for
bathing.

Sulfurous fumaroles on hillsides.
Escaping gases contain SOl and
HIS.

Well No. 23. Thermal water en
countered at three main horizons.
Analytical data for strongly sa
line water from depth of 805-857
meters. Ref. 912.

Many small springs Issuing from
mounds of tufa. Water used for
bathlna,

Several springs. Water used for
irrigation.

Several springs and shallow wells
near area of smoking ground
(solfatara.,?). RC'f.91f).

Several springs on north border of
lowland. Water is potable.
Used for irrigation. Also a few
saline springs on lowland.

Plio-Miocene strata_______ Flowing well. Bathing resort.Na (4,455): SOl (6,267); 01 (4,020)_
Na, HOOa. • ~

ce, Na, HOOa, SO., OL________ Probably Oretaceous in
trusive rock.

Alluvium overlying Cre
taceous Intrusive rock.

Probably- Quaternary ba
salt.

Probably Eocene-Oligocene
strata.

Quaternary deposits over
lying Plfo-Mtocene
strata.Na, HOOa, SOI __• ~. do • • _

Na, (2,786); S04 (1,138); 01 ._do • _
(4,,,,\

~~~~~:~~~:::~~:::~3:~~~:::~~:~~~~~~~~~~:~~~:~~~~~~~~~~:~~h;;;r:f ~:l~~~::':o~:p tap-

200 SO~ (97); Bi02 (35). • do •__ •• •__

Quaternary lava __••• _

2,373 Na, SOl, 01; free H28 ~ Lower Cretaceous strata__

660 Na, HCOt, SO~j free H2S • __•• .dc ~__• ~ • ~

2,000

6,941 Na, SOl, 01_. •• do__:. • _

High .0 wood 0 • _

1,017

9,466

15,864

704

13,337
28,865

4,264

88,000 Upper Cretaceous strata__

3

800

Large

Large

Small

Small

8moll

Small

Small

Moderately
large

Moderately
large

21.5

55

36

63. ,

"
32
33

63

77
60

20

18

26.5

90
(max)

35

68

67
16-<3

28-96

Alsina de Ia Norla, at west
end of Lake Alsina.

VitIcola, 27 km north ot:
Behfa Blanca.

Argerfch, at NatIonaJ FIsh
Hatchery.

Puerto Mmtar, 20 km south
east of BahIa Blanca.

Ombucta:
Depth of 300-304 meters.
Depth of.568-.570 meters __

Depth of840-847meters__
Los Gauchos. at Villalonga

railway station:
Depth of 884 meters _
Depth of 1,08.5-1,115

meters.

Plaza RuincuI, near HuincnI
railway station.

Ohecra, 2 km northwest of
Chos Malal village.

Agua Hedionda, 4 kmnorth
east of Chos Malal,

Banos de Copahue, in Na
tional Reserve on east
slope of Oerro ccpebue
(see also fig. 18,shOWing):

Agnas de Fierro _

Norte del Oorreo__.~ _
Two other main and

several smaller sprIngs;
also a few fumaroles.

Las Maqulnas and Las
MaquInltas, on both sides
of ArroYO Blanco, 2..5 km
south-southeast of Banos
de copenue (see also fig.
18).

Laguna del Volcan, 7 km
southwest of Banos de
Copabue (sec also fig. 18).

Ohencnoco, south of Laguna
del Volcano

Cerro del Domuyo, south of
Chanchoco.

n2

n3

114

104

106

106

111

102

lOS

107

lOS

109

no
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FIGURE 17.-RI0 Hondo area, Santiago del Estero provtnce, Argentina, showing location of springs. FrO'm ref. 881.
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80 THERMAL SPRINGS OF THE UNITED STATES AND OTHER COUNTRIES OF THE WORLD

BOLIVIA

The Western (Occidental) and Eastern (Oriental)
Cordilleras of Peru extend southeast and south through
western Bolivia where they are sepamted by a wide
plateau region that is called the Central Cordillera, or
Cordillera Real (Royal). The Central Cordillera ex
tends southward from Lake Titicaca and contains many
large saline flats. The 'Western Cordillera is composed
largely of marine Jumssic and Cretaceous rocks over
lain in part by volcanic materials. Nearly all the vol
canic mountains of Bolivia are in this belt; two on the
southwest border are solfataric. The northern part
of the Eastern Cordillera is chiefly of Devonian and
Carboniferous rocks; the southern part is of Cambrian
and Ordovician rocks and some intrusive granite. The
great upland between the two cordilleras is underlain

by continental Tertiary beds covered largely by Quater
nary deposits. Much of this region may have been a
lake basin.

More than one-half of Bolivia lies east of the Andes
and within the basin of the Rio Mamore which is tribu
tary to Rio Amazonas. The extreme southeastern part
of the country drains southward to the Rio Paraguay.
Within this part are large areas of ancient crystalline
and metamorphic rocks which are overlain by Devonian
and Silurian rocks similar to those of the Eastern
Cordillera.

Thermal springs are common in the central moun
tainous regions. The locations of those which have been
recorded are shown on figure 19. The information con
cerning them is presented in the table below.

Thermal springs in BoUvia
[Data chiefly from refs. 931,932. Location of unnumbered spring not Identifled. Prlnelpal chemical constttuents are expressed In parts per mUlIon]

No.
on

fig. 19
Name or location

'Temper
ature of
water
(OC)

Flow (liters
per minute)

Total
dissolved

solids
(Ppm)

Principal chemical constituents Associated rocks Remarks and additional references

Warm do _

Warm do _
Hot Quaternary rave, Several springs and sotreteres.

Warm + ~~________ Devonian(?) strata _

Deposits of sulfur and pyrite.

Water used for bathing.

Do.

Water is sulfurous and alkaline.
Near antimony mines.

Water used for bathing.

Much free CO:. Water used for
batbing.

14 springs. Large deposit of tufa
and small deposits of gypsum,
sulfur, and pyrite; incrustations
of hyaUte, . realgar, cinnabar.
Water used for bathing.

In area of antimony mines.

Issues from pyrite-bearing vein.
Water is sulfurous. Used for
bathing.

Issues from quartz vein.

Quaternary deposits over-
lying Devonian strata.

Faulted Devonian strata__

Devonian(?) strata ~ _

Devonian strata _1,794 SiD: (73); Nil. (310); K (65); SOt
(629); Cl (64).

_ do Water is sulfurous and alkaline.
_________________________________________________do Water is sulfurous and alkaline.

Used for bathing.

Small __ _ • do _

Small do_____________________ Water is sulfurous.

Moderately
large

Large

_ ~_______________________________ Cretaceous strata faulted
against Devonian slate.___ ~_ ___ _ ___ _ ~_____ _ do ~ _

_ _ _ ~_____ _ ___ _ do ~ _
•~______ ___ _ do : ~ _
________________ ~ Cretaceous strata _

240,000
Moderately

large____ __ ____ _ __ _ ___ ___ ______ ____ __ _ __ _ _ do _

65 ______ _ do _

40

26

42-73

Wann

Warm
Wann
warm
wenn

Wann

Wann

Warm ____ _ ___ _ __ ___ ____ ___ _ _ do _

Very
hot

69
Warm

Warm ~ __ _ ~ _ do _

71 Moderately ~ Devonian strata _
large

28 ~~~tc~a~~a6rur;~ km ~~~ ~ ~_.+ do ~ '__

29 6 km from HuanunL________ Warm ~ + Probably Quaternary de-
posits overlying Devo
nian strata.

30 East of Poopo_______________ Warm Moderately -l______ Faulted Devonian strata__
large

1 Putina, 15 km east of oojete,

2 CbarasanL L _

3 Cbuma ~

4 nebera _
s Bank of RIo Suches, 4 Ion

from Escoma.
6 Carabuco, 5 Ion from Ma

tUde mIne.
7 Pequea, east of Ancoraimes __

8 San Francisco, south of
Ancohuma.

9 vfscecbent, near La Paz
Oruro railway.

10 Urmlrl, near Bapahaque _

':3 Carapari, in bed of RIo
Grande.

24 Peja, east or 'rctcre _
25 Base of Pomarape volcano _
26 Oapachoe, 12 km east of

Oruro.
27 Obrajes, near Paria _

11 Chiguacato, near Rio Cam
cato.

12 Aguas Calientes, 20 km
north of qutme.

13 Valle Oolquiri, near junction
of Bros Colquiri and Ayo
paya.

14 Kaml, on bank of RIo
Ayopa.ya.

15 Lanza, 5 km below LeqU6 _
16 Liriuni, at base of Tunari

Mountain.
17 Ineuye, 10km south-south- Warm

west of 'renecarr.
18 Patina, between 8atlcollo Warm ~ Upper Cretaceous sand-

and Parotani. stone.
19 Cayacayani, east of Santi- Warm Moderately ~ Probably Upper Cretace-

venee. large ousstreta.20 Aguas Calientes, near Oruro- Moderately ~ do : _
Cocbabamba railway. large

21 Colcba, near Colcha railway Warm ~ ~ ~__~______________ Upper Cretaceous sand-
station. stone.22 Near Arque_________________ Warm ~ Devonian strata _
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Thermal springs in Bolivia-Continued

No.
on

fig. 19
Name or location

Temper
ature of
water
(<:>0)

Flow (liters
per mbiu~~)

Total
dIssolved

solids
(ppm)

Principal chemical constituents Associated rocks Remarks and additlonal references

Deposits of sulfur.

Several springs issuing on saline
flats and also in shallow lake.

Near an antimony mine.

Large deposit of tufa. Much free
C02. Bathing resort. Ref. 936.

Several springs. Deposit 01 tufa.
Ref. 935.

Water contains Fe.
Waterissulfurous. Bathingresort.

Ref. 934.
Water is slightly sulfurous. Used

for bathing.
Several springs. Deposits ofsulfur.

Ref. 934.
Much free C02.

Do.

Deposits oltufa.

Deposits of tufa, pyrite, and man
ganese dioxide. Water is sul
ruroua and alkaline. Used for
bathing.

Several springs. Large deposits 0
tufa and small deposita of opal,
calcite, barite, limonite, psfla
melane, wolframite. Similar de
posits 2 km north of Uncia.
Water is slightly saline. Free
002, H2S. Ref. 937.

Deposits of CaCOa, Mn02.

Several springs. Large deposits 0
tufa.

Several springs.

Water is saline; contains Fe.
Water is sulfurous and alkaline.

In area of antimony mines.
Water is strongly saline; contains

Fe.

Issues from sllver-lead-zlnc vein at
depth of 500meters.

3 main springs. AnalySis is for
spring having temperature 01
74°C.

Water is saline.
Water is saline and sulfurous.

Do.

Several springs and sotreterae.

Deposits of tura, partly aragonite.

Water used for bathing.

Water is sulfurous and alkaline.
In area of antimony mines.

Water is sulfurous. In area 0
antimony mines.

In area of antimony mines.

Water is sulfurous. In area 0
antimony mines.

2 groups of springs. Water is sul
furous. Near antimony work
Inga,

Quaternary lava _

Folded Tertiary deposits
overlying Devonian
strata.Devonian strata _

Prubably Upper Creta
ceous strata overlying
Devonian slate.

Devonian strata _

600 __~~~~ ~______________________________ Folded Devonian slate _

_____ ~ ~ Probably Tertlary tntru-
slvein Devonian shale.__________________________________________ ~ Folded Tertlary(?) strata__

~ ~ Probably Quaternary rhy-
olite._________ ~ __ ~ ~_ ___ _ __ _ ___ _ _ do _

____ _ _ ~_ _ ~ ~ do,__ ~ _
Moderately ~ ~_____ Upper Cretaceous sand-

MOderi~y; =::::::::: ::::=::::::=::=:::=::::::::::=:::= __ ~~~~~~~ _
large

Large ~ .cdo _

_________________________________ ~ ~__ _ _ do ~ _
______ __ __ _ ___ _ ~~_. ~_ __ _ do ~ _

~ ~ ~~_~ ~~~ ~ Devonian strata _

____________~~ __~____ _ ~ _ do _

60

79 ~ ~ Probably Quaternary
rhyolite._ Probably Quaternary
rhyolite overlying Up
per Cretaceous strata.Large ~ ~ Upper Cretaceous strata
faulted against Devonian
slate.Large __~ ~_ ___ _ _ do ~

W"'m
Warm ~___ _ _ ~ ~___ ___ ~_do ~_

45 __ ________ _ ~____ ___ _ _ do _

W",m
Warm

Warm

W",m

___~_~____ _ ~ ~_ _ ~ ~___ __ _ do ~_~ _

31 North of Pazna .__________________________ Faulted Devonian strata••
32 trrnun, near Pazna__________ 155 .__________ _ do _
33 Ajata, southeast of Oondor.; 71 ._.__•• do _

Warm _•• ._. • _ do • ~~~

sa Mirafiores, near PotesL _____ Wann

63 Tarapaya (San Tom€ls),near 24-3,
PotosI.

54 'rotors, near Potosr________~~ Wann

" Tirispaya, Dear Bartolo___ ~__ Wann

" Don Diego, near Potcsr- 48
Sucre railway.

57 Ohaqut, north of Cotagalta___ 80

" Rfo Mulatos, in riverbed Tepid
near railway station.

" Rlo Mu 13tOS-PotoSI, at km Tepid
20 on the railway.

60 Rlo Yura, near its head- Warm
waters.

51 C~r:~illr:. bed of Rfo Agua W",m

"
Near Cayza _______ ~________ ~ Wann

63 Aslento, southeast of Rio ~ ~ ~_~ ~ Probably Quaternaryrhy-
Mutates. olite.

64 Pulacayo,1n Veta 'rejomrne, 59 Moderately ~ ~____________ Devonian(?) strata _
large ~ ~~ ~ ~~ _

65 NearOalte,onshoreofSalar 62-79 Moderately 18,608 CaO (869); MgO (373); SOa Probably Quaternary de-
de Empexa. large (2,370); 01 (9,376); AI, Oa (216); posits overlying 'I'ertt-

free H2S04 (1,678). ary lava.__________ __ __ _ ~ ~ ~ do ~ _
____ __ _ __ _ _ _ ~ ~_ ~ do _

Moderately . ~~ _~ ~ _ _ do ~ _
large

Hot· Moderately
large

Warm Moderately
large

66 'renee, west of Ca1te ~_~__
67 Bmpexa, southwest of oette,
68 Near shoreof Salar de Laguna,

69 At north base of once vol
cano.

70 Ohoesya, 15 km west of
Ohocaya Ia Vieja.

71 In bed of Rfo San Juan, 15 Warm.
km below zsmerece.

72 Near Sud Lopez Mountalna., Warm. Moderately ~ .._~______________ Quaternary deposits over-
large lying TerUary lava.Ohlnchtljanf, ~_ __ __ _ ~ ~~ ~ ~ ~~_

34 2 km south of Ohallapata _

3ii Molotoro, in Rro Chico ~

43

Warm ~________ Probably Upper Creta-
ceous strata overlying
Devonian slate.

36 compania, 30 km north 01 Warm Moderately de, ~ _
Sucre. large .

37 Huata, north 01Sucre ~ ~ __ ----- ~ r- do ~ _
38 Talulu, in bed of R'o PH- ~ ~ Upper Cretaceous sand-

comeso near Qulla QuHa. stone.
39 Aguas Calientes, in valley 01 68 ~ ~ ~~ ~________ Probably Quaternary

Catavi. rhyolite overlying De
vonian strata.40 Catavi, near VictorJamlning Warm Moderately _~ ~~ ~ ~_do ~~_

mlll. large

41 Uncia, 3 km below Uncia tin
mlne.

47 zepeun, 2 km from Luluni__

48 Guadalupe, southeast of
Oolquechaea.

49 Yurimata, 12 km down
stream from Maragua.

Churilla, in bed of Rro
Salinas de Macha.

51 Tingulpaya, near 'racopepe,

42 RIo Huntuma, 30 kmsouth
west of trncte.

Luluni, in valley of R!o
Blanco.44 Near Chiuta ~ __

45 Chayala, in bed of Rio
Grande.

46 'recerent, in bed of RIo
Grande.
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I I
Base from Geological Society of America Geologic Map of South America, 1950
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FIGURm 19.-Western Bolivia and central and southern Peru showing location of thermal springs and principal volcanoes. Bolivia
chiefly from refs. 931 and 932; Peru from refs. 1061 and 1066.

BRAZIL

The principal mountain ranges in Brazil are in the
eastern and southeastern parts; some of them rise
abruptly from the coast. They are composed largely
of granite, gneiss, and other crystalline and metamor
phic rocks, all probably of Precambrian age. These

rocks also nnderlie most of northeastern Brazil, where
they are covered by continental Upper Carboniferous
beds in the basins of Rio Tocantins and Rio Parnaiba
and by marine Cretaceous limestone and sandstone in
some upland areas. Most of the Amazon River basin
in northern and northwestern Brazil is underlain by
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Tertiary deposits that are covered largely by Quater
nary alluvium that extends to the bordering uplands of
ancient basement rocks. On both sides of the middle
and lower parts of the Amazon River valley, marine
Cambrian to Carboniferous strata overlying crystalline
rocks are exposed.

Cretaceous formations extend far south along the
highlands in eastern Brazil, but in the main valleys of
Rio Sao Francisco and its tributaries, marine Silurian
deposits and also Cambrian and Precambrian strata, in
cluding the iron-bearing Minas quartzite, are exposed.

South of the area of outcrop of the marine Cretaceous
deposits is a region of Mesozoic basalt and some intru
sive rocks. This region is bordered on the east and
south by Paleozoic and Mesozoic deposits which lap
against the coastal mountains of gneiss and granite.
No areas of Tertiary or later volcanic rocks have been
recorded in Brazil.

The locations of thermal springs in Brazil are shown
on fignre 20, and the available information concerning
them is summarized in the table below.
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FIGURE 20.--BrazU showing locatIon of thermal springs. Chielly from refs. 940-949 and 964.
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ThermaZ spring8 and wells in BraziZ
[Data chiefly from ref. 964, and Geological Map of South America, scale 1 :5,000,000 (Geol. Soc. America, 1950). Principal c1lem1cal eoustltuteuta in parts per roDUon]

No.
on

fig. 20
Name or location

Temper
ature of
water
(OC)

Flow (liters
per minute)

Total
dissolved

solIds
(ppm)

Principal chemical coustltuents Associated rocks Remarks and additional references

280 86 SiOs (57); CaO (7); S03 (8) Granite-porphyry _

2,100 82 SiO, (29); CaO (12); SOa (13)_.__ Devonian quartzlte • _

Water is sulfurous. Used locally.
Ref. 962.

Water used locally. Ref. 962.
Water Is potable. Used locally.

Do.

Several springs supplying small
lake. Ref. 962.

Several springs. Water Is brack
ish. Free HsS.

Water is brackish. Free H,S.
Water used locally.

3 shallow wells. Water is potable.
Free H2S. Water used locally.

3 springs. Free H~S. Water used
for bathing.

Water is saline,

Several sxeuow wells. Free H~S.
Small deposit of Iron oxide.

Water Is saline Free HsS. Water
used for bathing.

Several sprtngs. Water Is potable.
Test well for oU. Water used

locally.
Test well for oil. Water Is seune.
Water Is braeldsh, Free C02.

Water used locally.
Water is moderately mineralized.

Used locally.
Free HsS. Water used locally.

1 malu spring. Much free H~S.
Other springs reported a few
kilometers farther west. Refs.
961, 916, 988.

Water is potable. Used locally.

Do.

Water Is potable. Free C02.
Water used locally.

2 springs. Free H,S. Water USed
for battiing,

Several springs. Water is brackish
Free CO,. Water used locally.

Water Is bracldsh. Used for
bathing.

Water is potable. Used locally.
Several shallow wells. Water Is

brackish.
Spring; also 3 wells drilled In 1933

and 1 In 1939. Water used for
bathing. Refs. 947,953, 954, 957,
916.

Water marketed for table use.
Ref. 978.

Water used for bathing.

Me-ny Shallow wells. Water is
potable.

Free H~S.

Water used for bathing.

Several springs SUPPlying Rio
Agua Quente. Ref. 962.

2 main and 2 smaller springs sup
plying lake 10 km long. Water
high in Fe, Mg. Water used for
bathing. Ref. 962.

8 main springs within area 30
meters in diameter. Water used
locally. Ref. 962.

3 groups of springs. Ref. 962.

Water used for bathing. Ref. 955.

Bathing resort. Refs. 961,979.
23 main springs. Bathing resort.

Refs. 961, 979, 989.
9 main springs supplying pool be-

side Rio Plrapetinga. Bathing
resort. Refs. 961,979.

Water moderately mineralized.
High Mg content. Ref. 9SO.

Tertiary strata •

Upper Cretaceous strata__

Probably Mesozoic lava.__

Tertiary strata ~ •__

Quaternary deposits _

Upper Carboniferons
strata.

Upper Cretaceous sand
stone.

Precambrian crystalline
rock.

___ ~ • .__ __ Devonian strata _
__ ~ ._._. • __• do •__• •__•

___ • •• ._ _ do •

_._•• • •• ._____ _ _ do • _ _ _ Ref. 962.
__ _ .____ _ _ ___ _ do ._______ _ Do.

•__• ._._ •••• ._._.__• Upper Carbo ntrerous
strata.• • • • •• _•• ••• _. • do__•• ._. _

Small

Large
Small
Small

Small

Small

Small

Small

Small

Large
Moderately

large
Small

Moderately
large

Moderately
large

Small
140

Moderately .~. • ~____ Triassic deposits __: _
large

Moderately • • .____________ Precambrian rock. ~_._

large________________________________ •~~ ~ do _

Moderately _•••• ~+~_. .---------- Upper Cretaceous strata__
large

------------2- 78 -Ca:SO~========================= b~=~~~~~-~:~=========
10,500 39 Ca, Na, HCOa. Precambrian schIsL. _

120 65 ca, Na, HOOa. Precambrian gnelss_. _

900 128 Ca, Na, HCO, Precambrian schlst •

Small • • • • • ._.__ •• __ GranitIc(?) rock. • _

Moderately __• •• _ •_. •• _._. ••• __• _•• do••__•• _.__•• _. ._
largeSmall •• •• __ • •• •• •• •• • do••_.__••• • _

Moderately • • •__• • __• Upper Cretaceous strata__
large

Small __•__• •• • •• • •• ~__do •__ • • _
_ -- •• •• • • ._. Terltary strata •••• _

100 522 sio, (33); Na (119); SOt (26); Lower Cretaceous saud-
Cl (124); free CO,. stone faulted against

quartzite.

20 68 Na (22); 01 (28); free 00,. Precambrian sandstone.

20 1,478 Na (405); SOl, (262); Cl (599)_. Granite • •• __• _

_____________• • ._ •• __• • Tertiary strata•• _. • _

Small • • • __._ ••• ._. • ~ do•• •__ • _

Large 261 ce, Mg, Na, HCO" SOt Upper Cretaceous strata._
Large •• ___ • de, •• ~ • _

11 104 SiO, (49); CaO (14); S03 (19); Minas series (Precam-
Cl (14). brian).

___._. ._ • • •• __ ____ _ .do • •• •__
912 Ca (63); Na (20); K(29); COa(60); Upper Cretaceous strata__

CI (434).____________._ 5,500 _•• • • __•__ •• __•__• .do, •__• _
Moderately ._. ._. •__• __• Plloeene-Mlocene strata_._

terseSmall •• • __._ • • •• __•••__ _ do.;•• __•• •

3&-41

W",m

40
Warm

Wann
warm
Warm

W",m

warm
Wann

Wann

wenn

Warm

Warm

werm
22

27
3....5

42-51

Warm
Warm

Wann

werm

Tepid

Warm
as

25.5

30

32--42

35

29

Warm

30; 42

38

Warm

Warm
hot

35

20 At base of Serra do SaM, 13
km from Custodia,

21 Brelu de Madre de Deus
(Conceiciio).

22 In and near RlbieropoUs •••••

23 Caldas do Bamburral, 20 km
north of Amcajii.

24 Near Salgado railway ste
tion.

25 180 km north·northeast of
Mato Grosso.

26 Bara do Frede, on left side of
Rio Cuyabli. near Taman
dare.

21 Palmeiras (Serro de Pau
lIsta).

28 Termas do Pot1ro
J

on north
side of Rio Pouro 20 km
north of Sillo Lourenco.29 Tardariau _

30 Palkldjagure, 18 km north
east of Tardarlau springs.

31 Near Registro de Araguma,
on west bank of Rio .ara
guaia,

32 18 kIn from Barreiro Grande,
33 25 km north of conm., _
34 Agua Santa, 120 km south of

Coxim.
35 Near west bank: of Rio

Apor~.

36 30 km south of Boa Vista de
Tocantins.

31 60 km east of ooncetcac do
Norte.

38 Near Cavalcante__._ •••••_~.

39 On bank of Riberiio de
Crlxa, several km north
east of Formosa,

40 Salobro•• _
41 Capellfna Santa BArbara, 1

km north of Golaz.
42 Caldas veuies, _
43 Caldas Novas, 12 km east of

Caldas Velhas.
44 ceidee de Pfrapettnga, 8 km

northeast of Caldas Novas.

45 3 km from Pires do Rio rail
way station.

1 25km west of Xapury._~ _

2 Urlcurituha munlelplc, on
south stde of Rio Ama
zonas.

3 Everll, 8 km west of Monte
Alegre.

4 Near Mo.rcanan_. ~ _
5 Itaituba, on west bank of

6 3 :~t~o~~~~:i of Itattuba .•
7 t-km south of concetcsc do

ArBln1!lla.8 Rosarlo _

9 canes municipio _

10 Fervedouro de Fstiva, 2 km
northeast or RiacMo.

11 tasm soutnot'rereetca., _

12 About 30 k:m west of Sao
Benedicta.

13 5 km west of Palma. _

14 Aguas do Pagll. 45kIn south
east of Sobral.

15 Near Brejc dos Santos. _

16 Olho d'Agua do Milho
(Aguas 'rermata do
Apody), 7 km west of
oereates.

11 42 km south of Touros •• •
18 Maeatba•• •• ._

19 Breln das Freitas, 9 km from
ADtenor Navarro.
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Thermal springs and wells in· Brazil-Continued

No.
on

fig. 20
Name or location

Temper,
ature of
water
(°0)

Flow (liters
per minute)

Total
dissolved

solids
(ppm)

Principal chemical constituents . Associated rocks Remarks and additional references

49 Campo Formoso Antonica.__ Warm

53 Fervente, 2 km southeast of 33
Itapicuro..

54 3 kIn north of Boure .___ Warm

50 Near Tucano village • Warm

51 Caldas do CJpo, 45kmnorth- 33-40
west of Itapicurl1.

52 osjaeetres, 21 kID northwest 33-37
of Itaplcuru.

Rel. 988.Deposit of barite.

Ref. 949.

S springs. Water is potable.
. Usei locally.
5 springs. Water used for bathIng.

3 groups" of springs. water Is
sUl!'htly radioactive. Used
locally. ReI. 971.

Water marketed for table use.

4 main sprlngs.: Water used for
bathing. Ref. 968.

1 main springs, Including Pedro
Botelho, Oblaulnha,. Marl
qulnha, and Macacos. Water
marketed for table use. BathIng
resort. Refs. 956, 960, 005, 966,
976,986-988,993-900.

Several sprln~s. Water used fo
bathing, Ref. 994.

6 matn springs. Water marketed
for table use. Also used for
bathing. Refs. 956, 965,976,986,
988,994-996.

9 springs. Water Is radioactive.
Marketed for table use. Bath
In~ resort. Refs. 941, 956, 959,
963, 965, De6, 969, 976, 9S6-988,
994-996.

4 melu springs. Free H,S. Water
used locally. Ref. 995.

Several springs. Marketed for
table use. Refs. 959, 987.

Water marketed fortable use. Also
used for bathing. Refs. 945, 941,
948, 913, 976,9S7,988, 994.

4 main springs. Water USed 10
canz.

4 maIn springs. Water marketed
for table use. Bathing resort.
Refs. 956, 958, 966, 976, 986-988,
994 995.

Water is potable. Used for bath
Ing,

Do.
Water Is brackish. Free 00,.

Water used locally.
Several springs. Water Is brack

ish. Free 00,. Also shallow
werm-weter wells at Lagoa de
Rocha and Panellas.

Several springs, Water Is brack
ish. Used locally.

4 main springs. Water used for
bathing; Refs. 941,947,960,976,
990,992.

3 main sprluaa. Water used for
bathIng. Also several small
aprfnps 5 km farther south.
Rer.941. .

Water Is slJghtly saline, Free e:BS.
Water used for bathing. Refs.
941,976.990.

Water is brackish. Free H:S.
Water used for bathing.

Water issues at base of hill.

2 springs. Water is eeune. Used
for bathiua,

2 springs. Water is brackish.
Used for bathIng.

Water Is brackish. Free 00,.
Water used locaIly.

Water used locally.

Water marketed for table use.
Also used for bathing. Rel. 004.

3 snnnes. Soda extraction works.
Re"'- 1l70.

10 main sprtnes. Water is radto
active. Bathtna resort. Refs
940, 942, 946, 976, 982-984, 994

Ref. 951.

Water used for bathing. Ref. 977.

Tertiary or TriassIc strata,

Quartzite and phyllite of
Minas series (Precam
brian).

Minas series (Precam
brian).

Minas series (Precam
brian) intruded by peg.
matlte dikes.

Granite•• • •__•

Oa, HODs, SiO, .___________ Minas series (Precatn-
. brlan).

Oa, Na, HOO, ••• do_._•• ._.

Oa (354); Mg (56); Na (S17); do _
HOOI (43); 01 (955); gas 9S
percent N,.Na. 01_____ _ _ ___ ___ _ _•• _.do _

494 OaO (113);NasO (55); K,O (63)_

46 SiD, (13); OaO (S); MgO (S);
Na,O (7); HOOI (35); CI (4).

515 NaOOI (345); NaHOOa (123);
Na,S04 (57).

Low Oa, HOOa. •• • • do__•__• _

Low Oa, HOOI • ._. • _. do •• ._

62

Low

3,9S7

1.6&5

1,407 SiO, (38); Oa (S7); Mg (50); Na }
(115); K (90); HODs (990);free 00,. do • ._.__• _

--- -----_: :::::::::::::::::::::::::=::::::::
380 Oa, Na, HOOa_. __• • Granite and gneiss _

Low Oa, Na, HOOa; iree OOt._. do • • ••

______ • • • Minas series (Precam-
brian).____________________________• do__• ._. •_• _

Low __ • • ••• ._. _. do, • _

Na, HOOa, S04; free 00, do • ._

Tertiary strata • _

Granite _

Oembrtan strata _

_ • • • • __ ow. _._ _ _ do • _

._ __ _ ._. • __•__• do, ._. _

III Na, HOOa. .___________ Precambrlan crystalline
schist.

5,695 NalOOS (3,339): NaHCOI (161): Precambrian nepheline
K,OOs (I,S98): Na,SOj (214). rock.

__._. . Na, HOOa • • Precambrian rock~.--•• --.

4,470 NaI00s(2,352);NaHOO~(I,583); Faulted Minasseries (Pre-
(hottest) Na,SO, (21S): K,SO~ (368). cambrian),

_____• ••_. • • Minas series (Precem-
brian).ISO Oa (34);Mg (12);001 (75) ~. __ •__do ._. _

30

Large

290

770

7
6

Moderately
large

20

Small

60

Moderately
large

Moderately
large

840

- 2,000

Small

Small

2.000

15

Moder.ately
large

Small

Small ._••• • • do ~__._. •• _. •

Small

840 _•• _._. ._._••••••_. ._ •••__._____ Probably Upper crete-
ceous strata.

Small _•• • • • .___________ Upper Oretaceous strata__•

Small

Moderately
large

Moderately
large

Small

Moderately
large

Moderately
13<ge

Moderately
large

Moderately
large

Small ••••__• • • _ do ._
Moderately •__•• ••__• •• _. • __._ Precambrian rock _

largeModerately .__ ___ ._. •• •_do •
large

Moderately
large

23.5

29

Wann

Wann

38

38
Wann

warm
Wann

24

21
(max)

22
22
23.'

(max)
20-21.4

20-22

2D-23

21-29

17.5-19

Agua Quante, 63 km north- 21
west of Iblraey.

Agua Salus, 40 km west- 24
southwest of Belo Hnrt-
zonte.

Bebedouro,3kmfrom SaIJtre 20.3
railway station.

Fontes do GlrAu, in Muni- Wann
elplc de Presidente Vargas.

ARlIa Quente, 13 km trom 28.7
Itablrlto.

Aguas sentes (Santa Luria 21-27
de oereneoiej.

Sao Sebastiri.o do Peraiso____ 30

ltati, between Sao Sebastiilo
(max)
Warm

and Jacut. .

Thermopolls, 12 km east of so
Jacut

A~~~~~d~~irt::~t~:i 21-28

Rey.
Pecos de Caldas, 25 km 41-46

northwest of Oaldas.

77 Oontendas, 4 km east of
ooncetcacdo Rio Verde.7S Baependy • ._••• __•__

79 Sao t.curenec (Aguas de Vi
anna), near Pouso Alto:

Five main springs, in
cluding Fonte Vichy.

Well 21.75meters deen.,
Well 45.7meters deep _

SO Salvaterra, 12 km from rute
de Fora.

SI oembuquetra., ._.__

74 POt;inhos, 4 kIn west of Cal·
des.

75 Lambarf-,••• •• ._

76 cexemba,••__._. _

73

61

65

66

67

68

69

70

li5 'I'areco, 36 km from Morro
do Obapeo.

66 A~a Quante, 15 kIn from
Paramlrlm,

57 Santarem and Barra, 30 km
from Paramirim.

~ . 3 kIn north of Monte Alto
vllIsg:e.

~g Agull Quante. 60 km north
of Rio Pardo city.

60 Serra Netta, 19 km east of
Patroetnto.

Tapirs (Sacramento), 50km 16-26
northeast of Aram.62 AraxA • 21.7-34.1

63

64

46 Right bank of Rio Corrente,

47 Near RloApurt; _
48 Near Pil!io Arcado _

71

72
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Thermal springs and weUs in Brazil-Continued

No.
on

fig. 20
Name or location

Temper
ature of
water
(°0)

Flow (liters
per minute)

Total
dissolved

solids
(ppm)

Principal chemical constituents Associated rocks Remarks and additIonal references

111 30km north of Clevelandls__ Warm

112 80km north of Palmas_______ Warm

3 springs. Water marketed for ta
ble use. Refs. 988, 994.

Water used for bathing.

4 springs. Water marketed for ta
ble use.

Water marketed for table use.

Several springs. Water used for
bat'ung,

2 springs. Water used for bath-
ing.

Water used for bathing.
Water marketed for table use.
Water marketed for table use Ref.

975.
2 springs. Water Is radioactive.

Marketed for table use. Also
used for bathing. Refs. 939, 974,....

Oil test well 350meters deep; drilled
in 1932. Water used for bathing.

Test well lor oIl ("Aragua 112").
Water moderately mineralized;
high Mg content. Used for
bathing.

Water marketed for table use.

Water Is radioactive. Ref. 972.
Water marketed for table use.

Bathing resort. Also similar
springs at Juventude, Santa
Teresa, Sete Quedas, and Tres
Barras.

4, springs. Bathing resort. Refs.
940,988.

Water used for bathing.

1 main and 6 smaller springs.
Bathing resort. Ref. 938.

Water Is potable. Used locally.
Also well 9 meters deep. Ref.
'38.

2 springs. Water marketed for
table use. Also used for bathing.
Group of 3 other springs about
3 kIn distant. Refs. 974,976,999.

Water used for drinking. Refs.
974,009.

Test wen for oil drilled in 1896.
Water is saUne. Used for bath
lng.

Pumped well. Free H,S. Water
used for bathing.

Severet sp~ings. Also stmtuar
springs of Goto-Bn and Serra
Azul.

Water moderately mineralized;
high conent of Fe,Oa. Used for
bathing.

Flowing well 36 meters deep.
Water marketed for table use.
Also used for bathing.

water Is bitter; high content of
MgS04. Free EI,S. Water used
for bathing.

Waternsed locally.
3 main springs: Jacu, Santa Clara,

Boa Vista. Other springs in
same district reported at Algo
deeiro, arerae, Igrejinha, Juquta,
Reserva, Sao Pedro, and So
brado. Ref. 952.

Water is saltne; high content of
Fe20a. Free H,S. Water used
for bathing.

Sevebl spririgs. Water is brackish.
Free H,S. Water used for
bathing.

3 main springs. Also 3 other
similar springs (Ilha Redonda,
Prata, and TarquaruQu) in same
district.

4 main sprtngs, Water is highly
radioactive. Marketed for table
use. Bathing resort. Refs. 943,
944, 947, 998.

Bathing resort. Ref. 943.

Faulted Minas series (Pre
cambrian.Jurassic strata. _

TrIassic basalt; , ._

Upper Cretaceous strata__
sveutte ~__~ _
TrIassic strata _

Lower Permian strata _

Upper CarbonUerous de
posits.

Precambrian bituml,
no"s(?) schist.

Upper creteceo-s strata
overlying Triassic basalt.

Devonian(?) strata _

Pegmatite dike intruded
into granite, gneiss, and
schist.

Precambrian rock., __ • _

Na, HCOa ~_~_~ _

Nepheline syenite in.
truded into schist and
quartzite.

694 Na, HCOa Metamorphic rock _

510 ~__

192 Na,O (l09)j HC03 _

826 Ca, Na,lIC03 Lateritic diabase. ~

Low

2,194 oe, Na, HC03. ~ Probably Minas series
(precambriau).. ~_~ ~ ~ ._. _~do • • _

2,370 MgS04 (60); NaBCO (1,977);
Na,S04 (169);NaCl (44).

145-807 oe, Na, HC03 ~ • Gneiss _

Low Ca, Na, HC03 ~ ~_~_~_~_~_ Syenite ~ ~ ~

Low Ca, Na, HC03;free H2S_~~ •__do • ;. ~ _

Low Ca, Na, RC03; free H2S •__ Nephaline syenite__• _

1,982 Na,C03 (356); Na,S04 (186); Jurassic and Triassic
NaCl (1,262); free H,S. strata.__ _ _ _ ~_ _ do _

____ _ ~ ._ __ __ ____ ___~_do ~ _

_~________ ~ ~ ~_~ ~ .do _

----Low- ------------------ -~--~----- -~- ---
118 -Na:-HCT6;::::::::::::::::::::::
52 CaC03 (7); CaPO. (14); MgCh

(24).

Small ~ ~__~ do, Water used locally.

7'

Small

Small

2,800

7
Small
Small

1,000

Small 176 Ca, Na, HC03 Metamorphic rock ~~__

Small • • • ~_. ~ Precambrian rock, _
Small 90 oe, Na, K, HCOI do _

Small

28

Moderately,,,,,,0

Moderately
large

Small

Small

Moderately
large

480

800

75 732 Ca; Na; SO~ (448); Cl (143) do., _

Small

Moderately
large

Small
Small
Smail

S.mall ~~___ __ • ~~ ._ _ ___ _ do._. _

Small ~__ ~__ _ ~ ~__~~ • • .do •__• __• ~__~_

Moderatalv
large

Moderately
large

Moderately
large

a

Moderately 97 Ca(HC03h(16); NaHCOI (17);
large (hottest) KliCOa (10).

30

30

26

warm

warm
30

27
(max)

22

22

30

werm

werm

24-31.5

werm

30
30.5

29-31.5

Aguas Momas (Caldas do
SuI), 5 km scrmwest of
Imperatriz springs.

30km north of ImaruL. _

Platina, 4 kIn from Prata _

12kIn south of Bofete village,

82 Marimbetro, -4 km from 19-20
Cambuqueira.

83 cubetso, 11 km west of W",m
ltar,runa.

84 Murt ece, near Santa Ma- W",m
ria Magdalena.

ss Inge, near NiteroL __________ 21l-U

86 Bao Jorge, 18 kIn north of W"'m
Franca.

87 Valley of Riberao Canoes___ Warm

88
lb1racy__________•__________•

W"'m
so Fonte aetxec, at Ibira__•___ W",m
90 -4 km north of Mococa.. _.____ W"'m
si Ague. de Java, 3 kIn from 22

Java railway station.
92 7 kIn from Lindols__• _______ 27; 28.5

116

93 6 km from Sao Pedro _

94 Near Gioconda, in Plraci
eaba munlelpic.

9.5 Near Boa Vista, in Itaplra.
munlclplo.96 Campinas.. _

97 SODiB ••• _

113 On left bank of Rio Cbapeco 31.3-34.2
(Xupece), 9 km above
Junction with Rio Urugual.

114 Caldas de Imperatriz, 24km 35-39.5
southwest of Plorlancpclls,

Senito, 20 km from Itapeti-
nlnga. '

Colonia Teresa, near RIo
Ivat.

107 4kmsouthofPiral ._______ 29

103

104

lOb

106

98 San Antonio, at Serra Negra.

99 Poco Qullombo, Dear Pedre
nairas.

100 Santa Barbara do Rio Pardo,

101 Cerqueira Cesar (Esmeral
dal, 5 km south of Santa
Barbara.

102 Piaol, near Prats railway
station.

. 108 Agua Mineral Parana, at 20
Castro.

109 Near Rio Cavernoso:Lourdes _
CandoL ~ ~__~ _

110 Along Rio Jordiio • _
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Thermal" springs and wells in Brazil-Continued

No. Temper- Total
on Narne or rocetton eture of Flow (liters dlssolved Prineipal chemical constituents Associated rocks Remarks and addltional references

fig. '"
water per minute) solIds
(DC) (ppm)

117 Sangra Morts_______________ 3<-40 Small -.-------- Na, HCO ,._____________________ QuaternlU'Y deposits over- Several springs. Water moder-
lyingPrecambrlanrock. ately mineralized. Used 10'

bathing.
11S 12 km east ofTubarAO_______ 32-40 Small ---------- ~:: -gg8:~~=::::::::::::::::::

_____do _____________________
Do.

119 Near RIo Bravo______________ 3iHO Small ----------
_____do _____________________

Water moderately mineralized.
Used for bathing. Also 3 other
springs (Blttencourt. Cubatilo,
and Santo ADjo da Guarda) in
same district.

"" Fontes de rret (Aguas do 24.5-36.5 2SO 1,324 NaHCOa (353); Na :lS04 (4.57); TrIassic basalt.,__•________ 4 DULin springs. State bath ,,-
Mel), near Rio Urugual. (hottest) NaCl (442). tabllshment.

121
Prado___________________•___

20.&-31 Large ------------------------_._------- _____do___••________________ Water moderately mlnerallzed;
Used for bathing.

CHILE

The Western Cordillera, which forms the boundary
between Bolivia and northern Chile, approaches the
coast as it extends southward. The main parts of the
ranges are chiefly of Mesozoic intrusive granite and
other crystalline rocks, but there are some altered vol
canic rocks. These older materials are covered in many
areas by Tertiary lava. Farther south, the older rocks
constitute both the coastal mountains and the numerous
islands offshore, including Horn Island (Cape Horn).
The northern and middle parts of the main Andean

Cordillera along the east side of Chile are covered
largely by Miocene to Quaternary lavas and contain
many volcanic mountains, but in some places the under
lying marine Mesozoic strata are exposed. Valleys be
tween the mountain chains generally are underlain by
Quaternary deposits. In the far south, ancient crys
talline and metamorphic rocks form the principal
mountain ranges.

The locations of-thermal springs in Chile are shown
on figures 15 and 16, and the available data concerning
them are summarized in the table below.

Thermal springs in Ohile
[Data chiefly from ref. 1002 and Geologicalmap of Sonth America, scale 1: 5,000,000, (Geol. Soc. AmerIca, 1950). Locations of unnumbered springs not identified.

Principal chemicBlconstituents are expressed in parts per mllllon]

No.
on
flg,

Il; or
16

Name or location

Temper
ature of
water
(0 C)

Total
Flow (liters dissolved
per minute) solids Principal chemical constituents

(ppm)
Associated rocks Remarks and additional references

Quaternary deposits_. Ref. 1007.

5 maIn sprl11l!;s. Water is potable.
Used for irrigation.

Several springs near small lake.
Water contains borate.

Many small springs and fumaroles. I

Issues at high-tIde level. Water is
more saline than sea water.

4 main and several small springs.
Deposits of tufa and salt. Bath
ing resort. Ref. lOOt.

3 springs. Water Is brackish.
Used for bathing.

Water used for bathing.

2 main and 5 smaller springs.
Bathing resort.

Large deposit of tufa. Water used
for bathin~.

2 main springs. Bathing resort.
Ref. 1009.

4 metn springs. Bathing resort.
Ref. 1009.

2 main springs. Water is saline.
Much free CO:l. Deposit of Iron
oxide. Bathtng resort,

weter ts seune. Used for bathing,

4 main springs. Bathing resort.
Refs. 1001, 1003, 1008,1009.

Several springs. Large deposit of
tufa.

Several springs. Water is astrin
gent. Deposit of ochre.

Many small springs on riverbank.

Do.

JurassIc strata _

Jurassic volcanic rocks _
Porphyry__~ _

PyrItiferous Mesozoio
marl.

Metamorphic rocks ._._

Porphyry and metamor
phic rocks.

Jurassic volcanic rocks _

Quaternary lava _

Granite near kaolinlzed
sedimentary strata.

Jurassic volcanic rocks _

Jurassic volcanic rocks _

3,032 CaCh (2,168); NaCl (1,031) ._ Faulted porphyry and al-
tered sedimentaryrocks.

4,800 ce, Na, HCOa, SO~, Cl;freeCO:l.

428 CaSOt (120); CaCh(77);Na,S04
(89); NaCI (142).2,743 CaCls 0,665); NaCl (l,008). ~ do _

(hottest) _••_. do ._. • _

400 • _

Moderately
large

Moderately
large

Small

Moderately
large

"Moderately
large

__________________________• • • do. _

Large • ._ Quaternary rhyoUte _

__________• • • .________ Quaternary teve _

7,000 do _

ModeratelY •__• • .____ Granitic tntrustverock_. __
W..

41.2
(max)

4O-W

22

Wlll"m

Wlll"m

61
(max)

2S
(max)

7lHl6

warn>

se-e0

22-3.5

Warn>

Bolling

37

1.

20.7;21.8

18.9

26;32

17.7-23.3

38.5;44.6

A~ll~~~~'p~.andsouth
2 Ojos de Agua de Ascotan _

2A Tatio, near head of Rfo
Salado.

3 Termas de MeJllIones, on
harbor shore.

4 Lagc Aguas Callentes, at
southwest border of SaIar
Agna ceitente.

fj Salina de. Agnas Callentes,
on border of small saline
fiat.

6 Aguas TermaIes, 50 km
north-northwest of SaIar
de Pedernales.

7 Bailos del Toro (Estero de
Los Bafios).

8 Aguas del Volcan, 17 km
soutbeast- of Bafios del
Toro.

9 Agua de Catapllco, 10 km
north of Qulllota.

10 Banos de Jabuel, 20km east
northeast of San Felipe.

11 Banos de Higuera, 5 km east
of Banos de Jahuel.

12 Benosde Collna(Peldehue),
30 km north of Santiago.

13 nencs de Apoquindo, 10 km
east of Santiago.

14 Termas de Tupungato (Rfo
Colorado).

15 SaJinas de Maipit, on Rfo
Maipu.

16 Banos de Cauquenea, 20 km
eest-eoutbeese of Ran
cagua.

17 Los Bailitos, 70 k:m south
east of Rancague.

18 Aguas de Ie Muerte, 38 km
southwest of Los Bailltos.

19 Bailos de San Fernando
(Tingutrlrlca).

~ 3 groups, 100 km south of No.2, have total of 72 fumaroles, 40 geysers, 62 thermal springs, 13 sotrataraa, 5 mud springs; total flow of
7,000 liters per minute (zen, Werner, 1959, Das Fumarolen- und Geysir-Feld westlich der Vulcangruppe des Tatto, Provlnz Antofogasta, Chlle:

Bayer. Akad. Wiss., Math.-Naturw. Kl, Abh. no. 96, p. 5-14).

735-914~
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Thermal springs in Chile-Continued

No.
on
fig.

15 or
16

Name or location

'Temper
ature of
water
(00)

Flow (liters
per minute)

Total
dissolved

solids
(ppm)

Principal chemical constituents Associated rocks Remarks and additional references

Wann __ ___ ___ __ _ _ __ _ do ~__

27 Banos de Ohillan, 75 km 40-62
southeast of ChilIan.

28 Termas de Villarica, at Wann
baseorvmertce volcano.

29 'I'ermes de Ranco, near Hot
west cud of Laguna de
Ranee.

30 Banos de Puyehue, 10 km 55.5-70
south of Laguna Puye-
hue.

31 'I'ermes d. Rupenco 45-70
(Llanqulhue), on east
shore of and in laguna.

32 Banos de Petrohue, 15 km 60
east of Puerto Montt.

33 'I'ermas de sctcmo, on 22.5; 41.7
northwest bank of Es-
tero Reloncavi.

34 'I'ermas de Ralun (Llaul, 32.2
haupi), on east bank of (max)
Estero Reloneavi.

35 Termas de Cochemo, on 25; 28.7
east bank ofestero 10 km
south of Balun.

36 'I'erma de Llancahue, on 58
north shore of island.

37 'rermee de Cahuelmo, on "east bank of Estero de
oemeu.

38 Terma de Leteu, On west Hot
shore of Ensefiada de
Leteu.

39 Tenna de Renibue, south Hot
of Boca. Camau.

40 Termas de Quinchao, on Wann
Quinchao Island.

41 Banos de Aysen, on shore Warm
or Ensefiada de Aysen.

------ Termas de Yungai, at Warm
Itatinos, near RIo Papal.._..-- 'I'ermas de Ouptana, at Warm
base of Cerro de Cup-
tana,

------ Banos Morales ________ •____ Hot

Large • do 2 main springs.

Moderately __._______ Quaternary deposits over- 4 springs. Water is sulfurous.
large lying Quaternary lava. Used for bathing.

Moderately • do_____________________ 5 springs. Bathing resort.
large

Moderately do_____________________ Several springs.
large

340 _ ___ _ __ ____ ______ ___ ___ _ do. _

Several springs; others on nearby
islets. Water used for bathing.

Water used for bathing.

Do.

Issuesbelowhigh-tidelevel. Wate
is potable. Used for bathing.

2 springs issuing near tlde level
Water is potable. Free C02
H2S.

Several springs issuing below high
tide level. Water is potable
Much free H2S.

2 springs issuing near tide level
Much free H2S. Water used fa
bathing.

Water is moderately mineralized.

Water is .moderately mineralized
cements adjacent sand witli
calcium carbonate.

Issues above low tide level.

Ref. 1005.

Do.

Many springs in 10 groups. Water
is sulfurous. Much C02. De
posit of ocherous tufa. Bathing
resort.

5 main and several minor springs;
also fumarole. Bathing resort.

Several springs. Water used for
bathing.

.5springs. Bathing resort. Water
marketed for table use. Ref.
1006.

Several springs. Deposit of sulfur.

4 springs. Bathing resort.

Water used for bathing.

Na, SOh Cl; free H2S Metamorphlcrocks _

Oa, HOO~ do ~ _

Gravel overlying Quater
nary lava.

S102 (34); OaCOa (22); OaSO~ Jurasslc volcanlc roeks _
(80); Na2S0~ (134); NaCi (92);
KCl4 (14)._______________________________________do _

380

Low

____ __ _ _ ~ _ do _Moderately
large

Moderately _~_. _
large.

Large

Large ____ __ _ _ • ~_____ __ __ _ __ __ ~ do _

Moderately ~ Quaternary lava _
large

Moderately
large

Moderately
large

Moderately v __ _ _ __ __ _ __ _ _ _ _ __ __ _ _ do • _
large________________________ Oa, Ne, SOl, CL Quaternary deposits _

Small Cretaceous intrusive reese,

__________ ~ __ __ ___ ___ _ ~_ __ ___ ___ __ _ __ _ do _

Moderately Quaternary deposits _
large__ __ ___ __ __ __ ___ __ _ ~ .__ _ do _

Moderately _ ___ ___ __ _ ______ ___ ___ ______ __ ___ _____ _ do _
large

~ v ~ ~_~ •• do _

Warm

Warm

66-71

28-44

20-36

32-33

20 Banos de Mondaca, on
west side of Descaveza6a
volcano.

21 Banos de Pammavtda, 25
km east-northeast or
Linares.

22 AgUBS de los Volcanos, east
of Cauquenes.

23 Banos de Ca.tillo, 30 km
east-southeast of Parral,

24 Baiios de San Lorenzo
(Vilicura), near base of
Sierra Volluda.

25 Banos de Traps. Traps, on
tributary of RIo Pineo.

26 Banos de LongavL _

COLOMBIA AND VENEZUELA

'Colombia and Venezuela comprise the northernmost
part of South America, extending from the Pacific
Ocean, along the south border of the Caribbean Sea, to
the Atlantic Ocean. This great region was the subject
of studies by several early scientific observers, some of
whose reports on the natural phenomena describe ther
mal springs in parts of both countries.

Western Colombia is traversed by three cordilleras
of the Andean mountain system,-many of whose peaks
are covered perpetually with snow. The cores of the
ranges are chiefly of granite, gneiss, and schist, but the
western and central cordilleras are largely of Paleozoic
intrusive rocks and pre-Cretaceous metamorphic rocks.
The low mountains along the west coast and the narrow
western and northern coastal plains are underlain
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Thermal springs in Oolombia

[Data on associated rocks mainly from Geological Map of South America, scale 1 :5,000,000 (Geol, Soc. amence, 1950). Principal chemical constituents are expressed
in parts per million]

No.
on

fig. 21
Name or location

Temper
ature of
water
(OC)

Flow (liters
per minute)

Total
dissolved

solids
(ppm)

Principal chemical constituents Associated rocks Remarks and references

4 8 km east of Santa Rosa de
Cabal:

Acimalpa________________ 57--67

Oaleras • 53.6-61

Termales ~____ 61-72

EI Disparate, 2 km east 61
of Termales.

5 Near Rio Coello (Toehe)____ 32

1 km west orhctel., _____ 45
a Tolima volcano:

Agua Caliente, DCDr east Hot
base.

AzulIal Quindiu, on 35.5
slope.

Several springs and many rume
roles. Deposit of aluminum
sulfate. Refs. 1013, 1023.

Group consists of EI 'I'ablcn and
6 other springs at altitude of 2,571
meters. Water is saline; much
OOt. Large deposit of iron
stained tufa. Water used rc
bathing. Refs. 1012, 1023.

Lake Is 150 by 500 meters in size
Free H2S04 and HOI. Deposl
of aluminum sulfate. Ref, 1013

1 main spring and several acid
fumaroles. Free H!SOt and
C02. Ref. 1013.

15 springs. Large deposit of
stained travertine. Ref, 1016.

15 springs. About 100,000 tons 0
travertine available for agrlcul
tural use. Ref. 1016.

7 springs. Ref. 1016.

Fumaroles exhaling aqueous vapor
HtS, C02. Ref. 1016.

2 main springs. Free C02, H2S
Deposit of iron-stained tufa
Ref. 1017.

Water used Ior bathing. Ref.1017

Do.
Water is sulfurous. Much gas

Water used for bathing. Ref
1017.

Deposit of tufa. Ref. 1013.
Refs. 1012, 1013.

Ref. 1013.
Water is saline. Free C02 and

sulfurous vapor. Refs. 1013
1038.

3 springs. Ref, 1013.

Several sprIngs. Analysis for
water having temperature or
59° C. Water used for bathing.
Refs. 1013, 1019.

10small springs. Ref. 1015.

Issues near deposit of sulfur. Ref.
1017.

Issues at altitude of 1,955 meters.
Fumaroles emit C02 and H2S0t.
Ref. 1012.

Several springs and fumaroles at
altitude of 4,000 meters. Fuma
roles emit C02 and H2S0t.
Refs. 1012, 1013.

Cretaceous strata. ~_

Quaternary lava _15,740

2,959 OaSOt (248)j NaCl (232); Ah do ~

(S04}o (1.343); free H2S0t and
HCI._______________________________ ~__~ do ~ _Small

Moderately ~_____ _ ___• • ~ ~ __do ~ _
large

- • _~ ~_ _ _~ ~ do ~ •• •

410 ~ Pre-Cretaceous metamor-
phic rocks.907 • ~_do _

Large __ ~ _ ~ ~_ _ ___ .Trachyte _
__~___________ 7,430 NaHC03 (690); NatS04 (3,890); do ~~ _

NaCl (2,750).- ----- ~______ Quaternary law ~ _
-__ ~__ __ -___ _ ~__ ~~~__~~ do_~ • _

___ ___ _ _ ___ _ _ ~ ~_____ _ ____ __ _ do _

_______________~________ Quaternary deposits over-
lying Cretaceous strata.___ _ ___ _ __ _ _ _ ~___ _ do _

- ~_ -----------------_________________ cretaceous streta.; _

Probably Cretaceous
strata.

________ ~ ~ • do ~_

227 1,488 S102 (249); Ca (72); Mg (48); Cl do • _
(479).________~~ ~ ~_~ •• Diorite porphyry _

_______ ~__ ___ _ _ .__ _ • • ._ _ do _

___.__ __ __ _ _ ._____ ~. do ~ • _

sio, (1,065); S03 (6,448); NaCI
(1,843); Ah03+Fe!03 (5,838);
much gas,

___________________________________ ~ • do ~__•

Hot

70

27

36
72.8

86.5
50

101.6
(max)

20-37

32-50

45--69.4

Warm

6 'I'eblo, 30 km north of 45.5
Bogota..

7 Suba.15 kmnorth of Bogata_ Warm
8 cequeee, 25 km south of 65

Bogata.

9 Purece (Coconuco) volcano:
Near quarry at base _
cobeto (Ooconuco), at

base.
Azufral, on slope _

Azulral San Juan, on
upper slope.

1 Near Cabo Corrtcntes _
2 'rermates de Ruiz, on Ruiz

votceno:
Near hotel on west slope.

Guachal, on slope _

12 'rucuerres volcano:
Lake in crater _

Grand and Petit Vinal
gres, east of Azufral.

10 Pasto volcano ~ _

11 Pandlaco, 2kmnorthwest of
Pasto village.

largely by Quaternary deposits of sandstone and marl.
The Cordillera Oriental [Eastern range] is chiefly of
folded marine Cretaceous strata, but some older rocks
are exposed in-the crests of anticlines. Nearly one-half
of the country lies east of this mountain chain and is
within the basins of the Orinoco and. Amazon Rivers,
in a region of continental Tertiary deposits which are
covered largely by Quaternary alluvium.

The western border of Venezuela is marked by a
branch of the Andean mountain system. Another
branch swings northeast and north, along the north
coast, and separates the basin of Lake Maracaibo from
that of the Orinoco River. The cores of these moun
tains consist chiefly of gneiss, crystalline schist, and
ancient sedimentary strata. Both flanks of the western
mountains and the south flank of the eastern range are
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composed largely of Lower Cretaceous sandstone and
shale and of Middle Cretaceous limestone. These
strata are overlain in some areas by marine Tertiary
deposits.

Nearly four-fifths of Venezuela is within the Orinoco
River basin, whose great plains and rolling uplands are
underlain by marine Tertiary strata that are covered
in large part by continental Quaternary deposits.
There is a great region of swampland in the Orinoco
River delta.

The southern and southeastern parts of Venezuela are

within the region of the Guiana Highlands, which con
sist of granite, gneiss, and other crystalline rocks over
lain in part by continental Triassic deposits. The
Triassic rocks are exposed just south of the Orinoco
River, which marks the areal boundary between them
and the overlying Tertiary and Quaternary deposits
farther north.

Several thermal springs are scattered through the
mountainous parts of both countries. Data concerning
them are given in the two tables below, and the loca
tions of the springs are shown on figure 21.
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ThermaZ spring8 in Venezuela
[Datacbiefly Ircm ref. 1018and Geological Map of South America, scale 1:5,000,000 (0001. Soc. America. 1950). Locations of unnumbered springs not identified. Principal

chemical constituents are expressed in parts per million]

No.
on

fig. 21
Name or location

Temper
ature of
water
(°0)

Flow (liters
per minute)

Total
dissolved

solids
(ppm)

Principal chemical constituents Associated rocks Remarks and additional references

Cabrera ~ ~ _ ~_ __ _ _ _ ~ ~ _

Water changes in color and tem
perature; has peculiar taste.
Ref. 1024.

Possibly the same as spring No.1
or 2. Ret. 1024.

2 springs. Water contains 8 ppm
ofPO,; 12ppmofF. water used
for bathing. Ref. 1019.

About 50springs. Refs. 1021, 1024.

Water is moderately mineralized.
Free HzS. Deposit of sulfur.
Ref. 1024.

Several springs issuing trom sea
bottom in area about 260meters
in diameter. Ret. 1024.

Several springs. Deposits ot tufa
and sulfur, Ref. 1024.

aeverarsolreeeres. Deoosits ofsui
fur and silica. Refs. 1010, lOll,
1024,1026.

Several springs issuing in ravine
near sea level Water is mod
erately mineralized. Free H~S.
Refs. 1012, 1020, 1026.

Issues .at altitude of 702 meters.
Water is moderately mineralized.
Free H~S. Water used for bath
ing. Ret. 1012.

Several springs at altitude of 476
meters. Water is moderately
mineralized. Free HzS. Refs.
1012, 1024

Supplies pool 5 meters in diameter
Water used for bathing. Ref,
1024.

Water used tor bathing. Refs.
1022,1027.

Cretaceous sandstone _

Mesozoic metamorphic
rocks.

Mica schist and coarse
grained granite.

Quartzose sandstone over
lying limestone (Mio
cene).

Cretaceous(?) strata _

115 541 810, (81); Na2CD3 (127); NS2S04 Faulted Cretaceous lime-
(86); NaCl (29); NaHS (31): stone.
Na~B,Ol (47); gas 82 percent
N,.

Small __~__~ Cretaceous umestcne, _

.~ ~ ~ ~_ ~ do ~_

_______________ ~ ~ ~_ ~ do _

Hot

90

44.5

Hot

43.2

llO-97

6 Aguas cauentes de Bergan.
tin, 35 km east-southeast
of Barcelona.

7 Gulf of Cariaco. _

2 Onoto, between 'rurmero
and Maracay.

3 Aguas Callentes, 5km north ,,-<4
of Madara (Mariana?).

4 Plain near Lake Maracay 42
(Valencia)

5 San Jnan de los Morros._____ 37

1 Las Trincheras, near Puerto
Cabello.

8 18 km south ot Cariipano:
Ohaguaramal (Provisor)_

Azufral Grande (Salse of
Cumatar), 1 km from
ChaguaramaI.

9 Irapa, at northeast end ot Hot Small ~ __~__ Mesozoic metamorphic
New AndalusIa. rocks.

10 Santa Ana de los Banos, 25 32:37 6; 30 608 SiO~ (33): No. (180): K (70); Quaternary deposits over-
kmnorthwest of Guenare. (hottest) HC03 (250); C03 (58). lying Miocene(?) strata.

11 Agua Caliente (Sierra Ne- 26-62 1,000 331 SiO~ (29); CO.2 (50); No. (42): Miocene sandstone and
vade of Merida) 28 km (hottest) HC03 (167);SO, (95); Cl (12). shale overlying Oreta-:
northeast ofSan Cristobal. ceousllmestone; faulted.La Culva____ _~ ~ ~ _

ECUADOR

The Andes Mountains in Ecuador consist of a Cor
dillera Oriental and a Cordillera Occidental, each of
which trends nearly north-south. Many peaks have
perpetual snow far down their slopes, and there are
several active or solfataric volcanoes. Between the
mountain chains are extensive plateaus which become
lower toward the south. The higher parts of the Cor
dillera Oriental are largely of gneiss, schist, and other
metamorphic rocks that are overlain in some areas by
Tertiary and Quaternary volcanic materials. The Cor
dillera Occidental has some areas of Mesozoic eruptive
rocks, but is composed chiefly of Cretaceous sedimen
tary rocks. The plateau regions between the mountain
chains are covered largely by Tertiary and later vol
canic rocks. The coastal zone is widest in the northern
and central parts, where it is underlain by marine
Tertiary deposits and alluvium. Northeastern Ecua
dor extends east of the Andes far into the basin of the
Amazon River, where continental Tertiary deposits
are overlain extensively by Quaternary alluvium.

The location of thermal springs in Ecuador is shown
on fignre 22, and information concerning the various
springs is presented in the table below.
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FIaVRJO 22.-Ecuador shOWing location of thermal springs
and principal volcanoes. From refs. 1036, 1046.
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ThermaZ spring8 and, wells in Ecuador

[Data chiefly rromrers. 1036, 1046, and Geological Map of South America, scale 1:5,000,000 (Geol. Soc. America, 1950). Locations of unnumbered springs not Identttted
Ohemfcal constituents are expressed in parts per mtlllon]

No.
on

fig. 22
Name or location

Temper
ature of
water
(00)

Flow (liters
per minute)

Total
dissolved

solids
(ppm)

PrIncipal chemical constituents Associated rocks Remarks and additional references

Ref. 1037.

Water supply for municipal baths.
Ref. 1029.

Water is turbid. Deposit of iron
oxide.

Water used for batbIng.
4 aprlngs. Water supply 10

municIpal baths. Ref. 1040.
Ref. 1029.

Free C02. Water used for batbIng.
Ferruginous deposit. Refs. 1029,
1041.

Water is saline. Used for bathing.
Refs. 1029,1041.

Free COt. Water used for bathing.
Ref. 1041.

Also flowing artesian well. Water
used for drinking and bathing.
Refs. 1029, 1043.

Refs. 1029,1042.

Several springs; also drilled wells.
Water used for drinking and
bathing.

Much free C02. Deposit of iron
stained tufa. Ref. 1013.

Solfataras. Ref. 1035.
Also fumaroles in crater of volcano.

Refs. 1012,1035.

Water rIses in walled basin; used
for bathing.

Water used for bathing.

Water is calcic bicarbonate, fer
rugtncus. Free 0002. Water
used for batbIng.

Several springs at south end of
lake. Free H2S. Gravel is iron
stained. Refs. 1044 1045.

Issues from cave at base of cliff
Free H2S. Deposit of tufa
Water used for bathing. Ref
1045.

Ref. 1045.

Several springs. Water used fo
bathing.

Water used for batbing.
Do.

Water is weakly alkaline, terrugt
ncus. Used for bathing. Ref
1029.

Deposit of iron oxide. Batbing
resort.

Water supply for municipal bath
bouse. Ref. 1029.

Several sprIngs. Water used fo
bathing.

Water is alkaline, bicarbonate
ferruginous.

Quaternary lava _

Gravel overlying meta
morphic rock.

Cretaceous(?) strata. _

Quaternary lava _

Oa, Mg, Na, RCOa, FeCOa ~_ Probably Quaternary lava,

Ca, Mg, No., RCOa do • ~

Oa, Mg, Na, RCOa, CI; free C02_ Matamorphic rocks •• _

Oa, Mg, NIl., RCOa; free C02 .dc • _
Oa, Mg, Na, RCOa, Cl;free C02_ Quaternary lava _

cs, Mg, No.,HCOa do _

Oe, Mg, NIl., HCOa, CI; free C02. Quaternary lava _

Oat Mg; HCOa; NaCl (123); _. do • • _
free C02.

Oat Mg; Na; lICOa; FeHCOa do • _
(146).Na, RCOa do., • _

Na, HCOa • • do _
___ _ _ do _

6,252 Ca, Mg, Na, SO~------_-------- .do • _

6,252 • do • _

781 ~_ ___ _ do • _

2,710 Mg, Na, RCOa, CL do ".._

7, 440 •__~ do ~ _

1,622

1,466 Mg, NIl., HCOa ~ do ._.__~ _

848 • ~ do ~________________ Free C02. Water used for bathing
Ref. 1041.

1,311

4,520;
3,610
1,928
1,657

1,546

2,734

.3,728
2,630

889

3,609
5,892

_. • _ __ _ do _
5,892 OIl., Mg, Na, RCOa, 01; free C02 .do ~ ••

519 S102 (77); all. (130); No. (37); S do; , ~ _
(17); CI (99); free H2S.

436 Oa, RCOa, SO~, CI; free C02 .cdc • _

______ _ do _

1,957 Ca, Mg; Na; RCOa; FeHCOa do •__• •
(36).High • .____________ _ do _

_______________• • • do _

5,474 Ca, Mg; HCOa; NaOl (641) Lava(?) _

300

400

~ 200

Large

400

Small

Small
Small

2

Moderately
large

Moderately
large

Moderately
large

Moderately
large

Moderately • Quaternary lava _
large .

_______________________________• do. Fumaroles. Ref. 1035.

Moderately 2,098 Cat Na; HCOa; NaCL • do., • Several springs. Water is fer
large ruginous.

44

23

36.5

22

44

54.5

21.5

22

24.3 Moderately
large

2&7

50

28.7
25
20

Warm

W",m

IIot

30-40

Warm
25.6

27

27

Warm

19 Large

26.2 Large

20 Large

27.1 Moderately
large

26-31 Moderately
large

46.1--65.5

20.7; 23

23
3fH2

35

20.7-26.2

Badeung ._••• _

Oumanda ._

Salado de Badcung (EI
Salado),

Santa Clara (Oangrejo,
Pangora).

Upper valley of Bad
eung,

7

Quebrada CaparoSSB_._.Potrero • _
San Antonio, near Rio

pumasqul,

4 El Neptuno, at Otavalo __•__

5 Yana-yncu, near Otavalo _

Near 'ruinno village, west
of 'I'ulcan..

2 El Bafio, 12 km from San
Gabriel.

3 Near Cotocachi.l0k-mnorth
of Otavnlo:

El Tinte (Yana-yacu}.•. 19.5-27

Hacienda Tcsalia (Santa
Emelia, 'I'lmpuc),

25 Sillunchi, at west base of
Pasochoa volcano 30 km
south of Quito.

26 Antisana volcano:
Tyseo (Lysco?), on 27.2 Moderately ~ ~~_do. ~ _

west slope. largeIn crater ~. do _
27 Belermoa, on west slope of 36. 7 Moderately .do ~ _

Cotopaxi volcano. large •
2& Near Banos village, at north-

east base of 'I'unguragua
volcano:Agua Santa ~ _

12

18

10

6 'rermas de Paguche, 2 km
from Otavelo.

Rio Blanco (Bosque de
Pinto), 4k:mfrom oteveio.

8 EI Salado, beside Rio
Blanco, 6 km north of
Otavalo.

9 Tangli (Cachi-yacu), beside
Rfo Blanco 15 km from
Otavalo.

Laguna San Marcos, 25 km
north-northeast of Cay
embe volcano.

11 Ague Caliente, near south
bank of Rio San Pedro 40
km east of Cayambe
volcano.

Reventador, ncar west base
of EI Reventador volcano,

13 Pichincha volcano (Guagua
Piehineha).

14 Palmira, near Lloa and 10
km west-southwest of
Quito.

15 ure-urcu, near Lloa _
16 Fuente de San Juan, 10 km

southwest of Quito.
17 Guangopolo (Cumbaya.?),

13 km east of Quito.
Cunue-yacu, OD hank of nrc

Tumbaco 15 km east of
Quito.

Saladcs de III. Calera (Cachi
yacu), on river plain.

20 EI Qilitasol, 8km from Along·
21 San Pedro del Tingo, 24 km

east-southeast of Quito.
22 La Merced (Alangasl, Los

Belermos)l 24 km south
east of Qu to.

23 La Calera, on bank of Rto
San Pedro 25km southeast
of Quito.

24 Near Macachi (Machachi),
40 km south-southwest of
Quito:

Guitlg (Hervedero, Fer
ruginosa),
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Thermal springs and wells in Ecuador-Continued

No.
on

fig. 22
Name or location

'I'emper
ature of
water
(OC)

Total
Flow (liters dissolved Principal chemical constituents
per minute) solids

(ppm)

Associated rocks Remarks and additional references

22,5 • ._._. ._._•• __•• • • __._._._. do__••. • ._. Water is alkaline and radioactive
Bathing resort. Ref. 1030.

Chinangachi, in Yaruqui •__• • • • • • • • • • _
cburete, Cubi, and EI _.__ • • •__• • • • • _

Chico, in Perueho.
Cuchfblanda and Pllgaran, _.____________ • • ._._. • • • ._. ._. ••

in Atahualpa.
Hacienda cacnuce, in Pue- __._. ._.___ _. ._._. • • • • • _

Ilaro.Irubi, in San Jose de Minas, • • • • ._.__• • _. • ._._. • • _
o yacaehi, • • __ __ _•• __• • • • •• _. • • • _

Papallaeta • • • • .__ • • ._ • • ._. _
Pueblo Tumbaco, in ChichL •__.______ __. ._._._. • • • _

Hot Small __._. • • • • • • • .co,__.__. .. ._

Bathing resort.

Several springs and 3 large pools
Water used for bathing. Refs
1029, 1034, 1039.

Mud volcano having cone of hard
ened mud 30 It in diameter and
6 It high. Water is turbid and
saline; traces of petroleum. Refs.
1034,1039.

Water is saline, strongly alkaline
Free C02. Water used for bath
Ing, Rer. 1032.

Water used for drinking.

Water used for bathing. Ref. 1041

Water supply for municipal baths

Water used for bathing.

Small deposits of tufa, gypsumt
ochre, and sulfur. Water usee
for bathing.

ReI. 1028.
Do.

Do.

Do.

Do.
Water is sulfurous and ferruginous

Ref. 1028.
Do.

Ref. 1028.

Several springs near Tixon sulfur
mine. Water is astringent and
acid.

Terliary(?) strata near
Quaternary lava.

Probably metamorphic
rocks.

Metamorphic rocks neat
Tertiary strata.

Probably Quaternary Iava,

Cretaceous arrete__•• ._

Quaternarylava__• •__ Water used for bathing.

Decomposed endesltlc tufL Water used for bathing. Rer. 1035.

Probably Quaternary lava,

Decomposed Quaternary
andesite.

Quaternary deposits over
lying nearly vertical
Cretaceous strata.____•do,•• • • • _

CaCh (7,304); NaCl (4,720);
KCl (991); NaBr (783); gas

chiefly CR. and C2H~.
CaCh (11,520); NaCI (7,590);

NaBr (3,010).

High Oe, Na, SO~, S; free HtS __._. _

3,644 Ca, Na, HC03; free C02. _• ._.do•••• _. • •__

2,300 ce, Na, HC03, SO., CL __• _

14,083
(hottest)

22,400

•__ •__ • Ca, HC03, SO~ ._~__._._._._

80

15Q

Large

Small

Small

Sman

50

20.1

30.8

45.2 Moderately •• • ._. ~ ._._ Tertiary limestone. ._.
large

20.1

46

87

Warm

32-4<l

Warm Moderately
large

25 Large

25 Moderately
large

'0-22 10

El Volcancito,l00 meters
from main springs.

36 Aguas de Guapan, 3 km
from Guapan.

37 Aguns de Opar (Ohnqul
matllana), 3 km northeast
of Azogues.

38 Fuentes de Banos, 9 km
from Cuenca del Tome
bamba.

39 Oullqui-yucu, north of Lojn.•

40 AgUBHedionda, 5 km north
east of Lola.

41 Cerro de Colambo, 7 km
from the cerro.

42 1 km from oerremense•• _

29 Ounue-yaeu, at northwest
base of Ohtmborazo vel
"""0.

30 oubtjres, on bank of Rio
Guano 10 km northeast of
Riobamba.

31 Los Elenes, on bank of Rio
Guano 13 km from Rio
batnba,

32 Cicalpa (Cunuc-pugyo), 8
km west of Rtobamba.

33 Pungola, 20km southeast of
Riobamba.

34 cuntu-recu, 3 km northeast
or ateuei.

35 San Vicente, 20 km east of
Santa Elena:

Main- springs. _. _

PERU

Peru has a Cordillera Oriental, a lower Cordillera
Occidental, and a wide coastal belt. Between the
ranges are plateaus and mountainous country. The
eastern part of Peru is drained by the Rio Ucayali and
other tributaries of the Amazon River.

The Cordillera Occidental is composed largely of
marine Cretaceous strata and lunch intrusive granite.
It also includes a long belt of volcanic mountains, sev
eral of which are still active. The Cordillera Oriental

is chiefly of Devonian and Silurian slates and pre
Cretaceous metamorphic rocks. It is flanked on each
side by marine Lower Cretaceous strata. The two cor
dilleras merge southward into a wide series of ranges.
The northeastern part of Pern extends far into the
upper basin of the Amazon River.

The available information on the various springs is
snmmarized in the table below, and the locations of the
springs are shown on figure 19.
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Thermal springs in Peru
(Data chiefly from refs. 1050,1061,1066,and Geological Map of South America, scale 1:5,000,000 (Gool. Soc. .emence, 1950). Principal chemical constituents are expreSSedin

parts per million]

No,
on

fig. 19
Name or location

Temper
ature of
water
(00)

Flow (liters
perminnte)

Total
dissolved

soUds
(ppm)

Principal chemical constituents Associated rocks Remarks and additional references

2 springs. Water Is braokish.
Small amount of free gas. Small
deposits of fron oxide and com
monsalt.

Free H2S. Deposit of sulfur.

8 matn springs. Free H2S. De
posit of iron oxide. Water used
for bathing.

Water used for bathing.

Free COs. Deposits of tufa and
iron oxide.

Much tufa above present outlet.,
Small deposits of iron oxide an
common salt.

2 main springs. Water used for
bathing. Ref.105ii, 1067, 1071.

2 large springs, Deposit of iron
oxide. Water used for bathing
Refs. 1067,1071. •

Several springs, 2 of which issue
from tufa mounds. Water used
for bathing, irrigation. Ref. 1055.

Deposit cnronostde.

Ref. 1055.

Ref. 1068.

Deposit of tufa. Water used for
bathing.

2 springs. Water is Slightly brack·
ish. Much tree H2S. Water
used forbath1ng.

Water used for bathing.

Small deposit of iron oxide. Water
used for bathing.

Several springs issuing from tufa
mound. Much free CO 2.

2 main springs. Deposits or tufa
gypsum, sulfur, Water used for
bathing.

Water is light yellow.

Water used locally.

Several springs. Ref.l05l.

5 springs, 1 known as the Herv!
derc. Ref. 1072.

Water is saline. Free HsS. Large
deposit of tufa and small deposit
of sulfur. Ref. 1073.

2 main springs. Water used for
bathing. Ref. Ion.

Several springs. DeposIt of cal
careous concretions containing
iron oxide and trace of ereeafc.
Water used for bathing.

Waterusedfor bathing.

2 main springs. Large deposits of
tura. Water used for bathing.
Refs; 1055, 1067, 1069,1071.

Ret. 1069.

Several springs. Deposits of iron
oxide. Water used for bathing.
Rets. 1067, 1071.

Small deposits of surrur, alum,
iron sulfate, and common salt.

3 springs. Ret. 1069.

Sandstone (Lower Crete
ceousj.

Sandstone (probably
Lower Cretaceous).

Lower Cretaceous strata _

Steeplydipping sandstone
(Lower Cretaceous).

Probably Lower Creta
ceous strata.

Folded Tertiary sand
stone.

IntrusIve rocks (crete
ceous).

__ w __do __•• _

_____do w _

_ do w _

_____do _

_____do ow _

Probably intrusive rock _

Limestone (Lower Creta-
ceous).

Lower Cretaceous strata__

CaC02 (196); CaSO. (160);
MgCh (92); NaCl ('84); LlCl
(22).

CaCOa (344); CaSO. (1,166);
MgSO. (432); NR2S0. (104);
NaCI (689);free HsS.

CaCOa (88); CaSO. (73); MgSO,
(127); Na2S0. (260); L1CI (23).

CaCOa (20S);CaSO~ (174);NaCl
(2,592); XCI (212); much free
C02.

Na (772); K (303); HCOa (549):
Cl (1,729).

CaCOa (90); NaCl (3,278); XCI
(76); FesOa (18): much free
C02, small amount free H2S.

NaCI. w___ _ do _

CaCOs (236);MgCh (280);NaCl Sandstone (probably
(4,319); XCI (454); free CO 2, Lower Cretaceous).
H2S.CaCOs (37); CaCh (83); NaCl do ~_~ _
(164); LiCI (26); Fe20a (12);
free C02.

CaCOa (75); CaSO~ (806);
MgSO. (132); MgCIs (102);
NaCI (85).

302

725

866

2,791

1,146

1,030

Low

950
5,565

300

2,396 CaSO. (176); MgSO. (167);
(hottest) Na2S0. (958); NaCl (958):

LiCl (93).

3.340
(cooler)

3,424

3,500

14,068 Mg (1,757);Na(1,782);K (3,241);
(hottest) HCOs (1,860); SO. (1,334);

Cl (3, 899).

801 CaCOa (95); CaSO, (65)6'Na2S0. Probably Lower Creta-
(80); NaCl (554); Fel s (19). ceous strata.

_ w __ w do w _

Si02 (392); CaGOs (84); CaSO~ Sandstone and limestone
(30); Na01 (172); free H2S. (Lower Cretaceous).

CaSO. (59); MgSO~ (27); Nat Trachyte intrusion in
SO. (2S); Na01 (103); Fe20S; Lower Cretaceous strata.
free CO,.

Lower Cretaceous strata__------418- -Ca(-r6;-{60i;-cir;SO-~- {il);-MgCO; do__~ _
(30)6'MgSO~ (30); Na01 (214);
Fe2 s (28); free C02 H2S.

1,257 CaSO, (75); Na2S0. (325);
Na01 (760 ; X01 (39).

Small

Large

Small

Moderately
large

Moderately
large

Moderately
large

Moderately
large

Moderately
large

Small

Moderately
large

Moderately
large

Moderately
large

1,674 Ca (350); HCOs (467); SO. (501); do _
CI(273).

956 CaCOs (275); CaSO~ (136); OraveloverlyingTertiary
MgSO. (162); Na01 (257); lava.
much free CO~, H2S.

l,S69 Ca, Na, SO., CI. ProbablyTertiarylava _

2,135 Ca, Na, SO., 01 • do _

--- --- --- - ---- --- --- ---- ---- -- -------------- T~~iarlo~;~o~~et~~:~IJ~
strata. .

Moderately Oa, HCOt_______________________ Conglomerate overlying
large Lower Cretaceous

strata._________• Sandstone (orobably
Lower Cretaceous).

4,363 CaCOs (290); CaCh (116); Probably Lower Creta-
MgCh (252); Na01 (3,678). ceous strata overlying

Devonianslate.500 CaSO. (284);MgSO. (210) do _

Moderately
large

Moderately
large

25

Small

".
125

Moderately
large

Large

Moderately
large

Moderately
large

Small

Small

Small
Moderately

large

Large

as

Small
Small

Moderately
large

Large

Moderately
""go

Large

49.2

70; 74.5

47.S

W"""

Wann

"

W"""

W"""
50

W"""

55

ss
Wann

41

Tepid

62; 74

71
(max)

24

"

W",m

36.5

Wann

30

Hot

Wann

as
22-52.5

Wann

Hot

38-52

40; 43

56; 61

45.5

19.2-46.2

30 Aeaya, 5 km from Llocclla
pampa.

31 Dhluchln, in Ohecra district.

21 Oyon. _

I
Chm ,"-- ---- --- ------- --- ---

22 Andages _

'I'ingo de Huacho _

23 Near Agua Caliente village
and 011 field, 40 km south
of Pucallpa.

24 2kmsouthofAquamiro _

32 aen rosedetce aeacs _

27 Cocha,nearTangor _

28 NearRfo Perene _

29 Near Yault, _

33 Santa Catalina, in Pacraos
district.

25 Bank of Rfo de Nupe 3 km
north of Banos.

26 oaeccne.neer cetne _

1 Los Banos del Inca, 5 km
east of oejemerce.

2 Caehlcadan, 8 km from
Santiago de Chuco.

3 Pampa.50kmeastofTruiillo.
4 Hnaranchal, near Pampa

spring.

S Tablachaca, on river bank
at Pallasca.

6 Ninabamba and PacatquL __

7 Jocos(Sihuas),onrlverbank
30 kIn northwest of Poma
bambe.

8 Santa Clara, on bank of Rio
Rupae.

·9 AndaImayo. _

10 Pomabema, on right bank
cr rtver.

11 sbengor, 6 km from Caraz _

12 Coles, 6 km below Shangor__

13 Pato, 12 km from Caras _
14 Santa Julin, near Mancos _

Monte Rey _

17 Brioso, 5 km northwest of
Huaraz,

18 C~a~~o~errue~~~.k near
19 oneros (La cenvej, IS km

. southeast ofHuaraz.

20 Near RCo ChiQ.uian, 2 km
above Llaclla.

15 Tactabamba, 4 km from
Oarhuez.

16 Near Rfo Chances, 4 km
above Oarhuae:

AguM de Chances. _
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No.
on

fig. 19
Name or location

Temper
ature of
water
("0)

Flow (liters
per minute)

Total
dissolved

solIds
(ppm)

Principal chemical constituents Associated rocks Remarks and additional references

45 1 km southwest of Lares_____ 3Q--45

48 1 km from Posta de Agua 41.5-55
Caliente.

46 300 meters from Yaurlsque.z., 32

47 1 kIn from Mareapata, __.___ 60-75

54 Agua Caliente (Ullupampa), Warm
12km north ofYura.

55 Chachaul volcano:
Termas de Yura, 28 km 29.6-33.9

northwest of Are-
quipa.

Several springs. Water is slightly
astringent and rerrugtnoua. Free
C02. Water used for bathing

Several small springs. Much cree
H2S. Large deposit of sulfur.

Deposit ofiron-stained tufa. Water
used for bathing.

2 springs. Small deposit of tufa
Water used for bathing.

Several springs. Small deposits of
Iron-stained tufa. Water used
for bathing. ReI. 1071.

Water used for bathing.

Several springs. Main spring
Issues from mound of iron-stained
tufa. Free H2S. Water is brack
ish. Used for bathing.

3 main springs. Deposits of iron
stained tufa.

Several springs issuing from tufa
mound. Water is moderately
mineralized. Used for bathing

3 main springs. Small deposits of
iron-stained tufa. Water used
for bathing.

Free H2S. Deposit of sulfur
Water used for bathing.

Water is slightly astringent. Free
C02. Deposit of iron-oxide
Water used for irrigation.

2 main and several smaller springs
Deposits of sulfur and alum
Water used for bathing.

Water used locally.

Water used for bathing.

Several springs including Pozo
Negro. Water used for bathing.
Refs. 1053-1056, 1058, 1059, 1062,
1067,1071.

Water used for bathing.

2 springs. Water used for bathing.

5 main springs including El Tigre
and Fierro Viejo. Analysis for
water having temperature of
32°C. Deposits of tufa and iron
oxide. Water used for bathing
Refs. 1054-1058, 1064, 1067,1071.

Water is bottled. Refs. 1056,1067

Do.

Issues from large mound of iron
stained tufa. Water is brackish
and astringent. Used for bathing

2 springs. Water used for bathing.
xer.mn.

Water used locally.

Several springs. Water is slightlY
brackish. Free C02, H28
Water used for bathing.

2 springs. Water used for bathing

Several springs. Water is slightly
brackish. Free HzS. Water
used for bathing.

Water used for bathing.

Free H2S. Deposit of iron-stained
tufa. .

4 main springs issuing from silica
calcareous tufa. Water used for

~~:s~gbaso of a hill. Water is
potable. Used for bathing.

Small amount of free HJS. De
posIt of irou oxide. Water used
for bathing.

Water Is brackish. Free COJ,
H28. DeposIt of iron oxide.

Several sprmgs. Water used for
bathing.

Pre-Cretaceous metamor
. phic rock.
Devonian strata intruded

by porphyry.

Devonian slate ~

Probably Cretaeeous
strata overlying Devo
nian slate.

Sandstone (probably Cre
taceous).

Steeply dipping red sand
stone (Cretaceous).

Cretaceous sandstone _

Sedimentary rock in
region of Tertiary lava.

Probably Cretaceous in
trusive rock.

Slate or Cretaceous intru
sive rock.

Igneous intrusive rock
(Cretaceous?) in Penn
ian strata.

Tertiary conglomerate _

Alluvium overlying Devo
nian(?) slate.

Red sandstone (probably
Lower Cretaceous).

Red sandstone (Lower
Cretaceous).

Intrusive rock (Creta
ceous).

Probably Devonian strata.

CaS04 (768); MgSO t (135);
N!l2S0~ (287); NaGl (3,195);
Fe20a (15); free CO~.

esse, (94);MgCo, (151);MgSO~
(183); NaCl (300); KCl (90);
Fe,Oa (25).CaCO, (8); CaSO~ (60) do _

CaC03 (532);CaS04 (765): Naz- Permian strata _
S04 (65); NaCl (2,719); FezO,
(15);much free CO~.

Oe, Mg, HC03; free CO~, H2S__ Jurassic(?) strata ~_~

CaC03 (350);MgCb (120);NaCl
(2,360); KCl (120); free C02,
HIS.

CaCOa (250);K2S04 (152); NaCl
(791);free C02.

CaC03 (551); CaSO~ (442);
MgC03 (165); MgCh (245);
NaCI (1,599).

CaSO~ (146); CaCh (2,787);
MgCh (60);NaCl (856).

CaCOa (290); CaSO~ (235l;
NaJSO~ (638); NaCI (1,080 ;
LiCI (119).

903

Low

280 Na2C03(60);Na2S0t (42);NaCl
(173); small amount of free
H2S.

Low

2,562 CaSO~ (l,~64); MgSO~ (296);
Na2S0~ (445); NaCl (220);free
C02.

2,456

Low

4,220

3,048

3,890

4,439

1,335
(hottest)

3,165

4,975 CaC03 (909); CaS04 (216); steeply dipping red sand-
MgSO t (730); Na~S04 (654); stone (Cretaceous).
NaCl (2,380); Fe203 (19);much
free C02.

3,187 Si02 (222); Ca (205); Mg (125); do. ~ _
Na (304); CI (222); much free
C02.

2,511 Ca (127); Na (3M); HC03 (400); Tertiary lava _
S04 (155); Cl (794).

1,000 NaCI (500); tree COz____________ Quaternary lava ~~ _

1,054 CaC03 (149); MgCO, (326); Cretaceous strata near
Na2COa (124); NaCI (198); Tertiary lava.
free C02, HzS.

____________________________________________ Probably Lower Creta
ceous strata.

873 CaCO, (75);CaSO~ (313);MgS04 do _
(hottest) (75);MgCl (118);NaCl (264)._ __ _ ._ steeply dipping limestone

in region of Tertiary
lava.__________ __ _ ___ _ _ ___ PorphYry in region of Ter-
tiary lava.

steeply dipping Creta
ceous sandstone near
Tertiary lava.Tertiary lava _

1,037 CaCh (220);MgCh (278);NaCl do. _
210)' free COJ.

---------- ----------------------------------

---------- --- ~___________ Quaternary trachyte _

- --- ---- -- ._ _ ____ ____ _ do _

---------- ----------------------------------

---------- ----------------------------------

---------- -------~------ -------------- -----~

145

Moderately
large

Moderately
large

Large

Moderately
large

Moderately
large

Moderately
large

340

Large

330

Moderately
Iarg.

Moderately
large

Moderately
large

Moderately
large

Small

Large

Moderately
large

Moderately
largo

Moderately
large

Moderately
Iurge

Moderately
large

Moderately
large

Moderately
large

Moderately
large

Moderately
Iarge

Moderately
large

Moderately
large

Moderately
large

Moderately

"""Small

Moderately
large

Moderately
large

Large

Moderately
large

33

43.2

49.2

20

"

18

36

44.8
(max)

36.1

Tepid

31

31

37.8

18.2
(max)

75
(max)

3<-45

70

37-4.9.1

28;29

25.2
(max)

43.3
(max)

51 Antaura, 15 km west of
Viraco.

52 vtcues, 3 km north-north
west of vtreco.

53 'rareree, 8 km east of Vir- 46.6-50.3
'co.

Aurora, at accosent 5 30-35
km downstream from
Yura.

56 Banos de Jesus, on slope of 22-23
Misti and Piehuplehu
mountains 7 km east of

."7' Arequipa.
" Chucani, 8 km from CarinelL 27.5

58 Near Ollachea ~__________ 66; 69.4

49 Quelcata, between Antn
bemba and Oropesa.

50 Lucha, 3 km from Catahuasi

35 Agua Caliente, 3 km from
casepelce.

36 Near 'rembo-vrsc _

37 Bellavlsta, on bank of Rfo
RImae above Chilea.

38 BsnkoiRfoMantaro,12km
from Coris.

39 San Cristobal (Potoeh!),
near nuenceveuce.

40 4 kIn south-southwest of
.ruicemerce.

41 Nifiobamba, 40 km south
west of Ayacucho.

42 saacos, near Pueblo de
Sancos.

43 Colpanl, near right bank of
Rio vucenote.

44 Andiguela, at Yanatildc_____ 35; 42.5

59 Near Cuyo-Cuyo _

M Tingo.2kmfromCaSapa}CB__

60 Fraylima, 8 km from Azan
garo.

61 Putina-Punco, 4 km west of
San rose.62 Putlna _

63 Near Huancane _

64 Near Ayaviri _

65 Near OcubirL _

66 Tangolaya, 12 k:m west
southwest of Puna.
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Thermal springs in Peru-Continued

d
r

0
a
r

knl
d

No. Temper- Total
on Name or location ature of Flow (liters dissolved Principal chemical constituents Associated rocks Remarks and additional references

fig. 19 water per minute) solids
(°0) (ppm)

"
Near Acore.___________. ______ 69 Moderately 1,307 CaSO. (317); MgCb (131); NaCl Limestone (Cretaceous) Main spring near antimony mine

(max) large (736). and intrusive lava. several small springs lY.l
farther northwest. Water use
for bathing. Ref. 1047.rmate------ --- ---- -- ---- ---- 71; 74 Moderately --------_. -----------._.--_.-------._.-.-._- Quaternary ieve __________ 2 main and several smaller springs

large Water is sulfurous.
68 Oleoean, ____________________ 32.8 -------------- 2,011 CaC03 (187); CaSO~ (227); __~_ .do_____________________ Deposit of iron-stained tufa.

MgC03 (50); MgCb (1,488);
FeJ03 (19).

69 Putlna (cerumesj, 55 k:m Near Moderately 1,939 CaC03 (91); CaSO. (121); _____do__________________ ~__ Several spouting springs. D
southeast of Arequipa. balling large Na2S0. (403); NaCl (1,120); posits o silica-calcareous tuf

free CO2. and iron oxide. Water used fa

Caliente, on Rfo Candarve Bolling Moderately 1,141 Si02 (140); CaSO. (150); Na2S0. Pliocene strata overlying
bathing. Refs. 1048! 1071.

70 Several springs, including 5 geysers
12 km above Candarve large (168); NaCl (591); much free trachyte (Quaternary). Deposits of siliceous sinter an
springs. CO, iron oxide. Water used fa

Moderately Si02 (160); CaSO. (245); Na2C03
bathing. Ref. 1048.

71 Candarve, at base of Yucu- 42.7; 44 3.305 _____do_______________ ~__~__ 2 springs. Water used for bathing
mant volcano. large (hottost) (386); NaCI (2,456); free CO2.

72 41..111 from 'rtcaco____ ~_______ 49.8 Moderately 1,768 CaSO. (559); Na2S0. (539); Diorite or Pliocene-Mio- Water used for bathing.
large NaCl (601). cenestrata.

ATLANTIC REGION

FIGURE 24.-'Slio Miguel Island, Azores, showing location of thermal
springs. From ref. 22.7,2.

3
.4.5

.6
Ponta Delgada

AZORES

One principal group of islands in the eastern At
lantic is the Azores. This group comprises 9 main and
2 minor islands about 830 to 1,200 statute miles west of
Portugal. There are hot springs in four of the islands,
as shown on figure 23.

All the islands are volcanic, with generally precipi
tous coasts, and rise to high peaks, several of which
have erupted within the past few hundred years. The
main hot springs are in Sao Miguel Island (fig. 24)
and are chiefly in the Valley of the Furnas (fig. 25).

The available data on the several springs are sum
marized in the table below.

·1

.2

o 10
( (

20
(

20
I

8 Furnas
.0

·9

30 KILOMETERS
(

31' 29' 27" 25'

a G H J
F••• r.

Hospital K·
M ••L

o-0 ~N

~

~
~thS

Q• RS T•••

C>
Church

E
·0

a
Hotel

i,
;1

Flores
Graciosa

F 1 ~ G)Terceira
ayao _ ·1

b Sao Jorge
Pico

Sao Miguel

~I
Formigas 0

. Dollabarat g
Santa Maria

0 100 200 MILES
I I , I I

0 100 200 KILOMETERS
I I I I I I

I I

37

39

FIGURE 23.-Azores showIng location of thermal springs.
FIGURE 25.-Sprlngs at Furnas, Sil:o Miguel Island, Azores. From

ref. 2272.



No. onlfig. 24 Name or location

DESCRIPTION OF THERMAL SPRINGS

Thermal springs in the Azores

[Chemical constituents are expressed in parts per millionl

I
Temperatura or IFlow (liters I Total dis-j Principal chemical

water (eC) per minute) solved solids constituents
(ppm)

Silo Miguel Island

[Data chiefly rrom refs. 2271, 22721

97

Remarks and additional references

9 Furnas:

1,118 _

1

2

3,
s

G
7
8

Mcsterros . _

Ferrarla _

Ladelra da Velha_. . __

Rlbetm Grande _
Caldeira Velha__-.. _

Lornbad as _
Castellnhos _
Lagon de Furnas _

38; 44

62.5

30.3

62.1; 65
90.2

warm
werm

81.2; 89. 9; 96.2

46

5, 500-10, 000

20,960

354

Na, Cl _

Na, HC03, S102 _

Lowest mineral content at low tide. Small bath
house. Ref. 2272.

,Ncar rocky sbore; mixed witb sea water. Ref
2272.

Saline, carbonated; free COt; pH 5.30. Wate
bottled for table use. Small bathhouse.

2 walled pools. Sulfurous. Small bathhouse.
Water and mud In ebullition; sulfurous: Nearby

sp'rIng flows 300 liters per mInute; temperature
25:20 C. Ref. 2272.

Carbonated. Water bottled [or table use.
Do.

3 main caldelras near northeast margin of smal
lake. Sulfurous.

Letteron
fig. 25

lj~;~:~~~;~~~mmmm: lP :ii;;i;ii~~~~i :jj~~jjjjjj::j ~mmmm~m~j:jj:jj~jj~~ IM:~ug::pI;OSO:I".~:::;hf~~2~02' Sulfur deposits.
Caldeira Peru Botelho. __ IIot ~ ~ . • ~__ ..

{g:~~~fr: ~:~~~~a::=:====:=:==:: .. _:~ ~~ ~~~~__~~:~_~_~~,_~~~::=:=====:=== ~g~~n~i ~:~~: pH,8.34.
Caldeira do Asmodeu___________ 94.4 ~ "."."."."."_____________ Do.
AgUBdo Padre Jose_____________ 68.9 1.1 Saline, bicarbonate. Supplies hath.
Qucntll1'as______________________ 24-59. Ii 166 1,364 Na, HC03, Si02 .. Saline, sodIe blcarbcnate; pH, 6.45. Supplles bath
Agua de Morangueira___________ 43 2,032 Na, CI, 80( _
Agua do Tomo__________________ 39 _

~~~~t~~_s_-_::=================== 41.5; 43.5; U· 5 ============== --------1~600- -Na~-Ci;S6~;H003:=:======

A

B
C
D
E
F
G
H

I
J

K

L
M
N
o
p

~
S
T

{Ii~e~~~_~~~~~~==========:==~:Agua Ferrea ~ _
_____do _
Agua Dr. Bruno -' _
"New" sprlng • __
Agua Prata _
Agua Miguel HenrIques _
CaldeIrilo _. _

I'
I'
30.3
39
19
48.5

Cold
16
75.4

============== ============== ============================== }Sllghtly saline. Free C02.______________ Free C02. Source of supply for mineral bath.
___________________________________.______________________ Do.
_______________________________________ • ~_____________ Free C02.
______________________________.,___________________________ Supplies bath.

4.7 Slightly sulfurous.
3.3 . Free COt.

32 633 Na, HC03, SlOt Actively boiling. contatns 5.5 ppm H3B03;
pH,6.36. Ref. 2272.

Graelosa Island (fig. 23)

: 1 Southeast coast, --------------·--1

........1In tho cerderre, ················-1

50 I--------------I--------------t------- -----------------------1 Issues from base of cliff. Ref. 2272.

Tercelre Island (fig. 23)

Ptec Island (fig. 23)

--------1 8mall crater at summIt. --------I- ~ I------~------+-------------1------------------------------1 Water vapor and mucb COt and H2S. Ref. 1080.

GREENLAND

Greenland, the largest island in the world (839,800
sq mi), is sometimes called a continental island. It is
separated from Ellesmere Island of North America by
a narrow strait. Except along the coasts, Greenland
is covered by a thick ice sheet whose surface forms a
great plateau. Seismic exploration in recent years indi
cates that the bedrock surface is irregular; it has deep
valleys that extend below sea level and probably divide
the region into two or more bedrock islands.

Ancient gneiss and schist underlie most areas that are

bare of ice. Sedimentary rocks are exposed in some
places. Marine sedimentary strata of Silurian age are
exposed on the northwest coast, Devonian strata in the
southwest, and Jurassic and Cretaceous strata at several
places. Marine Miocene sandstone and shale have been
recognized in Disco (Disko) Island, off the central part
of the west coast. Basalt is associated with schist along
the shore of Scoresby SOIDld on the east coast. The
five recorded thermal-spring localities in Greenland
are given in the table on page 98. The three principal
ones are shown on figure 26.



FIGUBID 216.-Greenland showing location of thermal springs.
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ICELAND

The eastern coast of Iceland is about 500statute miles
beyond the northern tip of Scotland and 600miles from
the coast of Norway. The island is nearly 300 miles
long east-west, and about 200 miles broad north-south
through its central part. It consists mainly of moun
tains and plateaus and comparatively little lowland.
Around most of the coast are deep fiords which extend

. far inland, and beyond their limits, narrow valleys
extend still farther into the uplands. Except in the
southeastern part, where small mountains of gabbro are
present, the island is composed chiefly of basaltic lava
of early Tertiary age. This lava is considered to be
part of vast subaerial effusions that took place over an
extensive region in the North Atlantic, including the
Hebrides ISlands, Faroe (Faeroe) Islands, and parts of
Greenland. After a long period of relative quiescence,
fissure flows and volcanic activity began in the early
Pleistocene Epoch, and have continued to the present.

Great amounts of brecciated volcanic material and
palagonite (altered volcanic tuff) were ejected beneath
ice sheets and are interbedded with later lava flows.
Palagonite, breccia, and tuff cover nearly one-third of
the island and overlie earlier lava. Large areas are
covered by Quaternary lava, which extends in a broad
band from the southwest coast northeastward and
northward across the island. A great lava field in the
east-central part has been built up by many eruptions
from more than 20 volcanoes, of which Askja, the larg
est, was active in 1875. Mount Hekla, in the south
western part, has had many eruptions during historic
time. Some narrow valleys are underlain by glacial
deposits. Higher plateaus are covered by great snow
fields or by glaciers, from which many tongues of ice
extend to lower lands.

Hot springs issue in nearly all parts of the island, but
they are most numerous in the western part, as shown
on figure 27. They are especially numerous in the

8'4'

o 100 200 300 MILES
I I I '\

o 100 200 300 KILOMETERS
, "

76° 64" 52° 409 28" 16"88'

o
Base adapted from The Times Atlas,1922

72'

98

Thermal springs in Greenland
[Location of unnumbered springsDot identilled Principal chemical constituents areexpressed in parts per m1111on]

f

n

No. on Name or location Temperature of Total dissolved Principal chemical Associated rocks Remarks and references
fig. 26 water (00) soltda (ppm) constituents

------ On Disco Island __________ 14 ------------ -------------- -------------- Severalsprings. (EncyclopediaBri
tennice, 11th ed., article 0

"Greenland.")

------ Cape Hold-with-Hope____ Warm ------------ -------------- Basalt and tuff; Several springs. Refs. 1095, 1096.
1 Scoresby Sound:

EBSt side of Cape 45. 5--62 6,667 -------------- Gneiss _______ 4 springs near shore. Small sili
Tobin. ceous deposit. Refs. 1095, 1096

2 km northeast of 34.7; 41. 8 5,441; Na, CL ______ -------------- Some gas. Refs. 1095, 1906.
Cape Tobin. 6,666;

8,902
2 lIenry Land_____________ ------------ ------------ -------------- -------------- Several springs. Refs. 1095, 1096
3 Unartok Island, near 32.5--41. 9 1,024j 1,080 Na, Ca, CI, Granite ______ 7 springs. Small deposits 0

Julianehaab. SO,. calcareous-siliceous sinter. Refs
1092-1094.
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Hengill-Olfus area, about 50 km east-southeast of I
Reykj avik, as shown on figure 28.

o o 0

Mt Hengill

.J94

c
o

o
o

D 0 Geysir

o0 Konungshver

o
Blesi 0 a Fata

o Strokk

•

o 1, ,

Adapted from Barth, 1950

2,
2, 3,

3 4 MILES
J t

o Otherrishola
o

o Llttli Geysir
(hot pool)

FXOURE 28.-Henglll-Olfus area of thermal springs, Iceland.
From ref. 1115.
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FIGURE 29.-Geyslr group, Haukudulur; Iceland. From ref. 1115.
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One of the earliest descriptions of the principal gey
sers was by Olafsen (ref. 1206), in an officialreport of a
study of the resources of Iceland, published in Danish.
A condensed edition in English was published in 1805
as "Olafsen's Travels," with some of the original illus
trations, including a curious representation of Geysir
or the Great Geyser.

Geysir (The Gusher, or Spouter)-from whose name
all other intermittently erupting hot springs have been
called geysers-is in Haukadalur (Hawk Valley),
about 80 km east-northeast of Reykjavik, in a group of
other hot springs as indicated on figure 29.
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Thermal springs and wells in Iceland-Continued

Remarks and additional
references '

Water formerly much
warmer.

Large deposit of siliceous
sinter.

Boils constantly; formerly
a geyser.

2 springs.
Boils constantly; spouts

to height of 1 meter,

Main spring in group.
Much gas. Group also
includes Littla Laug.

Formerly a spectacular

ggr~~~~~~rat~Olid
height of 60 meters.
Refs. 106,1098.1107,1126,
1127,1129,1130,1134,1137,
1138,1143,1144-1148,1156,
1160,1178,1182,1188,1190,
1196,1197,1205,1208--1210,
1234,1235,1242,1250.

Jets to height of 4 meters
several times a day.
Can be induced to erupt
by clogging orilice with
turf,

Constantly boiling, pro
duclng large Quantity 01
wbite foam. Erupts
irregularly. Refs. 106,
1098,1137.

Oonstantly boiling, pro
ducing large Quantity of
white loam. Erupts
irregularly. •

Constantly boiling, erupt
ing oceasionall~. Water
contains SI02 (222 ppm);
Na (107 ppm); SO~ (118
ppm); 01 (83 ppm);
COa (69 ppm).

Constantly boiling, erupt
ing occasionally.

Includes Stjarna and Littll
Geysir, both formerly
active geysers.

Several springs.

Several springs, iucludlng
Efrihver and Nedbrih
ver. One oltbe springs
formerly was a geyser.
Refs. 1137, 114.7.

Several springs, including
Reykjalau~and Vig
dalaug. SIte 01 mass
baptisms in A.D. 1000,
when Icelanders were
converted to Ohristi
antty. Ref. 1147.

Several springs, two of
which are boiling.

Large pool; some gas.

Several other hot springs
nearby.

30

60

Large
2

Large
Small

Flow
(liters
per

second)

70

97

"40
84
50
60

"

100

100

58--76

93-94

84
97-100

Temper
ature of
water
(OC)

Littli Strokk _

Thykkuhverar _

Many other springs _

Otherrishola _

Moldi _
Smidhur _

Sfsj6dhandi 98-100

Name or location

Near Haukadalur-Con.Strokk _

Sydbri Reykir _

HjaImastadhalaugar,
north of Laugnvatn,

Utey, on southeast
shore of Laugarvatn.

Tjomhver *~ _

Rimahver ~ 68
North of RimL *_ 50
Th6rlakshver, on 96

east side of
Bniarli..

South of Hverukot, on
north side of Host-
vatu:Eyv1k: _

Ormsstadhlr _
Klausturh6lar _
Near Sudhurkot, _
Vadhnes _
Kidhjaberg, near

southwest end of
Hestvatn.

Hverakot, 2 km south
west of confluence of
Br6ara and Hv!ta.

Laugar, near St6ru
Reykir.

Laugardaellr ~_

Laugurvatn (farm), on
west side of Laugar
vatn.

LittlUhverir, 100 meters _
south of Laguarvatn
farm.

North end of Apavatn__ Warm
Efri Reykir_____________ 75-80 ---SmaIl-

Reykjavelllr _
Reykholtshver, at

Reykholt...near
Tungufljot.Spoastadhlr _

Laugaras, near conflu
ence of Hvitli. and
St6ra-Laxa.:

Drauguhver 95-100 ~_ }
T~vottahver-------- 94.5-96 ---------- Refs. 1181, 1192.Hildarhver ~_ 94 _
Sudhuhver._________ 98.5 * _

At and near Reykjanes:
Brandhahver__~ ~ Water used in breadmak-

ing.

73

74

72

65
57
68
69
70

71

"

"
"

58

"
60

61,62
53

44-54

No. on
fig. 27

Temper- Flow
No, on Name or location ature of (liters Remarks and additional
fig. 27 water poe references

(°0) second)

Hitalaugar~utheast 41-70 About 10 springs.
of Svarta uksfjo-
kuD.

2-4 Southeast side of 50-72 About 20 springs, includ-
Laugahraun, near ing Kaffihola. Also
Storihuer, fumaroles, solfataras,

and mud pools. Large
deposit of sulfur. Refs.
1136,1165.

5 Along Boykjadallr, ---------- ---------- Many mud pools and
north of Hrafntinnu- sulfur springs. Refs.
braun. 1136,1165.

6 Southeast of Hrafn- ------~~-- ---------- Many boiling springs,
ttnnubreun. roaring steam vents, and

soiretares. Refs. 1136,
1165.

u SeljavallaJaug, near 50 Well.
Seljavellir.

13 SvinhagL ______________ 30 ---Sman- 4 springs.
rhj6rsartun------- ------ W"m

15 HeidhL________________ W"m Small
Marteinstunga____ ~_____ Warm Small

16 Hjallenea_______________ Warm Several springs.
18 Near Budheross on the 41>-58 ;') springs. Some formerly

Thj6rsa (near were geysers.
Vindas).

19 Kaldarbott.,____________ ---------- ---------.
22 T hjorslir holtslaug_______ 324
23 Reykir, in Skeidh_______ 62 Water formerly boiled.

24
{Husetopnr______________ 38 Well.
Hlcmmlskeldh__________ 32 Do.

25 Hellisholtahverar_______ 60 Several springs. Water
from one is used for
laundering.

26 Oravarhver_____________ 100.3 3 Water used for heating
the GrB! farm.

31 vadhmalahver__________ " ---10:.15-- Constantly boiling.
33-45 Basahverar_____________ Boiling 3larl;e basins of quietly

boiling water. Water
from one is used for
heating the Hvam
farm.

35 Drauguhver_________•___ Boiling Small basin of boiling
water.

37 Laugarhver_____________ Boiling Formerly a geyser.
Water used for launder-
Ing, Deposit of siliceous
sinter.

39 Jbtulaug ________________ 20 Well.
40 Skipholstlaug___________ Wann ------2---
41 Hlljalaek________________ 39 Large amount of gas.
42 Hrunalaug______________ 43 2 Water used for bathing.
43 Horgsholt_______________ W",m

44-54 Near Haukadalur:
(fig. 29) Oeysir (Stort Geysir)_ 100 2.5 Spouts irregularly to a

height of as much as 60
meters. Circular basin
is 14 meters in diameter.
Best known of Ice-
land's geysers; the word
"geyser" originated at
tbis site. Water con-
terns SiO, (519ppm);
Na (254 ppm); SO~ (lOS
ppm); CI (144ppm); C03
(207ppm). Refs. 65, 106,
1098,1101,1107,1111,1118,
1119,1126,1127,1129,1130,
1132,1134,1137,1138,1140-
1148,1150-1152,1154,1156,
1160-1162,1165,1174,1178,
1182,1185,1188,1190,1195,
1197,1198.1200,1202,1203,
1205,1206,1208--1210,1213,
1217,1227,1234,1235,1242,
1250,1254,1257,1268,1260,
1262,12611.

Konungshver•______ 8' Formed in 1896. For-
merly a geyser, now
inactive.BIesL______________ 70 6 2 round basins. For-
merly a geyser. Refs.

Fata______________ 99.8
1138! 1210,1234.

ElliptIC bas~ 2 meters
across, fille with
quietly boiling water.

The available data on the principal thermal springs
and geysers in Iceland fire summarized in the table
below.

Thermal springs and wells in Iceland
[Data from Barth, 1950.ref. 1115.Some of Barth's map locations ere of extinct Springs,

which are Dot included in the present table; Dot all localities are numbered on fig.
27. See also refs. 1109-1114, 1152, and 1283. Locations of unnumbered sf{rings not
identified.] .
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Thermal springs and well.s in Iceland-Continued Thermal springs and wells in Iceland-Continued

Remarks and additional
references

2 springs forming 2 bolling
streams that flow into
the Reykjadalsa.

Several springs. Water
used for heating a hos
pital, a farm and, a
greenhouse.

Much gas.

Several steam vents. De
posits of clay and sulfur.

Several springs.

Steam vents and mud
pools. Large deposit of
clay.

4 springs, including Horn
laug, Water from 1
spring contains SlO:I (22
~pm); SOt (14 ~pm); 01
(12 ppm); OOa (35 ppm).

3 springs.

Fumaroles. Steam clouds
canbe seenfrom a great
distance.

Solfataras andmud votcen-
oes.

Springs and solfataras.
Large deposits of sulfur.

Manysollataras, powerful
steam vents, and mud
pools. Water from
N1ihver contains SiO:l
(290 ppm); AI (58 ppm);
Fe (35 ppm); Oa (129
ppm); SO, (665 ppm).
Water from spring at
old sulfur mine contains
SiO, (399 ppm); AI (190
ppm); Fe (168 ppm);
Mg (50ppm); C. (132
ppm); SO, (1,603 ppm).
Large deposits ofsullur.
Refs. 1133, 1161, 1195,
1197,1208,1217,1234,1250

Gas and steam vent in
lava field.

7 springs, Including mom
vanglaug, Bensillaug
Briiarlandhver, and Loa
lang.

4 springs. Water used at
Alafoss mill.

Several springs and mud
pools. Refs. 1181, 1195.

Formerly jetted to height
of 6 meters; now a pool.
Water contains Si03 (124
ppm); Mg (105 ppm); Oe
(1,862 ppm): Na 13,470
ppm); K (1,409 ppm)!·
SOt (250 ppm); 0
(25,740 ppm). Refs. 1181,
1195.

Issues between high- and
low-tide levels.

Several springs.
3 main springs and 2 wells.

Water used by laundry.
Water from 1 spring con
terns SiO, (153 ppm);
Na (62 p~m); S04 (15
ppm); 01 (30 ppm).
Refs. 1140, 1141, 1147,
1159, 1185-1187, 1192.

26-78

Northern and eastern
slopes of Mount
Hengill.

Brennisteinsfj6ll ~ _

Seltun, 3 Ian north
Krisuvik.

214 SvartsengL~ _

216 Cape Reykjanes: High _. ~

Brennisteinshverar,
on northern slope
of SkaI.arfell.217 Gnnna _

218 Geysir •••__._____ Boiling ~ _

Temper- Flow
No. on Name or location ature of (liters
fig. 27 water pO'

(00) second)

193 Sleggjubeinsdalus_______ "
194 Hveradalir, at west end "of Hellisheidhi.
165 H:r~:~:eYn~er~.h 95

219 Hlldbslaug, on Alfanes
peninsula.

220 Bretdhholtsleugar_______ 25-35 -----,.---!- 40-<8

221-223

R~~::~~~~~~~_____ 30
224 Grafarlaug, near Grater- 20 Small

holt.
Nordhur Reykir:

225 Northernmost 79
spring.

228 Brendihvcr___._~___ 76
22' Northwest of Bren- 4ll

dihver.
230 South of Nordur st

Reykir.
231 Budhura, ~__________ 83
222 Aesustadbalaug, 77

near N ordhur
ReykjaA.

Sndbur Reykir:
233-235 South of Sudhur 37.4-55.0 ----------

Reykir.

Near ReykjahvolL_ 2,-".
Adhalhver__________ 78
Braudhahver_______ 81. 5
Along Varma_______ 31.3-79.5

Amaterdamlaug_____ 44.5-83.0

236 Kollarjardharlaug_______ "fO"h stde of Reykj.- 99 250; 50
dalsa south of Dell-
dartunga.

238 KI¥feJarnsreym 99 150
( ephtisreykir), on
south stce of Reyk-
jacIalsA.

195

197

198-202
(fig. 28)

204

205

Remarks and additional
references

Numerous steam jets and
boillngmud pots. Large
deposit of clay.

Several springs end solfs
tares. Deposits of clay
and sulfur.

Geyser, steam vents! and
mud pots. Deposits of
elay and sinter.

Several springs. Deposits
of clay and sulfur.

Several small springs and
steam vents. Deposits
of clay.

Large spring issuing at
bottom of pool. Also
many small springs,
fumaroles, and solfataras.
Former site of powerful
steam vent that could be
seen and heard for miles.

~;~~~s~~~b~~1 of
stream. Much gas.
Deposits of sulfur.

Several bolling pools and
mud pools. Much gas.

Many boiling pools-and
mud pools. Much gas.

Many springs, mud pools,
and rumerols. Much
gas. Deposits of clay'
and sinter.

Do.

Well. Water used for
bathing.

Flow
(liters
pO'

second)

100

50-90

98.5

65 3.•

100

31-99.6

90

97-100 2.5

84-98 .8

97-100

97

Temper
ature of
water
(°0)

Fagr!hvamm • _

Name or location

East slope _

North slope, at and
near Falkaklett.

Divide between Reyk
jadalsa and ThverA
drainages and north
side of Okelduhnll
kur,

Upper Rengladadalsa
drainage basin:

Fremstiddalur _

Midhdalur _

75 Thorleifskot____________ 48 _~ _
76 Sijlvbolt •

77 Laugarbakkar, on 50 .7
north bank of Qlfusa.

78 Seljosslaug,on south 57
bank of (jUnse.

80 West side ofVannti.
near Reykir:Hveragardhl; _

81 Fosshver, near Reykja
foss.

9B East and west ofVarma:
Llttll Geyslr, near

Reykir.

121 Svadhi. ____________ 100

122 Btekkjatunshver____ 74-75

1
OryIa_____________._ 97

125 Baulufoss___________ 76; 89

130 Eldh61shver. _______ 92

131 Spytir______________ 100.5

192 Innstidalur_________ Large

10 springs, including a
geyser spouting to
height of 2 meters.
Issue from large deposit
of sinter. Water used
for heating houses and a
dairy. Described in
many old le¥:ends.
~atercon~nsSiO,

(324ppm); N. (235ppm);
01 (173 ppm). Refs.
1140,1141.

Water used to heat large
greenhouse.

Also several submerged
springs. .

Quiet springs that formerly
was one of the best
known geysers in Ice
land. Water used for
heating a sanatorium.
Ref. 1231.

99 Tungardhshver •• ~ Formerly a geyser.
100 Ljotu-hverar ~ SO.2 . Several muddy springs.
107 Bogi L ~ ~~ 1 Formerly a quiet spring;

now an artificial geyser.
108 Badhstofuhver ~~ 99 Well-known geyser. Sev-

eral other hot springs
nearby. Water contains
SiD, (263 ppm); Na
(188); S04 (48); 01 (155).
Refs. 1140, 1141.

Geyser having circular
basin 9 meters in di
ameter.

2 circular basins. Large
deposit of sillceous sinter.

Geyser jetting to height of
6 meters. Also several
other SPrin!S nearby.

2 springs Issu ng near dia
base dike.

Quiet spring in circular
basin 2 meters in di
ameter.:

Circular basin of spurting
boiling water. Bubbles
as large as 5 em in di
ameter. Several other
hot springs nearby.

No. on
fig. 27

1St-187

188-190

191

Between Reykjakot
and Dalafell:

150 Reykjakotshver, at
Reykjakot.

151 Brennlstelnstdndar,
on southwest
slope of Tindar.

158 Rofmaunaflot, on
south slope of
DaWell.

168 Hveramoahver and
other springs on
west side of
Graendalsa.

Ravera Kjalkur:
175,176 South slope •
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Thermal springs and wells in Iceland-Continued Thermal springs and wells in Iceland-Continued

No. on
!1g.27

Name or location
Temper
ature of
water
(°0)

Flow
(litera

po<
second)

Remarks and additional
references

No. on
.fI.g.27

Name or location
Temper
ature of
water
(00)

Flow
Otters
po<

second)

Remarks and addltlonal
references

["'ID"bID"'YJili____________ ----.----- ---------- Several springs ODe of DrApsker Island-Con.
which jets to height of 0.5 289 Near Drepaker- Tepid Well. Water used for

Arhver (ABhver, Vel-
meter. shyer. bathing.

Boiling Several springs, one a ser- 290 East of Drtipsker- Tepid Several wells.
lineshver), in bed of ser that jets to height of shyer.
ReykjadaJsA. 1 meter. Refs. 1165, 291 On low rock north Bolling Exposed only at low tide.

1167,1217. of island.
BadbIa~hver__•______ ---------- ---------- 292 Small uninhabited is- Bolling Ref. 1165.Funda __________•• __ lands near Flatey Is-K6pareykir_•___________ 80-94 6 SPrings

h
one of which jets land in Breldhafjdrd-

to heig t of 15 em. bID".
298 Large deposit of sinter. 2113 Near Sandey Island In 100 Submarine spring. WaterLeira. __•_______________ 53 Ref. 1192. Breldhafjtirdhur. bolls noisily; much

Fit~ar, near east end of ·_-Sman- steam.
S orradalsvatn, 295 Near Reykey and Urd- ---------- -----_._-- Submarine springs.

Sydhstufossar ncar west 50· 4.5 bolmur Islands in Steam rises from sea
end of Skorradals- Breidbl1fji!rdbur. surface.
vatn. 310 Gjiirfudal._______________ ---------- ._--------Snartastadhir________•__ 40 Small West side of Vatnsf-Brautarunguhver_______ 100 25 jOrdhur:Krosslaug_______ •_______ 43 Reported to have been 314 Near Hella farm____ 99-3, 3 springs.

site of baptisms about 315 South of Hella farm. TepId Several springs.
A.D. 1000. 316 Morudalur:Reyklr__________________

TepId 3 springs. 1 km west of Kross__ 3~5 ---------- Much gas.
240-243 Fossatiin_________•• _____ 48 4 springs. Near head of valley, ---------- 2 springs.

{LanghOIL_._____ ------- 82 Mentioned In Bturlunga 317 Stori Laugardalur_______ 2 springs, one known as
245 Saga. Gviindarlaug.Beer____________________ 56 -·----3--- Do. 319 DufansdaL _________•• __ Tepid Several springs.
247 Englandsshver___________ 74j89 2 springs. 320 ReykjarljiiIdhur______ ._ 48-56 3 springs.

{South side of Reykja- 50-73 3 springs. 328 Laugab6L ____•_________ Tepid Several small springs:
252 dalsa at Klettur. 324 DynjandL ______________ Tepid Well.St6rikroppur•___________ 87 ------8--- 325 Laugab6L ____________._ HoI ----_._---
257 Skrifia, near ReykholL- 97 Water supplied Snorralaug 335 M uIL ___________________

(gnorrl's bath) in 13th 339 NauteyrL_______________
30-42.5 Several springs.

century. Water con- 340 Reykjafjiirdhur_________ 50 (max) Do.
tetns S102 (166ppm); 343 Near Krossnes__________ 5(}-70 3 wells.
Na (71 P8m); K (26 344 2 km northeast of 65-£9
ppm); S 4 (66 PJm); Gjogur.
Cl (81 ppm); C 3 (106 346 Veidhileysa, at head of 68.5-73
ppm). Refs. 1160,1165, VeidbileysUfjOrdhur.
1188,1233. 346 Hveratunga_____•_______ 70-72 Several springs.

283 Haegtndl (Haegtuda- 81H16 6 4 springs. 347
l1~~j_~~~_~~:= Wann

kot). 348 39.5-42.5 --------- 3 apnngs.

r1~tadh'" east of 30 Large deposit of sinter. 349 SvansbolL______________ ----------Reykholt. . 360 Godhdalur______________ ---------- ----------Stafholtsvegglr•_________ 99.5 10 Several springs called 351 Asmundarnes___________ 31
26' Veggalaug. Water used 952 Kaldrananes...___________ 28; 32 2 springs.

for bathing. Ref. 1165. 363 Shore of Hveravik______ 76 Several springs. Water isLundahver_____________
80 -----i6--· salty. Deposit of sill-Brtiarreykir_____________ 37 ceous sinter.

265 Hurdarbak_____________ 92;100 50 2 springs. 355 Reykir, on east side of 56-96. 5 Several springs near shore.SidhumUlL•_____•______ 65 Water reported to have Hriitafjordbur. Hottest water is used for
been boiling in 18th bathing and heating

268 century. farmhouse.
Suddalaug, near Hvfta 60 Small 366 Reyklr, at head of 72

between Sidhum1ill Midhfjiirdhjur.
and Nordhurreykir. 357 Nordur Rekklr, near 73

267
{Nordhurreyktr__________ 70-97 30 springs. ytri and eressted-Sudhurhverir___•• ______ 80-97

-------~fi
20 springs. hlr on east side of

268 Dynk,4O m south of 94 Jets to height of 1 meter. Midfjiirdhur.
Skrifla. Large gas bubbles burst 368 Reyklr, 2km west of 56

with thumping sound. west end of
28'

Strokk__________~_. _____ ----------
___ w ______

Jets to height of 0.5 meter. Svinavatn.
272 St6rll'is_______________~_ 76 30 Large amount Of.N2. 359 Reykir a Relkjastriind, ---------- ______ w ___ Issues rrcm basalt. Water
276 Near HtisafelL_________ st i Several springs. Temper- on west si e of formerly used for bath-

ature and flow are for Skagafjiirdhur. mg.
the largest spring. 861 Reyklr, m Hjaltadalsa__ 40-90 Several SPrinr and 5 wells.

277 Haedaspordh, near ______ w_._ _________ w

Water usc for launder-
Nordhlingaflj6t. Ing,

278 Glljar_________~___•• ____ Tepid Small 883 Fosshver, near Reykja- 65 Much gas.
279 Stadharhraun___________ Wann vellr, in Skagafjord-

{HriitshOltSlaug, on 46 bID".
280 Haffjardhara. 368 Reykjab611, 2 km north 5(}-89 Large group of springs.Near LandbroL ________ 52 of VidhlD~ri in Sito of 13th century
281 Sydri Raudamelur__~___

'" Skagafjor bur. baths and laundry

C".h""ug
, 2 km

25 Woll. building.
northwest of Hellnar. 869 Skfdbastadhlr, 1 km 57 Several springs.

282 Lysuhdlslaug, 8.5 km 32 0.5 Large deposit of siliceous northwest of Reyklr
east-northeast of sinter. Refs. 1165, 1182, in Skagll.fjordhur.
BUdhlr. 1192. 377 Godhdalir, on both 65-65

283 Hamrar, in Haujradalur., warm Water is saline. sides of river in
28' Langill' in Saelfngsdalur; 4(}-50 Several springs. One at Vesturdalur.

Saelinsgdalstunga is 378 Hofsdal, in Hoisdalur.__ Hot 2 groups of springs.
mentioned in several 379 Ncar Laugakvisf.;______ 40-83 -------_.- Several springs.
Icelandic sagas. Water 30J Laugaland__•___________ -----65---formerly used for 381 Bardh, 1 km east of

Ncar Oddblarnareker
bathing. Fl6kadalsvatn.

28. ---------- ---------~
Several submarine springs. 982

St~~e~jy;l6k~gJ~~ ---------- M.________

Island in Breidhaf-
[ordhur. 283 Lambanesreyklr________ 4'287 At and near Ieugaland, 57-tJ<; Several springs: one near 334 Reyklr, in Olafsfjordhur_ 40-42 ---a-man- Several springs.

farm, two on seashore, 385 Laugaland, in Horgar- 20-90 2 springs. Large deposit
and several below sea dalur, of siliceous sinter near-
level. by.

Dra£:ker Island: 387 Glerargtlslaugar, near 40 2.6 Several springs issuing
288 rapskerahver•_____ 100 Issues on shore between Akureyri. from wall of gorge.

high and low tide levels. Water used for bathing.

1135-9140-65--8
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. Thermal springs and wells in Iceland-Continued Thermal springs and wells in Iceland-Continued

No. on
fig. 27

Name or location
Temper
ature of
water
(°0)

Flow I(liters Remarks and additional
per references

second)
No. on
fig. Z1

Name or Iocetlon

I
Temp".
eturo of
water
(00)

Flow
(liters
p"

second)

Remarks and additional
references

435 West slope of tcemerfau, _

Grisararlaug _
Hratnagllslauger 40 .2

419 Thvottabver _

Uxahver _

Several springs. Deposit
of sinter. Ref. 1165.

Myriad springs, eotreteres,
and fumaroles. One
steam vent called
oskran'ki is extremely
noisy. Deposita of sul
fur and gypsum. Ref.
1165.

Powerful and noisy ruma
role, many solfataras,
mud volcanoes, and
mud pots.

Refs. 1136,1165.

Many sotreteres. Large
deposit of sulfur.

Several fumaroles and
soireterae.

Many hot springs and
fumaroles on inner wall
of RudlofIkrater of
Oskjuvatn.

Several craters exhaling
water vapor and gases.

Several springs at altitude
of aec meters.

Altituc1l' of 720 meters.
Several sprlnga at altitude

of 900 meters. .

Altitude of 500 meters.
Several springs. Ref.

1125.

Formerly a noisy steam
vent. Deposit of sulfur.
Ref. 1250.

Jets to height of20 cm.
Ref. 1250.

Formerly a geyser -. wete
used by Mountam
Eyving, an outlaw, for
cooking in 18th century
Ref. 1250.

5 noisy steam vents. De
posit ofsulfur. Ref.1250

Deep-blue water in circular
basin S meters in diarne
ter,

Light-blue water in circular
basin 4 meters in diarne
ter.

Small geyser spouting from
cone of silica.

2 sprtnga 6 meters apart.
One ISa geyser.

4 springs, one of which
spouts to height of 0.5
meter.

Several springs.

95

58

14.5

33

35.5
1-7

Warm
'()-44

Boiling

97.5

Bolling

98.5

Goshver ._

Eyv1ndarhver _

Oskuh61!.. _

Greenfbver (Mey
[arauga),

Fagrihver_._________ 90 _

Braedbrahverir _

Kverkfjoll, near edge of
Vatnajokull.

Hltalaug, 1 km west of
Hrauna River.

Martelnsflaedbe _
Gaesavbtn • _

Gunnaretadhtr _
Both sides of Selli.

~i~6~~ss~d1~~h
r.euservenedet, _

Near Hrafnekilsstadbir
1

• _

on east side of Jokulsa
Lelrnr,

Near LaugafelL.________ 51 ~__
Near Jokulfell, on west 50-60 _

side of Morsardalur.
Hveravellir:

B6Iuhver • _

Near head of
Torlatindar.

Djupihver • _
Beljandarkvislar, 10kIn Boiling

north of Hveravellir.

Nauthagl and Blagnt- _
paver, 20 km south
of Hvereveljir,Hveredallr _

Blli.hver .______ Boiling

Ketildyngja. _

Hrutbdlsar (Hrutshli,l. _
sar) •

Crater of Askjn volcano. • _

Near Hofs6s _
Upper part of Thvera

drainage basin.

456

"9
460

472

475

511

476
477

463

464

465
466

467
458

492

493

496

497

50.
510

494

486

491

481

512-516

MINOR ISLAND8-CANARY, CAPE VERDE, FAROE
(FAEROE), JAN MAYEN, AND SPITSBERGEN

(SVALBARD)

In addition to the Azores and Iceland, several other
volcanic islands or groups of islands are situated on the
mid-Atlantic Ridge, which is considered by some geolo
gists to extend, with interruptions, fr?m Jan Mayen
Island in the north to the South Sandwich Islands east
of Cape Horn, as indicated on the map of the world
showing volcanic zones (fig. 1).

The Canary Islands, about 60 miles west of the coast
of northern Africa, form a group of seven small !slands
and several islets, as shown on figure 30. All the Islands

Do.

Several springs.

Several steam vents and
small springs near Twin
Lakes. Refs. 1133,
1138, 1165,1221.

Many mud pots. Water
from one mud pot con
tains Si02 (214ppm);
Al (344ppm); Fe (310
ppm); Mg (74ppm)j
Ca (94pgm); Na (24
ppm); 8 j, (4,023ppm).
Much gas. Refs. 1138,
1156.

Several springs. Water
from one spring contains
Si02 (417ppm); Al (50
ppm); Fe (30ppm);
l\lg (21~ppm); Ca (374
ppm); Na (87ppm);
K (61 ppm); 804 (2,812
ppm).

Many vapor vents and
soIratares in craters.
Southernmost crater
named Hitur. Ref. 1265

Water used for bathing.

Some gas.
Water used to heat green

house.

S springs.

Pools of water.

.4 Much gas.

. 2 2 springs. Water used for
laundering.

Much gas. Water used
for bathing.

Mentioned iu Sturlunga
Saga as early as 13th
century. Water used
for bathing. Ref. 1207.

Do.

Pool flooded by brook.
Also boiling mud pots.
Water contains SiD2
(110ppm); Na (85 ppm);
80. (51ppm); COl (91
ppm).

Geyser spouting to height
of 2 meters. Known as
the Ox Spring. Water
ccnterns SlOt (160pJ:)m);
Na (30 ppm); SOt (50
ppm); Cl (20 ppm);
COl (24 ppm). Refs.
1106,1160,1165,1192, 1206,
1207.

Largest geyser in northern
Iceland. Jets to height
of 12 meters. Circular
basin of siliceous sinter
10 meters in diameter
and 8 meters deep.
Water in basin boils
continuously. Sub
sidiary vent (Strokk).
Ref.U60.

.1 Water contetns Si02 (125
ppm); Na (102ppm);
SO~ (73 ppm); Cl (70
ppm) COl (49 ppm).

Several springs. Water
used for irrigation of
meadows~ for heating
hotel/ ann for swimming
poolm hotel.

Severalsolfataras and pools
of mud.

.1

5

1.8

50

Small

98.8

9~1

48.4

42.5

61

49.3

20

20

33
64.1

25-4'

48-57

23-44

87-94

'I'helstareykir, on
northwest slope of
Baejarfjall.

Near Helviti, west and
southwest of Krafla,
and along east slope
of Lelrhriuk.

E~~ds~~~~~n~nfja11
(Hlidharndmar) at
base of slope.

Ystihver (Badhsto
fuhver,
Nordhurhver),

GIslaug t on slope west
of Sydhra-Gfl.

West side of Eyjafjard
hera:

Reykhlisalaugar _

Kristneslaug _

St6ru-Laugar, 3 km
southeast of Breld
hamyrl.

St6ragjl'i, near
Reykiablidh.

Botnsfaug,•• _
East side of Eyjafjard

hare:
Gr:9tulaug _

Brunhusalaug, at
Klauf.

Laugalandslaug.____ 54
Hdllslaugar, at 37.5-47. 5

Haagerdhi.
Bjarkarlaugar, at

BIork.
Gardhsfu'laug\ in

Gardbsardalur•
Holsgerdbislaugar, In

EyjafJordhur, 20 km
south of Akureyri.

Reykir, on west side of 8S-89
FnJtiska River, 3.5
km southeast of
Illugastadhir.

St6rutjarnir, 1 km west 26-53
of Lj6savatn.

Btrutsbver ._. 85-86

388

43S

404

405
406

407
408

409

410

411

412

418

417

421

413

416

433.
434

425,
426

436, Jardhbadhshalar (BJar-
437 narfiag).

389

'94
.95
'96
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15· ". islands of unequal size and several other much smaller
islands. West Spitsbergen, the largest island, is deeply
indented by fiords, and Wood Bay occupies Wood Fiord
in the north end of this island. The surface of Spits
bergen is very rough, because there are several large
glaciers on the island and because the rocks are much
folded and faulted. The island is underlain by rocks
which range in age from Precambrian through Ter
tiary, but the largest areas are underlain by rocks of
Precambrian and Triassic age. The Wood Bay area is
underlain by rocks of Silurian and Devonian ages,
which are faulted on the west against rocks of Precam
brian through Ordovician ages. The hot springs of
Wood Bay and Rock Bay, an inlet of Wood Bay, issue
in nearby areas close to the faultline,

25·CJ.__---'__----' L-__-'---_-='

FIGURE 30.-Canary Islands showing location of thermal
springs.

are of volcanic rocks, chiefly basalt and trachyte. The
easternmost two islands and several islets rise from a
submarine platform. The five western islands rise as
separate peaks from the deep ocean.

The Cape Verde Islands, off the west coast of north
ern Africa, are an archipelago of 10 islands that are
spread over an area about 200 miles in diameter. (See
fig.!.) The principal islands are about 320 to 350miles
west of Cape Verde; all are volcanic. Fogo Island, next
to the most southwestern of the group, is nearly circu
lar, about 15 miles in diameter with a volcanic caldera
and a large active inner crater.

The Faroe (Faeroe) Islands comprise 21 small vol
canic islands and several islets, about 300 miles south
east of Iceland. (See fig. 1.) Most of the islands in
the group are hilly and rocky and are bordered by sea
cliffs interrupted by fiords. Thick sheets of basalt in
terbedded with tuffs are intruded by dolerite and, on
some of the islands, are overlain by clay, sandstone, and
beds of brown coal. Barth (ref. 1115) stated that Noe
Nygaard (ref. 1274) examined a spring of water, 20°C,
on the east coast of Ostero Island. It is the only re
ported thermal spring in the islands, but is not con
sidered to be of volcanic origin.

Jan Mayen Island is about 370 statute miles north
northeast of the northeast tip of Iceland, as shown on
figure 1, and is about 9 by 34 miles in extent. A volcanic
mountain in its northeastern part has been observed at
times in eruption, and deLaunay (ref. 30) noted that
there are hot springs. There also may be fumaroles and
solfataras.

Spitsbergen (Svalbard) lies north of Norway and
northeast of Iceland. (See fig. 1.) It consists of four

OTHER SMALL ISLANDS

Ascension Island (fig. 1) is 1,700 statute miles south
southeast of the Cape Verde group and is about 6 by
7l1z miles in extent. It consists of a volcanic mass on a
submarine platform and contains numerous volcanic
cones, one of which has a great elliptical crater. Hot
springs or fumaroles have not been reported but may
be present.

Gough Island in the South Atlantic is about 4 by 8
miles in extent. It is mountainous and volcanic, but
no thermal springs seem to have been reported.

St. Heleua Island, about 8 by 10 miles iu extent, is on
the Atlantic Ridge, 800 statute miles southeast of Ascen
sion Island. St. Helena is composed of volcanic rocks,
chiefly basalt, andesite, and phonolite, and is deeply
weathered and eroded. The cuhninating summit is the
remnant of the north rim of a large crater. "The island
receives considerable rain. Springs of fresh water are
plentiful, but no thermal springs seem to be present.

South Sandwich Islands form a scattered group
about 1,600 statute miles east of Cape Horn. They
probably are volcanic, and thermal springs may issue
in one or more of them.

Trinidad Island, 700 statute miles east of the Bra
zilian coast, is 2 by 4 miles in extent and is composed of
volcanic rocks. It has fresh-water springs, but none is
reported to be thermal.

Tristan da Cunha Islands comprise three small vol
canic peaks in the South Atlantic, about 2,000 statute
miles west of the Cape of Good Hope and 4,000 miles
northeast of Cape Horn. These islands rise from the
same submarine platform as the Azores and Ascension
Island. Sea cliffs in the Tristan da Cunha group expose
several varieties of lava, chiefly basalt, andesite, palag
onite, and dolerite. Tristan Island, the largest and
northernmost, is 7 miles in diameter and contains a vol
canic cone in whose crater is a small fresh-water lake



FIGURlil 31.-Auatrla, Czechoslovakia, and Hungary showing location of thermal springs: and thermal wells,
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that is reported never to freeze. Hot springs and fuma
roles may issue there. [A volcanic eruption in late 1961
necessitated the evacuation of all the residents of the
island.]

EUROPE

AUSTRIA

Most of Austria is mountainous. Part of the western
border with Germany is formed by the Bavarian Alps.
The eastern part of the Central Alps and the Eastern
Alps occupy much of central and eastern Austria.
(See fig. 31.) These ranges form a wide belt of intense
ly folded and greatly faulted rocks. The central core
of the mountains is of gneiss and schist and infolded
Paleozoic sedimentary rocks. On each side are Triassic
beds of marine limestone and minor areas underlain by
Jurassic and Cretaceous limestone, marl, and sandstone.
All these beds are intensely folded in higher areas, but
deformation is less on the lower slopes. In the Tirol
region in the westernmost part of the country large

areas are underlain by faulted igneous rocks. The Car
nic Alps along part of the southern border are composed
chiefly of Triassic rocks, but they contain some Jurassic
and Cretaceous strata. In the northeast, along the val
ley of the Danube River, are some wide areas of lowland.

Numerous mineral springs issue throughout the moun
tain areas. It is estimated that more than 1,500individ
ual springs are present, but only a few have tempera
tures noticeably above the mean annual temperature,
which ranges from about 10°C in the Danube Valley at
Vienna to less than SoC in the populated higher areas.
All the principal thermal springs and many of the cold
mineral springs have been developed for bathing, the
water from the cold springs being heated artificially.
The mineral springs are used also for medicinal
drinking.

The location of the thermal springs is shown on figure
31, and information concerning them is presented in the
table below.

ThermaZ springs and weZls in Austria
[Data chiefly from ref 1304 Prfnclpafuhemical ceneettcents are expressed In parts per millJon]

Remarksand additional referencesAssoci~ted rocksPrincipal chemical
constituents

Total
dissolved

solids
(ppm)

Temper
ature of

water tvO)
Name or location

No.
on

fig. 81

Flow
(hecto
liters

per day)
-1------1---1

On extension ofFischau-Vosla.u ther
mal zone. Resort; sanatorium.
Refs. 1310. 1336, 1339, 1342, 1345.
1347, 1355, 1368.

Do.
2 main springs. Resort. Refs. 1298,

1324, 1335, 1344.

1 :mainspring. Developed A.D. 865
as bathing resort.

In use about 600 yras bathing resort.
Radioactive. Ref. 1316.

1 main sprlng, Ip use about 700 yr as
bathing resort. Radioactive. Refs.
1297,1316,1337.

Resort.

abencw well. Resort. Ref. 1306.
18springs, from galleries. Developed

A.D. 678 as resort. Also supplies
baths at nearby Hofgastein. Refs.
1200, 1301-1305. 1307-1309, 1312.
1319-1321, 1323. 1325, 1326, 1328
1330, 1332, 1337, 1338, 1350, 1353.
1356, 1359.

Early developed as bathing resort.
Ref. 1337.

In gallery of tin m.ine on Blefberg
graben. Ref. 1311.

Sevarel sprlnga; Aquae vtuacenses of
the Romans. Resort. Springs of
Bad Villach nearby are cold. Ref6.
1346, 1349, 1350.

Locally classed as thermal. Ref. 1313.

Resort. Minor chemical constit
uents: CI. 804.

8everal springs; earthy, acidulous.
Known to the Romans. Resort.

Triassic dolomite _

Lbnestone and schist _

NearcontactofancientUme
stone with schist.

Oa804 Tertiary strata including
brown coal.

Ca. Mg, SO.!> HC03 _
Na, S04, HuOa ,-__ Crystalline schist _

00., ,EICOa _

Ne, ce, HCO,; free COJ Schist and crystalline ume-
stone.

______________________________ Upper Tertiary strata over-
lying Devonian lim.estone.

204 _

561 Ca. HC03 Conglomerateoverly:1Dg Tri-
assic limestone.

476 _

___ _ do _
Oe, CO,; gas, 95 percent N,. oontect of Tertiary breccia

with underlying Triassic
dolomite.

426 Tertiary strata _

4,016
686

2,371

26,000
.98

1,978 00., 804, Na, CI, HCO,; Triassicdolomite _
(hottest) gas, 98 percent N,.

70,000

15,550

38.8

21

21.6

22.8
(:max)

22.6

werm

27-35.7

40.'
20;23.3

3 Baden:
11 main springs _

1 Scharten____________________ _ R-ef.1828.
2 Schallerbach_________________ 36.6 8,640 5M Sulfide; gas, 78.8percent N" 1 main spring. Ref. 1310.

21.2 percent H,S and 00,.

Well near Krozingen _
4 voslau _

5 Fishau _

6 Brennerbad:Main spring _

Others _

7 Hintertux_. _

15 Reifnitz-am-Worthersee._____ 16'.8 Small Low

16 Weisenbach_________________
(max)

25 ---------- 2.250

17 Tobelbad ____________________ 27.8-36.3 6,900 663

8 Haring (Francisbad) . _

9 MittendorL _
10 Bad GasteIn _

11 Linod___ _ _
12 Kathrininbad bei Klelnklr- 22.5 900 247 oerbontrerousdotcmtte _

ehelm, .
13 Blelberg, _

14 Warmbad Villach___________ 24-29 _
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BELGIUM AND LUXEMBOURG

Belgium, for the most part, is underlain by marine
Cretaceous and Tertiary strata. These strata lap onto
older rocks exposed in the Ardennes Mountains in the
southeastern part of the country. Along the north side
of these mountains, coal beds and other rocks of Car
boniferous age are faulted and infolded with strata of
Devonian age.

The southeast flanks of the Ardennes Mountains de
scend to the hilly lands of Luxembourg, which is
drained mainly by tributaries of the Moselle River,
which marks part of the eastern boundary of the coun-

try. Throughout most of Luxembourg the outcropping
rocks are of Devonian, Triassic, and Jurassic age. In
some of the lower areas, however, sedimentary deposits
of Tertiary and Quaternary age overlie the older rocks.
In places, the older rocks are greatly faulted, the fault
systems trending northeast-southwest.

In Belgium, thermal springs have been recorded at
five places, and in Luxembourg one deep well that yields
thermal water has long been in use. Their locations are
shown on figure 32.

The available information on the several thermal
water supplies is summarized in the table below.

ThermaZ springs in Belgium and thermaZ well in Lu::cembourg

[Data chiefly from ref. 1368. Principal chemical constituents are expressed in parts per million]

No. Temper- Flow Total
00 Name or location aturo of (liters dissolved Principal chemical Associatedrocks Remarks and additional references

fig. 32 water ("0) per rmn- solids constituents
ute) (ppm)

Belgium

g,
1 8lrault, 13 km northwest of 31.25 ---.----_. ------------ ------------ --------- -- - --- --- --------------------- - ---._--- Watertemperaturemeasuredin 1719

Mons. Apparently bas ceased flowing 0
has been covered.

2 cbeuderonteme, 8km south- 32-35 Large 352-488 oe, Nat HC03, OL_________ Condruzien strata (Upper Several springs and shallow wells
east of Liege. Devonian). early developed. Large bathin

rustenvtue, 2ii km southeast
resort. Refs. 1362-1364,1369,1371

2 17.5-21. 5 Large -------.._-- CaCOI (144); MgCOI (35); _____do____. __________________ 6 springs. Chemical analysis mad
of Liege. NatS04 (36); NaCI (19); in 1827. Used as source of water

Emnnheld, km 'M' or
sio, (27).

Cobtentsten strata (upper
power for mill.

4 s ---------._- ---------- -----.-._--- -------- -------._.._.._-- -----
Ferrieres. part of Lower Devonian).

Several springs at foot of mountains Epgrave, 5 km southwest of ._._-------- -._ .._- ..- -----------. ------------------------- ----- Oondruzten strata (Upper
Rochefort. Devonian). much vaporin cold weather.

Luxembourg

1 Mondorf-Ies-Bains, I' km 24.' 670 14,460 NaCl (9,400) ________________ Permian____________________ 712 meters deep. Temperature of
southeast of clty of Lux- water from lowest strata :ZSOC.
embourg. Drilled in 1946 10 replace well

drilled in 1844, which had become
clogged. Original well, 730 meters
deep, flowed 600 liters per minute;
water temperature 25°C. Refs.
1361, 1365, 1366, 1370, 1372.

BRITISH I~S

In Scotland and the northern part of England, the
ancient sedimentary and crystalline rocks exposed are
greatly folded and faulted in some areas aud intruded
by. volcanic rocks of Mesozoic to early Tertiary age.
In these districts no thermal springs have been re
corded. Part of the northern half of England is oc
cupied by the great anticline of the Pennine Hills,
whose core of Lower Carboniferous strata is flanked by
the Coal Measures and Permian and Triassic forma
tions. Triassic beds also cover extensive areas in the

Midlands region. A thick succession of Jurassic and
Cretaceous rocks. is exposed in eastern and southern
England, but these rocks are overlain by Tertiary de
posits in the London and Hampshire (Hants) synclinal
basins. Sedimentary rocks of Cambrian to Devonian
age and some gueiss and ancient volcanic rocks occupy
much of Wales and southwestern England. Nearly all
the thermal springs reported are in areas of Carbon
iferous or younger marine strata.

The locations of thermal springs and wells in the
British Isles are shown on figure 33. Data on these
springs and wells are given in the table below.
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FIGURE S3.-Part of the British Isles showing location of thermal springs and thermal wells.
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Thermal springs ana wells in the British Isles

[Prlnelpal chemical constituents are expressed in parts per million]

No. Temper- Flow Total
on Name or location ature (imperial dissolved Principal chemical constituents Associated rocks Remarks and references

fig. 33 or water gal per solids
eF) min) (ppm)

England

Tepid Moderately _
large57 Oa, Ng, Ma, SOf, CL _

76 _

63 20
16 _

8 Bath________________________ 110-117

Originally 9 springs. Bathing re
sort. Refs. 1374, 1391, 1403,
1413, 1416, 1435, 1442, 1443, 1450,
1452-1454, 1456-1459, 1468, 1474
1477, 1490.

Water quality similar to springs
at Buxton. Bathing resort.
Refs. 1468, 1490.

3 main springs. Resort. Refs.
1391, 1403, 1421, 1443, 1456-1458,
1468,1490.

Shallow wells in feDland. Water
may be from deep-seated source.
Refs. 1406, 1407, 1462. 1489, 1490.

Batbing resort. Refs. 1468, 1490.

Bathing resort. 2 original springs,
temperature 66° F and 72° F,
were at St. Vincent's Rocks in
the Avon River gorge. Refs.
1403,1404,1450.

Original spring ncar river: tem
perature, 76° F; total dissolved
solids, 630 ppm; prfnelpal chemi
cal constituents, oa, xe, BC03,
SO., C1. Refs. 1381, 1382, 1391,
1409,1437,1439,1450,1457,1471,
1487,1490.

3 main springs. Developed by
Romans. Large bathing resort.
Refs. 1373, 1377, 1378, 1381,
1383-1391, 1393, 1395, 1396,
1398-1405, 1408-1410, 1412, 1415,
1419, 1422, 1424, 1427-1429, 1433,
1434, 1436, 1438, 1440, 1441, 1444,
1446-1449, 1455--1457, 1461, 1463,
1465-1469, 1478-1484, 1486, 1488
1490.

ChalYbeate. Water issues in coal
shaft. Refs. 1411, 1489, 1490.

Originally 2 small springs. Bath
:Ingresort. Refs. 1376, 1380, 1426,
1457, 1458, 1473.

Water issues in Weal Clifford cop
per mine, at depth below 1,500 ft.
Refs. 1430, 1431, 1464.

000.1 Measures (Upper
Carboniferous).

Oretaccus strata. Water
may rise from Jurassic
strata.

ocnreceor granite porphry
ry with ancient slate.

230 Mg, Na, 80f Carboniferous Itmestone _

660 Mg, No., HCOa, 80~, CL _

478 oe, Mg; CL do _

Carboniferous limestone _

878 Ca, Ne, HCOa, OL Carboniferous limestone,
probably faulted.

9,200 oe, Na, OL _

1,820 oe, Ne, 80t. Gas, 96 percent Contact of Keuper marl
N2. (Jurassic) wtth Triassic

strata. Water proba
bly rises, along faults,
from Carboniferous
strata.

1,092 Ca,80. Carboniferous limestone _

150

350

129.5

415

Variable

125

69-74

68

6<}-62

82
(max)

1 Buxton, 20 miles southeast
of Manchester.

2 Bakewell, 25miles southeast
of Manchester.

3 Matlock, 37 miles southeast
of Manchester.

4 Cbatteris, 12miles northeast
of Huntingdon,

5 Stoney Middleton; 15 miles
north of Oxford.

6 Clifton Wells, on bank of
Avon River, 2 miles west
of Bristol.

t Bristol hot well, in BristoL_

9 Batheaston, 3 miles north
cast of Bath.

10 Tunbridge Wells, 30 miles
southeast of London.

n Redroth, 28 miles southwest
of Bodwin.

Walell

,,[ Taare's (Taft's) well, near I
Cardift.

65-W [ 1 13'1 Mg, 80(. Gas, more than 951 Coal Measures (Upper IBathing resort.
percent N2. Carboniferous).

Refs. 1472, 1490.

13[ Mallow, 18 miles north-I
northwest of Cork.

'l>-71 1 1

Ireland (Erie)

2"1 ce, 804, Cl 1 Carboniferous limestone [Ispring and 2shallow wells at base
near contact with De- of hill. Bathing resort. Refs.
vonian sandstone. 1414,1445.

BULGARIA

Bulgaria has the Danube River for most of its north
ern boundary and the Black Sea for its eastern bound
ary. The Rhodope Mountains, with sharp peaks and
steep slopes, extend along part of its southern border.
Smaller ranges form most of the western border.
Through the central part of the country the Balkan
Mountains, with rounded crests and generally moderate
slopes, extend east-west. Northward from these moun-

tains, long and gentle slopes interrupted' by hills descend
to the Danube, along whose lower course are extensive
plains. In the southeastern part of the country, the
wide plain of eastern Rumelia extends southward from
the Balkan Mountains.

According to Bourchier (ref. 1494), Archean gneiss
and crystalline schist form most of the Rhodope Moun
tain area and also underlie much of the Rumelian plain.
Carboniferous rocks overlain by marine Triassic and
Jurassic strata are exposed in the western Balkans, and
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Permian sandstone occupies parts of the Sofia basin.
Lower to Upper Cretaceous strata cover nearly the
whole extent of northern Bulgaria, from the crest of
the Balkans to the Danube. Eocene deposits form both
flanks of the eastern Balkan Mountains, and late Ter
tiary strata underlie lands near the Black Sea. Most
of the Danube plain is covered by loess of Quaternary

age. Some intrusive masses of granite and other
coarsely crystalline rocks, also lavas, are present in the
Balkan Mountains and in the Sredna Gora Mountains
in the southwestern part of the country, Most of the
thermal springs are in the southwestern part, as shown
on figure 34. Available information on the springs is
given in the table below.

23' 24' 25' 26' 27" 28'

h_ ..,
1"'" -.

Plain

TURKEY

AI

Dan1Lbe/~~--...~.'

.r:
...........
~ """"'\.-.

" \( :
., .J

../

N 5
A I

N T 36 39
• 35 • .37 •

38
• 3' • BLACK

Burges
.96

SEA

R

33
•

uo

A
89•P'I'rnovo

88

50
I

.30
•32

•31 0
Stare Zagora

M

8S.
87

G

.95

.29

.sz 83- 0
Khaskovo

•81

LU

oPlovdiv

.8'

°Pleven

•7.

76•••80
• 77

75
.78

.79

B

RUMANIA

.66
.68

69 ...-70

7 1 :
72

73

( ................'- /'~'-- .- •...__• ............ .I""- ••~ .,...--/

43'

50,

FIGURE 34.-BuIgnria showing location of thermal springs. From ref. 1493.

[Springsnumbered in accordance with ref. 1493.
Thermal spring8 in Bulgaria

Data chiefly from refs. 1493,Ui02,and 1506. Nearly all are developed for bathing.
pressedin parts permillion]

Principal chemical constituents are ex-

No. Temper- Flow Total
on Name or location tura of (U.S. dissolved Prlnelpal chemical constituents Associated rocks Remarks and additional references

fig. 34 water (OF) gpm) solids
(PP.m)

Balkan Mountam area

Faulted granite . Ref. 1494.172 . . _909 . . . . . _

•55
45
40

98
68
86
80
72
7770 .. . ._. .. . . . _

1 Vrshets (Vershetz) _
2 Zanozene _
3 Lataknilc_. . _
4 JelenovdoL _
5 Glava-Panega _
6 Shipkovo _
7 Vladislavtsi _
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No. Temper- Total
on eture of Flow di~
fig. Name or location water (U.S. solved Princfpal chemical constituents Associated rocks Remarks and additional references
34 (OF) gpm) solids

(ppm)

Balkan Mountain area-Continued

8 Bankya (Benld) ~___ ~________

" '00 245 ---------------------------------- Pliocene state overlying Refs. 1495, 1507.
faulted andesite., Malko-Bucino.______________ 73 -------50· ------ias- ---------------- -- ____ ow_ow - ____._

-FaUited-aiiuviiWi~::::::::::::10 Gorna-Banya (Gornla- 68-106 --.------------------------------- Refs. 1495, 1501.
Bania).

11 KnYBzhevo (Knia.jllVO)____._ 72-97 60 ------26f .----------_.--------------------- ____.do _________________________
Do.

12 Sofia ________________________
117 170 ------------ ----.-----_._.-------- _____do_____________._ ._._______ Reis. 1494, 1505.

13 Cepinci.;____________________
8' " ---------- -------- ----------.---.----------- --.-.-.--- ----------------------

14 KladnitsB. ____________._.___ 81 " ---------- ·co;-f4iif::::::::::::::::::::::: -FaUlted-Tr13SSfcum-istone::::15 Pancharevo _________________ 118 as ----------
16 zneiesnttse__________________ 77 260 ---------- ----------------------.----------- Faulted granite. ______________
17

Kalkovo_____________________
77 15 ---------- --.-----------------------.------- --------------------------------

18 Pangyurlshta,_______________ 111 2,\Q ---------- ------.---------------------------
-FaUlfeii-grniiIfe~~:::::::::::::19

Streleha_____________________
104 50 ---------- ----------------------------------

20
Karasarli____________________

90 ss ---------- ---------------------------------- -FaUlfeii-all1.iviiiill:::::::::::::21 Stoletovsk___________________
93 30 ---------- ----------------------------------

22 Bote-Barrya_________________ IQ6-111 450 ---------- ---------------------------------- -------------------------------- Issues "om fault zone.
23 steroser, ____________________ 81 25 ----------

-Eii.iifide~-:Ef2S-....-~:::::::::::::::::: -Fatiitec(gtiiDlti:::::::::::::::24 Kresncvo____________________ 8S-127 15 ------jgr
25 Khisar (Hissar; Kuptchez 121 280 ---------------------------------- _____do_________________________ Rels. 1500,1501, 1507.

bath).
26 Devadzhov__________________

98 45 200 SUlfide, H2S_____________________ _____do_________________________
27 Pesnopol, ___________________ 86 ------260- ---------- ---------------------------------- --------------------------------
28 Karlovo-Banya______________ 124 ---------- ---------------------------------- -Fauifeii-graiiIte:::::::::::::::

Refs. 1498, 1499.
29 Pavel; ______________________ 122 80 ----------

-EicO~-(i:i3f;-SO;(690):::::::::::30 Ovoshtnik___________________ 109 15 ---------- Faulted alluvium_____________
81 Sulica_______________________ 115 160 ---------- -EiCO-a:2.59)::::::::::::::::::::: -FauitecrgriiiiIte:::::::::::::::32 Oomo-Panieberevo__________ 120 65 ----------
33 Korten______________________ 71-129 105 ---------- SO, (467)________________________ Faulted schist and granite_____
34 Dzhlnovo ___________________ 110 70 ---------- -§O;-(736);--CO;--(2~370);-Fe;O~- -Fauiiiii---Cretaceolls--:Strata-as Sliven (Slivno) ______________ 112 90 ---------- Water used for bathing. ReI. 1495

(40). ncar andesite.
36 Markovo-Banya_____________ 73 40 ---------- HC03 (977)_- _---_______________

-Faulted-andesltii::::::::::::::37 Altos________________________ 107 500 ---------- ----------------------------------
38 Burgas (Bonrgasj-Banya____ 106 360 ---------- ---------------------------------- -------------------------------- Water used t" laundering. R,~

(max) 1491, 1495.
39 Medovo_____________________ 7fi 8 ---------- ---------------------------------- --------------------------------

Rhodope Mountain area

40 KyustendiL _________________ 164 600 ---------- Sulfide, H2S_____________________ Faulted schfst;________________
41

Katrishte____________________
68 ---------- ---------- ---------------------------------- --------------------------------

42 Nevestino___________________ 122 -------65- ---------- ---------------------------------- --------------------------------
42 Kadin Most_________________

---------- ------------------------- --------- -------------------------------- Issnes from lault zone... CbetirtsL ___________________
122 -------40- ---------- ---------------------------------- --------------------------------45 Rakovets____________________ 90 ---------- ---------------------------------- -A:iiu";iimi--overiYbig--hiUited-"

Baltchln..__•_________________ 102 120 ---------- ----------------------------------
H2S__________: __________ strata.

" aenerevo(Zaparevo) _____ .__ 187 26 ---------- Sulfide, Faulted scbtst.,_______________ Hottest spring water In Bulgaria
ReIs. 1491, 1494.

"
Pchelin_____________ .________ 163 170 ---------- ---------------------------------- Faulted granite_______________

49 Solu-Dervent (Momina 150 270 ---------- ---------------------------------- _____do_________________________ Radioactivity 560 amans per liter
Banya). Refs. 1491, 1500. 1501.

60 Dolna-Bauya________________ 126 as ---------- Sulfide, H2S_____________________ Faulted schist_________________
51 Kostenets___________________ 107 70 ---------- _____do___________________________ Faulted granite_______________
52 Gnrna-Djumaya_____________ 95-131 165 ---------- HC03 (620), sulfide, H2S _______ Faulted schist__•______________
63 Osenova_________ 1 ___________ 104 ------150- ---------- -§Uifide;n;s::::::::::::::::::::: -

FaUliid-schiSt~::::::::::::~::~54
SimitlL __________________•__

108-140 ----------
65

Hustava_____________________
140 -------50- ---------- ---------------------------------- --------------------------------ee Goma-Gradeschnitsa________ 109 ----------

-Suifidii~H~§~:::::::::::::::::::: -F-aUifed-scWst:::::::::::::::::57 Sveti vrech_________________ 142-182 no ---------- Ref. 1496.
68

Polenitsa____•_______________ 120-143 30 ---------- -----_.---------------------------
_____do_________________________

"
Levunovo___________________ 130-134 140 ----------

60 Marikostenovo____•_________ 145 260 ------321- -sllIfide~n~s::::::::::::::::::::: -Faulfid-Tertiary-stlata_-~:::::
61

~t~g~i~~_:~::::::::::::::: 98 470 Small amount 01HtS____________ Alluvium overlying schist_____ Local water supply.
62 100-133 200 ----------

-Smaiiaiiloiint-ofn~s::::::::::::
Faulted schist_________________

63 Dobrinishki________________• 100-104 225 ---------- _____do_________________________
64 Kantna______________________ 109 175 ---------- ---------------_._---------------- --------------------------------
65 Bashnitsa___________________ 100 130 ---_._---- ---------------------------------- --------------------------------

Elli Dere River area

66 Vetren______________________ 147 80 ---------- ----------------------------------
-Marbio~:::::::::::::::::::::::67 Malo Belov_________________ 75 600 ---------- ---------------------------------- Issues at base of bluff.

68 Varvara_____________________ 90-150 140 ---------- ---------------------------------- Faulted schist and gneiss______
69 Korovn______________________ 129 17 ---------------------------------- -Fauited-granite.:::::::::::::::70 Kamemtsu (Kamenitza)_____ 172 13fi 698 -----------------------------.---- ReIs. 1500, 1501,
71 vetruve-Banva_____________ 111 ss ---------------------------------- -------------------------------- Issues lrom lault zone.
72 Ludzhena__________________• 128-140 90 2,565 ----------- ----------------------- -------------------------------- Do.
73 Tshepino____________________

11' 50 ---------. ---------------- ------------------ --------------------------------
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Therma.l springs in Bulgaria-Continued

No. Temper- Flow Total
on Name or location eture of (U.S. dissolved Principal chemical constituents Associated rocks Remarks and additional reCeren~
fi •. water (OF) gpm) solids
34 (ppm)

South-Central Bulgaria

e.

74
Krtehlm,____________________

81 210 ---------- -..--.-- ---------.-.-.----------.- Faulted schist_________________
75 Leskovo________•________• .:._

1" 25 -_._-----. __._ • _________•• --______ 0 ______---

--- -<-._--_.-. ------------------ Issues Cromfault zone.
75 Lllkovo __..•. _______________ 149 30 ---------- ---------------------------------- ___ oM •••_. ______ < ______._.______

77 Kosovo__________•_________._ ---------- --••• --.----- -<---------- --------- ~----~--------~~--------------~-

78
Beden________ ~______________

84 5 ---------~ --------~- --~ --------------------- ---------------------------~----
79 starosa-Llka, _______________ 124-140 25 ----~~----

-HCCi3~-(636);--SO~--(i70,_;--C-O~~ -C~ystBii~e-scliiSt~============80 N ereeaen___ ~________ ~_______ 86 50 ~~-~------

(357).
81 Illdza________ ~________•______ 107 4. ------~--- ----------------~------ ----------- ---------_._----------~ -~-------
82 Breszovo ____________________ 136 4•• ---------- ------~--- ------------------~ -~--- ----------------- ---~ -~---------
83 Kbaskovo__•________________ 130-137 1,340 --~_.----- H003 (620); Fea03 (58)•••••••••• Faulted andesite___ ~__________.. Makhalata_______~~_________ ---------- ---- ------------------~ -~----.- --- ---~-------------~--------------

86 ShipkovenL____ ~____________ 74 5.
--------~- ---------- --------- -~----- -------- ----------- -~--~------- --------- Noted resort.

86 Elenako; ____________________
~----~---- ---------- --------~~ ---------------~--------- --------- ------- -----------------~------- Pumped. Water for medicinal us

87 Manoya__~_~_~ __________~_~_
-----~----

-Sma:jjamounrOr-H2S~========== -CoarseS;~dstone~=============
Local water supply.

88 Vonestcha. _________ ~________

" 50 --~-------

89 Bryeznik____________________ 66 2 -~--------

Much Iron, _____________________ Tuff (tufa?) ..d limestone____
90 TutrakantsL __~ ____ ~________

----~-~~~- 15 .._-------
-Sallne;-H2-S~====================

---------------~-~----- -----~---
91 Mfrovn.,___ ~________________ 8 ----------

-Limestone__~~==~======:=~==~~~
Salt works nearby.

92 Dolni·Rakovets_______ ~__~_~ 72-86 575 ------~~-- ------------------------ ----~--~--
93 KladnichL __________________ 81 6. ----~~---- ----------------------- ----------- Syenite__________~~~ __________

"
Zheleznitsa__________________ 72-90 120 ---------- -------~------ -------------~------ Alluvium overlying granite___

95 Chirpan_____~~______________ 82 Large ----i;;;oo- -Ca;Mg,-Na~-H(Y6;=============
-------------------------------~ Town water supply.

96 Y S.IDboL ____________________ 76 80
-Marbie.~~=====================97 Stefan Ks.rs.dzhovo __________ ---------- Large -------~-- Small amount of HIS ___________ Noted resort.

CZECHOSLOVAKIA

The western part of Czechoslovakia consists of the
province of Bohemia, which formerly was a. part of Aus
tria. This province is chiefly rolling upland drained
by the Elbe River and its tributaries, It is nearly en
closed by mountain ranges-s-the Erzgebirge on its north
western border, the Riesengebirge and other ranges of
the Sudetes (Sudeten) Mountains On the northeast be
yond the valley of the Elbe, and the Bohemian
Moravian Mountains on the south and southwest. All
these ranges are formed chiefly of marine Paleozoic
strata, much folded and faulted, but the central basin
is underlain largely by Cretaceous deposits. Moravia,

in the central part, also formerly a. part of Austria.,
consists mainly of a. plateau area that descends south
ward from the Sudetes Mountains and is drained chiefly
by the Morava, or March, River, which is a. tributary
of the Danube. The province of Slovakia in the east,
which formerly was a. part of Hungary, consists largely
of hilly lands that extend southward from the Beskid
Mountains, The region is drained by several large trib
utaries of the Danube River.

In the mountains of Czechoslovakia. there are numer
ous mineral springs, but only a. few are thermal. The
springs on which published data. were found are shown
on figure 31, and data concerning them are given in the
table below.

Thermal springs and wells in Szechoslova'kia
[Data chiefly from ref 13(14 Principal chemical constituents are expressed in parts per mllliou]

No. T"",· Flow (hecto- Total
on Name or location perature liters per dissolved Principal chemical constituents Asscciated rocks Remarks and additions.l references
fig. or water day) solids
31 (°0) (ppm)

1 Karlsbad (Carlsbad; Karlovo 42-71.1 25,000+ 6,353 Na, HC03, S04, 01; much free Ancient granite; Tertiary 4 main springs in north-south line
Vary). CO2. strata including brown 1,325 meters long; also 7 wells.

coal. Developed in 13th century.
Bathrng resort. Refs. 1511, 1514,
1515, lli17, 1521-1525, 1533-1535,
1537-1540, 1542, 1548-1551, 1554-,
1556, 1557, 1562, 1564, 1568, 1570,
1572.

2 Teplitz (Toeplitz)·Schonau__ 4. 30,000 1,058 Na, HC03___________________ ~ __ Porphyry near Cretaceous Used by the Romans; redeveloped
(max) strata. A.D. 762. Bathing resort.

Radioactive. Refs. 1509, 1519,
1520, 1526, 1536,1541, 154-4, 1549,
1555, 1558, 1563, 1565-1567, 1569,
1573.

3 Johannlsbad_________________ 29.6 10,000 354 ---------------------------------- Schist and dolomite_______ Used since about A.D. 1000.
Resort. Refs. 13M, 1571, 1892.

4 Gross trnersdorr, ____________ 25.3-36
-------~-~----

3,650 NaHC03 (1,195);H2Si03 (1,187); Schist and gneiss, __~ __~___ 3 springs; hottest bas small flow.
gas, 94 percent N~. Developed A.D. 1576. Bathing

resort. Ref. 1543., Pistany (Pistyan)M_. ________ ---------- -------------- ---------. Sulfur___________________________ ---------------------------- Thermal mud baths. Radioactive.
Refs. 1510,1513 1515,1546.
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Thermal springs and wells in Czechoslovakia-Continued

No. Tem- Flow (heeto, Total
on Name or location perature liters per dlssclved Principal chemical constituents Associated rocks Remarks and additional references
fig. of water day) solids
31 (00) (ppm)

6 Trencin rrrencsen, 'rrenetan- 36-52 90,000 2,450 Gas, 76 percent NI ______________ Mesozoic strata___________ Radioactive mud baths. Rels.
ske, Trentschin)-Teplice. 1515, 1516, 1545, 1559.

7 Sztubnya (Stubnya-liirdo. 40-43.7 -------------. ---------- SOt. _______._. _________. ________ -._- --_.- ---- --_. -- --- .-- .-. ,5 main springs. Bathing resort.
Lower Stubnye, Bad Stu- According- to ref. 1293, includes
ben). Rajecz Toplice in Rajecer Mts.,

temperature 83°0; contains iron

8 Lucky-Ies Bains_____________
and alum.

-----33--- -----~-------- -----~----

-Much-iree-C(:i2~============:=::=
--- --- -~---- - --- -~~--- -- - ---• settees (Sliac)_________ ~_____

--------~----- ---------~ -~~-------- --- -------------- Bathing resort. Refs. 1515, 1547.
10 Schemntte (SelmOO1'-banya):

Skleno (Glaabuettej , ____ 4. -------------- ---------- -- -- - --- ------ - --- -- - --- --- - -- - - -- Rhyolite____ _~~___ _____~_~ Bathing resorts, .5 kID. apart.
Water deposits much tufa.

Vlehnye (Eisenbach) ____ 38
Ref. 1531.

--------~----- ---------. --- ~-~--- - --- -- - --- --~--- --- - ---- ~

__~__do___•____ _____________ Do.
11 KiralyL _______ ______~ _______ W""" ---------~~--- ---------- - --- --- ------ --- - -- ---- -~- - --- ---- ._- ---------- ~---- - -- ------- Earthy calcic.
12 Banko, .5kID. north of Kassa, W""" -------------- ~--------- - --- - ----~- -~- --- - -- - -- --- - --- ---- -~-._---- --- - --~ --- --- ------ Alkaline ferruginous water. Bath~

Rank-Herlany
tne resort.

I' (Rank H",· 23 Intermitt.ent 4,504 Na2COa, NaCl; much free C02 __ - ---- ~-------------~ -~- ----- Well 404 meters deep. Used Co,
leln). municipal supply. Refs. 1M2,

1552, 1553, 1.'i74.

FRANCE

The Maritime Alps, along the southeast border of
France, consist partly of granite and other ancient
crystalline rocks but chiefly of intensely folded and
faulted marine Paleozoic and Mesozoic strata. Farther
north along the border, the Jura Mountains of Paleozoic
strata are flanked by extensive areas of Mesozoic rocks.
Beyond them the Vosges Mountains are largely of crys
talline rocks, their flanks covered by marine Permian
through Jurassic strata. The Ardennes Mountains on
the northern border are lower and largely of Mesozoic
strata. Lower ranges of ancient sedimentary rocks
form the mountainous uplands and woodlands of Nor
mandy and Brittany in the northwest. Along the
southwest border of France, the Pyrenees Mountains
have a core consisting chiefly of Paleozoic rocks that are
greatly folded and faulted. More gently dipping Cre
taceous and Tertiary strata are on the northern flanks.
The Central Mountains, or plateau region of the
Auvergne, sometimes called the Central Massif, is
largely of ancient crystalline rocks. Extensive areas of
these rocks are overlain by lava of Tertiary age. Some
craters probably are the result of volcanic activity in

Pleistocene time. The northern and western lowlands
of the basins of the Seine, Loire, and Gironde Rivers,
and also the valley of the Rhone River in the southern
part of the country, are underlain by gently dipping
Cretaceous and Tertiary formations.

Nearly all the thermal springs and also cold mineral
springs in France are grouped in the four principal
mountain areas-the Alps, the Vosges, the Pyrenees,
and the Central (Auvergne) Mountains. No thermal
springs seem to be recorded in either the Jura Moun
tains or the main part of the Ardennes, although there
are some cold springs in these areas. Only one thermal
spring of note (Bagneres-de-I'Orne) issues in the moun
tainous part of Normandy. The similar highland re
gion in Brittany has no recorded thermal springs.

The northeastern part of the island of Corsica con
sists chiefly of schist, with some marine coastal deposits
of Cretaceous to Recent age. No thermal springs have
been recorded in this part of the island. The southern
and western parts are underlain almost entirely by
granitic rocks.

The locations of the springs are shown on fignre 32,
and information conceruing them is presented in the
table below.

,

No. Tempera- Flow Total Chemical
on Name or location ture of (hectoliters dissolved Principal chemical ciessmce- Associated rocks Remarks and additional references

fig. 32 water per day) solids constituents tton of
eC) (ppm) water

. Thermal springs anil wells in France
[Data chiefly from refs. 1685and 1745. Some geologic data from Iutemat. GeoL Map of Europe, scale 1: 1,500,000. Principal chemical constituents are expressed in parts per

million. Chc~lcalci~illcntIOn: A, sodtc bicarbonate; D, bicar~onates of earthy bases; C, sodicsulfide; 0, sodlcsulfide, "degenerees"; E, cetcrcsuirurous, "aeeldentelles'";
F, sodte sutrete; G, ceicic and magnesian sulfate; H, sodtc ehlorlde; I, ferruginous of all classes and bicarbonate sulfate (nearly all cold)}

Ardennes Mountain area

1 Meurchin___ ~________• __ { 42 1,200 ---------- ---~-- --- ---- -~----- E_~_~_____ --- -~- ---- ---.--- ---- --------- 2 oil test wells:
26 500

-----~---- -----~--~- --- ------- ---.---~~--- -----~----- ---- ----- - -------~- 240meters deep (1865). Resort.
2 St. Amand:

Fontaine Bouillon __ 25 3,400
----~----- ------~---- -- -~----- G, F ______ Carboniferous limestone_____

Vielle-Chapelle. ____ 25 1,450 ---------- ----------- -----~--- -------~--~-

_____do___~ __________________ Known to Romans. Resort.
2 smaller springs____ 25 950

-~-----~-- ~---- ---- ------ ----- ------------ .-------- ------- ---- --- ---- ---



a Bagnoles-de-I'Ome:
Grand Source __~____ 27 4,000 --.__.---- .------ ----------._- H, F ______ }Faulted Paleozoic sand-
4 other springs._____ 21-41 -------_.--- --._---._.-------.-- ------------ stone or underlying gran- Resort. Refs. 1627, 1718, 1722,

tte.

-
No. Tempera- Flow Total Chemical
on Name or location ture of (hectoliters dissolved Principal chemical elasstttce- Associated rocks Remarks and additional references

fig. 32 water per day) solids constituents tton of
(00) (ppm) water

116 THERMAL SPRINGS OF THE UNITED STATES AND OTHER COUNTRIES OF THE WORLD

Thermal springs and wells in France-Continued

Normandy

Vosges Mountain area

4 uourbonue-jes-nems,___ 42-6.1

5 Fontalnes Chaudes_____ 26.4-27.5
5 Bat ns (Bu i n s -Lea- 33-50

Bains).
La Obaudeau___________ 22-23

s Plombleres., _________• __ 27-70

F Porphyry; granite, _
H ~ Muschelkalk limestone.

(Upper Triassic).

H, F 'I'rfasslc strata, 15 springs; several Ierrugtneus. Large
resort. Refs. 1691, 1699.

F __ Triassic strata; granite may
be present at shallow
depth.F do•. __. _

F, fl do. __• _

F do.._. ~ _

F . Granite. ~ _

3 main springs; several galleries. Re.
~~2~: military hospital. Rel.'!.. 1699,

3 main springs. Resort. Ref. 1606.
3 main springe; 5 smaller SPrings.

Resort. Ref. 1627.
Several springs. Not developed. Ref.

1606.
About 45springs. Large resort. Refs.

1576, 1605,1607,1608, 1627, 1632, 1638
1691, 1699. '

MUch gas. Resort.
2 wells. Resort. Springs known to

Romans. Wells sunk here for brine
in A.D. 1565.

G, B do ~ 2 shallow wells. Resort. Developed
in early 15th century.

2,000

7,300

5,000

6,300

Large
2,000 -----Low- ::::::::::::::::::::

10,000

Moderate
3,180

23.5

"

. 21-52.5

16.9; 18.2Rappoltswefler (CarOI
abad).

Luxeuil ~_

Chanda Fontaine _
Nlederbronn, _

9B

9
9A

10

Central (Auvergne) Mountains

22-~: ::~_ --------~- ======:============= }B, L ~._

20.ali- 2 ._~~~~~~_ ---•• ---.- ====::====:=====:=== }A, H. _

11 St. Honore-les-Balns____ 25-31

12 Bourbon-Laney_________ 43.5-56. 5

13 Bourbon l'Archam. 53
bault..

14
N~ris___________________

50-53

-----ii~500- ~~~~_ ~~~~~?~_~~'::~~~=== ~=:==::=:= _~~~~~_~~===:===:=====:=::==:
11,200 A do _

3,700 ce,Na, HOOa, 01.

5 wens 75-137meters deep; 2 flow, 3 are
pumped. Resort. Refs. 1600, 1672,
1710,1717,1766,1799.

5 main springs. Large resort. Rafs.
1576, 1590,1600,1642,1656,1669,1672,
1677,1688, 1700, 1723,1799.

5 main sprlngs and many smeu springs.
Resort. Refs. 1591. 1595, 1679.

3 springs and artesian well.

5 main springs. Known to Romans
Large resort. Ref. 1600.

5 main springs. Large resort. Refs
1592,1627.

Resort; military sanatorium. Ref. 1639

6 main springs. Roman ruins. Large
resort. Refs. 1589, 1621, 1627, 1MO
1641,1643, 1699,1708.

14main springs. Roman ruins. Large
resort. Refs. 1621,1640,1641.

3 springs.
Several springs and wells. Tufa and

siliceous sinter deposits. Large re
sort; military hospital. Refs. 1576
1593,1602,1623,1625,1633,1652,1681
1699, 1700, 1725,1735-1737,1768.

Refs. 1581,1602,1625.

Artesian wen. Ref. 1602.
5 main springs. Resort. Refs. 1707,

1710.
22 main springs. Resort. Also cold

mineral springs. Refs. 1600, 1683,
1701.

Resort. Ref. 1600.

Water similar to that of Gtmeeux.
6 main springs. Large resort. Refs.

1581,1600,1612,1645,1649.1713.
5 main springs. Tnfa. deposits. Little

used.

15 springs in 3 groups. Much tufa.
Resort. Ref. 1600.

4 main springs. Tufa deposits. Large
resort. Refs. 1595, 1600, 1672, 1680,
1697,1702, 1710, 1760.

Contact of Miocene strata
and basalt.

Faulted Oligocene strata,
near lava.

Oligocene strata,•. .~_

Feuttcd granite. ~. _

BasaIt__ ~_ . • •__

A __. Faulted granite and
trachyte.

A, H. Faulted granite, near basalt.

A, B, H do, •• _

B •
B __•• _

B, H _

A, H_. Granite or schist. ~. _

B • do . ~ • ~ _

H, Eo_____ Faulted Jurassic streta.. _

H, B ~do .•----.---

H, A Jurassic. strata overlyIng
Permian strata.A, H Granite; gneiss • _

F. .do _

A ~__ Granite; gneiss, • _
A Faulted granite and Iava _

NaCi (2,269);
NaHOOa
(2,043);
Ca(HC03)2
(1,157).

17,100

4,000

3,500

3,000

Small
9,000

144
4;000

4,020

3,000

10,100

Moderate

} 10,50019
53-50

35-45

31

22.5
27-33

24-25

22-24

au
23-34

20-36.2

1$-46

'''''2

28.8-56.7

21
22 5-44

15 Evaux__________ •_______

16 Jenzat•• ___•____________

17 r:=,:au=.~:St. orre groups.
vatsse (Vassa) _____•• ___I. Bafj-Ias-Balns (Obe-

tteau Morand).
19 Ohetcau-Neut., _________

20 nouset (Beauregard-
vencom.

21 Prom~sat .• _____________
22 Cbate -Guyon__________

23 Gimeaux_____ •_____•• ___

24 Olermont-Ferrand:
St. Ayre spring_____

25
Other springs_______

Royat:
Eugenic spring.••___
3 other springs______

25 La Bourboule:2 wells ______________
3 wells ______________

27 Mont-Dore _____________

28 St. Nectalre_____________

23 St. Maurtce.;___________

See footnotes at end of table.
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Thermal springs and weUs in France-Continued

1

h

Central (Auvergne) Mountams-Contlnued

No. Tempera- Flow Total Chemical
on Name or Ioeatlon ture of (hectoliters dissolved Principal chemical ctessrace- Associatedrocks Remarks and addltlonel references

fig. 32 water per day) solids constituents tion of
(°0) (ppm) water

30 Marlr~deverre_ .. _____ 15.2-24.8 .-------.--- ---------- ---.--- ------------- A, H ______ Faulted granite, near basalt. 5 springs, Ref. 1683.
30A Martres d' Articres_____: 31 .----------- ---------- -------------------- A, H ______ Oligocene strata_____________ 01 test well 416meters deep. Water t

radioactive; contains much COl
A _________ Basaltor Cretaceous streta., ,

Refs. 1625, 1649, 1673, 1678, 1710.
31 Salt-eD·Donzy__________ W.nn ------2;520- ----4;824- -NaHCO~-(.(5-77'-':-:

Not developed.
32 Montrond-geyser________ 26 A_________ Cretaceous strata, near ba-

salt.
33 Chaudes-Aigues________ 53-8L5 6,300 ---------- -------------------- A_________ Granite; gneiss______________ 3 main springs; total about 25. Muc

gas. Resort. Refs. 7, 1587, 1588
Granite _____________________ 1599, 1600, 1642, 1669, 1733... La Chaldette___________ 31 Small ----------

-FieeH;S~~========

A _________
1 main spring. Resort.

35 Ba~oles-Ies-Bains______ , 42 Large ---------- A_________ Faulted gneiss ______________ Several springs. Resort. Ref. 1642.
36 St. aurent,____________ 53.' 640 ---------- -------------------- A_________ Gneiss; schIst_______________ Resort.
37 N~yrac (Meyras)_______ 37 4,000 ---------- -------------------- A, L ______ Gneiss ______________________ I thermal, several cold springs. Resort.

Refs.1703 1704.
38 Celles-Ies-Bains _________ 25 1,000 1,887 NaJC03 (531); A, B ______ Cretaceous strata, near Artesian weh. Resort.

CaC03 (905). basalt.
39

Lacaune________________ 2>-24 4,000 ---------- --------------------
B_________ Paleozoic strata, near gneiss, Several springs. Resort.

40
~;=~e.s_-=====:=========

34;36 450 ---------- -------------------- B, L ______ Paleozole or Mescxofe strata, 2 main springs. Resort.
41 27 5,000 Low -------------------- B _________ Paleozoic strata, near basalt- Resort.
41A capes __________________ Wann ------------ ---------- -------------------- A_________ Paleotoic strata_____________
42 Fonsanges______________ 23.' ------------ ---------- -------------------- E _________ Oxfordian limestone (Juras- Resort.

sic), faulted against Creta-
ceous marl.

43 Lamalcn-les-Balns______ 23.7-47 Small ---------- -------------------- A_________ Paleozoic strata_____________ Several springs in 3 groups and
artesian well. Well water, 30°0.
Resort. Ref. 1617... Fonca.ude _______________ 25.5 1,296 236 CaC03 (188) _____ B_________ Miocene or Mesozoic strata, Resort.

45 M ontpellier-geyscr______ 35 ------------ 1,646 Ca(HC03h (618); B, G,H___ Cretaceous strata --------- Artesian won 25 meters deep. Ref
CaS04 (377); 1750.
NaCl (279).

Refs.46 Balaruc-les-Bains_______ 43 3,000 ---------- -------------------- H _________ Mesozoic near Miocene Also minor spring. Resort.
strata. 1578,1586,1617,1676.:

Western and Southern Aips

1624

Resort

2 springs. Large resort. Ref. 1671.

Several springs. Resort. Refs. 1598
1737,1796.

Ref. 1598.
Several springs.

Gallery at depth of 60 meters. Ref
1693.

Several springs.

Ref. 1631.
2 springs having equal flow; baregtne

deposit. Resort.

2 springs. Resort. Ref. 1631.
Sexttus spring. Resort. Refs.

1634.--1637.

2 springs. Strongly saline.
Refs. 1596,1627,1630,1695.

Resort. Refs. 1630,1695.

Several snrings; H2S. Resort.
Sullureted, equivalent to 21.8 ppm

Na2S.
3 springs. Resort. Refs. 1622, 1629

1671,1699,1751-1753,1757.

2 main springs. Large resort. Refs
1596, 1617,1618, 1628,1692,1699,1716
1737,1754,1758,1759, 1781-1789, 1794
1795.

Resort.

Ref. 1658.

Liassic lImestone _
Jurassic strata _
Triassic strata _

G, H Alluvium 2 sprlnga. Resort.

G, H do__• _
H, G do __• _

F, H Liasslclimestone _

H____ Alluvium _

E, H______ Upper Triassic strata _
C_________ Cretaceous or Jurassic strata,

H, G _
E _
G, H _

H_________ Paleozoic strata _

H, G do _
H, G Cretaceousor Mtoeenestrata,

E Mtoceneor Oretaceousstrata,
C___ _ Alluvium _

H, G______ Granite _

NaCl (2, 135);
CaC03 (237).

MgSO.c2, 000):
Na2S0l, (l,MO):
NaCl (1, 310);
free C02, H2S.

5,288

2,516

High G, H______ Triassic gypalferous shale___ Highly radioactive. Ref. 1709.

(

From gallery; resort.

E, G, H Faulted Triassic strata Nott~~e1oped.

Well 6 meters deep. pumped. Resort
Ref. 1671.

936 _ _ __ H, G Paleozoic strata_____________ Several springs.
4,200 _=====____ Free H;S~==__::=== H, E. Alluvium___________________ Gallery. Strongly saline. Resort

Refs. 1594,1620, 1671,173!H741.
H, G______ Schist or Paleozoic streta.L, 2 springs.

2,200
364

1,000 H, G______ PaleozoIc strata _

~~: ~~} Free H2S__________ D F~¥~~e~ Cretaceous lime-

"35,000 _

4,000 _

345,600

Small

Moderate

3,760 _
1,000 _

____________ Gas, 79.5percent
N2, 20.5 percent
C02.

46
47

37.5

~~. 7 -Mod(;;;te- :======::= =====::====::==:====16.9 1,300 _

53

30
27

Tepid

34;34.5

35
19.1

19

30; 45

56; 61
33

23-38

'30
20

38.5-39.5

4'
1&-23

35-43
29.5; 30.5

Le Monestter-de-Bnen-
con Caerreneonj.

La Mctte-Ies-Baina. _
St. Bonnet. _
Plalu-de-Phasy _

j
BOnneVal (Bourg-St.

Maurice).
Lavey, at St. Maurice

bridge.
La Lechgre-Ies-Baina

(Notre Dame de
Brieneon).aeune-xrouners _

Brides-las-Bains _
L'EchaUlon de Veurey__
Valle du Grestveuden:

Oombettes a la Ter-
esse.

Spring near LavaL_
Spring near Domene,
Allevard spring in

Breda Valley.
L'Echaillon (Savoie) _
Urtage-las-Balna _

La Garde _

R~otier _
aspree-res-vemes _

Serre Ponean _

La Beulce _

Digne _
Berthemont-Roquebil-

liere (St. Martin
Lantosque).Greoux, _

Alx w _

La Caille _
Petit-Bomand _

St. Gervais __~ __rr--r-r

Au-les-Bains:
Source Soufre _
Source AIun _

sa

50
51
52

52A
63

53A

64

65
66

67
53

51A

52

53
64
55

47
48

4'
50

ee
57

58

See footnotes at end of table.
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Thermal springs and wells in France--Continued

No. 'Tempera- Flow Total Chemical
on Name or Ioeetton ture or (hectoliters dissolved Principal chemical clesetnce- Associated rocks Remarks and additional references

fig, 32 water per day) solids constituents tlon of
(00) (ppm) water

Pyrenees Mountain area

Resort. Ret. 1673.
1 spring. Resort.

3 main springs. Resort. Ret. 1742.
About 12springs. Resort.
5 main springs. Resort.

Resort. Rers. 1576, 1627, 1644, IM7
1651,1738,1778,1700,1801.

Resort. Rels. 1647,1778,1801.
Ref. 1801.
Ocher deposit.

Also wells, 16°-19.5°C. Resort. Ret
1778.

5 main springs; also ferruginous spring
21°C. Resort. Rets. 1647 1684,1801

2 springs. Resort. Rets. 16M; 1801.

Several springs. Resort.
Refs. 1647, 1648.
Resort. Ref. 1778.

Resort. Ret. 1580.
2 springs. Resort.
11 springs. Resort. Rets. 1580,1710.
Several springs; sulfureted, equivalent

to 5.2 ppm Na2S. Resort. Ret.
About 42 sprfngs in 3 groups; beregtne

deposited. Resort. Bets. 20, 1287,
15801,1710,1755,1802.

3 springs. Water is radioactive. Re
sort. Ref. 1748.

5 main springs. Resort.
1 spring; also pumped wells. Large

resort.
Resort.
About 55 springs in 3 groups. Silica

unusually high. Large resort. Refs.
1603,1627, 1646, 1797, 1802.

3 springs.

3 springs. Water bottled for table use.
Resort.

3 main springs; also we1l14 meters deep,
39°C.

Resort. Rets. 1657,1760,1778.
Resort. Ref. 1760.
6 springs. Resort. Rets. 1604, 1699

1804.
8 springs. Resort. Used tor table

water. Ret. 1699.
22springs, tor 3kIn along valley. Large

resort. Rets. 1675, 1699, 1724, 1726,
1770, 1798.

2 sprIngsl 3 sm apart; much CO)
reported arsenic. Resort.

12springs; baregine deposited. Resort
military hospitaL Refs. 1620, 1631
1667,1674,1699,1724,1726,1737, 1743
1744,1776,1777.

2 springs. Resort. Rets. 1620, 1699

R~~:t.17iteff6~.
Rets. 1663,1674.
16 main springs; also galleries; more

than 50 outlets. Large resort. Rets

R~~~.161ke~~t~9~7~f8.
Former resort. Ref. 1734.

1 spring. Resort.
19 springs; baregtne deposited. Rets

1576, 1609, 1611, 1619, 1662-1665,
1674, 1699,1710-1712, 1715, 1763, 1765.

Resort.
3 springs. Resort.
Resort.
2 springs. Resort.

SchisL _

Paleozoic strata. _

A, G, H_ _ Mesosotc strata _
G .do _
G do__. • _
G, H.. do • _

C 00 _
H, C • do • _
G Faulted Triassic strata _

c _
C ._

E ~_do • • _

E, L Tertiary strata _
B, G ~ do • _

0, D. Cretaceous strata ._
0, B : do ._.__
C .__ 'rrtessrc-Oreteeeousreuu con-

tact.C, H. Triass1c strata _

C Allnvium over granite and
schist.

700

13,000

1,450; 180 • C do _

C Faulted schlsL _

3,000 ---------- --------------------)H G C eteceous marl, r "",...., • _

-----i6.-5OO- ~=~~==~=:~=:~:~:~~~~ "H, G do • _

-----;~- ---------- :::::::::::::::::::: }~~~~~~~~~~ -;~i:,:~l;;;;;t~~~~~~~~~~~~~~
8,200 G do _

Small • B Cretaceous limestone _
13,300 • C Peleozotcscbtst , _

--------sCitr =:==:==:== ::==:=====:==:==:===

_ ~:~_ :::::::::: :::::::::::::::::::: }~~~~:::~=~ ~:~!~~~~1.:::::a(U=:::
granite.___________• ._________ C_ In or near granite__• _

_________________________________________• C•• do _
___ •• C .do _

====:=~:~~~= ~~~~~~~~~~ :::::::::::::::::::: }~~~~~~~~~~ :::~~~~::~~~::~~~~~~~~:~~~~~~~____________ C_. • do _
___________• ._. C do • _

22,000 C do • • _

M~__________ Low ._______________ H, G______ Oligoceneor Miocene strata,
--------'-80--- -_-_-_-_:-_-_-_-_-_ :-_==-_-_-_-_-_-_-_-_-_-_:-_-_-_-_-_ H, G•__• do. --------- --- -----H, G do _

_____~~;. ::::;;;;;: ~~i~i~~::~ii~~~~~ I;; ;;;~;;; -;;~;;:~;::;;;;;;;;
CaSO. (492).800 • E Micoene strata _

____________ N azS(40) ._

17,400 G do _
8,000 1,008 Ca, SOj • • • _

-----i3~720- =====:==== -Na;;f;(54)==;~==:== g==~=====: g~~~~c~~~~~====:=====:=

24-38..
37.5

61

"
38-54.3
,2-63
W'rn>

20

20

22

24-4,

21
z19.6

21
19. 5

"21.8

28
35-M.5

31H'

26
20.4; 22
36.6-46

21.5
16; 20

14.5-20
38

20
25.7-77.6

29
32
28

19.&-26. 5
35.&-59
21.2-49

37.5
33-36
20; 22.4

34.8-66
36.8-60

27-79.4

21.8
22

24.2-36.2

22-32.7

3D-56

31.2-38.7 2, 500

23.5; 23 1,339;1,03719 ------4a7- -CaCO;-fioo"-;-so--
(138).

432 SOj, Cree H~S_..: _

------i.-492- ~~~~=~~~~~ ~=~~~~~~~~~~~~~~~=~~

34.3; 22

29
Wann

18.7-51.2

St. Sauveur • _

Barzun _
Bagnerea de Labaasere__
Bagneres-de-Bfgorre _

Seubusse• _
Fosse de Capbreton _Tercis • _

Dax:
Fontaine Chaude _
Bastion spring _

Smaller springs _

~~~~~~e~~_~_~~~~====Pouillon __• _

Euganle-lea-Bains__• _

Barbotan _

ceetere-Verduzan _
Leverdens _

Cembo-les-Bains _
Ogeu _
Eaux Chaudes _

Eaux Bonnes _

Cautereta, _

FeIT6l'6 _
Barbazan _
Labarthe-Riviere _
Bneeusse, •• • _
Audinac (St. Gtrons-les-

eaux):
Main sprIng__•• _
2 other springs _

Aulus _
Ussat__• _

Fonelrgue _
Ax-Ies-Thermes •__

Merens; _

Campagne:
Main spring _
2 other springs, ._

Rennas-les-Bains _

Alet:
Source Rocher _
Source Buvette _

Lesquerde _

U SSOD__• _

Oereeateres _
Escouloubre _
Molitg:Main spring _

4 other springs _
N ossa _
Le Vernet • _
Canavelllea__• _

Les Graus-d'Olette
(Thu6s).

Labeourat •

Bareges • _

J~~~~r:,--3--km-·from-
1 oepvern.
'rremeeetauea _
Bagneres-de-Luehon _

as
84

B8

89
90

ss
se
"A87

""A
70
71

72
7M
73

74

75

76
77

78
7lI
80

81

82

go
87

as

"

""OS..
"

104

105
106
107
108

""110
111

112

100
101

102

103

See footnotes at end of table.
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Thermal springs and wells in France-Continued

119

No, 'Tempera- Flow Total Chemical
on Name orlocation ture of (hectoliters dissolved Principal chemical ciesstnce- Associatedrocks Remarks and additionsl references

fig. 32 water per day) soUds constituents tion of
(°0) (ppm) water

Pyrenees Mountain area-Continued

113 St. 'I'homes_____________ 48-tiO Lan« ---------- ---.---------------- C_________ _. ___do_______________________ 3 springs; sulfureted, equivalent to
27.5 ppm NaJS.

f~rr~~l~-ir;m-Les-
18.3-42.3 11,600 ---------- --------------._---- C_________ ____.do _______________________ 5 springs. Resort. Refs. 1580,1710.

11' 40.4 ----._------ -------._- --------------._---- -.------._-- ------------------------------ Not developed. Ref. 1680. .
Escaldas.

115 La Presta_______________ 44 ------------ ---------- ------ -------------- C_________ Granulite___________________ 2 springs. Resort. Ref. 1580.
116 Amlilie-Ies·Bll.l.ns._______ 40-63.5 12,000

-C9.CO~-(601j';------
C_________ _____do_______________________ 9 springs. Resort; military hospital.

117 Sorede (Font Agre)_____ 20.9 ------------ 967 B _________ Schist near basalt- __________ Ferruginous.
much CO,.

118 L"" Caldas (in An- Wann ------------ ---------- -------------------- C_________ Silurian strata near granite;
dorra).

ConIic:a

'" St. Antoine de Guagno., 37; 51 93; 864 ------------------------------ C_________ Granite, probably along 2 springs; HaS. Resort; milltan'
Iault; hospital.

120 Gultera_________________ 37 864 --------------- --- ------------ C_________ Granite and porphyry______ Resort.
131 Celdantocta_____________ 38.7 200 ----------------------------- - C_________ Granite_____________________ Resort.
132 Pietrapola ______________ 35-63 3,000 ------------------------------ C_________ Granite and sandstone______ 8 springs. Resort. Ref. 1774.
123 Urbalacnne (Bains de 32 ------------ ----- ------------------------- C_________ _____do_______________________ R"""',

'recceae, Zigliara'l).
124 Caldane de Baraccl 32 ------------ ------------------------------ E _________ Granite_____________________ SuHuration from peat deposit. Baths.

(Olnieto).

1 Main spring. aMaximum. a12springs.

GERMANY AND POLAND

Germany formerly included Silesia as one of its east
ern provinces. The area became a part of Poland after
World War II; but as it contains the only recorded
thermal springs within the boundaries of Poland as of
1958, and the literature concerning them is in publica
cations on Germany, the two countries are considered
together.

The most mountainous parts of Germany are along
its south and southeast borders, where the ranges are
of ancient gneiss and schist, and of granite and other
cystalline rocks. These rocks are present also in the
Black Forest region in southwestern Germany. They
probably are of Archean age. Northward from these
areas Paleozoic sedimentary rocks form the hilly
and mountainous areas. They are considerably folded
in belts that extend from east-northeast to west-south
west. Along the north border of the folded area is
the Rhur coal basin of Carboniferous strata, and the
similar basin of the Saar coal fields farther south.

In the south and west, between the valley of the Rhine
River and the mountains southeast of it, a great area
that is underlain by Triassic sandstone and shale ex
tends from approximately Stuttgart northward to some
distance south of Bremen. In most places the rock
strata are nearly horizontal, but they are faulted in
many districts, especially along the east and west bor
ders of the area. Along its southern and eastern parts
the Triassic area is bordered by a wide belt of Jurassic

(l35-914~

rocks, which are present also along the north border of
the Triassic area.

In the upper basin of the Ems River in the west and
of the Elbe River in the northeast, large areas are cov
ered by Cretaceous deposits that directly overlie Paleo
zoic strata. The great plains region of north and
northeast Germany is underlain chiefly by marine Ter
tiary beds, which are largely covered by Quaternary
deposits that are in part of glacial material. Much.of
the plain of the Danube River in the extreme south
east, and also the valley of the Rhine from Basel
in Switzerland to Mainz, are covered by Tertiary and
Quaternary deposits. Considerable areas of Tertiary
volcanic rocks, including craters that are possibly of
Quaternary age, cover small areas between Mainz and
Cologne.

Most of the thermal springs in Germany are in its
southwestern part. Many. are in areas of Paleozoic and
Mesozoic sedimentary rocks, and some are in areas of
Tertiary volcanic rocks. Some deep wells, sunk origi
nally to obtain brine for salt production, have also
been developed as thermal bathing resorts.

Western Poland includes mountainous areas of an
cient crystalline rocks that are considerably folded and
faulted. Within this area are four developed groups
of thermal springs.

The locations of the thermal springs and wells in .
Germany and western Poland are shown on figure 35,
and the available information on them is summarized
in the two tables below.
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FIGURE 35.-Germany and western Poland showing location of thermal springs and thermal wells. Germany chiefly from ref. 1914.
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[Data chiefly from refs. 1914, 1922.

Thermal springs and wel18 in Germany
Some geologicdata from International Geologic Map of Europe, scale 1:1,500,000.

0, saline; D, bltter: E, iron: F. sulfur}
Ohemical c:Iassi1lcation: A, simple thermal; B, alkaline:

No.
on

fig. 35
Name or Iocenon

Tempera
ture of

water (°0)

Flow (hec
toliters per

day)

Total dis
solved
solids
(ppm)

Principal chemfoet
constituents

ChemiCal 
ejesstnoe

tion of
water

Assoclated rocks Remarks and additional references

8 Weme .__ 28.7 26,000 •__ Na, Ca, CI; free 002__
9 Bad Hamm • 33 1,300 82,600 Na, 01; free 002 _

10 KonIgsbom-Unna__• • • • _

18 9,600 8,020 Na, 01, HCOa; Iree B_________ Lower Devonian sIate _______
OOt.

32 40 1,530 Na, HOOa ____________ A ________• Lower Devonian quartzite__
22 ----------_. 4,000 Na, H.OOa;free 002___ B _________ Graywacke___________•______

Well of salt works. Baths.

2 wells 60 and 150 meters deep;
38° C at bottom. Baths.

Well 390meters deep. Baths.
2 springs. Known to Romans.

Baths.

9 springs. Iron spring: 21.3° C;
total dissolved solids 564 ppm.

. Several large wells, large :!low.
Water used for drinking and
haths. Refs. 1827, 1850 1851,
18M-1857, 1859, 1860, 18M, 1865,
1879, 1884, 1913, 1924-, 1952, 1996,
2001, 2003.

Well 200 meters deep. Water used
for drinking.

2 wells 375 and 337 meters deep.
Water used for drinking.

Springs; also well 263 meters deep.
Water temperature at bottom of
well,31°C.

6 springs or wells. Baths devel
oped in Middle Ages. Rets.
1861 1868.

Well 184meters deep.

Graywacke' • _

Lower Devonian slate _
Lower Devonian quartzite,

slate.

Muschelkalk formation
(Upper Triassic).

Keuper formation (Lower
Triassic).C __• _. do _

C do., _

0_ Gneiss • _

0 do ~ _

B do •

B _
B. _

B_________ Graywacke and slate _

B Lower Devonian quartzite,
slate.n . do _

NaCI:'free 002_. ._ 0_. _

NaOI; free 002. ••
Gas, 98 percent N2 _

~:: 8}::::::::::::::::

Na, CI, SO.; free 002_Na, CL _
Na, 01; free 002_. _

Na, 01, much Ll: gas
86.7percent N2, 13.3
percent OOt.

Na, HCOa; free COt __ B. • _

Baths.

7 brine wells, 25Q-890 meters deep.
Analysis is for well having tem
perature of 21° C. Salt prcdue

non since early 10th century.
BMhs. .

33 springs; many wells, 1,570-2,200
meters deep. Large baths. Refs.
1809-1811, 1815, IB17, 1837, 1882,
1935, 1936, 1945, 1960, 1964, 1978,
1984, 1985, 2008, 2013.

Well 250meters deep. Baths.

Well 65 meters deep.
2 'wells 15 meters deep; pumped

Ref. 1824,.

Na,·HCOa,· free 002_._ B_________ Graywacke and quartz 5 wells 90-377 meters deep. Refs.
, ------ 1824, 1965, 1966.

Na, HOOa; free C02 __
Na, HOOa, SO.~ gas,

92.2percent N~, 7.8
percent C02.

Na, Ol, HCOa _

4,865

4,05;i

7,546

8,900

NaaHOOa, Cl; free
0,.

Na, HCOa, 01, S04:
tree UO~.

Na, HOOa, 01, SO.;
free C02.

11,265 NaaCI, HOOa; free
0,.

89,670
265,400

39,250
1,712

7,172
265,000
50,750

378-422 Na, 01; gas, 77.4 per- A ._ Lower Devonian quartzite _ Rels. J863, 1866, 1892, 1M2.
cent C02, 22.6 per- .
cent N2.

44,850
(hottest)

.

c zechstein formation (Upper
Permian).

8::::::::: }~- __d? ----------------
0_________ MuschelkaIk (Upper Tri-

assic), Bunter (Lower
Triassic), Zechstein
(Upper Permian) forma
tions.

4,740 Na, CI, H002; free F Upper Devonian limestone__
(hottest) H2S.

61,250 NaCl; free COt 0 •__ Turonian limestone (Upper 2 springs. Baths.
Oretaceoua),

620-707 meters deep. Salt produc
tion. Baths. Refs. 1822, 1876
1878, 1887 1956, 1001.

Pumped. Rets. J822. 1876-1878,
1887,1956 1961,

on test well·\Pumped. Baths.
Well of sa t works. Pumped.

Resort.
C Middle Liassiclimestone••_. Well 320meters deep; pumped.
C Oerbomreroue sendetcne Several wells 289-330 meters deep

at coal mine: pumped. Baths.
110,700 Na, 01: free OOt 0 __• do • Issues from fault at depth of 600

meters in Pluto mine. Baths.
C 'rrtessre chalk: ._~__ Well 550meters deep. Resort.
C do_______________________ Well 650meters deep: original flow

7,500hectoliters per day.
0 do_______________________ Several brine wells and springs.

Water for baths piped 27 kIn
from Bad Hamm. 2 hospitals.

1,614 Na, 01, HOOa: free 0 do 12 shallow wells. Baths; sanator-
002. turn.

---,-------- --------- ------------_.. ----------_. ---------------------_._------2,624 S04 (1,048 ppm); Oa; D • do • Baths. Ref. 1838.
gas, 86.9percent Nt,
13.1percent 002.

268,000 Na, CL _

39,000

7,200

1
2,093-

10,000
2,342

7,200 6,413

8,640 4,900
4,460 2,394

864 3,742-
3,895

21,500
Oargest)

1,200

30

18.4
18.8

20
2s.s

(max)
35

32.8-73.2

29.9-50

40

28-3.
22.5; 32

22.4
32; 32.9

18

Oeynhausen:
6 wells••••_•• 24.2-33.4

2 wells. _

Olheim ~ •
Schoeningen. _

2

6 HermsdorL _
6 AIstaden (at coal

mine).
7 Elckel-Wanne_. _

3
4

24 Ems_. •• _

11 Inselbad______________ 18.1 { 2,592

270
12 Lippspringe __________ 20.8 259

13 Bemburg____________• 26 ------_._---
14 Frankenbausen:Spring _________•• _ 20 ------------

Well (or spring?)_ 20 ----_._-----
15 Sulza _________________ 20-25 2,500

BodendorL _
Apollinaris·brunnen__

20 Neuenahr:
Grosser SprudeI

(90meters deep).
4 other wells _

21 Hoenningen am
Rhein.

22 Arienheller SprudeL_
23 Bertrich • _

16 Aachen(Aix-Ia
Ohapelle)
burscheid.

25 Oberlabnstein am 24.8 4,320
Rhe1n.

26 Rheas am Rheln _____ 22.1: 23.2 1,200;

27 SaIzig.__•_____________
18-31

2,705
350

28 A.ssmannshausen am 31.1 ._----------Rhein. (max)

'"
Kiedrich___________•__

24.3 1,600-
1,700

30 Schlangenbad:
Schachtquelle___• 31

-----_._;~. }Rnmerquelle______ 30.6
7 other springs ____ 17-80

17 Honnef am Rhein •

18
19

1 Rothenfelde •• __
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Thermal springs and wells in Germany-Continued

No.
on

fig. 35
Name or location

Tempera
ture of

water (OC)

Flow (hec
toliters per

day)

Total dls
solved
solids
(ppm)

PrinclQal chemical
constituents

Chemical
classifica

non of
water

Associated rocks Remarks and additional references

42 Munster am Btein:
Hauptbrunnen___ 30.6 180 7,224 Na, 01; gas, 79.1 per-l

cent N:a and CHI,

!~~e~~:~~::= ~~~~__~_~ ~~~_ =====::::::: :::~~=~;:~:~:~~:~~~=::: C do _
43 HeIdelberg____________ Warm • • C Muschelkalk formation

(Upper 'I'rlasaic),44 Jagstfeld______________ 20 264,000 Na, CL_______________ C do • _
45 Rothenfels____________ 19.3 29 li,079 Na, 01; free 00:1______ C_________ Red sandstone, In coal

formation.
46 Baden-Baden_________ 44.4-68.6 8,000 2,852 Nat Cl; free C02______ C_________ Slate, near gneiss ~ _

19.2 1,440 "643 Na, HCO" CIi free
CO,.

17.2-2f}, 1 3,000
~8~~O

Na, C1._______________

30-34.4 24,000 33,000-
Na, C1._______________

33,600

1&1 ie.coo 14,976 Na, 01, HCO" SOt ___
(max)

Na, CI, HCO" SO, ___19.2 10,000 13,789

.....6 ------------ 17,000- Na, CI, SOt;__________

480
50,000 Na, CI, S04 ________ ~__19; 22 3,287-

25.7-31.2 2,160 5t:; Na, CI, HCO,_________

1,271 Na, CI, HC03·. ~____ C Massenkalk
(Jurassic).

Z1 springs and wells. Used by
Romans. Large bathing estab
lishments. Refs. 1827,1831,1848,
1849, 1851, 1852, 1858, 1867, 1869,
J871-J876, 1883, 1893-1906, 1907
1912, 1916-1919, 1931, 1942, 1043,
1946, 1948, 1959, 1973-1970, 1979,
1982, 1983,2000, 2005.

Numerous springs, 5 wells, marl
mum depth 230 meters. Baths
developed in 16th century. Refs.
1820, 1891, 1900, 1909, 1910, 1920,
1943, 1944, 1958, 1981, 1986,1997,
1998.

Well 275meters deep.

12 main springs. Developed for
bathing in 14th century. Ref.
1992.

Well 14 meters deep. Used since
early 16th century. Ref. 1992.

2 springs from gallery. Also piped
3kID to Wildbad-Trarbach. Ref
1823.

5wells 200-300metersd~;pumped
for salt production. Large bath
ing establishments. Refs. 1847,
1880, 1900, 1934, 1939, 1943, 1976,
.1977.

Wells 28-66 meters deep. Salt pro
duction since early 15th century.
Refs. 1847, 1976, 1977.

Several wells about 1,000 meters
deep. Refs. 1805,1880.

Well 155meters deep.
Well 95 meters deep.

11 wells. Analysis is for well hav
ingtemperatureof62.8° C. Refs.
1808,1901,1980,1995,2002.

36 springs; wells 6-56 meters deep.
Refs. 1833, 1892, 1943, 1995,2009.

3 springs; 3 wells so-aumeters deep.
Ref. 1845.

Spring on island in Necker River.
Well 30 meters deep. Resort.
Rer.1834.

7 main wells, 70 meters deep. 4
springs developed by Romans.
Refs. 1834,1844,194.7.

2 springs.

Refs. 1805,1836.
Several wells.
From gallery. Known to Romans.

Resort.

Several minor springs from depth
6 meters. Ref. 1828.

Iodide, 0.51 ppm. Ref. 1805.

2 springs. Iodide 35ppm. Hydro
carbon gas. Refs. 1805, 1870,
2008.

Oil test well: water at 916 meters;
crystalline rock at 1,142 meters.
Refs. 1805,1963.

fonnation

Triassic or Jurassic strata,
near granite.

Oligocene strata ~ _

Triassic or Jurassic strata _

Tertiary strata-------~------lBatbs.Refs. 1816, 1826, 1832, IBM
1890, 1900, 1910, 1921, 1923, 1043

Devonian quartzite__________ 1949-1951, 987-1991, 2006, 2007,
2011.

Bunter sandstone (Lower l
Triassic). Refs. 1830, 1840, 1843, 1889, 19Z1,

Zechstein formation (Upper 1994.
Permian).

Bunter sandstone (Lower Wells 354-780 meter deep. Ref.
Triassic). 1839.

C~ ~_~_do 2 wells. Sanatorium.

A ~ Quartzite and gneiss, _

C _

C _

C _

C Jurassic limestone and Tri-
assic slate.

C _

C__~ _

A ~__ Triassic beds over granfte
and gneiss.C _~___ ____ _ ~do ~ _

C Triassic slate _

C ~_

C _

B_ Gnetsa.; _
D do _
A Musohelkalk formation

(Upper 'I'rlasaic) .

Na, CL C Quartz porphyry _

Na, CI, HC03i free
CO.

Na, CI, HCO, ~_~__

Na, HCOa ~ A do _

Na, RCO,; free CO, A Quartz veins in slate _

Na, 01; gas, 79.&-83.2
percent N" 20.2
16.8 percent CO,.

Na, O1i gas, 97.8 per
cent CO" 2.1percent
N,.

Na, HC03, SOt; free B_________ Granite and porphyry _
CO,.

________________________ C •__ M~~~~§assicrrmation

___ _____ ____ ~ do ~ _

522

364

1,310

17,800

11,900

13,490 Na, 01, HCO,_~. C _

706-732

1,257

505

21,160 } 5,47724, IJOO

Large 3,663-
6,556

360 2,060

3,240

13, 000

10,000

140

22,600

0'
472l

2,124 8,567
______:~~~_ (hottest)

-----_::~~-}

--------144- :::::::::::: ~Na:SOt:-HCio;:::::::
16,000 379 Na, Ca, HCO" so.,

. gas, 93.8 pereent Ns,

3,2114 N::2&:r_~_~~_~~~__ ~ _

65.7
64.4
49.2

4()-4'

32
2!Hl0

2Q.2

36-36.2

17-22.8

20i 21

.Wenn
18.5
26.4

29.6

19

17.Ii 21

34.6-39.5

23.6-26.7

20.1
20.5

18.4-21,2

31 Wiesbaden:
Kochbrunnen _
Alderquelle _
Schutzen~elle- __
Other spr gs ~

32 Soden am Taunus:
Main well _
4 other wells __~~~_

33 Oflenbach am Main__

" Nauheim:
3 springs______ ~__~

3 wells ____________

35 Kissingen:
Well 96 meters

deep.
Well 584meters

deep.
35 Bad Kolberg~_________

37 Plaue_________________

38 Warmbad be! Wol-
kenstein.

3' Wiesenbad___________ ~

40 Wildstein and Wild-
bad_Trarbach... Kreuznach____________

47 Wildbad______________

" LiebenzelL ~ ~ ~________rg

,
Spring____________

"
WeIL____________

Cannstatt__~~ ____

50 Sulzbach______________

51 Bad Krozingen_______
52 Sulzburg______________
53 Badenweiler__________

64 Baecsfngen,__________

ss Romerbad Kunzing
(Bad Selsbrunnj,

56 Bad Weissee __________

67 Fussing ~~ :--
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Thermal springs in Poland
[Data ehlefly from ref. 1914]

123

No. Tem- FloW Total
on Name or location perature (hecto- dissolved Principal chemical constituents AssocIated rocks Remarks and additional

fig. 35 or weter liters solids references
(°0) per da.y) (ppm)

--
I Cammin (Ko.mmin)_~_______ 18.1 6,264 32,000 Na,OL_________________________ Middle LiassIc sandstone._____ Flowing well 325 meters deep.

Warmbrunn_________________ No., HCOs, SOt; gas, 65.2 per-
Salt production. Baths.

2 24.5-43.1 7,200 621-735 Granite ..__. __________________ 6 wells; maximum depth, 161
cent N2;32.9 percent CO" and meters. Developed in 12th
1.9 percent 0,. century. Baths. Ref. 1892.

3 ReInerz_____________________ 18.4 5,000 2,881 Ca, Ne, HCO,; free CO, ________ Schist and gneiss_____________ Several springs. Water ccatems
(max) 11.5ppm Fe. Baths. Refs. 1M3,

Bad Landeck________________ Na, HCOI. SOt, SiO';I~ about
1885, 1892, 1934i 1937, 195\2014.• 19.6-29.6 8,000 183-223 Gneiss. Gypsum·bearingstra· 5 springs. Deve oped in 16t ten-

equal parts CO, an 2. ta nearby, tory. Batbs. Ref. 1543.

GREECE AND ALBANIA..

The mainland of Greece, which forms the southern
part of the Balkan Peninsula, has many mountain
chains that are dominated by the great chain of the
Pindus Mountains, The irregular coastline is charac
terized by many bays and inlets, A few small valleys
lie between the mountain ranges and a few plains
extend along the lower courses of the main streams,
most of which are small and flow rapidly. Several
large streams in areas of limestone disappear under
ground for considerable distances,

In the eastern part of the country the general strike
of rock strata is east-west; in the western part the strike
is north-northwest to south-southeast. There is con
siderable folding in rocks of Carboniferous through
Eocene ages, In the Pindus range and in the Pelopon
nesus region in the south, Triassic limestone has been
thrust over Cretaceous and Eocene strata, which are
much folded, Neogene deposits along the coast and in
some valleys are not extensively folded, but they have
been greatly uplifted by faulting. In some places
along the coast the land has risen perceptibly in historic
times. Earthquakes are of common occurrence along
several fault zones.

Most of Crete is occupied by four main groups of
mountains. In its western part are metamorphic and
basic igneous rocks, overlain in some places by ancient
sedimentary rocks and in other places by rocks of
Triassic and Jurassic ages, including much dolomite
and gypsum, Lower to Upper Cretaceous limestone

and schist underlie extensive areas in other parts of the
island. In the mountain ranges all these older rocks
are considerably folded, uplifted, and, in places, thrust
faulted. Miocene and later deposits in the coastal low
lands are comparatively undisturbed, No volcanic
rocks seem to be reported in Crete and the nearby small
islands,

The mountains of northwestern Greece extend into
southern Albania to the basin of the Simen River, which
flows west to the Adriatic Sea. Northern Albania
includes a southeastern prolongation of the Alpine
mountain system. These mountains form part of the
watershed between the .Adriatic and Aegean Seas. The
valleys of the larger streams are underlain by Quater
nlLry and alluvial deposits, The bordering hills, chiefly
in the southwest, are of marine Miocene strlLtlL. By far
the greater part of the plateau and mountain areas are
of Cretaceous strata, largely of limestone,

Many thermal springs in the mainland of Greece are
closely related to volcanism or to faults. In some of
the volcanic islands thermal springs issue close to the
shore, and are sulfureted and generally saline from the
infiltration of sea water. No good description of min
eral and thermal springs in Albania seems to be avail
able. Official topographic maps of the country indicate
about 20 principal springs, 3 of which are thermal.

The locations of the thermal springs in Greece and
Albania are shown on figure 36; data on the springs are
presented in the two tables below.
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Thermal spring, in. Greece
[Data chiefly from refs 2024 2033 204.0 Principal chemical constituents are expressed in parts per million]

Remarks and a.dditional referencesAssociated roeksPrincipal chemical constituents
Total

dissolved
solids
(Ppm)

Tempera
ture of

water (OC)
Name or location

No.
on
fig.
36

124

Flow
(liters

.etta)
-·1------1---1

1,000 11,179 CaCI, (l,475)j NaOl (8,496) do 5 springs, Baths. Ref. 2038.
_ w ~_ ~ do________ ___ Ref. 2038.

Water is sulfurous and deposits
white salts.: Ref. 2015.

2 main and several minor springs.
Analysis is for spring flowing 77
liters per minute, temperature
32.7°C. Refs. 2035, 2039.

Water is saline. Ref.2019.

6 groups: 4 main springs. Water
is strongly saline. Refs. 2017
2019.

Ref. 2038.
Refs. 2038, 2039.

Iron oxide deposited. Bathing
resort since ancient times. Ref
2038.

Bathing resort. Rel. 2038.

o springs. Bathing resort since
ancient times. Ref. 2038.

Ref. 2038.
Do.

Ref. 2020.

Sulfurous.

Do.

Do.
Do.
Do.

Refs. 2022, 2030.

Ref. 2020.

o main springs. Bathing resort.
Analysis is for spring of largest
flow, temperature 39.6°0. Ref.
2037.

No free gas. Ref. 2020.

Refs. 2015, 2039.

Several springs. Baths. Analysis
is for spring having temperature
of ~9°C.

Tertiary lava _
ProbablyTert1arystrata _
Tuffaceous andeslte._~ _

Probably Tertiary lava _

Upper Cretaceous strata _

Probably marine Tertiary
strata.

Eocene strata ~ _

Crystalline schist.
Volcanic rock _

Miocene strata overlying
crystalline schist.______do _

Mg (HCOah (283); CaCh (186)j do ~ _
NaCl (973).

NaC! (889); Ca; Mgj HC03 do _

g~, ~i:':~~tNl,-~=:::::::::::::: :::::~~::::::::::=::::::::::::

Free 002- ~_ Lower Cretaceous strata _

NasCOs (41): NaCI (415); H,SiOs _w do _
(61).

Oa(HCOsh (!..r.1l7); Mg(HCOah do ~_

(l,300)j Caub (1,347); NaCl
(3,704); free C03.Free HtS ~_____ Quaternary depoalta, _

Mg(HCOa)z (654): CaOl, (1,253); do ~ _
NaCl (7~129): free 00,.

CaOI, (1,576): NaC! (9,361);
KCl (1,048).

Ca804 (656)' CaCb (1,006);
NaCl (5,88:3\; free CO,.

Mg (HCOa), (207); Ca804 (1,270
(l,270)j NaCl (1,129).

....
7,703

1,635

1,762

10,078

785

31,147

18,380

2,718

39,149

'32,937

220,753

110

100

370

840

Strong

-------83- ----6;810-

246 35,479

_ . Quaternary deposits over-

lying Eocene strata.
~ • ~ ~ Eocene or Upper crete-

ceous strata.________________________~_____________ _~__~do _
______ ~ ~_~ ~ ~ do ~ _
__~ ~__ _ do _
__________ 406 Ca(HCOah (357); free OO,~_____ Probably Upper creta

ceous strata.
924 Ca(HCOa), (92); NaHCOa (074): _~__.do__~ ~ _

NaCI (169); free 00,.
311 NaRCOa (101): HzSiOa (83) Eoceneflysch _

---------- ==:::::::: -Na:.CI;freeCO;:::::::::::::::: _~~~~_~~~:~~~~_s_~~~~::::: Sulfurous.
__________ 997 Ca(HeDa), (359); Mg(HCOah Probably Triassic strata. _

(218); NaCl (308).__• ~ .dc, _

---------- 2,205 _~!~~:~~~~~~~~~~_~~~~~ ~1:;~~~~~:~~_~~~~~~~
__________ • ._ Na, HOOa; free CO, ~ do ~ ~ _
__________ 23,597 Oa(HCOah (515); Mg(HCOah Gneiss _

(746); NaRCOa (1,688).
Ca)RCOa), (248); Na,804 (255)_ Lake sediments overlying 3 2'OP3',ln.ga. Bathing resort. Ref.

faulted crystalline schist.
Ca(HOC,), (87); NaRCO, (409); Crystalline schist

Na,80. (482). '
__________ .7,973 Ca(RCOa), (2,143); Mg(RCOah

(937); NaCl (4,359).
2,384 Ca(HCOa), (1,047); Mg(HCOa)z

(618): NaC! (337).
_______~__ 42,804 Ca(UCOah (1~031):Na,804 (118); Gnelss ~_________________ 3 springs.

NaCl (1,030J.

39.8 6 2Q0--600

35
25
46.5

46.9

30
28
20.5

41.5
17.5

28-41

20-84

25

45-59.4

34.8-38.5

21

"65.5-87.6
44

4& 5-50.'

16.4

25-32

25.5-33.6

33.'

44

34.5-78.2

28
'23
'35

15.7

21.4

29.3-40.2Smokovo actenca _

1 Cavassila _
2 VromonerL ~

3 Lotrochorlon (Vodena) . .:. _

32 Kournou, Lernnos Island _
33 Gavatha (Telonia) _
34 Efthalou, near Molyvo

village.35 ThermL _

36 Jera (Golfed Iera), near sea-
shore.

37 Kourdji, at Metelin village _

38 Hagia Melani _
39 Lisborion (Lisvorlou; St.

Joannis).40 Polychnitos ~ ~ _
41 Panaghia KryptL_~ _

See footnotes at end of table.

28 'I'hermopylaa., _

29 Mylas Koniavita (Kamena
Vourla).

30

20 Kremasta Vatto _
21 PrlvintzL ~~

22 Kremasta Chonis.. _
23 Loutra Stachtjs (Stranoma)_

24 Psani (Naupacte) _

25

Glaltra, Buboea Island, 80
m rrom aea.31 Aedipsos_~ _

On north shore of 'I1hasos
Island..

Hi Thermae Psarotherma, 8am
othrace Island.

26 Platystomo ~ _

'l!l Hypate _

16 Traianopolis (Pherral) ~

11 Chanopolo (Kounouple;
Arta).18 Bani ~_

19 ChotenL ~ _

4 Pozar _
5 Giannes Metallikon (Ko-

kotsh).

~ gtd~~liKaSiro~~:::::::::::::: l:g
8 Ntgrita (Lttza)______________ 51-55.8

9 Lengasa, 18 kIn from Salon- 37-39.4
lke.

10 Nea Apollonia (Egrl Bou- .48.5-49.8
zak).

11 Hagia ParaskevL.__________ 25-35

12 SourotL ~_______ 19.6

13 ElefteraL___________________ 41.5-43..
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Thermal springs in Greece-Continued

No.
on

fig.
36

Name or location
Tempera

ture or
water (00)

Total
dissolved

solids
(ppm)

Principal chemical constituents Associated rooks Remarks and additional references

Water contains Considerable iron
Ref.203ti.

Bathing resort. Refs. 2020, 2034

Several springs. Analysis is fo
spring havin/!; temperature 31-° Ct'
Bathing resort since ancien
times. Refs. 2020, 2033,2043.

3 main springs.

Severnl sprtngs: also fumaroles.
Refs. 2023,2025.

8prlngs issue at two plates below
high-tide level. Refs. 2028, 2030

Several fnmaroles. Refs. 2027
2029.2030.

3 main sprInKs, temperature, 211°
31°C: several minor springs
Ref. 2022.

Solfat8ras, at north end of Aegean
volcanoes. Ref. 2043.

At ruins of ancient baths. Ref
201.5.

2 springs.

8 springs. Water is highly radio
active. Refs. 2017,2019, 2041.

Ref. 2032.

Tertiary marl near intru-
sive gabbro.

Upper Cretaceous strata _

Probably tro.chyte _

TrachytL _

Upper Cretaceous strata
near dacite.

MgSOf (1,161); CaCh (1,051);
NaCJ (9,424); free CO,.Na, HCOt; free C02- _

Mg(HC03h (1,812); CaCh
(1,188); NaCl (9,3l'i6); much
free HIS.

Ne, Cl: freeHIS Plleeene deposits overlying
crystalllne schist.No., C1._________________________ Crystalline schist- _

Na, C1. Probably Ieva, _

Na, CL do _
Free H2S do _

No., C1. do _

~:: ~E?_3: t.:':':__:.::::::::: _~~~~~!~?:.~::::::::::::
Na, H 003 do _
Na, HCOt; free C02_____________ Probably oreteeecua lime

stone.
C02,80,________________________ Quaternary lava _

N:a, HCOJ Paleozoic strata _

High

High

12,824

Hot

Warm

25.s

.7

.7
28-30,,.

28

16-26
45-<0

32
Hot

Hot

22.5

'20

88:52

33.5-55.7

32
'35

'30

21-26
21
20

Zl.4-36.6

____________________ Na, HCOJ; free H,S Probably Tertiarystrata _
_ No., HCOJ; free H,S do _

_______________________________________do _
_ No., HCOt; free CO, do _
__________ Free HJS :._ Quaternary deposits over-

lying Pliocene strata.____________________ Free H,B do _
_ Free H,S do _

--J-2i;600- ---S;m:- f:f:: ~?g:eH;8::::::::::::::::: -F£iiiI~~niactbeiWoonujjper-
54,700 16,523 Ornto.ceousstrata and Eo

cene limestone.

19.~t 6 :::::::::: :::::::::: -Na:IfCO;:ci.:::::::::::::::::: t~=ndrse~~ussiiata:::::

08 Glyphad (Voliagmeni) _

.59 Hagia Anagyron, Kythnos
Island.60 On Nlkaria Island. _

61 Pressa, Kimolos Island _
62 Adamantos, Melos (Milo)

Island.
63 Halikis, Melos Island... _

64 Atherma, aantorrn (Thera)
Island:Near shore _

Near base of volcanic
cone.

65 Plakas, Santorin Island _
66 On south shore of Cos (Kos)

Island.
67 On Nisyros Island _

68 Lenta, CreteIsland _

51 VromenerL _
52 LoutrakL _

53 Sowald, near Corinth _

64 Epidaurus, near temple of
Aesculapius.

55 Therma, Aegina (Egine) Is
land..56 Kate Moska.. _

57 Methene, _

42 Keramou, _
43 Iolfssos _
44 Langada _
45 Hagle. Heljenja _
46 Conopell (Orta?) _
47 Killlnis _
48 Phrasinlas. _
49 PournarL _
50 Kaiapha _

1 Approximately.
. ' Hottest. .

I Main spring.

f Coolest.
6 Seasonal range•
8 Other springs.

Thermal springs in Albania

[Data. from ref. 20311

No.
on Name or location Associated rocks Remarks
fig.
3.

I 1 km west of Peskoplja_ Lower Tertiary marl and Sulfurous.
sandstone overl~g Paleo-
zoic slate and sc tst.

2 10kmnorth ef Rogojna, Upper Tertiary sandstone_____ Do.
3 Lixha; 9 km south of Lower Tertiary marl and Sulfurous. Large

Elbasan. sandstone. resort.

- ~ -- -
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Adapted from Hammond Atlas. 1948

FIGURE! 36.-Greece and Albania showing location of thermal springs. Greece from refs. 2024, 2038, and 2040.

HUNGARY

Hungary is bordered On the northwest in part by the
Danube River and on the north and northeast chiefly
by southern outliers of the Carpathian Mountains.
The great curve of these mountains to the east, south,
and southwest forms the boundary of the Transyl-

vanian region, whose eastern portion was ceded to
Rumania afterWodd War 1. The Drava River marks
part of the southern boundary of Hungary. The west
ern boundary with Austria extends across uplands.

Hills in the north and northeast are chiefly of Meso
zoic strata, but on the higher slopes of the Carpathians
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older rocks are exposed. The Bakony Mountains in the
northwest extend to the Danube at Budapest, aud
southward to Lake Balaton. They are mainly of Tri
assic limestone with some Jurassic and Cretaceous
strata, but there are considerable areas of volcanic
rocks. The Mecsek Mountains in the southwest are
also chiefly of Mesozoic rocks, with some volcanic areas.
Much of the coimtry is occupied by the great Central

Plain which is crossed by the Danube River and several
large tributaries to that stream. Most of the plain is
underlain by Tertiary rocks, and brackish-water Mio
cene strata are exposed around the herders. Large
parts of the surface are covered by Quaternary deposits,
including Recent loess and alluvium. The locations of
thermal springs and wells recorded are shown on figure
31, and data on them are given in the table below.

Thermal.pring. amt ",ell8 1m. HunUUh"1/
[Data chiefly (rom refs. 2045, 2065. Locations of unnumbered springs Dot identified]

No.
on

fig. 31
Name or location

Tempera-
ture of

water (°0)

Flow
(hectoliters
per min,)

Total
clissolved

",lids
(ppm)

Principal chemical
constituents

Remarks and additional references

Well.
Do.
Do.

Well. Ref. 2082.
SprIngsj wall. Combustlble gas. Refs.

2049,2079.
5 springs.
Well.

Do.
Well 420 meters deep.

SlightlY sulfurous.
783 meters deep.
Well 830 meters deep.

Alkaline. Ref. 2076.
Well.
Alkaline. Ref. 2076.
2 springs; alkaline earth; slightly sulfurous.

Resort.
5 springs; sulfureted. Issue from strata

containing brown coal. Ref. 2066.
Earthy calcic. Ref. 2076.
Well 553 meters deep.

Ref. 2075.
228 and 248 meters deep. Ref. 2076.
Well.

Do.
Do.

Well 967 meters deep .
Well.

Do.
Well 1,090 meters deep. Resort. Refs.

2048,2078.
Well.

Resort.

Ca. HCO,; gas 93 percent Nt _350-500

--------5;i4S- -Na;ci;i3:co;:'::::::::::::::::::

:::::::::::::: :::::::::::::::::::::::::::::::::: }Ref. 2055.

1.2

157
140
so
a

20•20
2.'

20

Lerg
2.'
7.8
2.2

____~ ~ ~~ ~ Ref. 2057.
480 Several springs.

1,700
2,880

_____ ~ ~~ ~_~~j_~~__~:~~,_~_~~:~~~~::::::::::::}Travertine quarries. Ref. 2060.

1,025 ~ ~ Ref. 2047.
1,04.0 ~_______________________________ 323 meters deep. Ref. 2047.

198 _~ ~ ~ Issue from Cretaceous dolomite. Resort.

Refs. 2044, 2046, 2056, 2059, 2063, 2067,

____________________________ ---- ---------------------~----____ R~~,o;~~,~~' :~~'=.'=-=:
2072, 2076, 2081, 2083, 2085.83.5 -_________________________________ 2 wells.

----------~--- --------"LQw- -----~-----------------------~---- Spring.

--------208--- 600 -Ca;i3:co;_:::::::::::::::::::::: 8 wells tapping Triassic limestone.

55

28-3.

79.5
(max)

39.4
Tepid

22.'
2e-a1

18-20
22.'

19-22
20

20
24

20-25
21l

21-63.8

Several wells _

1,065 Na, Ca, Mg, 81, 804, H2S. _
(hottest)

~:::~grd~~~:::::::::::::::::::::::: . ~~~~_ ------ ---lS-- - :::::::::::::: ::::::::::::::::::::::::::::::::::

Alvacza (Also-Vacza). . _

t:r~~~~;;::::::::=::::~:::::::::::= ----~~~:---
Mezobereny~~ ~ _
Bekes (Borsod-Tapolcza?):

~~ll~~~::::::::::::::::::::::::::: 18;~

fifi~~~~i::::::::::::::::::::::: ::::::i9i::: ----------.:,-:::::::::::::: ::::::::::::::::::::::::::::::::::
1flor;;eketI_::::::::::::.::::::::::::::: ~~ --- -------4:6- :::::::::::::: ::::::::::::::::::::::::::::::::::

Debrecen ~ _
Balaton-Hem:

Several springs____________ 38-39 ~ Oa, HCO" Cl, S04 _
WelL ---- _~ -- 38 60 ~__~~ _

~~iit~~~~~~::=:==:====:~~~~~=:~~~ :::::::::ii::: ----------~:r ==:=::======== ==:::=======:::=======::=======:==Labod_ __ _ 70 7 ~ ~ _
Sikonda________________________________ 35.6 15
Harkany ~ ~_____ 62 15

21.
2.5 _
2.3 ~_~ ~ _
1.8 __ ~ ~ _

Bukkszik. . . . _
Parad, • _
Dloegyor _
Goromboly-Topolca (suburb of Mis

kolc),
Eger:

6 sprlngs_~_________________________ 28.&-30. 7
2 wells__~ ~ ~______ 32

Mesokovesd_~ ~ ~ ~ 70
Tisza-Ors_ _ 48

~:JLi~k:::::::::::::::::::::::::::::::: -----~---5r--
Karcag ~________ 70

i:fd'llS-zoboS~io:::::::::::::::::::::::: ---------74---

Papa ~ _
Pet _
'rete-trovercs:7 springs . _

WelL ~ . __~ _
Dunalmaas:

2 wells . _
Springs _

Estergom (Gran):

~:B~~~::::::::::::::::::::::::::
Budapest:60springs _

1
2
3

2.
21
22
23
24
2'
2.
27
28
21l
so

•
•

•

ai
82
ss

"

7
8•10

11

12
13
13A..
15
16
17

18
19

ITALY

The mountains that bound Italy on the north are
parts of the several Alpine chains, They include
areas of granite and other crystalline rocks, notably in
Mont Blanc and other outstanding mountain masses.
From the Western or Maritime Alps of southeastern

France, the Apennine Range extends southward
throughout nearly the entire length of Italy and forms
the backbone of the country. The Apeunines are gen
erally considered to be in three parts: the Northern,
Central, and Southern ranges, though these are not
sharply divided. In their northern and central parts,
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EXPLANATION
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DISTRIBUTION OF THERMAL SPRINGS IN ITALY
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FIGURE 37.-Italy and Switzerland showing location of thermal springs. Italy chiefly from ref. 2105: Switzerland from ref. 2384.
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I
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FIGURE 38.-Tuscnny area, Italy, showing fumarole localities.
From ref. 2171.

FIGunE a9.-Ischia Island, Italy, showing location of thermal springs.
From refs. 30 and 2105.

On Ischia Island near the Bay of Naples, are several
localities of thermal springs and fumaroles, as shown
on figure 39. Information on the principal thermal
springs in Italy is summarized in the table below.

these mountains consist ahnost wholly of marine sedi
mentary rocks of Mesozoic and Tertiary ages. In the
south, granite and other ancient crystalline and meta
morphic rocks form considerable parts of the monn
tains, especially in the Calabrian Peninsula, which
forms the "toe" of Italy. In addition to the ancient
crystalline rocks, lava of Tertiary and later ages covers
considerable areas, chiefly iii four districts: (1) the
Euganean Hills, forming an area about 25 km in di
ameter in northeastern Italy about halfway between
Verona and Venice; (2) the district in the west-central
part near Rome, including the Alban Hills; (3) the
volcanic areas west of Naples, including the Phlegraean
Fields, part of the Campanian Plain, and the island
of Ischia; and to the east, the Apulian area, dominated

. by Mount Vesuvius; (4) the district of Monte Volture
north of Potenza in the province of Basilicata in south
ern Italy.

Many of the principal thermal springs, whose loca
tion is shown on figure 37, are closely related to the
volcanic areas; others are in areas of sedimentary
strata that possibly are underlain by igneous rocks. A
few hot springs issue in areas of faulted crystalline and
metamorphic rocks.

The extensive plains of Lombardy and other lowland
parts of the Po River basin in the north are underlain
by a great thickness of marine and fresh-water deposits
of Pleistocene and Recent ages. Only a very few
thermal springs are in that area.

Hot springs and vapor vents within an area of 100
square kilometers in Tuscany have been the subject of
considerable attention. At Larderello (fig. 38), wells
were drilled as early as 1837 in attempts to obtain
natural steam for developing power. Other attempts
to use the steam for the generation of electric power
were made in 1897, but the first successful plants were
not established until about 1904. Turbogenerators were
installed successfully in 1916. Boric acid and am
monium sulfate are obtained as byproducts, and carbon
dioxide is also recovered. Some of the other main
fumarole localities also are shown on figure 38.

The Tuscany area is underlain by a complex of Per
mian to Eocene rocks, which are much folded and broken
as the result of volcanism and faulting that took place
at the close of Pliocene time. Most of the hot springs
and vapor vents are alined either along lines of geologic
contacts, which may be either stratigraphic or tectonic,
or along faults. The boric acid, ammonia, and perhaps
other substances in the vapor exhalations, may be
derived from laccolithic masses, or from volcanic rocks,
or even from basic rocks intruded into schist.
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Thermal8pring8 and well8 in Italv
[Data chiefly from refs. 2105,2141,2168J

No. Tempera- Flow (hee- Total
on Name or location ture of touters dissolved Principal chem1cal Associated rocks Remarks and addltfonal-•. water per day) solids constituents references
37 (°0) (ppm)

Italian peninsula and small islands

3 Craveggia (Oomanc) , _4 Masino _
5 Bormio _

6 San Pellegrino _
6A Camano _
7 Monfalcone _

=====:==:=== ==::==:===:= -j:f;s=:==:==:===:======:====== ===:==:==:============:==:==:: Resort. Ref. 2235.

Refs. 2168, 2172.
Ref. 2207.

Re~. 2168.

8 areas of fumaroles and steam wells.
Boric. Developed for electric
power. Refs. 2091, 2092, 2111,
2112, 2134, 2163, 2185-2187, 2190,
2194,2230, 3554.

Fumaroles. Boric. Oommercially
developed.

2 groups. Ref. 2168.

8everal springs. Resort.
7 springs. Resort. Ref. 1285.
3 springs. Resort. Refs. 2113, 2176,

"'5.
Resort.

Several springs. Strongly saline.
Ref. 2162.

3 springs, 2 of which are strongly
saline and the other sulfurous.
Resort. Ref. 2263.

Ref. 2150.

Resort.
Saline. Ref: 2149.
Several springs. Resort.
3 springs. Resort.

Resort.

4 springs. Resort. Refs. 2138, 2191,
2261.

Resort.
7 springs. Resort. Refs. 2088, 2089,

2097,2144 2188.
3 springs. Resort. Ref. 2266.
Resort. " Refs. 1297, 1304,1316.
Rm~~~' Refs. 1304, 2127, 2128, 2147,

Resort.

Wells; 2 springs. Ref. 2205.
Several springs. Resort. Refs. 2005,

21M, 2100,2114,2129.
3 '¥fiT.gs. Resort. Refs. 20ll8, 21M,

Gases indicate deep source. Refs.
2104,2114,2121,2178.

Resort. Ref. 2104.
3 springs. Ref. 2005.

Issues along fault. Refs. 2123,2219.
4 springs. Resort. Ref. 2125.
6 saline and 4 sulfurous springs.

Resort.
05 springs. Resort. Refs. 1285, 2093,

2168,2175.
3 main springs. Temperature of

water from 18 small springs ranges
from 14° to 19°0. Resort. Refs.
2103 2137, 2143, 2168,2200.

Resort, vapor baths. Ref. 2224.
12 springs. Resort.
2 springs. Resort. Ref. 2231.
Resort.
05 sulfurous and 2 btcerbonetaeprtnse.

Ref. 2168.
Several springs. Ref. 2231.
Refs. 2115,2158,2202.
Several springs. Resort.

Eocene strata _

BOOa, SOt, CL Eocene liInestone _

Ne, SO., 01. Lava _

00" HiS, CH., N2- _

H003, SO., 01. _

BCOa, S04 _

3,700 No., 804, 01. _
880 Na, 804 _

320

3,500

960

288

1,080

Large 4.920

___ Liassic limestone _
4,320 2,140-2,390 S04, OL do ~ _

____________ Ca, HOOa _
____________ 3,330 Ca, HOOa •• Limestone _

200 500-3,000 HOO!, SOl, H2S _

---- -25~920- ------3~000- -Ca~SO~==:======== ====:===== ~~~~Cs~:t:~~ :==========2,376 2,500-4,000 RCOa, S04 _

50.000 4, ClfI()- Na, 80t, 01, 002 Liassic and Upper Creta-
22,000 ceous strata.

--------i23- ---- --7~000- -Ca:Na~-H(f6;~ Efo~====:==== =:==:==:==:=======:=====:=====14,6CO Na, HCOs, 804, 01. _

Large Mesozoic strata. _
_ 002, H28 _

==== ===== === ===== === ==== -SO~==:=================== === -Mesozoic-stiati==:====:=====

---- ----324- -----i~aao:-======:===:==:==::==::==:==:== :=====:==:=:========= === ===:==
44,000

-----i7~OOir =::==::==:== =:===:==:::::==::==::=::==::=: ::=::=::=::=::=:==::=::=::==:=

--- -----864- --------689- -Eio~=============:==::======= -ijranite::=:==:===== === === ===288 1,000 HCOa, SO•• _

10,000 1,500 HC03, SOl, OL____________ Triassic dolomite. _
720 298 Ca, HC03- Eocene limestone _

____________ 12,715 Oa, Na, HCOa, SO., 00,___ cretaceous limestone _

2,736 2,500 SO., 01. _

288 400 HOOa
b

0 1.--- ---- --- ---- --- - Basalt. _
10,000 5,500 Na, S ., 01, B,S Tertiary lava _

-----:~~iH- :~:~~- -~:f-Ig~~-gl~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
240 510 HOOa, SO., H,S Serpentine _

44

31-43
26
32
34.1

Wonn

35.5
35-44

36

17-24

Z1
38.2

36-40

21
27.5
37.9

63.5

28
80-81

58-18

Hot

63
Hot

werm
warm
warm

28

warm
werm

31Hl0
38-64
45-73

22

20
(max)
Wonn

20

Wonn
Hot

Wann
20
40
26
20

(max)
Wann
werm
Wann

32-115
27-38

37-54

24-33

22-3,
33.5--41
17.8; 30

23
23-50

20-41
36

23-34
warm

W",m
43

Wann
Warm
Warm
Warm

Hot

Pre-St. Didier (San Desi
derio).Dourmayeur _

Fornovo di Taro _
Lesignano de BagnL _
Miano _
Til.biano _
Cornlglio _

Equi, Fivizzanocommune_
Castel San Pietro _

Imola _
Riolo _
Pleve Fasclana _
Torrite _
Porretta. _

Bagnl di Lucca _

M ontecennt., _

Sirmione, in Legu dl
Garda.Caldiero _

Abano Bagni •

Battaglia _

Montegrotto • _

Monteortone _
Val Calaono _
Lampiano _
Montafla _
Calliano _

San Nazario di Burgundl
(aennessaroj.Casteggio _

Voghera (Rlvanzzano) _Vinadio _
ValdierL _
AcquL _

Acqua Santa (Liguria
Province).

Salso Maggiore _

Peglio _
Sant'Andrea di Medesano,

Monsummano _
San Gluliano _

~~~oo~_~~~~~~=:::~:::::
Pomaranee (Val deCecina)_

MontepisanL _
cescrene (Montevaso) _tntvetc., _
Mammialla bei Volterra

(Fenga), .
Maggiona _
Bagno di Romagna _
San Marino _
Citta di Castello • _
San Vittore__• _
Gubbio _

{

Lardccen o distrlct; _

Montecerboli, 18kmsouth
of Volterra.

Campiglia Marittima •__
Frassine (Ocsele); _
Montionl (Grosseto) _
Gevcrrano • _
Elba Island (northeast

part).
Oaldanello _
Poggetti di Mcntepesealf..;

1

2

51

42
43
44
45
46

41
46

"60

51
52
53

"65
65

23
29
30
31
32
33
34

35
36
31
38
39

40

41

58
59
60
61
62

63
64

8

9
10

n
12

13
14
15
15
17
18

19
20
21
22
23

24

25

26
Z1
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Thermal springs and wells in Italy-Continued

No. Tempera- Flow (hac- Total
on Name or location ture of toUters dissolved Principal chemical Associatedrocks Remark~ and addUional
fig. water per day) soUds constttuenta references
37 (°0) (ppm)

Italian peniIlBula and small islands-Continued

100 Atrio del Cavallo on
northeast side of vesu
vius crater.

101 Torre Annunziata near
south base of Vesuvius

102 Castellammare di Stabbla,

Resort. Refs. 2117, 2221.

Resort. Ref. 2139.

3 springs.

7 springs.

Spring and aojreterea. Refs. 2168,
2203, 2204, 2255.

Resort.

Resort. Refs. 1737,2236.

Resort. Ref. 2168.
Several springs. Resort. Refs. 2161,

2263.
Several springs. Resort.

Mud pool, 50 meters in diameter.
Ref. 2234..

Several springs. Besort.

Resort.

6 springs. Resort
Several springs; travertine quarries.

Resort. Ref. 2181.
Resort. Ref. 2174.

Several springs,
Many springs for 5 kIn along valley.
Several springs on Mount Pugllano.

Resort.

Several springs.
6 sprinf"
Severa springs. Refs. 2100, 2101,

2151, 2206, 2210, 2211, 2215, 2223,
2241-2244.

Several springs. Ref. 2211.
Several springs. Resort. Refs.

2167,221l.
Several springs. Resort. Refs. 2119,

2120, 2133, 2146 2194,2251.
Several springs. Resort. Refs. 2167,

2183,2267.·
7 shallow wells near seashore. Refs.

2167.
Several springs, 14°_26°C; and rume

roles. Refs. 2102, 2141, 2167, 2238,
2239,2266.

Sclfatara del Atrio and 27 matn
fumaroles. Refs. 2177, 2214.

4 maiD springs. Resort.

Several springs. Resort.

Several springs. Resort. ReI. 2168.
Several springs. Resort. Refs.

2168-2170.
3 bicarbonate springs; 1 sultur spring,

water temperature 39°0. Resort.
2 springs. Resort. Refs. 21~ 2168.
43 springs in area of2 sq km. Resort.

Resort.
3 main springs. Resort. Refs. 2106,

2220,2253.
2 main springs. Resort.

4 springs in grottos. Resort. Ref.
2264.

3 springs. Resort.
Ref. 2233.
2 springs. Resort. Ref. 2257.

Several springs.

Resort.
3 springs. Resort.
4 springs. Resort.

HCOa, S04, CI, H(S ~ ~ • __• .~_.~. _

C~ Na, HCOa, SOl, Cl, Limestone __._. ~ •• ~__
co, H2S.

S04, C02, H2S_. .~•• ~_. .~. .~_~. _

Na, S04, CL • ~__
Na, SOt, OL_~. ~ ~ _
Na, S04, OL • • ._~__ ~ _

Na, HCOI, OL ~ • • • _

Na, HCOI, SO~, 01 ~ _

Na, HOOa, SOt, 01__.~ •• __• _

SO~ ._~. ~•• ~. ~.~•• ~_.~_. _
SOt, COz, HIS_. ~_. ~_~ ~_. ._

Na, HCOI, OL__• ~____ Lava • _

Na, HOOa, OL ~ ~~ ".~ _

H2S. • •• ._. • _

Na, HCOa, S04, 01, 002~._~ __~_~_. ._.~_~_~ _

HC03, 00, • _

~:: Ig8;: ~~j~CS6;:H;S:: =:=:===:::::=:::::::::::::::::

600

4,430

4,500

766

970-9,860
2,240

7,000
4,770-19,000

5,000

300

960

3,600

Large •

Large _

Large
Large
Large

30,000

Large

Large

_.~. •• ~ .~.__• Mesozoic strata; much tura.,
Small ~______ S04~~.~ ~_.____ Rhaetic limestone (upper

Triassic).
_~ ~ _.~ • ~. •• • do~~._. .~•• __
_•• ~__• ••• ~~ Mesozoic strata .~_

6,720 2, ()()()-4, 000 HCOa, SOt, ct., .~ Pliocene overlying Mesozoic
strata; much tufa.1,824 2,500 Ca, HOOa, SOj__• ~~. do. ~~~ _

2, 650 HCOa, S04, OL ~________ MesozoIc strata _
4,690 Oa, HCOa, SOt, OL Eocene strata; much ture.,••

3,250-3,600 oe, HC03, S04 ~. Pliocene overlying Mesozoic
strata.

2,190-3,660 C~ HOOa, SOt_~~_.________ Eocene strata •
720-1,970 HuOa, S04, CL ~~_____ Pliocene overlying Mesozoic

strata.

______ _ _ • ._ Lava ~ _

--~~-M~500- -·-·--3~447- -Ca~HCOa~-S()t~·BO;,-H;S::: -M-eso-;orc--s-iri"iia~·D,-ear-

" trachyte; much tufa.
72 2,500 Na, CI, H3S_~ ~_.__ Llmestone~.~._.~•• _. _

52,000- 4,000 Na, HC03, S04, 01, 002, .~_. ~_~_.__
104,000 H2S.

_•• • ~ • ~_.~___ MesozoIc lava; much tufa._.
156 2,420 HCOa, S04, CO" H2S_~_~.__ Lava ~_~__~ _

2,018 2,510 Ca, H003, S04, 01, CO" ~ ._ •• _._
H2S. ._. __••• • 002, H,S~~ .~ • ~_. _

. 48 Ca, HCOa, COl, H2S • __~. Limestone~_._~~____________ Resort.
660 ~-----2:3ijij- Ca, HOOa, COI__• ~ ~ •• Also several cold springs. Resort.

-----43~200-

Large

Large
5,400

100
(max)

30
(max)

20
(max)

35
20

(~~x)

23-42

22; 23

21-32

3.....
Wann

32
38

28-40

31
(max)

25.5-45
36-52

21-39

~
Wann

37.5

28

24.5-36

39
30-56.4

66

Tepid

45
<max)

20.2

1....
23-24

20
(max)

20
36-46
29-46
20-22

Hot
Hot

,....
2M'

40-50

Hot

Hot ~~~ ._. ~ ~_~ ~ ~ • ~_ Lava ._. Fumaroles. Temperature of gases
exceeds23000. Re!s.2087,2239, 2266.

32-33
35
39.6

37-39
18.3-36.4

62-56
41-66
30-70

vtuemetna, ~ _
Monticchio, on west slope

of Monte Vulture.
San Cataldo._. ~~~__._
Oontursf, ~.~~. .~_

Latronico (Bagnl della
Calda).

Santa Oesarea ~. _

Cassano al JonIo ~~ _
IungarL ~_.~ ~••
Acquapessa (Terme Lui-

glane).ceccurr.; ~ ~~.

GimigUano_. ••• ~

Sembtase.L; .~ _
Galatro .~__ ~ ~ _
Antonimina.-Gerace (Ac-

que Sante).
Stromboli Island ~•• __

65 Roselle (Bocenagglo) _
66 ceseccte__~ _

67 Talamone _
68 Ponte a Macereto _
69 Rapnlanu _

70 Mont'Alceto (Armaidlo) __

71 Patriolo (Montaigne) _
72 Bagni Vignone _

73 Chianclano _

74 San Filippo _
75 San Casciano del Bagnl, _
76 San Vito. _
77 aetumre, _

78 Acqua Fitusa (San Gio-
vanni Gemini).

79 Acquasant8 (Ascoli Plceno
Province).80 Canino _

81 Viterbo~~~ ~ .~~~~~

82 Oivita Vecchla _

83 Basaano di Sutri (Il La~
ghetto).

84 Vicarello (Terme Apolll-
narf}. .

85 Claudia, beatde Lagc
Breccieno.

86 Stigllano~.~~ ._•• _
87 acque Albule _

88 Acqua Vergine (Lazfall
Colli), in Alban hills.

89 Albano, near Lago Albano_90 Palena _
91 Sujo (Suio) _
92 Telese ~ _

93 Ischia Island:Porto,••• _
Lago Ameno •• _
cesmtcciote _

94 Proclda Islend.,__• __• _
95 Phlegrean Platn, _

96 Pozzuoli and Bolratera__ ~ __

97 Agnano, 3 km southeast
of aotretere.98 BagnoIL _

99 Mount Vesuvius crater _

103
104

105
106

107

108

109
110
111

112
113
114
115
116

117
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Thermal springs and wells in Italy-Continued

No. Tempera- Flow (hec- Total
on Name or location ture of touters dissolved Principal chemical Associated rocks Remarks and additional
ftg, water per day) solids constituents references
37 ("C) (ppm)

Italian pemnsuJa and smallislands-Continned

118 Filicuri Island.,___________ Hot ------------ -~---------- ------~-~~-- ------------------ _____do________________ ~______ Several springs. Ref. 2207.
119 San Calogero, on Lipari 35-58 ------------ Leree Nil, HCOa, SOl, CL ___ ~____ _____do_______________________

Several ~rings. Refs. 2099, 2107,
Island. 2135,21 •

120 Vulcano Island_______ ~____ Hot ------------ ------------ ------------------------------ ---~--------- ----------------- Many fumaroles In lava crater.
Steam. Temperature Ofdases and
acid fumes exceeds 300" • Gases
contain BaBOa. Refs. 2043, 2122,
2131, 2132, 2250, 2266.

Sicily

d

121
Alcamo _____~~____________ Wenn ------------ ------------ -HCCia~-SO ..-__:::::::::::::::: --------------------------~---

122 Son Lorenzo, near Roo- 38.5
---------~-- ------------ ------ -------------------~---- Ref. 2152.

cemeno.
123 Montevago_______ ~________ 31 9,760 ------------ ----~---------- ---------~--~-- -~--------------------------- -
124 Sciacca, near the city:Molinelli _______________ 28 230 12,500 Na, CL _____________________

}Limestone__________________Acqua Santa________ ~__ 32 57 5,820 Na, HCOa__~ _______________ Resort. Refs. 2116, 2148, 2240.
sotruree______ ~__~______ 52 720 20,500 Na, SO", OL________________

125 Accue Oalda, near 'I'rabia, 26 --1:584;-432- --14~500;--- -NB~-SO~~-ci~co;_-:::::::::: -TriBssi~-s-trBt8~_::::::::::::::126 Termini rmerese, near sea- 42; 43 2 springs. Resort. Ref. 2184.
shore. 18,030

127 Sclafani ___________ ~___ ~___ 33; 35 6,712 ------------ Na, SO~, 01, H2S_~__________ ------------------ --------~--- 2 main springs. Resort.
128 Oefalu~Diana __ ~___________ 38

-~--360;-72- --~5;300;--- -Na~-:Ef60;:::::::::::::::::: -GneiSS::::::::::::::::::::::129 Oastroreale________________ 32; 25 2 springs. Resort.
3,900

130 Ali-Marlna., onsea coast:l'isprings____ ~___________ 28-36 Small
-----~------

HOOa, SO~ 01, H2S_________ -- ----------~ ----------------- Sulfur water. Resort. Refs. 2192

HOOa, CO
2
_________________

2193,2232.2 springs________________ 28; 28 Small 2,160 -Lava:::::::::::::::::::::::: Bicarbonate water.
131 Mount Etna, on south and Hot ------------ ---------~-~ ------------------------------ Many fumaroles. Refs. 223'. 2266.

east slopes.
132 AcireaIe (Santa T1:la)----- 20 (max) ------------ ------------

SO~, H2S____________________
------------------------------ Resort.

133 Grammichelle Acqua 22-35
----------~- ------------ -------~------------- --------- -------~-------- ----------~--- Ref. 2145.

OaIda; Mineo).
134 Pantellerfa Island on 30-75 432 3,680- Na, CL~____________________ Lava ________________________ 4 springs. Also bot springs 8n

northwest coast. 7,980 and fumaroles in crater.

Sardinia

6,

,.135 ""
cruces _________________

W"'m ---------29- -----~S:OOO- -Hc6~~~cL:::::::::::::::::: -Lava:~:::::::::::::=::==::::135 San Martino______ ~_______ 25 Several springs. Resort; tablewate
Ref. 2229.

137
Ploagra___________________ ~ 20 (max) ------------ ----~------- -------~---------------------- -------------~--~-------------

138
Thiese_____________________

W"'m ------------ ----------~- -------------~--~--~~--------- -------------~---------~ ----~-

13'
Mesumundu______________ Warm ------------ ------------ ------------------------------ ----------~-------------------

Ref. 2225.
140

BenetuttL______ ~ __________
34--46 ------------ ------------ ------------------------------ -~--~---------- --------------- Do.

141
OranL_____________________ W"'m ------------ ------------ ------------------------------ ------------ -------~---------- Do.

142 Conone ____________________ W"'m ------------ -----~--~---

-CB:Na~-C"i~B:~S:::===:==::=: -GraniteporphY;Y::::::::::: Ref. 2207.
143 Casteldoria (Oastel Dora) 70-75 ------------ ------------ Several springs. Refs. 2195,219

Fordongianus_____ ~_______ 2225,2228.
144 54 ------------ ------------

-~F:~<jjb~~'~~~~~~~~==: -sc'iiiiii-iiear-i)asalt=:::::::::: Water is saline. Refs. 2225, 2227.
145 Sardara ____________________ 5ll-tiO 10,000 2,500 5 springs. Resort. Refs. 2228, 2229
146 Villasor (Acqua Cotta)~___ 40; 62 ------------ ------------ Contact or granite and tre- 2 m.m springs. Refs. m6. 2226,

chyte. 2228.
2228.147 San Satumino_____________

34-43
--~--------- ------------ ----~---------~--------------- ---------~------~--- ----~-----

3 springs. Ref.
148 Is Bangtus_________________ 44

------2~i60- ~----------- ------------------------------ -~---------------- ------------ Ref. 2228.
14'

Oaddas____________________
55 ------------ ------------------~--------~-- -------------------- -~--------

Do.

Unidentiftedlocations (data from ref. 2141)

------ Bano dell'Osa_____________ 32

I:::::~~~~: ------------ ----------~--------------- ---- ---------------------~~------------- Beveretto_________________ 23
-----~------ -------------------~----- ----- -----------------~--------~-------- Bulgherano___________ ~____ 22-25
---~-------- -HC()a~-SO...-_::::::::::::::::: ---------~--------------------

-~~---

Florinas__~~_~__~_______•__ 20
----------~- ------------ ---------------------~--~- ---- Alkaline.

(max)
------ Monte d. cestoaa.,____~_~ 29-42

-----35~400- ------------ ------------------------------ --------------~--------------~------ Sigona Grande_________ ~__ 23 ------------ -HC03~-SO ..-_:=::::::::::::::: ------------------------------------ SlligO_~__._____ ~____________
20 --------~--- ------------ ------------------------------ Do.

(max)
------ Solofrano Torrent. _______ ~ 21-25 ------------ ------------ ------------------------------ ----------------~-------------

--~---

Uria-Torrent. _____ ~_______ 22-25 ------------ ------------ ------------ ------------~--~-- ------------------------------
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PORTUGAL

Portugal occupies an area about 300miles long, north
south, and 100 miles wide, east-west, on the west side of
the Iberian Peninsula. The country is traversed by
mountain ranges that trend east-west and are continua
tions of ranges in Spain. Most streams flow westward
to the Atlantic. The Minho River forms part of the
northern boundary; the Guadiana River forms part of
the southeastern boundary. The greater part of Portu
gal is underlain by rocks of Archean and Paleozoic ages,
cut by eruptive rocks of later dates, like the syenite lac
colith of Serra de Monchique in the south. In the south
also are extensive areas of Lower Carboniferous sand
stone and conglomerate, with coal beds. Mesozoic de-

posits, chiefly of Jurassic age and less extensive areas of
Cretaceous rocks, are present in lower areas. The plain
of the Tagus River and other large areas near the coast
are covered by Tertiary deposits. Great eruptions of
basalt and tuff in early Tertiary time are covered in part
by marine deposits of Oligocene and Miocene age, The
mountains of northern Portugal are mainly of plutonic
rocks flanked by Paleozoic sedimentary strata, Ther
mal springs are not common, though 34 localities are
recorded, as shown on figure 40. Most of them have
been developed as bathing resorts.

Information on the various springs in Portugal is
presented in the table below.

8' 6' 4' 2' o' 2' 4'

EXPLANATION

.'
Thermal spring

@20
Approximate location of thermal spring

34•
OMADRID

35•

OOviedo'-"-;c;---j1To:"'-:!...r,~:>-Jc(
~1l -12

CAN:ASRIAN

s P A I N

36· <-",
37

s\e.~~p..
",0"

•

0 38.
Cordoba

43
Granada .44·

0

4'
Malaga. •
46
•

44··H----i-_-J--_f-----~1l-~-+--------I~
so>

BAY OF 'B\

<;~>

.~ ~,,~o':'-:--eh:-l~~ ,c:.\.

4°'tt--~~f-:.t~;;::±~~t=:::J~;:::::;+"c~---+-----i'----=~ ~>1/ f.~~
~t$J\l

i?Alicante

36·1---+--=:'±...__+:~=----__--l-- ---t- _

Adapted from Hammond Atlas, 1948 QROCC

FIGURE 40.-Portugal and Spain showing location of thermal springs. Portugal from refs. 2268 and 2272; Spain chiefly from ref. 2346.
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Thermal sprl:n,gs in PortugaZ
[Data chiefly from refs. 2268, 2272. Locations of unnumbered springs not identified. Principal chemical constituents are expressed in parts per millIonl

No.
on

fig. 4(1
Nameorlocation

'rempere
ture of
water
(°0)

Flow
(liter
p"

minute)

Total
dissolved

soUds
(ppm)

PrIncipalchemical constituents AssocIatedrocks Remarks and addltional
references

20 __. Na, SOI ._. . . _

42.6 ._ 282 Na, HCO,_. ~ • ~ Granite, faulted. _

H C03, CI_. . ~__. _

Na (1,290): Ca (234); HC03 . _
(284); SOlo (200); Cl (2,260).

Na, HC03, SOl, C1. At border of granlt1c lac-
colith.Na, 8010-____ _ _ __ _~ ~. _

Na, CI, SOI_~ • • ~__• _

N a, SO,_~_~ ~ ~ _ _
Ca, Mg, SOIo ~ _
H C03, C1. _
Clio, Na, HC03, ct______________ Faulted Jurassic strata _

g:: ~k~6"6;;s-o~;ci::: ==::== :::::::::::::::::::=:::=::=:::

Na, SOIo_. _

a:: igE:::::::=:::=::=:::==:== ~~~~~~~~:=:==:==:==::=::==:Na, SO,_._ _. _

324 Na (92); HCO, (79); Cl (30); ._._
fluoride (23.6).

205 ~._ ~_. ._. . . _

4:,520

3,058

81; 110 HCO, (60); SO, (11 ppm) ~. _

,ao

92.5

283 4:2 ~ _. • _

3,600 35 _

Strongly radioactive. Resort.
Ref. 2274.

trsedstnce Roman times. Strongly
radioactive and high in fluoride.
Resort. Refs. 2283, 2292, 2295,
2296.

2 springs. Strongly radIoactivej
fluoride, 3 ppm. Resort. Refs.
1760,2276,2284,2285.

Strongly radioactive. Resort.
Ref. 2276.

Strongly radioactive. Resort.
Refs. 2273, 2283.

2 springs. Radioactive. Resort.
Temperature of nearby spring,
310 C. Ref. 2283.

Slightly saline and radioactive.
Resort. Rer. 2276.

Faulted zone of Rio Tamega.
Resort. Refs. 229l..r.2306.

Faulted zone of Rio Tamega.
Resort. Ref. 2291

Do.
Do.

========== ========== ================================== -CCintfLcr--Or--sciiiS't---and- Bat~g. Ref. 2281.
amphibolite.

268 Na, NCO" SO,~~ W::.fl.y radioactive. Resort. Ref.

______________. Na, SO,. . . ._._ Strongly radioactive. Resort.
Refs. 2283, 2300.

251 Ca; Na; Cl (35.5); S102 ._ .. ~__. ·Strongly -redioecetve. pH, 8.1.
Resort. Also small warm sulfur
spring at Caldas Velhas 2 km.
distant. Ref. 2302.

Weakly radioactive. Resort.
Saline, alkaline, radioactive. Re

sort. Ref. 2276.
Strongly radioactive. Resort. Ref.

2283.
Resort.
On bank of Rio Dao. Resort.

Do.
Weakly radioactive. Resort.
Resort.

Much gas. Both water and gas
strongly radioactive. Resort.

Radioactive. Bathing. Refs. 2298,
2299, 2303, 2304.

Highly radioactive. Resort.
Resort. Ref. 2301.
Weakly radioactive. Resort.
Resort.

Do.
5 main springs. High fluoride con

tent; pH, 6.9; radioactive. De
veloped in Roman times. Re
sort. Refs. 22n, 'l!l.77, 'l!l.79, 2283,
2290,2305.

4: springs. Strongly radioactive.
Resort. Ref. 2285.

Strongly radioactive. Resort.

5malnsprings. pR,9.6. Bathing.
Refs. 2271,2278, 2290,2293.

Radioactive. Ref. 2268.
Ref. 2276.

W"'"
28

"
69

W"'"

W"'"
W"'"
Wann

"35.3

51

31.1

W"'"
21-29.5

67

Hot
Hot
60

W"'"
W"'"

27.'
20.5

w~ :::::::::: 252
25-27.5
27-29 ---Large- :=========
w"'"33.4 ----1;300- 3,169
(max)

28.7

'7

54; 62.4:

31.5-4:0

32.7

30-32.1

4: Taipas ._.~ _

6 Ca1dasda Beude (Oaldlhhas);

6 Vizela and Mourlsco _

1 MaDelia (Valaderes de
Minho).

2 Gares(Fonte cia Bica) _

3 Caldelas 21.6; 31.2

34 Caldas de Monchique (B.
rose, Ohegas, FontaSanta).

Caldas de Carl!1.o _
Monfortinho _

32 cuccs _
33 Estoril ~ _

17 Moledo ~_._~ _
18 Carvalhal (Castro Darre) _

19. SIto Pedro do BuL _

20 Fonte Santa (Mantelgas) ~
21 sso GemiL _
22 Alcafache ~ _
23 Sito Paulo _
24 Caldas do Cro ~ _
25 Luso:

Main Spring _

Sao JoM de Luso, _

26 Felguerra . _
27 Monte ReaL _
28 Piedade ~ _
29 Sao Martinho (Aguas de

Sallr), •
30 Aguas sentes, _
31, Caldas da Rainha,, -

7 Carvalhelhos _

8 Chaves .. .._. _

9 Vidago _

10 cebres ._
11 Vilarelho . _
12 Pedras Salgadas ._.__. __
13 Atlailto (BraganQa) . _

14 Canavezes _

16 Aregos _

16 SItoLocrencc __._. _

RUMANIA (ROMANIA)

Rumania extends northwest and west from the Black
Sea and includes parts of the Carpathian and Transyl
vanian Mountains and high plateaus beyond. The
Danube River forms most of the southern boundary of
the country, and the Pruth River forms most of its
northeastern boundary. The higher parts of the Tran
sylvanian Mountains are largely of schist and other
metamorphic rocks, which are flanked on the south by
marine Jurassic and Cretaceous strata overlain on the

lower slopes by flysch of Late Cretaceous and early
Tertiary ages. These formations also extend along the
east base of the Carpathians, being overlain in a trough
farther east by flat-lying to strongly folded Miocene
salt-bearing beds. In the south-central part of the coun
try are oil-bearing beds of Tertiary age. Along the
lower parts of the Pruth and Danube Rivers are exten
sive areas of marsh and lagoons. Farther up the Dan
ube the adjacent lands are somewhat higher, and in some
places, hills of crystalline rocks rise above the Quater
nary deposits.
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Many mineral springs issue in the mountains and up
lands, but most of them are cold. Thermal springs are
found at numerous places, as indicated on figure 4l.
Nearly all principal springs have been developed as

bathing resorts, some having been in use since Roman
times,

Very little information is available on most of the
springs, as shown in the table below.

14' 16" IS" 20" 22" 24" 26" 2S"

r: -"

44"

Adapted from Hammond Atlas. 1948

4S·I-l-----+----~-----+----J~~1_'~~1~.____;=JL=~~-~--1

FIGURE 41.-RUmania and Yugoslavia showing location of therm~ springs.

Thermal springs and wells in Rumania

No. on Temperature of Flow (hecto- Total dis- Principal chemical
Remarksand referencesfig. 41 N arne or location water COO) liters per day) solved solids constituents

(ppm)

1 Felixfiirdo (Felix baths) ,
8 km southeast of
Oradea:

WeIL______________ 48 170,000 812 Ca, 804, 003________ 47 meters deep. Ref. 2328.
2 springs____________ 41. 3; 48. 2 ---------- 927; 947 Ca

6
N a, ROGa, 804, Refs. 2320, 2330, 2331.
0,.

Baths.2 Felsobanya, near Sighet___ ------------ ---------- ---------- --------------------
3 Borsod Tapolcza_________ ------------ ---------- ---------- -------------------- Resort.
4 Baltzatesti (Baltatestii), ------------ ---------- ---------- -------------------- Resort. Ref. 2308.

near Targu-Neamtu.
Ancient5 Korosbanya (Altenburg) __ Warm ---------- ---------- -------------------- Weakly sulfurous.

"Thermae, Pannoniae.' Ref.
1293.

6 Hebe, in Sangeors-BIH ------------ ---------- ---------- -------------------- Ref. 2333.
region.

7 Csikszereda (Katalin) _____ 10.7 ---------- 868 Ca
6Na,

HCOsl 8041 Ref. 2330.
0,.

t735-614 0-65---10
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Thermal springs and wells in Rumania-Continued

No. on Temperature of Flow (heeta- Total dls- Principal ehemleal
fig. 41 Number or location water (°0) Itters per day) solved solids constituents Remarks and references

(ppm)

8 Tusnad (Ilona) __________ 21; 22. 5 ---------- 5, 254 -------------------- Ref. 2330.
9 Oaoiulata_______________ ------------ ---------- ---------- -------------------- Mineralized. Ref. 2308.

10
~izakna_________________ 28.7-45 ---------- ---------- -------------------- Saline, iodine.

11 Herculesbad (Mehadia):
Elizabeth___________ ------------ ---------- ---------- --------------------lIygea______________ ------------ ---------- ---------- -N;,-C;,-(fl;-gas~- 40- 1'tadtoactive. water tempera-Hercules ____________ 46 38,400 .3,440 ture, 25°-62.5°C. Anoient

peroent N 2• "Thermae Heroulis ad aquas."Ileana______________ ------------ ---------- ---------- -------------------- Refs. 2309, 2323, 2325, 2327,
Regina Maria_______ ~ ------------ ---------- ---------- -------------------- 2329.Others______________

------------ ---------- ---------- --------------------12 Bahna (Beane) __________ ------------ ---------- ---------- -------------------- Baths. Ref. 2318.
13

Govora_________________
------------ ---------- ---------- -------------------- Resort. Ref. 2308.

14 Calimanesti (Calimanesoii)_ ------------ ---------- ---------- -------------------- Do.
15 C.urt.ea de Argesh________ ------------ ---------- ---------- -------------------- Used by Romans. Ref. 2308.
16 Binaia__________________ ------------ ---------- ---------- -------------------- Resort. Ref. 2308.
17 Slanic__________________ ------------ ---------- ---------- -------------------- Saline mine water. Baths. Refs.

2308, 2314.
18 Lake Sarat (near Braila) __ ------------ ---------- ---------- -------------------- Ref. 2308.
19 Tekir Gbiol, near Con- ------------ ---------- --_ ..------ -------------------- Do.

stantsa.
20 Mangalia_______________

------------ ---------- ---------- -------------------- Radioactive. Refs. 2315, 2319.

1

SPAIN

Spain occupies about five-sixths of the Iberian Penin
sula, which consists mostly of a great plateau, limited
on the north by the Pyrenees Mountains and the Carita
brian Mountains and on the south by the Sierra Morena.
The plateau is traversed by four minor mountain ranges
which separate the drainage basin of the Ebro River
from that of the Duero River. The Ebro drains the
northeastern part of the country and empties into the
Mediterraneau Sea; an the other main streams flow
southwestward or westward to the Atlantic.

The plateau region and bordering mountains are un
derlain by a massif of ancient rocks, complexly folded

and faulted, and form a part of the Hercynian tectonic
region of southern Europe. Archean granite, gneiss,
and schist form much of the Pyrenees Mountains.
Paleozoic sedimentary rocks constitute other main
mountain masses. Sedimentary strata of Mesozoic age
border most areas of older rocks and also cover large
areas in south-central Spain. In the north, northeast,
and southeast, large areas of older rocks are overlain by
marine Tertiary strata, Volcanic rocks are present in
only minor areas. The locations of thermal springs am
shown on figure 40, and the available information on
them is given in the table below.

Thermal springs in Spain
[Data chiefly from ref. 2346. Locetton of unnumbered spring not identified}

No.
on
fig.
40

Name or location
Temper
ature of
water
(°0)

Flow(llte"p.,.
minute)

Total
dissolved

solids
(ppm)

Principal chemical constituents Associated rocks Remarks and addItional references

Low Several sprlgns, Resort.

Low • Includes nearby warm spring of San
Justo de seccs. Resort. Ref. 2344

Low __ • • Several springs in bed of Rio Miiio.
Resort. Ref. 2344.

:::::~j::::: :i~;~~~~~~~:~:~:~-:~~::)~:)~~ :~iJf~~!.~~~~~~)~~~)))) l;i;~.:;;:wm.tte'. Resor

============ Na,OL_______________________ Contact of Triassic strata Several springs. Resort.
wIth OarbonHerous lime-
stone.

404-418 ___ _ Granite _1 Oarballo:
Banos VIejos (Old

Baths).
Banos Nuevos (New

Baths).2 ortejo., _
3 Aguas de Bejo _
4 Daldelas de Reyes _

5 La Toja, on Island of same
name.6 Oaldas de OuntIs _

7 Puente Oaldas, 15 km east
southeast of Pontevedra.8 Oaldas de Tuy _

, {~~f~~~:=::=::::==========Parada de Achss _
10 Lugn • _
11 OaIdas de OvIedo _
12 BUYeres de Nave _
13 La Hermida _

See footnote at end of table.

33-40 ----------

" ----------
23-4, ----------

25 ----------39.4 ----------
(max)

60 400
(max)

60 ----------
(max)

30 ----------
47-50 ----------

28 100
24 Small
32 Small
43 120
43 Large

21-25 62.5
'0-00 Large

342;375

651-2,009
261

Low

Low

N a, SOI___ _ __ ____ _ do -- -----

N a, 80(___ ___ _ _ _ ----

-Na~-ci;Elo~:======= === === ===~= ====== ====== ========== ========

3 springs. Bathing.

2 springs. Bathing. Rers. 2342, 2343.

4 springs. Resort. Ref. 2343.
Ref. 2343.
4 springs. Resort. Ref. 2344.

Several springs. Resort. Ref. 2344.
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Thermal springs in Spain-Continued

137

No. Temper- Flow Total
on Name or location ature of (liters dissolved Principalcbemicalconstltnents Associated rocks Remarks and additional references
fig. water P& solids
'0 (00) minute) (ppm)

--
14 Puente Viesgo_______________ 35 34; 910 (') Na, RCDa, OL________________ -jillasslcstrata-iiear·Ciarbon:- 2 springs. Resort.
15 Alceda. _____________________ 27 2,550 ------------ Oa, SO~_______________________ Resort.

trercus limestone.
16 Solares: Na, HOOa____________________Main spring_____________ 29.8 ---------- (') ------------------------------ }ResortSmall spring_____________ ------------ Na, eL ________•________•_____

-jiirasslc-·straiii-- 'overfiiiig-17 Ontaneda___________________ 27.2 1,186 ------------ -------------------------------- Do.
Carboniferous limestone.

18 Molinar de Carranza________ 30-35 2,150 ------------ Na, HCOa, CL _______________ Cretaceous limestone________ Several springs. Resort.
·19 Uberuaga de Ubilla__________ 27 544 (') ------------------------- -_..--- ------------------------------ 3 springs. Water contains nitroge-

no", matter. Resort. Ref. 1293.
20

Alzola _______________________ 30.5 --_.__.__. ------------ Oe, HCOa_____________________ ------------------------------ Water contains small amount or
Utbium. Bathing. Ref. 1293.

21 Oestone, ____________________ 27; 31 Large (')
Na, OL _______________________ ..------_._--- --_..----------- 2 springs. Bathing. Ref. 1642.

22
Betelu____•__________________ 24 ---------- -----['r---- NB, SOt _______________________ -------_.- -------------------- 3 springs. Bathing.

23
Tiermas____________________• 23-42 ---------- Na, SOt, 01. __________________

-Granite::=::::::::::::::::::
Several springs. Bathing.

24 Panticosa____________________ 21Hll ---------- ') --------- ----------------------- 5 main springs. Water contains ni-
trogencus matter. Resort.. Ref.
1576. .

25 La Puda de Montserrat_____ 27-29.3 387 (') Na, S04 _______________________ -------- .--------------------- 4 main springs. Resort.
26 La Garriga__________________ 60 ------208- (') Na, 01._______________________ ------------- ----------------- Bathing.
27 Caldetas (Banos de Titus)___ 38.5 (') Na, O1.__________________ ~ ____ ------------------------------ Do.
26 Vichy Catalan_______________ 60 180 --------_._- ~:: :~~b¥k~:::::::::::::::

----------------------_.__._-- Do.
29 Porvenir de Miranda________ 22.5 200 ------_._._-

-Low-erTriaSsic-stmia~~::::::
3 springs. Resort.

·30 Amedillo___________•••___••• 52.5 130 ------------ Ns, CI. __________•______•• _. __ Several springs. Resort.
(max)

31 sttero, Banos vtejoa_________ 47.5 1,080 ------------
-Na;-6i:=::::::::::::::::::::::

Quartzitic sandstone________ Flows from gallery. Resort.
32 Fitero, Banos Nuevos_______ 48· 10,000 ------------ Jurassic strata_______________ Resort.
33 Alhama de Aragon_____ .:____ 34 16,000 ------------ Na, S04, 01. _________________• ---------------------------._. Strongly radioactive. Also several

small springs, 29°-37°C. Ref.
2339.

34 Trillo and Carlos IIL ______• 23-30 ---------- ------------ Ca, Na, S04, C1.. _____________ ---------------------------_.- 6 main springs in two groups of differ-
ing chemical character. Bathing.

35 Montemayor. _______________ 42 164 ------------ Na, S04 _______________________ Ancient (eryatalllnef) rocks, Water contains small amount of
lithium. Resort. Ref. 2291.

36 Alange________ •_____________ 28 216 --.__.__ ._-- Ca, HOOa ___•• ____________•___ Miocene strata,•• ____•______ Bathing. Ref. 2291.
37 Fuencaliente________________ 25-50 ---------- 170 Ca, HOOa; H2SiOa (52 ppm); Siliceous rocks ________• _____ 7 springs. Resort. Ref. 2338.

Fe~Oa.
as Marmolejo_____• ______• _____ 21 ---------- ------------ Na, HCOa____________________ ---- -------------------------- Bathing.
39 BusoL __••• _________________ 39

--~-3;OOO-
. __._._----- Ca, SO~_______. _______________ _._- ----------------------_..- 3 springs. Bathing.

'0
Fortuna_____________________ 52.5 ------------ Na, CL. ______________________

-MioC:eIlestrata::=::=::=::=::
Bathing.

41 Arcbena_____________________ 55.5 Large ---------_.. Na, S04, CI. __________________ Bathing. Rets. 1285,1576.
(max)

42 Alhama de Murcia__________ " ·---5;300- (') Oa, sO~_._____________________ ------------------------------ 4 springs. Resort.
43 zujer________________________

38 -----(1)"----
Na, S04, CL __________________ ------------------------------ 4 main springs. Resort.

44 Graena______________________ 43 Large Oe: HCOa; Fe20a _____________ ------------------------ --_._- Developed by the Romans.

"
Lanjaron____________________ IIHlO ---------- ------------ -------------------------------- ------------------------.----- 7 springs. Resort.

48 Fuente Amargosa___________ 21 ---------- (') -------------------------------- _._---- ----------------------- Water contains nttrogeneous matter.
Bathing.

------ Puertollano__________________ ---------- ---------- --------_.-- -------------------------------- Ordovician strata___________ Ref. 2348.

1Results of chemical analysis given in ref. 2349.

SWEDEN

A detailed study of springs throughout Sweden was
made by vVahlenburg (ref. 2353); who used the term
"Quellen-Warme" to refer to their temperature. His
report has therefore been included in some bibliog
raphies on thermal springs. Although some springs
were found to be perceptibly above the mean annual
temperature of the air at their localities, nearly all were
below 10°0, and none were considered to be truly ther
mal. No other reports on thermal springs in other
parts ofthe Scandinavian Peninsula seem to be recorded.

SWITZERLAND

The southern part of Switzerland is bordered by the
main chain of the Alps and the western part by the Jura
Mountains. Between them are the Bernese Alps lying
entirely in Switzerland. The valley of the Rhine River
from the Lake of Oonstance and that of the Rhone River
in the south are deep and narrow, but the basin of the

Aar River and the smaller one of the Thur River con
tain wide areas of valleyland which form more than
one-half the total area of the country. Most of the
mountains are composed of belts of marine sedimentary
rocks of Mesozoic age, greatly folded and faulted in the
Alps but less disturbed in the Jura Mountains. In the
central plain that forms much of the basin of the Aar,
the bedrock deposits, chiefly of Tertiary age, are partly
marine and partly brackish-water and fresh-water.
These older materials are largely covered by glacial ma
terial and stream alluvium.

The extensive folding and faulting in the mountain
areas would seem to be favorable to the presence of
thermal springs. However, only a very few of the great
many mineral springs are recorded as thermal; but per
haps only those which have been developed commercially'
have received attention. Those springs for which de
scriptions have been found as shown on figure 37, and
information concerning them is presented in the table
below.
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Thermal 8'PrinUS and wel1£J in Switzerland
[Data 'chiefly from ref. 2384. Principal chemical constituents are expressed in parts per million}

Remarks and additional rererencesAssociated rocksPrlnelpal chemical constituents
Total

dissolved
solids
(ppm)

Temper
ature of
water
(°0)

Name or location
No.
on
fig.
37

Flow
(cubic
meters

per day)

--I---------~I---I-------I-------I--------

2 zureeca:
Na (293); HOOa (262); SO,Wel1. ____________________ 27.7 20-29 1,011 Bunter sandstone (Lower

(263); 01 (146); free gas, 90 Triassic).
percent N,.

WelL____________________ 3. 300 ------------ -Ca--{31}S-'-i--Na--(434);--i!cfo;-
Gneiss______________________

3 Bad Scbinznach_____________ 34;36 720 2,971 Fault between Jureaslc lime-
(288); SO, (1,076); CI (604); stone and Triassic strata.
dissolved 002 and H,S., Baden-Aargau, In Aar River ,...... 5S0-850 4,666 Oa (517); Na (798); HOO, Keuper formation (Upper

Valley and bed of Lim- (481); SOl (1,418); CI ~200); Triassic).
mat River. free gas, 69 percent I, 30

percent 00,., Reuss River Valley, a few Warm ---------- ------------ -------------------------------- Probably Keuper umeetone,
kIn southwest of Baden.

6 Baden-bel-Zurich____________

" 7,800 ------------ -------------------------------- Probably TertIary molasse__

7 Yverdon a' south end of 24 540 413 Oa (31); Na (54); HOO, (215); Morainal graveL____________
Lake Neuchetel. CI (60); and HS (5); free 002,

H,s.
a Weissenburg________________ 24-28.7 42 1,628 Ca (340);M~ (77);HOOa (125); Triassic strata_______________

SOt (1,040 ; dissolved CO,
andO.

40 1,148 oe(52);Na (275); HOO, (112); Base of alluvium overlying
(hottest) SOt (423); CI (181). schist.

11 Lavey-les-Bains_____________ 45-47.3

2 wells, bored in 1899to depths of 80
and 130 meters. Rers. 1293, 1294.

Minersl character probably derived
from strata overlying schist. Local
use.

Orsstentne rock _
Mesozoic strata _

Probably crystalline schlsL_
Mesozoic schist and llme

stone.

Mesozolcstrata In 2 raUway tunnels crOSSlnf weer
extension of Baden therma zone
Ref. 2365. .

4~~.e~~:.deep. Used for bathing.

416 meters deep.
2 springs, developed A.D. lass
Resort. Refs. ]285, 1291, 1687, 1699'

2366,2367,2386,2387. '
About· 20 maIn springs; flow varies

with the season. Several resorts
~~~: 1699, 2368, 2379-2381, 2386;

Bathing.

Several wells about I,OOOmetersdeep
Resort. Ref. 1285. .

2 shallow wells, developed 1903-05
Water may rise from considerable
depth. Resort. Refs. 1293t,.1294

Water contains 10 ppm Sr. itesort.
Refs. 30, 1687. .

Resort. Ref. 30.
Resort; water also piped 4 km north
. to Ragaz (Ragats) resort. Refs. 30

1285, 1291, 1669, 1687, 1699, 1892:
2369,2386.

Water obtained from wells. Radio
active. Small amount of free oxy
gen. Resort. Refs. 3D,1687, 2354,
2355, 2363,2376.

BathIng.
Flow varies with the season. Bath.

ing. Ref. 1687.
The Oe and SOt probably are derived

from Triassic gypsum; moderate
radioactivity from underlying gran
ite. Resort. Refs. 3D, 571, 1285,
1291, 1669, 1687, 1699, 2364, 2373,
2375.

Bathing.

Resort. Ref. 1293.

Os. (460); Mg (60); HC03 (149); Dogger limestone (Middle
S04 (1,285); free gas, 98 per- Juresale),
cent N,.

___ __ Crystalline rocks _

Oa (500);Mg (105);HCO (530); Triassic dolomite _
SO, (1,303); dissolved gas,
chiefly CO,.

Oe (473);Mg (60); HCO, (459); do _
SOt (1,040); free and dis-
solved C02.CaSOt_ Probably crystalline _

650

Low
760

2,015

2,551

2,028
(hottest)

430

600

Large --------------------------------

25

'0
25.3

21
2,

Wann

39-51.3 10,000
12,000

1 Hauenstein tunnels. ~_

18 Innerrerrera _

17 VaIs _

15 Ehemalig (former Briger
bad.)16 acquerosse _

12 Bovernler _
13 Saxon _

14 Leukerbad (Loecbe - Ies-
Bains).

9 Heustrich, near Lake 'I'hun; 24
10 Pfaefers (Pfafers)____________ 35-10

YUGOSLAVIA.

Yugoslavia includes Serbia, Croatia, Montenegro,
and Macedonia and covers the northwestern part of
the Balkan Peninsula. The Karawanken Alps extend
along the northwestern border, and most of the coun
try forms an upland area between these mountains
and minor mountains along its southeastern border. In
the east the Morava, or March, River cuts through the
mountains. Along the Danube River, which forms part
of the eastern boundary, there is much low swampy

land, The mountain regions are composed largely of
granite and other crystalline rocks flanked by marine
Paleozoic formations; but some areas between the moun
tain ranges are of Cretaceous limestone that forms a
karst topography. In these areas there are many
springs, some of which are slightly thermal; but the
principal thermal springs of the country are in the more
mountainous areas, as shown on figure 41. Information
on the several springs is given in the table below.

Thermal springs and wells in Yugoslavia
[Data chiefly from refs. 1304,2410,2414. Prtnelpal chemical constituents are expressed In parts per million}

No. Tempera- Flow Total
on Name or location ture of (liters per dissolved Principal chemical Associated rocks Remarks and addltional references
fig. water (°0) minute) solids constituents
41 (ppm)

1 Veldes___________ 4 ___________ 26.6 Bathing. Ref. 1293.
2 TopoIschitz__________________

31 ------3~OOO- ------3Sr -Ca;i3:CO;_~=== ========== ====-pliocene- -coai:beariD"i-beiiS- In Bad Neuhaus thermal zone. Re-
(max) overlying Triassic lime- sort; sanatorium. Ref.1304.

3 Bad Neuhaus bel CilIL_.___
stone.

Romans. Resort.26.6-37 '" 444 Oa, HOOa ___________________ Tertiary limestone overly- Known 10 'he, Vhr1nka.____________________ Ing Mesozoic dolomite. Rels. 1304,2431.
Wnnn ------------ ---------- ----------------- ------------- ------------------------------ Resort.
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Thermal springs and wells in Yugoslavia-Continued

No.
on
fig.
41

Name or location
Tempera

ture of
water (°0)

Flow
(liters per
minute)

Total
dissolved

solids
(ppm)

Principal chemical
constituents

Associated rocks Remarks and additional rererenees

76-78 ,__~ . ~ ~ ,_ _
87.5 _

72-72.8 _=:==:=::=:: :=:::::=:: -N~:-S04~:=:=:::=::=:==::==:: =::=::=::=::==:=:::=::=::=::=:

11 Daruver 42.2;46.6

3 springs; known to the Romans.
The water is radioactive. Resort.
Refs. 30, 1304, 2420.

Resort. Ref. 2431.

Ancient AquaeJassae. SuIlursprlng
baths. Refs. 2394, 2431.

Sulfur baths. Ref. 2431.
Water contains Zn, Cu. Resort.

Refs. 2392, 2412, 2431.
Sulfur baths. Refs. 2402, 2431.
Bathing resort. Refs. 2399i\2407.
3 main springs. Resort. ers. 2425,

2431.
Water has high fluoride content.

Resort. Ref. 2393.
2 springs; water has high fluoride con

tent. Ancient Aqua Ballssae, Re
sort. Refs. 2393,2404.

Water has high fluoride content. Re-
sort. Refs. 2393, 2401, 2405, 2431.

Resort. ReI. 2406.
Resort. Ref. 2411.
Bathing resort.
SulIurous. Resort. Ref. 2399.
Known to Romans. Resort; sana-

torium. Ref. 1304.
Resort. ReI. 2409.
Resort. Refs. 2400,2415,2421-2424,
Classed as slightly thermal. Resort.

Ret 2426.
Resort. ReI. 2403.
SuUurous. Resort. Ref. 2399.
Resort. ReI. 2408.
Slightiy sulfurous. Bathing resort.

Refs. 2399,2431.
Bathing.
Bathing resort. ReI. 2431.

Do.
On bank of Timok River. Resort.

Ref. 2399.
Water is radioactive. Bathing re

sort. Refs. 2395,2418,2431.
Ruins 01 Roman baths. Resort.

Refs. 2398, 2399.

Much Iree C02. Bathing. Ref.
2399.

Bathing. Ref. 2399.
Bathing resort.' Ref. 2399.
More than 20 wells. Bathing re

sort. Ref. 2397.

Developed A.D. 1687. Resort. Ref.
1304.

2 springs; known to the Romans.
Refs. 13M, 1310.

Bathing resort. Ref. 1304

Ca, Mg, HC03 ~__

8:; ~~~,cs'8~~~::::::::::: -Tertiarysiilldstone::~~:~~:::

Ca, H003, S04, Cl_ ~_,__,__,_,_ ~__~~_~__~ ~

886 Ca, Na, HCOt, 804 ~_~__~_~ _
Ca, Mg, HCOa, S04 ,_ ~_~ _

440

Low _~__~~__~ ~ ~_ ~ ~ ,__ ~~~ ~ _

363

2,808

452'

3,053360

Ca, Mg, HCOt- Miocene strata overlying
'I'rfassle limestone.

Ca,- Na, HCOa, 804, C1. Paleozoic schisL~~ _
(Reported H28iOa, 1,128).

Ca, Mg"HCOi______________ Tertiary strata and andesite
tufi overlying Triassic
llmestone.

Ca, Na,HCOa; Cl (1,467) Eocene flySch near karst
limestone.

1,100 386 Ca, HC03__~~ ~ Jurassic limestone _

425 _,_ ,_ ,_ __,_ __._~,_,__~__~_~_~_~ ~~ ,_ __,_ __~
(main

spring)

______________________ Ca, Na, HCOt, 804, C1. Tertiary molasse ~_~~_

_~______ _ Low ~ ~ ~___ _ ____ _ ~ _~ _
___~ ~~__ 470 Ca, Na, HOOa, 804 ~ ~ _

W"""
34

W"""
W"""

22

27

64

W"""
W",m
W",m

30

W"""

41-46

Wann
Warm

22.'
35-37.5

26
<max)

36.3

37.5

37
(max)

36.2
(max)

"41.8; 43
49.8

W"""
25

50-60.5

W"""

5 Gallenegg ~__ ~_~

6 Bomerbad__~_~ _

1 Franz Josef-bad (Tufier)

8 San 8teIano _

37 Wmtze ~ _

38 Yochanitza ,_ __ ,_ ~

39 Vranje nenje ,_ __ ,__
40 Strumrcke Banja _

9 Sutinskle TopUce__ ~ _

10 Varazdinske (Warasdin)
'I'oplice.

11 Krnpinske Toplice ,.__,_ __
12 Stubtcke Toplice _

13 Samobar _
14 Bukovicka Banja ~_~~__
15 'ronusco, ~ ~ _

16 Siaak_~ ,_ _

18 Lipik: _

19 Vrd.nik ~ _
20 Lesce ,_
21 Luka Bania _
22 Smadran Barn _
23 gpalato (Spllt) _

24 nidza ~ ~ ,_ _
25 Rogatsch (Rogaska glatlna) __
26 arendletovec _

27 ~elika Plana _
28 l;a~k (Tchatchak) ~ _
29 Mokosica ,_ _
30 Ribarska Bania _

31 Raska _
32 Vranjacke Banja ~ _
33 Brcstovacka Bania__ ~~~~_~ __
34 Hamsigrad (Gamsigrad) _

35 Soko Banja _

36 Niska Bania (Niss) ~----

AFRICA

ALGERIA AND TUNISIA

Algeria and Tunisia, which comprise much of north
ern Africa, border the south side of the Mediterranean
Sea. The two countries have similar climatic and geo
logic conditions and may conveniently be considered
together.

The rugged range of the Maritime Atlas, or Ka:bylia
Mountains, closely borders most of the coast of Al
geria, and cliffs or hills rise abruptly from the seashore.
The mountains are composed almost entirely of meta
morphic rocks, the most ancient in Algeria. Along
the northeastern part of the coast the mountains recede
a few miles, and there are some low sandy areas. To
the south, and nearly parallel with the coastal range,
the Tellian Atlas Mountains extend eastward from
Morocco.

The Tellian Atlas ranges are composed chiefly of
folded -Mesozoic and Tertiary strata. South of these
mountains is a broad high plateau region containing
many undrained saline lakes and marshes. The rocks
in this region are somewhat folded and much faulted,
for there are both downwarps and horst blocks. The
rocks of these uplands consist mainly of marine de
posits of Cretaceous and later ages, but include some
continental deposits. Beyond the plateau belt is the
Saharan Atlas Range composed of folded Tertiary
strata. The southern front of this range descends
steeply to the Sahara Desert, a vast expanse of plains
underlain chiefly by Miocene and Pliocene deposits.
Tertiary volcanic rocks are present at many places in
the mountain areas.

The northern and northwestern parts of Tunisia are
mountainous and well watered. The central plateau



FIGURm 42.-Northern pnrt of Algeria ahGwlng location of thermal springs. From refs. 2448. 2449, 2455.
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Information on the thermal springs in Algeria and
Tunisia is summarized in the two tables below. The
locations of the springs are shown on figures 42 and 43.

. FIGURE 43.-/Northern part of Tunisia showing location of thermal
springs. From ref. 2436.

region farther south is more arid and is crossed by an
eastern extension of the Saharan Atlas Mountains.
Another branch of the range extends southeastward.
The northern part of the eastern coastal belt is a low
land region 50 to 100 Ian wide, which is fertile and
fairly well watered. In its middle part are several
oases, but the belt narrows southward, where there are
brackish marshes and shallow intermittent lakes. The
southern part of the country is within the Tunisian
Sahara, but there are some upland areas, chiefly in the
extreme southeastern part.

The northern mountains are composed chiefly of
marine strata of Late Triassic through Jurassic ages.
Much of central Tunisia is underlain by Lower Cre
taceous formations. Upper Cretaceous strata are ex
posed near the coast, and Miocene and Pliocene beds of
sandstone and marl underlie mostlowland areas. The
Tunisian Sahara is underlain largely by Quaternary
sand and gravel.

Many noted thermal springs rise in Algeria. Several
were developed as bathing places during Roman times,
and they are still well-patronized resorts. According
to Hanriot (ref. 2455), there are 77 groups of mineral
springs in Algeria; of these, 64 are classed as thermal.

There are several groups of thermal springs in the
mountainous belt that crosses northern Tunisia. The
most accessible of these springs were developed in
ancient times as bathing resorts and have been in nearly
continual use down to the present. Another region of
thermal springs is in the south-central part of Tunisia
where numerous springs, both thermal and of normal
temperature, issue along the borders of saline flats,
especially at Shat-el-Jerid. These and the northern
springs are described In a comprehensive report by
Berthon (ref. 2436).

Thermal spring8 and. wells in Algeria
[Data chiefly rrom refs. 2448, 2449, 2455. Location of unnumbered springs not identified. Principal chemical constituents are expressed in parts per million]

Remarks and additional referencesAssociated rocksPrincipal chemical.
constituents

Total
dissolved

solids
(ppm)

Flow
(liters per
minute)

Name Orlocation
No.
on

fig. 42

Temper
ature of

water
(°0)

--1--------1·-
26.3-33 40

43.4-45.7 720

35 200
22.6 Large

21.8 Large
31.2 ----------

Many springs. Water used for
bathing.

4 springs. Water used lor bathing
ReI. 2432.

Water used for bathing.
Several springs. Water used 10

bathing.
Water used for bathing.
4 springs. Water used lor bathing

3 main springs. Water used fo
bathing. Ancient Roman baths

30 springs. Main spring (75°0)
flows 210 liters per minute. Tufa
deposited in mounds. Resort and
infirmary. Refs. 2432, 2477, 2486

Water contains 1.1 ppm of AS101
Used for bathing.

Water contains 64 ppm Br. Resort.
ReI. 2432. .

2 springs. Water used for bathing.

2 o~iefe:t~elIs. Gypsum penetrated
at depth of 272 meters. Water
contains 50 ppm of BOa. Tufa
deposited. Resort.

Oa, Na, ROOa, OL Quaternary deposits over-
lying Triassic(?) strata.

2,126 Oa, Na, ROOa, 804, OL _

10,223 Na, OL . _

5,609 Oe, Na, 801, OL Faulted Triassiostrata _

14,260 Oa, Na, ROOa, S04, OL • _

20

60

38

3,075 Oa, Na, ROOa, 01._________ Faulted Miocene strata _

404 ce, Na, HOOa, OL __"; _

1,090 Oa, Na, HOOI, S04, OL _
450 Oa, Mg, ROOa, OL _

392 Oa, Mg, Na, ROOa _
381 ce, Mg, Na, ROOI _

500 .' 237 Oa, RCOa, 01; freeH~8, 002 _

Largo 3,414-4,890

1 Hammam Ben Ohiguer (Sidi
Ohirgh).

2 Hammam Bon Ghrara
(Ohara).

3 Ain Bel Kheir _
4 Hammam de Sebdou _

5 Hammam Tihammamine__
6 Hammam Tahammamit

(Ouled Raou).
7 Hanunam Oulad Sid! Ab- 33.3-33.7

delli (Lea Abdl.'liys).
8 Hammam Bou Hadjar . 19-75

9 AIn Madagre________________ 30.7

10 Hammam Sidi Dederop 55
(Bains de 1a Reine).

11 Ain 01Ourks________________ 42.5; 46.5

12 Hammam Selama___________ 35; 37
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Thermal springs and wells in Algeria-Continued
l

!
,
,

No.
on

fig. 42
Name or location

Temper
ature of
water
(00)

Flow
(liters per
minute)

Total
dissolved

solids
(ppm)

Principal chemical
constltuents

Associated rocks Remarks and additional references

58 BammamOuedBamimine__ 40.5-.l7.2
59 Hammam du DjendeL______ 42-43

21

as
-36

Refs

used for

Resort.

5 main springs. Water
bathing. Ref. 2432.

Water used for bathing.

13 springs. Resort. Ancient Roman
baths. Refs. 2432, 2473.

Water used for bathing.

Water used for drinking. Ref. 2432

Tufa deposited.

F::iI~~'

Water used for bathing.
Several springs. Water used for

bathing.
Large deposits of tufa. Water used

for bathing. Ruins of Roman
baths.

3 main springs. Large deposits of
tufa.

Water used for bathing.
Do.

Do.

Do.

Do.
3 main springs. Ref. 2443.

SuUur deposited. Water used fo
bathing.

Water used for bathing and Irrlga
tion.

Sulfur deposIted. Water used fo
bathing.

Vapor vents. Much free C02; de
posits of BaC03.

Water contains 7.3 ppm of Li
Water used for bathing. Aqua
Flaviana of Romans.

8 main sprmgs; hottest flows 1,800
liters per minute. Water contains
6.5 ppm As. Large deposits of
tufa containing pisolites of arego
ntte. Cloud of steam. Bathing
resort. Aquae Tlbilitnae of Ro
mans. Refs. 30, 1568, 2432, 2433
2435, 2437, 2438, 2440, 2447, 2453
2454, 2461, 2464, 2466, 2467, 2470
2474, 2476, 2477, 2486, 2492, 2493
2495.

13springs. Resort. Refs. 2468, 2486.
Water used for bathing. Ancien

Roman baths.
2 groups of springs. Water used fo

bathing. Ref. 2475.

Water used for bathing. Ref. 2432
Many springs. Water used fo

bathing.
20 springs in 3 groups. Resort

An('jent Roman baths. Refs. 2432
2433.

Water used for bathing.
4 grou~S of springs. Water used ro

bathing.
Resort. Ancient Roman baths.
Water used for bathing.
Several springs. Water used ro

bathing. Ref. 2486.
2 main springs. Water used for

bathing.
10 springs. Resort and military

hospital. Aquae Callidae Oolonia
of Romans. Refs. 2432, 2445, 2486
2487.

WeUBOmeters deep.
Water used for drinking.
Water used for bathing.
13 springs. Water used for bathing
2 springs. Water used for bathing

Ref. 2432.
3 springs. Resort. Refs. 2432, 2477

2486.
Water used for bathing.
4 springs. Resort.
Water used for drinking. Ref. 2432.

Cretaceous clay _

Fault between Cretaceous
and Triassic strata.

Upper Cretaceous strata _

Faulted lower Eocene strata,

Lower Cretaceous quertalte,

ce, Na, HC03, SO~ _
oe, Na, SO~, Cl; free COt, _

H2S.
Ca (272); COa, (480); SOt , , ,

(618); gas, 8004 percent,
N2, 19.6 percent C02.

cs, Na, BC03, S04, 01;
freeB1S.

Ca, Na, S04; CL___________ Faulted Triassic strata _

ce, Na, SOt, 01; free B2S _

ce, Na, BCOa, CL _

Ca, Na, SOt, OL . Triassic strata _

Ca, Na, BC03, CI; free HtS _

MgC03 (257); MgSO~ (176);
MgC12 (416); Na01 (416);
KCI (79); gas, 97 percent
C02, 2.5 percent Na, 0.5
percent HfS.

Na, CL _
oe, Na, S04, 01; free B2S Upper Cretaceous strata _
oe, Na, HC03, SOl, 01; Upper CretaceousmarL _

free 002-Fe103 (31) _ _

ce, Na, 804, 01; free B2S__ Upper Cretaceous marL Water used for bathing.

BCOa; free H2S Faulted Miocene strata 2 springs. Water used for bathing.

Ca, Na, S04, 01; free H2S___ Oligocene and Miocene
sandstone.ce, S04, OL _

Ca, Na, HCOa, 01; free HtS '- _

ce, Na, S04, 0:1:. Fault between Cretaceous
and Triassic strata.

Ca, HC03, SO~_____________ Cretaceous Umestone _

Ca, Na, BCOs, S04, CL _
Ca, Na, HCOa, 01__________ Cretaceous Umestone _

ce, Na. BCOa, SOt, 01; _
free H2S.Ca, Na, BCOa, SOt, Cl; _
freeH2S.ce, Na, HCOa, SOt, 01; _
freeB2S.

Mg, Na, S04, 01 _
Oa,Na, SOt, 01; free H2S___ Pliocene strata overlying

Triassic strata.
ce, Na, H003, SO~, CL Upper Cretaceous Itmestone,

oe, Na, BCOa, OL Pliocene strata _
Oe, Na, BC03, SOI _
Ca, Na, SOt, Cl; free C02 Eocene(?) limestone _
Ca, Na, BC03, SO~, CL _
Na, HOOs, SOt, 01 oreteceoussandstone _

Ca, Na, SOt, CL Faulted cretaceous marL _

Ca, Na, SOt, 01; free B2S__, oreteceous limestone _cs, Na, BC03. 01; free H2S _

Ca, Na, S04, CL _
Ca, Na, K (595), SOt, CL _
Oa, Na, S04, CI; free H2S Upper Cretaceous marl, _

oe, Na, SOt, 01; free H2S Oretaceous marl _

Oa,Na, S04, 01 Miocene strata _

N a, CL _
oe, Na, SO~, CI; free H2S, Faulted Jurassic marL _

C02.
Oa, Ne, HC03, CL_________ Lower Eocene marL _

2,391
2,242

1,264

2,190 ce, Na, BCOa, SOt, oi:
free H2S.

1,466

3,521

1,399

2,210

8,150

4,""
9,159

3,020
2,018

2,724

4,319
1,025

6,658
23,076
59,522

2,444

2,466

1,610
1,710
6,850
1,682
1,508

29,422

12,800
5,466
3,312

120
lIi,435

16,876

3,260
'00

1,160,..
785
729

1,430

1,197

1,320

14,765
1,833

1,314

10
480

600

5
40

10
700
13

100

120

60

Large

6,000

15

85
600

Large

20 _

60

1,220

20
Large

50

50
60

Large

Large

4,000
Large

Large

100

90

Small

10
1

Small

Large

18

12,500

20

Large

1,380

Large

72-98

20.2
40-49

42-66

40.7-53.2

45
33.9

33-37.6

31.7

29.5-31
33.5-36.5

39

25.6

25.6

45

58-65

24
17

25-42
28-41
35; 44

27-39.5

18
38-70

19

19
80-90

25; 26

41.2-48

38.5-49

18-21. 7

49-50

40.8

43-44.9

21.3

39.5

24.5
44.5-50.5

20.5
30.4
33

30-40

37-67

49.7-56.7;
90

60 Hammam Oued Ali (Ham
mam des Biban), 12.4 k:m
northwest of Guelma.

32 Aln Souk el Arba _
33 Hammam el Biban (Oued

Ohebba).
34 Hammam Mansourah (Ad

gal).
Hammam Guergour (Sidl

el Djoudl).
Hammam Bou Sellarn

(Ouled Yelles).
37 Source Takitount (Ain

Hamza).
38 Hammam Bou Taleb

(Thateb, Ouled Seflan).
39 Hammam Gcsbate (Grld

jima).
40 Hammam Salahine (Sala

hin).
41 Hammam G. Rule, 0.5 k:m

southeast of Hammam
Salahlne.

42 Hanunam Sidi el HadjL _
43 Ain Sokhne (Sukhna) _

44 Hammam Bcu Akkaz _

23 Source Leblanc _
24 Ain Garee _
25 Hammam Zerguin _
26 Hammam de DjeWL _
27 Hammam Berrouaghla (Ber-

roueautej.
28 Hammam Melouane, 34km

south of Alger (Algiers).29 Ain M'ta Melah _
30 HaIllIU8m Ksenna _
31 Ain Ben Haroun _

57 Hammam Meskoutine
(Hammam Meskoutcn,
Hammam-Mez-Koutin,
Ham-am-escautin, Bains
Maudlt), 18 km from
Guelma.

45 Hammam Benl Cuecha (Ro
cher Rouge).

46 Hammam Bou HallouL _
47 Hammam Bou Hilip (Ain

Kasserou).
48 Hammam Grous _

49 Ain Djebel Leckhal (Lek
hal, Tinn).

50 Ravln du RummeL _
51 Source du Hamma (Le Ham-

mal.
52 Hammam Ohaboura _

53 Ain Tamersit Keirgis _

54 Aln Tamersit Guerbir _

55 Hammam KiniL _

56 Hammam. des Amamrhas _

13 Ain Nouissy • _
14 Hammam Ouled KhaIad

(Nazereg).
15 Hammam BOll Ran1f1a,

(HanMia, Sidi Hanefiah).
16 Ain Keherta. _
17 Hammam Sidl Bon Ab-

de.llah.
18 Ain Mekeberta., _
19 Hammam Sidi Mohamed _
20 Ain MentHa (Mantilla,

Mentdl).
Hammam Ouled Gballa

(Bent-Hindel).
22 Hammam Righa (R'hlra,

Rlra, Rlrha, Merega).
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Thermal springs and wells in Algeria-Continued

r

n.

d
an

No. Temper- Flow Total
on Name or location ature of (liters per dissolved Principal chemical Associated rocks Remarks and additional references

fig. 42 water minute) solids constituents
("0) (ppm)

-
61 Hammam Bradaa (Braada, 28-29.4: 8.000 371 CaCOa (200); MgCOa (37); Faulted Upper Cretaceous Tufa deposited. Water used fo

Ain Berdn), at northeast- NStSO. (53); NaCl (22); marl. irrigation. Ancient Roman baths
ern end of Mount Debahr, gas, 86 percent N" 17 per- Refs. 2462, 2492, 2494, 2495.

cent COt 2 percent 0,.
62 Hammam N'Balls (Nader) __ 30-42 '00 5,839 ce, Na, RODa, 804, OL ____ Fault between Cretaceous Large deposits of tufa. Water use

and 'rrieesrc strata. for bathing. Ancient Rom
Hamniam Reguema_____ ~___ baths. Ref. 2432.

63 49.8 -----.-.-- 1,000 Na, RCDa, 8010, oi, ________ -.----------------------._---- Water used for bathing. AncIen
Roman baths.

64 Hammam Yonks les Bains__ 33.5-35 50 430 oa, HC03, S04; free H2S____ Upper Cretaceous Iimestena, Do.
65 Hammam Sldi Yahla________ 34,6 Small 10,378 Na, CL _____________________

-Upper-crifB"coousiImiSfone: Water used for bathing.

"
Hammam Tassa.____________ 39-40.6 Large 1,992 Ca, Na, HC03, 01; Cree H2S_ Water used for bathing. Ruins 0

Roman baths.
67

Hammam Zald.._____________ 39-41.4 Large 1,015 Oa, Na, H003, Cl; Cree HiS_ Fault between Eocene and 4 main springs. Resort.
TrIassIc rocks.

68 Hammam Sidi Djaballah____ 31.6; 37.1 ---------- '"
Na, SOh OL ________________ ------------------------------ 2 springs. Water used for bathing

Rel.2432.

" Hammam Sidl Trad.. ____ ..'___ 60. 7; 63.9 ---------- 424 oe, Nil, HOO3, OL ________ ------------------ _. --._------ Do.
.70 Ain Sidi el AdJene ___________ 34.9; 35. 6 50 612 Oa, Na, HC03, S04, 01 _____ ------------------------------ 2 sPrinf:' Water used for irrigatlo

------ Ain Djeraba_________________
-----Warm- ---------- ------------ ------------------------------ ------------------------------ Water sulfurous.

------ Ain Kcar el Tir._____________ ---------- ------------ ------------------------------ ------------------------------------ Ain 8fa______________________
Worm ---------- ------------ ------------------------------ ------------------------------------ Hammam de la Barbtnata___ -------29--- ---------- --------40r -Ca;Na~-HC03;ci:::::::::: ------------------------------ Do.

------ Hammam Beughara_________ ---------- ------------------------------------ Hammam Bou TIel__________ 40 ---------- ------------ ------------------------------ ------------------------------
------ Hammam Dalsea____________ 35 ---------- ------------ ------------------------------ ------------------------------ Water is sulfurous.
------ Hammam Ibatnen___________ 3&-50 ---------- ------------ ------------------------------ ------------------------------ Water is saline.
------ Hammam Oued Kcob (Sidi 30-36 ---------- ------------ ------------------------------ ------------------------------ Water is sulfurous.

Larbl).
Water is ferruginous.------ Hammam Ouled 'Tebben,___ Hot ---------- ------------

-Ca;Na-:iiC03:ci:::::::::: ------------------------------------ Hammam Sidi M'Cid (Mes- 38 ---------- 778 ------------------------------ Several springs. Water used fo
cid). bathing. Ref. 2437.

------ Megris______________________
30. ---------- ------------ ------------------------------ ------------------------------

Thermal springs and wells in Tunisia
{Data chiefly from ref. 2436]

No.
on
fig.
.3

Name or location
Tempera

ture of
water
(°0)

Flow
(liters
po<

minute)

Total
dissolved

soUds
(ppm)

Principal chemical
constituents

AssocIated rocks Remarks and additional
references

Oa, Na, S04, OL Lower Eocene strata, _

__~ ~ ~ Upper Eocene strata _
____________ Na, OL ~_~ ~ do _

_ ~_~ Oa, HOOI, 804_____________ Lower Miocene strata _
__________ ~_ Oa, Na, OL ~.___________ Lower Eocene strata _

3 springs. Water used for bathing.
3 springs.

2 springs.

Water supply for town.

Water is sulfurous. Used for batbmg,
At octorue Thuburnica of ancient

Romans.
Water used for irrigation.
Water supply for town.

Several springs.

2 springs. Water used for bathing.

Part of water supply for Tun1s
Ref. 2469.

Large deposits of tufa. Ancien
Roman baths.

On seashore.

Do.
Source of water supply.

Source of water supply. Ref. 2480.

2 springs. Refs. 2432,2454,2459, 2487,
2489,2491.

2 springs on seashore.

Ancient Roman baths.
Ref. 2469.

Lower Miocene strata _

Triassic strata _
Eocene strata _
Lower Eocene strata _

Faulted Cretaceous strata__

Oa, Mg, SOl, OL _
Na, 01. _
01', Na, S04, OL _

oe, Na, S04, OL Faulted upper Eocene strata
Oa, Na, SOl, OL Upper Eocene strata _

g:: ~:: ~g:; g{::=:::::::::: :::::S~::::::::::=::=:::::::::

Lower Creteceoua strata _
cretaceous dolomite ~ _
Faulted Cretaceous dolo

mite.

g:: ~:: ~~~,l}C:::::::::=: :::::a~::::::==::=::==:==:=:::Oa, Na, S04, CL ~ do ~ _
Oa, Ne, SOl, Cl ~_~__ Upper Miocene strata _
N a, 0 L ~ ~_____ Alhivium _

Oa, Na, H003 Upper Cretaceous strata _
Na, S04, OL ~__ Jurassle etrata _

Oa, Na, OL _

Oa, Na, 801, OL _

Na , S04, OL _

g:: ~8:,cae -_-_-_-_-_-_-_-_-_-_-_- -_-
Ca, Na, SOl, OL _17,847

-----io;ooo-
1,840

'.00414,825

11,200
11,140
11,567
11,500
11,030 Cs, Na, S04, CL__~ ~do ~_

_____~~~~~~_ ~~~~~~~_~~~_~!~=: :=:=:::::: := :::S~:::::::: ::::::=::::::::
__________________________________~~__~___ _ do ~ _

2,475 Na, OL ~ ~ do ~~__

____________ Oa, Na, OL_________________ Quaternary strata, _
____________ Oa, Na, 01; free HiS Upper Eocene strata ~_
_________~__ _ ~__~ do _
______ ~ ~ _~ __ Alluvium ~_~ _
______=::::: Ca,-Na, 6f;fiee-H2S::~:~==== Upper Eocene strata _

Lower Eocene strata _

240
30

ISO
'00

120
18

360,

0.2

Small
Small
Small

Small
Small
Small

42
Large

"24'

fOS
1,150

75
657

2'
42

11.

60
1.6

180
92

'25
21

"
Small

.5

45..
22

64.6

27

22
47
27

27
27
27
20.5
34

21.5
43; 50

42; 45
60
58
60...
50.2
25..
22

35
39-48.5
39-51

ss
4115;70

30-40..
... s
40

30
26

1 Hammam Ahmed ben Med-
Ioub.2 Ain Zltouna _

3 Hammam el Atrous _
4 Hammam ben Abbes _

5 Hammam Abd el Kader _
6 Hammam el Dherah _
7 Hammam el Ohtaa _
8 Hammam et 'rene Merzoug_
9 Ain el Hammam, at ruins of

Utica.
10 Ain Oued EI-LiL _
11 Hammem Llf (LeeO _

12 Ain Kslaa srtre (Fguil) _
13 Ain el Atrous _
14 Am Chela, at Korbous _
15 Ain Kebfra (Kelbia), at

Korbous.
16 Ain Haraga, at Korbou5.. _
17 Am Sbia, at Korbous _
18 Ain Fakroun, 1 k:m north of

Korbous.
19 Ain Sidi Messaoud _
20 Ain el Okteur, 5 k:m south-

west of Korbous.
21 Ain el Hammam (Tabarka)_
22 Bordj el Hammam _
23 Kef ei Hammam _
24 Aiu el Hammam (KoO _
25 Hammam a e i a h tn e

(Goualdla).
26 Hammam des Ouled ben

Salem.
27 Hammam Selala, 8 km

southwest of Beja.
28 Hammam des Ouchtetas _
29 HammamdesOuledAli _

30 Hammam el Fomoua _
31 Hammam de Bulla Regia,

9 km morth of Sonk et
Arba.

32 Hammam Biada _
33 Hammam des Ouled Abbed_34 Ain Zlga _

35 Ain Dlebel Oust ~_
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Thermal springs and wells in Tunisia-Continued

No.
on
ftg.
43

Name or location
Tempera

ture of
water
(DC)

Flow
(lit",

po<
(m.inute)

Total
dissolved

soUds
(ppm)

Principal chemical
constituents

Associated rocks Remarks and additional
references

Thermal springs in Angola
[Data from rers. 2497,2498]

mountain called Coculo-Cabaza, south of the Kwanza
(Cuanza) River, probably is the Zambi volcano of
Fuchs (ref. 43). There probably are other areas of
volcanic eruptions and lava flows.

The available data on the several thermal springs in
the southwestern part of Angola are summarized in the
table below. The locations of the springs are shown on
figure 44.

No. Tempera-
onftg. Name or location tureof Remarks

44 water (°0)

1 Andulo~_________________________ Hot In volcanic district of Bihi.
2 Ohieuca_________________________ Hot Do.
3 Ochilesa, on banks of Quime_____ 4' Several springs issuing from

(max) fault. Water is alkaline.
Terraces of twa deposits.

4 Montipa, 50 kID northwest of Wann
Lubangc (So. de Bandeira).

On'eouth side of Lunda anti-5 Kitewe, 40 km northwest of Lu- Warm
hangu (Sl!. de Bandeira), cnnel axis between Mas-

samedes and Montipa.
5 North of Pedtva.; _______________ Wann At foot of escarpment.
7 Kambeno,10 kmnorthof Kunene W",m Small amount of HiS.

River and 8.5 kID above river
mouth.

Angola has a rather arid coastal plain 50 to 150 Ian
wide bordering the Atlantic Ocean. From this plain
the conntry rises in irregular steps to rolling well
watered plains of the central African plateau. The
northeastern part drains to the Congo River, and the
southeastern part consists largely of sandy desert within
the basin of the Zambezi River. The highest lands are
in the district of Benguela in the southwestern part.

The central plateau is chiefly of ancient crystalline
rocks, which include granite in some areas. These older
rocks are .overlain largely by Paleozoic sandstone and
conglomerate, and wide areas are covered by laterites.
An upland zone, approximately parallel to the coast,
is largely of granite and other crystalline rocks which
are covered in many areas by ancient sedimentary
rocks. The coastal zone is largely of Cretaceous and
Tertiary formations overlying pre-Cretaceous red sand
stone. Recent eruptive rocks form hills at several
places in the district between the cities of Benguela
and Mossamedes not far from the coast. A volcanic

Large deposits 01 ture, Resort
Ref. 2469.

2 springs and shallow well. Wate
used for bathing. Ref. 2469.

Water used for lrrlgation. Refs.
2480,2491. .

Water used for irrigation.
2 springs. Water used for bathing.
3 main springs. Water used for irri

gation. Ancient Roman baths.
Refs. 2454, 2456, 2458, 2459, 2480,
2487,2491.

Water used for irrigation. Refs.
2487,2491.

Water used for irrigation. Ref. 2454.

2 springs. Water used for irrigation.

Water used for irrigation.
Water used for irrigation. Ref. 2454.

Water used for irrigation. ReI. 2454.
Much free gas. Water used for irrl

gation. Ref. 2459.
Spring and wells. Water used ro

irrigation. Refs. 2436,2439.
Spring and wells. Water used fo

irrigation. Ref. 2454.

Water is sulfurous. Bet, 2454.
Do.

Water used for bathing.
Do.

Water used for Irrtgetlon,

oe, Na, 804, CL do _
Ca, Na, SO., CL ~ Cretaceous atrata.,., _
ce, Mg, Na, HCO" SO., Upper Miocene strata _

01.
535

5,472 ce, Na, 804, CL Upper Cretaceous strata _

19,310 Ca, Na, 80~, CL___________ Faulted Tr~icstrata _

============ g:: Wf,' aI~================ rftS~eC6~~~C:U:~:~a~~:
~~__~ ~~ ~_____________ Lower Cretaceous strata _
____________________~~~ ~_~ ~ do _
____________ Na, CL ~_______ Quaternary strata _
____________ Ca, Mg, 80~, CL ~ Upper Miocene strata _
__________________ ~ Contact of Eocene strata

with underlying Creta
ceous strata.____________________________________~_~~__ Alluvium _

____________ Ca, Mg, Na; HCOa, SO., do ~_~__
01.

405 ce, Mg, Na, HCOa, S04, do _
01.__________~_ Ca, Mg, Na, RCOa, S04, do ~__
01.

~~ ~~_ ~_____ _ ~do ~ _
312 Ctl.Mg, Na, HCO" 804, do ~ _

3,405 Ca, Na, 804, CL ~~~~_do_~ ~

1,92Q Ca, Na, SO.. CL ~ ~ do _

3,369 Ca, Na, SO., Cl ~ do ~ _

_____~ ~_~ ~ do _

I

36 Hammam ZrlbB___~_________ 46 360

37 Hammam Jedidi (Djdidi) ___ 61 830

36
Ain Gercl ___________________ 22 18

" Hammam Mellegue_________ 38 40
40 Source du Trozza Nord______ Wann Small
41 Source du Trozza Sud_______ Wann Small
42 Hammam Sebltne__________ 65 66
43 Hammam Zebbess___________ 36 150
44 Ain Rebaou_________________ 28 4,000

45
Ain FerlanB _________________ Wann Large

45 Hammam Djebel Meich_____ 36.5 Large
47 Ain Sldi Ahmed Zaroug_____ 26.5: 29 420
48 Ain Dar-el-Bey, at qerse____ 31-37.5 9,000

4'
Ain jeeouere _________________

31 1,800

50 Ain NeIta___________________ 27.5-30 70,000

51 Ain el Hamme du Djerid____ 30; 45 Large

52 Ain El Oudiane_____________ 30 '5053 Ain Tozeur (Touzer) ___~_~ __ 'n.5-30 50,000

54 Ain el Bordj _________________ 47 10,800
55 Ain Seba, in El Hamma 39---47.5 Large

oasis.
56 Am el Hamma___~__________ 37-57 Large

57 Ain Saada_~~________________ 29-30 Large

ANGOLA.
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FIGURE 44.-Pnrt of southern Africa showing location of thermal springs in Angola, Bechunnalnnd Protectorate, Burundi, Kenya, xroaem
btque, Northern and Southern Rhodesia, Nyu snlnnd, Republte of the Congo, Rwanda, Tanganyika, and Uganda.
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ThermaZ 8pring8 in the Belgian Congo (Republic of the Congo)
ana Ruan,la-Urundi (Republic of Rwanda and Kingdom of
Bnl'lmdi)-Continued

10 Luama River basin:
Bas!kabusL }Water is sulfurous.
Baaimakule _
15 other springs _

11 Luika River basin:
Th{uesse _
Kilenga _

12 West side of northern part
of Lake Tanganyika:

Uvira }Water is sulfurous.
Mutarnbula _

13 Pakundi, in Lukuga River
basin.

14 . 'I'shapona, between Lo
mami and Luernbe Rivers.

Belgian Congo (Republic or the Congo)-Contin~ed

Remarksand addltlonal
references

Water is saline. Ref.
2506.

Water issues from schist.
Total dissolved solids,
33,360 ppm. Princi
pal chemical constitu
ents: CaSO, (1,791
ppm); CaCI, (3,747
ppm); NaCI (18,494
ppm). Ref. 2506.

Water is hot and sul
furous.

Water and petroleum.
Water is saline.

Name or location

Water, 60°C, rises in
bathing pool. Much
free CO 2• Large de
posit of tufa. Ref.
250\.

Ulindi (Hindi) River basin: .
Nyaluindja }
Lualatshi Water is sulfurous.
Lubuka _
Eight other springs _

Ruzizi River valley:
LuwangL _
Luvungi _
]dokindwa _
~inyove _

Elila River basin:
Mount Kasongo }
Pene Kabonde________ Water is saline.
Tchavula _
Kitutu Water is sulfurous.
19 other springs _

Lualaba River valley near
Kibombo:

Kibimbi _
Lufubu, on left bank

of river.
Piani Mtmba (Pene

Sipo) group, 12 km
west of Lufubu
spring.

Vicinity of Lake Albert-Con.
Mount Laba _
Goda _
Pandju _

Semliki River valley:
Zumbia (Kwaniwa?), Ref. 2590.

on west side of val-
ley.

East side of valley
near base of Mount
Ruwenzori:

Molinglingo }
Katuka Water is sulfurous.
Vyatungo _
Mutwanga _

Bitagoha (Rutchuru), near
Lake Edward.

Lowa River basin 14 springs.
Lake Kivu volcanic area:

Sake _
Katana (Kakondo), on Large deposits of tufa.

border of lake.
Luiro _
Near Kahusi volcano__

7

6

9

8

3

4
5

2

No. on I
fig. 44

BELGIAN CONGO (REPUBLIC OF THE CONGO) AND
RUANDA-URUNDI (REPUBLIC OF RWANDA AND KING

DOM OF BURUNDI)

The Belgian Congo or, since gaining its independence
in 1960, the Republic of the Congo, occupies a large
part of south-central Africa and is nearly all within
the basin of the Congo River, which forms a part of
the western border of the country. A comparatively
small area in the northeast is tributary, through Albert
Edward Nyanza [Lake] and Lake Albert, or Albert
Nyanza, to the Nile River. Cliffs several thousand feet
high along the western shores of Lake Tanganyika and
Lake Kivu mark the great Western Rift Valley.

The Mfumbiro, or Kirunga, Mountains consist of
many volcanic peaks, and north of Lake Kivu are lava
flows that extend across the Western Rift Valley and
form the drainage divide between the basins of the
Congo and the Nile Rivers. The highest peak rises to
an altitude of nearly 15,000 feet; this and several other
high peaks are snow-covered during part of the year.
In the southeastern part of the colony are several minor
ranges. The coastal area. at and near the month of
the Congo River is bordered by highlands through
which the Congo passes in rapids to the ocean. Nearly
all the remainder of the great river basin is of rolling
uplands thatform part of the central African plateau.

Ruanda-Urnndi or, since June 1962, the Republic of
Rwanda and Kingdom of Burundi occupy a part of
the plateau on the east side of the Western Rift Valley
between Lake Tanganyika and Lake Kivu. It includes
a part of the valley and its eastern escarpment and also
a part of the lava area along the south flank of the
Mfumbiro Mountains.

Crystalline and metamorphic rocks considered to be
of Archaean age are exposed in the mountains of the
southeastern part of the Republic of the Congo and
also near the coast. In both regions the basal rocks
are overlain by sandstone and grit intercalated with
thick layers of lava. These rocks may be part of the
thick Karroo system of Permian through Jurassic ages.
Nearly all the plateau region also is underlain by the
Karroo beds. Near the coast are marine strata of Cre
taceous and Tertiary ages.

Data on the thermal springs in the Republics of the
Congo and Rwanda and in Burundi are given in the
table below. The locations of the springs are shown on
figure 44.
ThermaZ 8pring8 in the Belgian Congo (Republic of the Congo)

ana Ruanda·Urund:j (Republic of Rwanda and Kingdom of
B1tTnndi) .
[Data chlefly fromref. 2508. Location of unnumbered sprlng not identified}

1 Vicinity of Lake Albert:
Kaswa Water is hot and sul-

furous. Deposits of
sulfur.

No. on I Name or location Remarksand additional
fig. 44 references

Belgian Cong? (Republic of the Congo)
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EGYPT. LIBYA. AJ;"U) SUDAN

ThermaZ springs in the Belgian Congo (Repu,bUc ot t1~e Congo)
and Ruanda-Urundi (Republic of Rwanda ana K~nudom ot
BUTundi)-Continued

1 Mashiosa, in Lake Kivu
volcanic area _

2 Ruzizi River valley:
Kisange _
Luha _

Between the Nile River and the Gulf of Suez, the
Eastern, or Arabian, Desert consists chiefly of stony
plateaus of Tertiary and Cretaceous strata. Older
rocks are exposed in a few places. A mountain chain
that borders the west shore of the gulf is largely of
granitic rocks and is flanked on the coastal side by a
narrow band of Tertiary strata that contain thick
masses of gypsum in some places. Farther south, be
tween Aswan and the Red Sea, the coastal mountains
are largely of crystalline schist with intrusions of gran
ite, diorite, and porphyry. The uplands west of Aswan
are underlain largely by Nubian sandstone that is con
sidered to be chiefly of Cretaceous age. In northeast
ern Egypt, the northern part of the Sinai Peninsula
is composed largely of Cretaceous and older strata that
are somewhat folded and are bordered by Tertiary
strata. The surface rises southward to the high gra
nitic mountains that form the backbone of the peninsula.

Part of the coast of northwestern Libya is low and
sandy, and other parts that border the Gulf of Sidra
are low; but much of the shore is bordered by cliffs that
rise to coastal mountain ranges. These extend some
distance inland to the plateau areas of Cyrenaica, or
Barca, in the northeast, and Tripolitania in the north
west. From the eastern uplands the surface descends
to the Libyan Desert, which occupies most of the south
eastern part of the country. From the Red Hammada
of the western plateau region, the country descends
more steeply to the depression of Fezzan, which occu
pies the west-central part of Libya. Much of this area
is below sea level, but rises southward to the higher
lands of the Sahara Desert. The Barca plateau region
is chiefly of Miocene limestone whose strata are some
what folded. The northwestern uplands are largely
of Cretaceous rocks, but Recent eruptives are reported
in some places, including Takut (Tekuk) and Manterus
volcanic peaks. Rocks of late Paleozoic age have been
found in the Fezzan depression.

In the Cretaceous uplands are several oases with
water of good quality at shallow depths. There are
springs and flowing artesian wells at Ghadames and
perhaps in other oases, but none are classed as thermal.
Some oases with shallow water are in a long depression
south of the Barca plateau. In the higher southeast
ern region, especially the Kufrah district, several large
oases are spaced along a zone that extends for 300 Inn
northwest-southeast. Water of only normal tempera
ture is reported to be obtained in these places.

The entire length of the Sudan is traversed by the'
Nile River, but away from this stream and its main
tributaries water is very scarce. The Nubian Desert in
the northeast is a southern extension of the Arabian
Desert of Egypt. Much of the northern region is an

Remarksand additional
references

Several springs. Water
temperature about 60 0

C. Much free CO2.

Ref. 2501.

Name or location

Belgian Congo (Republic of the Congo)

Luvua River basin:
KisabL__" }Water is saline.
Luona _
MbalaL __. _
Sanga _
Luiboso _

West side of southern part
of Lake Tanganyika:

Rutuku }
Kayungwa__. _
Kakonta Water is saline. Ref. 2502.
Kianza, near Tampa.__
N'Ganza _

Vicinity of Lake Upemba:

~:{~~~:::~==========}Water is sulfurous.Konkula _
10 other springs _

Lufira River basin:
Moashia., :.
Tanda Mukola _
Kashiba _
Basurnba _

Manjakito faultc , _

Ruanda-Urundi (Republic of Rwanda and Kingdom of Burundi)

16

17

15

18

Egypt, Libya, and Sudan comprise a large part of the
desert region of northeastern Africa.

The northwest coast of Egypt is bordered largely by
cliffs, which rise to an uneven plateau on which are de
pressions occupied by minor oases. Nearly all the re
mainder of the country west of the Nile River is occu
pied by the Western, or Libyan, Desert. In this desert
region are several large oases, notably those of Dakhla
and Kharga, within which are natural springs. Water
also is obtained from bored wells sunk to depths of
100-150 meters in sandstone. Flowing artesian water
is obtained in some places.

The eastern part of Egypt is traversed for its entire
length by the Nile River. The narrow Nile Valley
below the Aswan (Assouan) dam, the Fayum area west
of the Nile, and the Nile delta lands are supplied by
irrigation canals from the river; these agricultural
lands, however, constitute only about 3 percent of the
total area of the country. The remainder is desert.
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area of rocky mountains and' plateaus of crystalline
rocks which are overlain in many places by Nubian
sandstone of Cretaceous ( !) age. West of the Nile, a
great plateau region forms part of the Libyan Desert.
This region contains several oases, but water from the
wells in these oases is reported to have only normal
temperature.

Several hot or warm springs are present in Egypt.
Three localities of warm springs have been reported in
Libya, and warm springs issue at one place in the valley
of the Nile near the north border of Sudan.

The available data on thermal springs in Egypt,
Libya, and Sudan are summarized in the table below.
The locations of the springs are shown on figure 45.

Thermal springs and. wells in EgVpt, Li'blla, and Sudan

[Data chiefly from ref. 2521. Principal chemical constituents are expressed in parts per million]

No. Temper- Flow Total
on Narneor location eture of (liters dissolved Principal chemical Associated rocks Remarks and additional references

fig. 45 water po< solids constituents
(°0) minute) (ppm)

Egypt

8,840 CaO (750); MgO (424); S03
(981); NaCl (6,142).

Mg, Na, SOf, CL~~~~~~~~~~~ Eocene umestona.; , ~.

Oe, Na, SOf, CL ~~~~~~ Pleistocene deposits over-
lying faulted middle Eo
cene limostone.

Issue from sand dunes. Known as
"Springs of Moses." Water used for
irrigation and refreshment of caravans
Refs. 2512, 2544; also field notes of G
A. Waring.

M:tnK~~r~~~li~;. 4~oe~S~I?,t~fa~~~r~i
Pharoah." Water has petrourercue
odor; may be partly sea water. De
posits of sulfur. Refs. 2512, 2522, 2524
2805.

Several springs at base of hill. Kno'WI}
as "Baths of Moses, the Master.'
Water used for irrigation. Ruins 0
ancient baths. Refs. 2512, 2515.

2 springs. Water used for irrigation
Refs. 2528, 2805.

Water issues from top ofsandy mound in
center of depression; sulfurous but
palatable. Ref. 2511.

Probably Ain Sheikh Mawhub, 10 ktn
west of EI Kasr. Refs. 2528, 2805.

Water level in pool varies with height 0
Nile River; no surface outflow. Ref
2516.

3 main springs and 15 wells. Springs
developed before 1600 B.C.; wells
drilled in recent years. Bathingresort.
Refs. 2510, 2517, 2523, 2525.

Springs rise in several pools near base of
fault scarp. Ref. 2526; also field notes
of G. A. Waring.

Faulted Cenomanian marl
and limestone (Upper
Cretaceous).

Nubian sandstone (pre
oreteceoust).

Cretaceous strata, ~~ ~_

Cretaceous sandstone, _

Upper Cretaceous limestone
and Jurassic sandstone;
faulted.

)

AllUviUlD overlying marine
Tertiary clay.

Faulted Eocene sandstone
and limestone.

CaCOI (1,034); H2S0~ (1,
036);NaCl (6,347).

sio, (60); CaO (476); MgO
(94); S03 (483); NaCl
(1,755).

sro, (24); CaO (640); MgO
(97); S03 (555); NaC!
(3919).

CaD (1,760); Mg (544); S03
(598); NaCI (14,320); free
HIS.

5,600

9,330

3,250

16,480

120,000

4,890
25,126

6,800

165

Small

Large

Moder
ate

Consid
erable

No. 2.___________________ 17

6 Hammam Saldna Musa 25
(Moussa), 3 km north of
Tor.

7 Bewlttl, near EI Kasr in 33.7; 34-. 2
Bahariya Oasis (Oasis
Parva).

8 Ain Dalla, 60 km west of Warm
Farafm Oasis.

9 Near EI Kasr (Qasr). on 39
north border of Dakhla
Oasis.

1) Hammam Faraun, on gulf 71
shore. . (max)

2 HelwAn (Helouan lea Bains). 23-M
25km south of Cairo and 4
k:m east of Nile River.

3 Am Sukhno., 50 kIn south- 33
west ofSuezand 2km from
shore of gulf.

" Ayun Muss, 25 kIn south
east ofSuez:

No. L___________________ 17

1 AineISira,nearCalro______ 40

Libya

1 D~8, near crest of Tarhuna W"",
~-~-~----- --------~- ~-~~~-~.------------~~-~-~-~-- -~----~~---_._~--~----~~------ Water Is ferruginous. Ref. 2527.

ountains and 75 km
southeast of Tripoli.

2 Wadi Deruah , _~________~. __ Warm
-----.--~- ---~------ ----------~--- ---~ --------~--- ._._~~--~--~------- ------.---- Extensive deposit or tute. Ref. 2519.

3 Marada Oasis:
Am ,1 B~hl•.••••.•... 29-30

~-----~--- ---------- ----------------------~-~----- ------~~---~ ----------------~- lR'!. 2513.Am ez Zan a ____________ warm
-~---_. --- ---------- -----------~---_._-_._-- -~-~-- ------~------~-~ -------------~

Sudan

1 [ AkMhO•••••••••••••••••••••• [



FIGURE «i.-Northern Africa showing location of thermal springs in Egypt, French EquatorIal AfrIca, French West Africa, Libya, Morocco. and Sudan.
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ERITREA. ETHIOPIA, FRENCH SOMALILAND, AND
SOMALI REPUBLIC

Eritrea, Ethiopia, French Somaliland, and the So
mali Republic form the easternmost part of Africa.

The northern part of Eritrea, which forms a rela
tively narrow band along the southwest coast of the Red
Sea, widens to include a plateau region west of the
coastal range, but the southern half is limited chiefly to
a belt of hills and coastal plain less than 80 Ian wide.
This southern part, which lies within the great East
African Rift Valley zone, contains large areas of arid
plains in which are several lakes. Much of the drain
age from regions farther south and west ends in salt
plains and basins in this region, some basins being
below sea level. In this part of the rift zone are also
many lava flows and volcanic mountains. Southeast of
Asmara a great lava field, extends north and south from
Alid volcano; farther southeast are several volcanoes
that have been active in recent years. The mountains
of the northern part of Eritrea are chiefly of gneiss and
schist, whereas the plateaus farther, west are largely of
thick formations of sandstone and limestone, probably
of Cretaceous age.

The western half of Ethiopia is a region of high
plateaus above which rise several mountain ranges.
Drainage is chiefly to the Blue Nile River and its tribu
taries. This high region is limited on the east by a re
markably straight north-south escarpment that marks
the west side of the great East-African Rift Valley zone.
Within this wide depressed belt much of the country is
hilly. The Harar Hills form an east-west range that
separates the drainage northward toward the Red Sea
from that of the lower region, sometimes called Abys
sinian Somaliland, whose streams flow south and south
east to the Indian Ocean. In the higher mountains of
the northwest, Archaean gneiss and schist form the
cores of the principal ranges which are flanked by
Triassic( 1) and Jurassic limestone and shale. Large
parts of the plateau regions are covered by igneous
rocks of Mesozoic age. The Harar Hills are largely of
Tertiary limestone. Along the Rift Valley zone are
many areas of Tertiary to Recent volcanic rocks.

French Somaliland is a comparatively small area at
the entrance to the Red Sea and consists chiefly of ele
vated arid plains, mainly within the great East-African

Rift Valley zone. Volcanic rocks border the west end
of the Gnlf of Tajura on whose shore is the seaport of
Djibouti. A chain of saline lakes inland receives the
flow of the principal river in a depression that is more
than 100 meters below sea level. The saline lake of
Bahr AssaI is in this low area.

The Somali Republic, which formerly was British
Somaliland and the Somaliland Trust, forms a scissor_
like band between the eastern section of Ethiopia on the
west and the Gulf of Aden and Indian Ocean on the
north and east, respectively. In the northwestern part,
along the Gulf of Aden, is a coastal plain of considerable
width underlain by marine Cretaceous and Tertiary
strata. This plain is bordered by a coastal range, and
farther inland another range rises to altitudes of more
than 3,000 meters, then lowers southward to plateau
areas. In the northeastern extremity a' high range bor
ders the gulf coast and a rocky coast borders the Indian
Ocean. Farther inland in this area are high plateaus.
Most of the mountain ranges are of granite cut by
quartz veins. The plateaus are underlain mainly by
thick formations of sandstone and limestone, probably
of Cretaceous or earlier age. The ceutral part also
consists chiefly of plateau above which rise several high
mountains. The southern part includes much lowland
along the valleys of the Juba and Shebeli Rivers. The
region from the inland plateaus to the seacoast is under
lain by granite, gneiss, and crystalline schist. Several
areas of Tertiary volcanic rocks are in the southwestern
part. ,

Notes on thermal springs in Eritrea and Ethiopia are
scattered through publications of early explorers. More
recent information is available on several springs in the
northwestern part of the Somali Republic, and a de
tailed report on the hot springs in French Somaliland
was issued by Aubert de la Riie (ref. 2530). No ref
erence has been found to thermal springs in the eastern
part of the Somali Republic bordering the Indian
Ocean, though the character of the rocks and the geo
logic structure in the northern and central parts seem
favorable to the presence of thermal water along faults
and fractured folds.

The available information on thermal springs in
Eritrea, Ethiopia, French Somaliland, and the Somali
Republic is presented in the table on page 152. The lo
cations of the springs are shown on fignre 46.
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ThermaZ springs ana weZl.8 in Eritrea, l!lthiopia, French SomaUlam..d, and Somali RepubUo
[Loco.tfOnsof unnumbered springs not identified. Principal chemical constituents are expressed in parts per million]

No. Tempera- Total
on Name or location ture of Flow dissolved Principal chemical Associated rocks Remarks and additional references

fig. 46 water (OC) solids constituents
(ppm)

Eritrea

1 Momoullou, 4. km west or 34.3 ------------ ---------- ---------- --------_.---------- --------_.-------------------- Shallow wells. Ref. 2549.
Msssawa.

2 Allet (Allate, Heylll.te), 36 5Q-67.4 ------------ 833 810, (88); Na (196): HCOa Schist and quartzite Intrud- 3 main springs. Water is radioactiv{
sm west of Massawa. (411); SOt (33); Cl (77); ed by basalt. Used for bathIng. Refs. 2544,2541

free CO2. 254.9-2551.
3 Ali-Rasa, 15 km southwest 52.5-60 •www ________ 74• sio, (81); Na (168); HCO, Schist intruded by igneous 2 mainsprings. Water is radioactler

of Ailet. (276);SOt (102); Cl (80). rock. Used for bathing. Refs. 2550,255:
4 Atzfut, at Hatefete, 3 sm 44 ------------ -------.-- NaSOi, MgSOi~ww__________ Cellular lava______~_._w _____ Refs. 2534,2549.

from ruins of Adulis and
0.5 km from seashore.• Gue~ 3 km east of Adulls 58.4-69.8 ________ ww __ _.-------- ____ ww __w__•_______~w_______~~ Leva.,_____ ~ _~w _________w__w 18 s~rings issuing at base of extin(
an near seashore. vo ceno. Inundated by high tldl

KomaU (KomBlyi), near
Refs. 2433, 2549.• W""" -----------~

___~_www_w W___._www__w_____________ w_ •__ _______w_________ ~__~w________ Shallow wells. Ref. 2534.
Annesley Bay and 10 km
from Zula.

Ethiopia

1 Bend of Casam River_______ 55
----------~~

_w_w_ww.w_ ________________________~_ww_w ________ ~w_w ________~_ww ______ Several springs :flowing into grove I

palms. Water used for bathinl
Ref. 2539:

2 West shore of Lake Tasana Hot __w_________
---------- __Ww .w____________________ ww_w _ww _________ w_ww ____________ ww 25 springs in large crater. Water

(Tsana, Tana, M'w suHurous. Refs. 3D, 2049.
Woutan).., Goramba, near Mahadera 52.5 ____~w_w ____ ww ________ _____ ~ _~_____ ~__~__w___w______ ____~w www ________~~w _w ________ Ref. 2546.
Mariam.

4 Winus Aggie and Sat Al- 40; 60 ------------ ____~_ww __ ___________________________ w_w ____________ w_ww __________w__w 2 springs. Ref. 2546.
lenga, 15 km from Go-
ramba.• Wayra, in Nile River valley Hot ____w~______

--------~-

_~______ w____w________________ __ww _________________w_.______ Several springs. Ref. 2046.
below Korata. -

6 Agitta_______w_______ --- -- --- Hot __________w_ _____.w___ __________________________w~__ __________w__w_____________w__ Do.
7 Dl1bbi, on east bank of W""" ----------~-

____ w___ ww __Ww __w___ ww __________________ ____________w~_._w ____________ Many springs. Water Is slightl
I'sser River. saline; much free COl. Ref. 253

8 Dernbitcha (Dembecka), in W"""
________ ww __ ------------------------------ ____________•_______w_______ w_ Several springs. Ref. 2546.

Nile River valley. -• St. Abbo (Sidano?) and 37 _w __________ _______ ww _ _~ _~_w__________w_______w_____ ____w__w________ ~_w__~_______ ~ 2 springs. Water Is tasteless an
Holy Virgin, near Dofane odorless. Refs. 2532,2545.
volcano and 80 km north,
northeast of Ankober.

10 Sirke (Sirge), at base of the Hot -------_._-- ._-------- w____________________________w
--------~--------------------- Several springs. Refs. 2531, 254S.

Galla Hills near Errur

11
(Erer).

Lake Stefanie _______________ Hot La"" ---------- ~___w___w___ ww __•_____________ __ww __________w_____________ w_ Several springs. Water Is brackls
Ref. 2538.

------ Near Aito HiIL_____________ 45-48 ------------
__w_______

------------------------------ Red sandstone______________ 4 wells (Aragawl, Selassie, Marlar
AbbO). Small amount of H2

Foot of Finfini Mountains__.
Water used for bathing. Ref.253_w ____ Hot ------------ -----._--- ____•________ •__w.____________ ---------------------- -------- 3 wells. Water is sulfurous. RI
2540.

------ Tu'hou, between Owssa and H<>t ------------ ---------- ----------------------------~- ------------------------------ Several springs spouting to height
Gondah. several ft. Deposit of hard whl

material (siliceous sinter?) arour
outlets. Ref. 2541.

French Somaliland
[Data chiefly from rer. 2530}

Issue at base of cliff.

Water is brackish.

water ts slightly saline.
Water is very saline and sulfurur

Used for bathing.
Several springs. Water is potabl

Water Is potable.

About 160 meters below sea leVI
Ref. 2535.

About 160 meters below sea leVI
Water is saline. Large deposit
travertine. Ref. 2535.

Ref. 2535.

Sulfurous and aqueous vapor tssut
from fumaroles along a line 4
meters long. Encrustations
gypsum and kalinite.

Large deposit of travertine.

______________ ~ ~ ~ •• __ _ Rhyollte ~__ww33

35

84

34.5-35.8 ~ • • w__________________ Basalt w__

77 .do__w_w _

3 Near Tajura (Tadjourah) ,in
valley of Aiboi.

4 Oueeh, on Oued Madagala,__
5 Near Lake AssaI:

East shore__w ~ _

South shore, w _

5 km from southwest
shore.

6 D~~~?, on plain of Ounda- _. w w ~ ~ _

7 Plain of Hanleh:
Agu~Da.. • ~ ~_~ ~ __~ ~_~___ 2,355 NaHCO; (195): Na2S0, Faulted basalt_w •• ~__
NOli H _ (290); NaC! (1,445).

8 Gar~~er ~~:s..__~~~~:::: -------42:5- :::::::::::: :::::::::: :::::::::::::::::::::::::::::: -~~~~::::::::::::::::::::::
3.6 kin east-northeasL___ 100 ~ ~ do w • _
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Thermal springs and wells in Eritrea, Ethiopia, French Somaliland l and Somali Republic-Continued

No. Tempera- Total
on Name orlocation ture of Flow dissolved PrincIpal chemical Associated rocks Remarks and additional references

fig.46 water (OC) soUds constituents
(ppm)

French SomaUland-Continued

o
o

g Left bank of Oued KourL~__ 46.6 ------------ ---------- -- -.- --.-.-----------------.-. - -----------_.------------ ----
10 Near Dikkll:

Doundoume_____________ as -----.------ ---------- ------ ------------ ---- -------- Rhyolite____________________ Water Is brackish.
Many other sprlni!,'s_____ 2IHl3 ____ PM_PM_PM -.-------- --- ---- --- - ---- ------- --------

-Basait_~=::::::::::::::::::::11 Near northeastshore ofLake 100 ------------ ---.-._--- --------------- --------------- Several strings and fumaroles 8
AbbA. (max) meters a ove lake level.

12 Asbahalto. at base of Badl- 100 ------------ 2,480 CaC03 (109): CaSO~ (485); -- --- ---- ----------_._-------- Large deposit of travertine. AIs
koma piton on east border NaCl (1,648). springs issuing at bottom of lake
of Lake Abbti. SulIurous odor.

18 Calangalata, near south end ------------ ------------ ---------- -------------- ---------------- ---------------- --------------
orLake Abb6.

sOmali ~ItDblic
[Data chiefly from ref. 2M2}

e,
6.
Is·

1·

1 Dubar (Dthubar), 13 kIn ,..., ------------ ---------- -- - -- --------------------- - --- Nubian sandstone___________ Mariysprings. Waterls unpalatabl
south-southeastofBerbera. tastes strongly of iron. Ref. '"2 Blyo Gore, in gorge 16 kIn ''-54 -----.------ ._-------- ------- --- ---- -----.---------- _____do___..__________________ Several small springs within a d
east-southeast of Berbere. tance of 2 km,

3 Bihen Gaba, 70 Ian eas " Large ---------- -------------------_. --- ------ _____do_______________________ 3 main springs. Water is mtnera
of Berbera. ized but potable., Huguf, 105 kIn east-south- '" Moder- ---------- ----------- ------------------- _____do______________. _______. Issues at base of escarpment.
east of Berbera. ateiy

large

FRENCH EQUATORIAL AFRICA, FRENCH WEST AFRICA,
AND NIGERIA

The northern parts of former French Equatorial
Africa (since 1960 the independent nations of the Cen
tral African Republic, Chad, and the Congo Republic)
and French West Africa (since 1960 the independent
nations of Dahomey, Guinea, Ivory Coast, Mauritania,
Niger,Senegal, Sudan Republic and Upper Volta) are
within the Sahara Desert. The coastal parts of these
former territories are better watered, as is also much
of Nigeria.

The former French Equatorial Africa has a coastal
band of marine Cretaceous and Tertiary sandstone and
limestone that extends inland to the higher areas where
ancient sedimentary strata overlie granite and meta
morphic rocks. In the northwest, these ancient strata
are covered largely by the Saharan sand and gravel.

The former French West Africa has a wide zone of
uplands composed of granite, gneiss, and crystalline
schist. In the west and southward toward the coast,
the basement rocks are covered by Paleozoic and older
sedimentary strata. A comparatively naITOW belt
of Quaternary and Recent deposits borders the ocean.
The north and northeastern parts are largely covered by
desert sand and gravel, although ancient rocks are ex
posed in the higher areas.

Nigeria has a comparatively wide coastal band of
post-Tertiary marine deposits, and there are extensive
alluvial areas along the lower courses of the main rivers.

Thehills and mountains farther inland are composed
of ancient sedimentary rocks that rest on: the granite
and metamorphic rocks exposed in the higher lands.

Extensive areas in Nigeria receive very little rain,
and so small an amount Of water gets underground that
there are very few springs. The geologic conditions
also do not seem favorable to the presence of thermal
springs, as there are no extensive areas of faulting or of
volcanism. There may be a few slightly thermal
springs and wells, but no specific ones seem to be
recorded.

The location of thermal springs in the former French
Equatorial Africa and the former French West Africa
are shown on figure 45 and data on them are given in
the table below.

ThermaZ 8prings in the former French ElquatoriaZ Africa and
the former French West Africa

No. Tem- Flow
on pera- (liters

Remarks and referencesfig. Name or location ture of p"

" water mln·
(0 C) ute)

Former French Equatorial Africa

1 1 Yerlke, in volcanic crater in 1- 1 1Noted for jets of vapor and
TibestI Mountains of Chad. deposits of sulrur. Refs.

2432.2557.

Former French West Africa

1 Tafadek, 50 km north of 50.4 60 Issues from crystalline schist
Agades (Agadez) in Niger. intruded by granIte. Water

is sligbtly sulfurous. Used
for bathing. Ref. 2556.

2 Near Nunez River, down- -------- ---.-- Several springs. Ref. 2554.
stream from WaIkerterla in
Guinea.
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MOROCCO

The Grand Atlas Mountains trend east-northeast
through the central part of Morocco. The smaller
Anti Atlas Mountains are nearly parallel on the south.
Beyond them is the northern part of the Sahara Des
ert. The Atlantic coastal line of French Morocco is
remarkably smooth and has very few bays. The low
slopes of the coastal area, which are underlain by Ter
tiary and Cretaceous strata, rise inland to areas of
Paleozoic rocks. The highest parts of the Atlas ranges
are of ancient schist, slate, and crystalline limestone
which are folded and intruded by basalt and diorite.
In some areas crystalline rocks are overlain by great
thicknesses of limestone, sandstone, and conglomerate
chiefly of Silurian and later Paleozoic ages. Paleozoic
rocks are exposed in a broad zone along the southern
flanks of the Anti Atlas Mountains and extend into

the Sahara Desert where dry or marshy saline lake beds
(shats, or chats) are present. The coast of former
Spanish Morocco extends for about 200 miles along the
Mediterranean Sea. It is bordered by the rugged Rif
hills, which generally end in sea cliffs, and is interrupted
in some places by lowlands at the mouth of stream
valleys, especially at the Bay of Alhucemas and the
salt marshes of the Mar Chico" south of Melilla. The
bordering hills are of marine Tertiary and Cretaceous
strata, but Paleozoic rocks are exposed in the highest
areas. Jebel Musa, of Tertiary and Cretaceous strata,
overlooks the Strait of Gibraltar nearly opposite Jebel
Tariq (Gibraltar) on the north side, which is of Juras
sic limestone and shale.

Only a few references to thermal springs in Morocco
have been found. The locations of the reported springs
are shown on figure 45, and the available data concern
ing them are summarized in the table below.

ThermaZ 8pring8 Vn Morocco
[Locations of unnumbered springs not identIfiedl

No. Tempera- Flow Total
on Name 0' location ture 01 (liters dissolved Principal Associated rocks Remarks and references

ftg. 45 water po< soUds chemical constituents
(00) mlnute) (ppm)

1 Guad Bu Azum (Beni Tuzln) _____ ---------- ---~------ -~-------- -- ------------- -- ---- --~--------
-Tri9Ssic-straiB~~================

Ref. 2569.
2 oueeaen (Wenan) ares ____________ ---------- ---------- ---------- --- ----------- --- ---------- ----- Several springs. Ref. 2563.
a AIn Bon Kebrit, on bank of Oued

-----~~~-- ---------- ---------- ------ --- ------~---------------- Contact of Helvetian marl (mid- Ref. 2560.
Rdom (Redem). dle Miocene) and overlying

Beni Amar beds.• Along Rio Sebu near Fez:
Aln Kebrlt dn Tselfat_____ ~___ }

Hot -~-------- ~----------- ---- -~~--------- - --- ------- -- ---- ~-------------- - ----~ weteetasutturous. Ref. 2560.Mouley Idriss_________ ~_______ ----------
Mouley Yacoub __ ~____________ 52 950 31,540 Na (S,747ppm)j K (l,Ob5ppm); -------- -- - ----- --- ~---------- - --- 4 springs. Waterissulfurous

HC03; Cl (17.150 ppm). pH,6.2 Rer. 2560, 2565,
2571.KhauIanL __________ __~~_______

}---------Vescateta_______ ~____ _________ ---------- ~--------- -------~--------- - -------------- ------------ --------------- ---- ---
Abi-Jaqubi (Abu Yaeoub)~.~__ Granite ___~____ _________________ Refs. 2564,2566., {AIn Lata Ata, near Oulmes________ 40

--------------~----------------~Atn Karouba, near Oulmes ________ ---Warm- ------------ ---- --- - --- ----~---- -jurasslc--stTati--or --e-rystallble-
Ref. 2564.

5 AIn SOUkhn~ near Ben Raehed
-----~------ ------------------- Do.

(Ber Reshi ). reeks.
7 Near Figig (Figuig) _______________ a 1,300 Ca. Na. HC03, SO(, OL ______

-OoorgiSii--umestoiie---(Middle-
Ref. 2568.

s Abeino, in Sud de Tiznit________ ~_ 35 Ca, SO( ___________________ ~___ Ref. 2562.
Cambrian).

------ AIn Haute (Elschquelle)___________
---~---50- ------~--- ---------- ~~-------------~--------- ------- ------- -------~---------------~--- Ref. 2433.

------ Bon Hadschar, on coast. __________
---~------ ---------- -- -------~~------------- -------- - ------ ---~---------------~------- Do.

SOUTHERN AFRICA
(Bechuanaland Protectorate, Kenya, Mozambique, Northern

and Southern Rhodesia, Nyasaland, Tanganyika, and
uganda)

The northern and central parts of the Bechuanaland
Protectorate are within a great plateau region, but they
are undulating to hilly and contain many shallow lake
basins. Some of the lakes drain to the Zambezi River;
others form large brackish marshes without permanent
outlets. Most of the southern part of the Protectorate
is occupied by the great Kalahari Desert beyond which
the drainage is southward toward the Orange River
and eastward to the Limpopo River.

Ancient crystalline and metamorphic rocks are ex
posed over large areas in the east and southeast. Other
extensive areas are underlain by marine sedimentary
strata of the Karroo system intruded by volcanic dikes
and lava flows. These rocks range in age from Per-

mian through Jurassic. There are some fresh-water
Tertiary deposits in the desert areas, but most desert
lands are covered chiefly by saline marl, sand, and shift
ing sand dunes.

Kenya borders on the Indian Ocean. The coastal
plain is narrow in most places, and only a few miles
from the shore the land rises rapidly to plateau regions
which occupy nearly all the eastern part of Kenya.
Near the central part Mount Kenya, a denuded volcanic
mass, rises to an altitude of 17,040 feet and glaciers
extend down from its principal peaks. Between the
coast and the city of Nairobi, the plateau region is
partly interrupted by hills and low. mountains. West
of Nairobi, the great East-African Rift Valley, or East
ern Rift Valley, cuts deeply below the plateau and ex
tends northward. It contains several small lakes. The
brackish Lake Rudolf occupies a considerable part of
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the Rift Valley farther north. East of Lake Rudolf
extensive arid lava plateaus rise to mouutains also
mainly of lava. Along the north border of Kenya, an
escarpment rises to higher lands in Ethiopia. In the
northeastern part are arid high plains. On the south
west border Lake Victoria occupies a broad depres
sion considerably below the main plateau areas.

Gneiss and schist form the cores of some of the lesser
mountain ranges, and ancient quartzite is exposed in
some of the hilly areas. Plateau regions of Kenya are
chiefly of ancient crystalline rocks overlain by great
flows of lava that is considered-to be of post-Jurassic to
Recent periods of effusion. The upland plains near
the sea coast are of Triassic and Jurassic strata. The
coastal plain is underlain largely by raised coral beaches
and alluvium. A nearly continuous belt of volcanic
rocks extends across the region from the northern to
the southern border. Earlier lavas from fissure erup
tions along and parallel to the Eastern Rift Valley
generally are covered by eruptions from the volcanic
mountains, some of which still emit vapors and steam.

Mozambique also borders on the Indian Ocean. The
western part of this country rises to a plateau region
of granite, gneiss, and schist, which are overlain ex
tensively by beds of the Karroo system and associated
basalt layers, especially in the lower part of the Zam
bezi River basin. Much rhyolite is present in the Le
bombo Mountains on the southwest border of the coun
try. Marine Upper Cretaceous rocks are exposed along
parts of the coast from Delagoa Bay to Mozambique
city. Eocene limestone has been recognized in the
south-central portion.

Northern Rhodesia 4 covers a part of the high plateau
of central Africa and is mostly within the basin of the
Zambezi River. A part is drained by the Congo River
through Lakes Mweru, Bangweulu, and Tanganyika!
Ancient granites and metamorphic rocks directly under
lie a great part of the region, but in the east these rocks
are covered by beds of the Karroo system. A wide,
thick sheet of basalt belonging to this system is exposed
in the gorge of the Zambezi River at and below Victoria
Falls. In the northwestern part of this former colony
are extensive areas of white sandy beds, probably de
posited in a former large lake.

In Southern Rhodesia the highest part of the plateau
region forms a northeast-southwest drainage divide be
tween the tributaries of the Zambezi River. that flow to
the west and north and streams that flow south and east.
The east boundary of Southern Rhodesia follows ap
proximately the border of the plateau from which the
surface descends through mountainous ridges to lower
lands. Most of the region is underlain by ancient meta-

'In 1964 Northern Rhodesia. became Zambia; Tnnganyika with Zanzi
bar became Tanzania.

morphic rocks. Some areas are underlain by rocks of
the Karroo system. Extensive faulting has taken place
near the southeast border, but there has not been much
development of volcanism in geologically Recent time.

Nyasaland (Malawi) is largely a region of high
plateau, but is broken by the Eastern Rift Valley from
which Lake Nyasa drains to the Zambezi River. The
ancient metamorphic rocks of the plateaus are in part
overlain by beds of the Karroo system, and in some
places they are covered by Quaternary lava. Volcanism
is present within the rift valley.

The coastal plain of Tanganyika is generally low and
.sandy and 10 to 30 miles wide. From the plain the
land ascends steeply to plateaus, above which rise sev
.eral mountain ranges. The highest plateaus are in the
southwestern part, but the highest mountains are near
the northeast border where Mount Kilimanjaro rises
to an altitude of 19,321 feet. It is the highest mountain
in Africa and has snowfields and several small glaciers.
Lake Victoria, on the north border of the country, lies
in a basin below the mean plateau levels; Lake Tan
ganyika, on the west border, lies at the base of cliffs sev
eral thousand feet high that mark the Western Rift Val
ley. On the southwest border Lake Nyasa occupies the
deep depression of the Eastern Rift Valley. North
ward along this great depression in the plateau region
are several small alkaline or saline lakes, including
Natron Lake near the north border of Tanganyika.

Much of the plateau country south of Lake Victoria
is underlain by granite, but most of the central plateau
region is of metamorphic rocks. In some places, along
faults of the rift valleys, there are beds of sandstone
and shale that may belong to the Karroo system. The
plateaus near the coast are underlain by marine sedi
mentary strata of Jurassic to early Tertiary ages. The
uplands bordering the coastal plain are covered by up
per Tertiary and Recent deposits. The plateaus in the
region of the volcanic mountains near the northeast
border of Tanganyika are chiefly of pre-Tertiary lava,
but farther west many volcanic mountains and lava
flows of Tertiary and later ages are present along the
Eastern Rift Valley, especially near Lake Manyara and
Natron Lake.

Uganda is in part a lake region. Lakes of the West
ern Rift Valley lie along its western border and Lake
Victoria is on the south. The Ruwenzori Mountains in
the southwest form a high partly snow-covered range,
and other high peaks rise along and near the eastern
border. Much of the central and southwestern parts of
Uganda consists of plateau lands that are arid in the
north but are well watered in the south where there are
extensive marshy lakes.

Granite, gneiss, and schist are exposed over consid
erable areas in the region of the gorges of the upper
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Nile River, but in most plateau areas the basement rocks
are covered by sandstone and shale that probably are
of Paleozoic age. The lava of the Mfumbiro Moun
tains, which cross the Western Rift Valley north of
Lake Kivu, covers the southwest extremity of Uganda
and extends to the flanks of the Ruwenzori Mountains.
Basalt of the Karroo system forms the Ripon Falls at
the outlet of Lake Victoria. Mount Elgon and other
peaks on the eastern border are of volcanic origin, and

much volcanic rock overlies granite in the northern part
of Uganda. Most of the thermal springs that have
been reported are in the lava areas, chiefly along faults
in and near the Western Rift Valley.

The available information on thermal springs in
Bachuanaland Protectorate, Kenya, Mozambique,
Northern and Southern Rhodesia, Nyasaland, Tangan
yika, and Uganda are summarized in the table below.
The locations of the springs are shown on figure 44.

ThermaZ springs in Bechuanazana Protectorate, Kenya, Mozambique, Northern and Southern Rhodesia, NyfUJaUvnd, TQIJ1..ganyika.
and Uganda

[Location of unnumbered springs not identified. Principal chemical constituents are expressed in parts per million]

No. 'I'empera- Flow Total
on Nama or location ture of (imperial dissolved Principal chemical Associated rocks Remarks-and references

fig. 44 water gallons solids constituents
(°0) per hour) . (ppm)

Beehuanaland Protectorate

, Nungwe, on bank of Chebe Wann -------~----
10,800 Ca, Na. 804, 01...__________ Probably basalt (Karroo 2 main Strings making stream 3 11

(Kwando) River 3 miles beds). wide. epcsrts of common eeu
above junction with Zam- (NaC!). Ref. 2576.
bezi River.

Kenya

------ N~~~fi~t~.es south 01 Hot
---~-------- ---------- --------~--------------- ------ -------- -------~--------------

------ Near small volcano about 30 Hot ------------ ---------- -------------------------~---- Probably lava,______________ Water is mineralized. Ref. 16.
mlles south 01 Mount
Lubur., Vicinity 01 Lake Hanning- 9:Hl5

-~---------- ---------- ----------~--------- ---------- ------------------------------ About 12 springs, of which some an
ton. boiling and some 'ere spouting

Refs. 94 2573, 2574.
2 Vicinity of Lake Naivasha, Ho' ------------ ~-~----~-- --------------------~--~------ ------------------------------ Many springs and fumaroles. Stcan

inciudinfosteam vents on from some vents is condensed fo
Mount ngonot, Eburru water supply on rerms. Refs
Mountain, and Orgaria 2578, 2579, 2584, 2589.
Mountain, and steam
vents and springs in
Njorowa Gorge.

Many springs; small deposits of sodl3 Near Magad Lakes__________ Hot ------------ ---------- Na, HC03 __________________
~---------- -------~-------- --- are worked commercially. ReJ

2609.
------ Lower Molo River valley____ Hot --~------~-- ---------- ------------------------~----- ---- -------~- ----------------- About 12 springs discharging tat

river. Refs. 2573, 2574.

Mozambique

i N... base 01 Sitatonga Wann ------------ ---------- ------------------------------ Probably Frontier beds Ref. 2583.
Range, 1 mile south 01 (pre-Carboniferous).
Lusitu River.

2 At south and 01 Sitatonga wenn ------------ ---------- --------------------~--~------ Probably Karroo beds_______ Do.
Range, i mne trom Busl
River.

3 Shaiva _____________ ~________ W",m
~-~~---~-------------- ---------------------- -------- Karroo beds,________________ Do.

Northern Rhodesia, (zambia)

(Data chiefly from ref. 2583. Some ofthe listed springs near the Zambezi River may have been submerged by water impounded by dem tn Kariba Gorge. Dam constructed
during 1957-69)

Water is slightly saline.

Several steaming vents for 500 yd
deposits ofsiliceoussinter and com
mon salt. Ref. 2575.

Several spouting springs; large de
posits of tufa and sinter. Refs
2577,263l.

Several springs; flow would fill a 3
in. pipe. Deposits of sntceow
sinter. Ref. 2631.

Many springs in two groups 5 mile
apart. Ref. 2594.

Spouting springs. Ref. 2577.
Ref. 2631.
Water is slightly saline.

Granite _

Lava (Upper Kerroc beds) __

Sandstone (Karroa beds) _

283 Si02 (37): CaCOa (20); NaCl
(61): KCl (165); small
amount of H2S.

14,000

_______________________________________ ~ do _

Large _~ ~ Faulted Karroo beds, 10-
eally altered.

73
(max)

66

32

90
(max)

21>-63

6 Kapesa (Ohetenta), 1~
miles west of Zambezi
River.

7 Manzaia, 1~ miles west of
Zambezi River,

8 Nakuyu, on left bank of
Zambezi River.

9 Chilambwa, Dear Ohedn
River and 5 miles from
Zambezi River.

1 About 40 miles east of Lake 46 ~~______ ~~ ~__
2 Moero (Mweru). (max) ---- -

3 i:~~~~v~~~:~============== -------Hot- =============== ~ ~~~ ~~~ -Na~-SO-i;-rrlucii-i;e-eH;S==~== _=_r_o_~~~~:_ ~~~!~=~=~~~ ~~~ ~~==4 Kabwlli eeze, 18mllessouth- 21 ~ ~ Probably Karroo beds _
west of junction of Kafue
and Zambezi Rivers.

5 Goa geysers, near snome. _I
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Thermal spring8 in Bechuanaland Protectorate, Kenya, Mozambique, Northern and Southern Rhodesia, Nyaaalanil. Ta:nganyiko"

and Uganda----Continued

No. Tempera- Flow Total
on Name ortceeeton ture of (imperial dissolved Principal chemical Associatedrocks Remarks and references

fig. 44 water gallons soUds constituents
(°0) per hour) (ppm)

Northern Rhodesia, (zambia)-Contlnued

n10 Chllundu~mllebmowjun~ 31 ._--------.- ---------- ----------.------------------. Probably Karoo beds_______ 3 main springs, 100yd apart. ame
non of ngwe and zem- (max) deposits of sinter. Refs. 2631, 2634
bezt Rivers.

11 About 37 mnes north of Tepid ------------ ____ ow_ow. __ .-.-0______----------------- -------------------._--------- Small deposits of tufa. Ref. 2577.
Zambezi River, near road
to Monze.

13 About 4 miles north of zem- werm Small
--------~- -- -----~--------- ------------- Folded sandstone___~_______ Water is moderately mineralized

bezi River, near road. Ref. 2577.
13 On left bank of Zam bezi Hot Large ---------- --------------~~- ------------- Basalt (Karroo beds)________ Water is saline.

River.

[Data chiefly from refs. 2575,2583.

Southern Rhodesia

Some of the listed springs near the Zambezi River may have been submerged by water Impounded by dam in Kariba Gorge.
atructed in 1957-591

Dam con-

spouting spring: water is thrown
several ft high.

Water used for bathing. Ref. 2636.

Small amount of free H2S.

Water contains small amount ofH,S
Watering place for cattle. Ref
2631.

2 main springs: deposit of tufa.

Used for small production of salt
Ref. 2631.

Water is potable.

Black mud; small surface flow.

9 springs.

Deposits of Na2S04 and Na2COa.

Small sctreteree. Ref. 2577.
Ref. 2631.

Water is very saline.

6 main sprlngs Iu area of several acres
also other springs, 32°-45°C.

Some free H2S.

Do.

3 springs; part of water supply 0
wensre, northwest of Dett.

3 groups of small springs.

Umkondo beds (Carbon
nerousj.

Probably Frontier beds
(pre-CarbonIferous).

Umkondo beds, faulted
against granite.Grenlte.., _

Contact of granite with in
trusive Kerrco basalt.

Sandstone (Karroo beds).

Probably faulted Karroo
beds.

Archean granite • _

Lower Karroo beds ~__~__

Basalt (upper Karroo beds)_ Water is saline.

Probablay basalt (upper
Karroo beds).

Karroo beds..~~_~~ ~~~__~_

Faulted upper Karroo beds;

Sandy shale (m1ddle Karroo
beds).

Sandy shale (middle Karroo
beds).

Sandstone (Karroo beds)
faulted against Batoka
basalt.

Faulted basal Karroo beds __

368 Na: HCOa; Si02 (84): free do,•• ~ 2 groups of springs, 400 yds apart
H2S. Bathing pool: hotel. Refs. 2631

2636.
273 os, Na, HCOa, S04 _

576 Na, HCOa~ ~ _

756 ce: Na; HCOa; S04 (96):
Cl (300).

622 K (216); Cl (274): 8102 (60); Karroo beds,.,__~ ~~_~_~__~ 8 sprIn~s, 1 of whlch spouts contInu
freeH,s. ously to a helatrt of 7 ft. Deposit

of calcareous-siliceous sinter. Refs.
2577,2580, 2631.

667 Ca; Na; HCOa; S04 (89): Lower Karroo beds ~_~_~ Ref. 2577.
Cl (320).

1,321 Na, S04: much free H~S_____ Gneiss near down-faulted
Karroo beds.

3,300

3,000 389 Na, HCO" CI, Si02 (87)__'.~

Large

Small

Small

Small 6,621 Na, CL _

Small

250.000

Large

".000

45,000- 1,290 Na, HCOa, S04, ou free
91,000 HiS.

-----f3m-aii- 354 -Na~IfC-O;;some-H;S::=:::: -Oranlte;iJ:e-a:r-Sablfauli:=::=

Wann

46-47.7

Hot

Wann

38

52-97 1,800-3,600

Hot

Wann

Hot

Hot
53

36-56

Warm

49-64.4 Small

W",m

Hot

'I'epld

Boiling

62

Hot

Hot

Wann

Very hot

1 Mendayatswa ooze, near
bank of Zambezl RIver.

2 On bank of Oherere Rlver__
3 gampakaluma, on north slde

of Matabolo Flats.

4 ChipIso, 3 miles east of Junc
tion of Sund! and Kariba
Rivers.

5 About7mileseastofZambe
zl RIver.

6 Cbipwatata, 3 miles above
junction of Masumo and
Zambezi Rivers.

7 Zongola, near Fulunka's
Kraal, 2 miles southeast of
Zambezi River and 40
miles downstream from
mouth of Gwaai River.

S Chigwadada (Chebira) on
right bank of Bebungwe
(Lubu) River, 3 miles
above ttsfuncttonwith the
Zambezl.

9 Stdenda, on right bank of
zembest River at mouth
of Batoka Gorge.

10 Sigobonra, near functionof
Gwaat River with the
zembeet.

11 Bidada, 10 miles east of
Gwaai River.

12 Kavira (Shumba) on right
bank of Mlibisi River.13 Sinisitonka ~~ _

14 Sibila.~._~ ~~_

15 Sunga, on Deka River east
of Dett, near Wankle.

16 Ntchenge, 18 miles south
west of Lukosi railway
siding.

17 SakabLka, 8 miles south of
Lukosi railway sIding.

18 Lubimbt, 6 miles east of
Bhanganl drift.

19 In Gwampa River valley _
20 Mwengeat (wengesl), 200

yards from Odd River.
21 In Mutambara Native Re

serve, 850 yards east of
Odd River.

22 On Dunstan farm _

23 Chimanimani geyser _

24 Near head of Ruplsl River_._ .

25 Zomba, on bankofMtllikwe
River.

26 Chtwfehuhagwe, near left
bank of Sabi River.

Nyasa1and (MalaWi)

1 Maronde (Gralln Bose 43-70 ---------_.- 359 Ca, Na, SO~_. __ ~~__________
-----~---- -----------~~.~----- Many springs. Large deposits

Thermen), for several or tufa. Ref. 2592.
miles along west side of
Songwe River valley.
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Thermal springs in Beckuanaland Protectorate, Kenya/" Mozambique. Northern- and Southern Rhodesia, Nyasaland, Tanganyika
ana Uganda-Continued . ",
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I )il< (TaTa

-No. Tempera.- Flow Total
on Name or location ture of (imperial dissolved Principal chemical Associated rocks Remarksand references

fig. 44 water gallons solids constituents
(°0) per hour) (ppm)

ngany • Il.zana

1 Mtagata Gorge, .5 miles " ------------ 3,700 Na2C03____ . ________________ ------------ ---------- --- ----- 6 springs; bathing pools, 41°-43° C
north of Karuro. (max) Refs. 2590, 2591, .

2 In Kiba crater on Mount Hot ------------ ---------- ----- ------- --- --- --- ---- ----- Probably basaIL___________ Solfataras and fumaroles, with de-
Kilimanjaro. ~~ of sulfur. Rels. 2585, 2587,

s On west shore of Lake 80 ------------ ---------- Na2003 (1,500);Na,sO. (110); ---------------- -_. --- --- - ---- Refs. 2679, 2Nl2,2586.
Manyara (Manjara-see). NaOl (620).

Ibadakule, ill Shinyange 50-55 ------------ ---------- No., RC03, SO., 01- ________ ---------- -------------------- Ref. 2581.
district.

Uganda
[Data.chiefly from ref 2596]

1,500 Co.(110);RCOa (50); 01 (70). Faulted gneiss and pegme- 2 small groups of springs. Water
tite. used for bathing.

_______________________________________________________________________________. __ Water is mineralized.

1 Nangarok • _
2 30milessouthofMt. Lubur__
3 Wolo No.1, on Abalika

River.
4 Wolo No.2, on Bujo River __
5 Aupi, on Bulla River _
6 atwa, on Aiwa River _
7 .emor pi, in bed of Aswa

River.
8 Keyo _
9 Keyo Arnuro _

10 About 30 miles south of
KeyoArnuro.

11 Mbalo, on Akado River _

12 Pauyamur _
13 Kibiro, on east shore of Lake

Albert.
14 Buranga, in Bwamba area,

7 miles from Kibuku.
15 Liva.gimba, in Bwamba

area. near Dwimbi River.
16 Small tufa islaud in Lake

Katwe.

17 Ih*~~du(M~r:)se~r~
Valley.

18 Kitagata _

19 Ketegata, on Kyangenyi
Hill.

20 Kikagata _

21 Btrara _
22 Rubabu (Lubaba), 10 miles

north-northwest of Nya
ruseuje.

23 Minyera, below road brtdge,
24 Ntagata, in Ruakatengi

Swamp.
25 Is~~:ba~ miles north of

26 Klsuguta, 3 miles north of
KabaIe.

Hot
Hot
Hot

Hot
Hot
Hot

Very hot

Tepid
Tepid

Hot

W"""

a7
Very hot

Very hot

Very hot

W"""

a8

N",
boiling

Hot

W"""

Hot
Hot

Hot
Hot

Hot

Hot

:::::::::::= 3, 800; -Na~-Ci:::::::::=:=:::::::=:= :::::=:=:=:::=:::::::::::::=::
5,300

47,560 Na, C1. _

Not noticeably mineralized.
Mineralized.
Water is mineralized.

Water is mineralized. Oommon sal
produced in dry season.

Water is mineralized.
2 main springs Dear salt workings;

deposit of sulfur.
Water is sulfurous. Large deposits

of tufa. Ref. 2509.
Water is sulfurous. Used for bath

ing. Ref. 2509.

3 springs. Refs. 2591, 2593.

Water is slightly saline; free CO}.
A source of water in dry season.

Water is mineralized,

Do.
Do.

SOUTH WEST AFRICA AND UNION OF SOUTH AFRICA

The principal reports on thermal springs in southern
Africa cover both South West Africa and the Union of
South Africa (Transvaal, Natal, Orange Free State,
and Cape of Good Hope).

The coastal plain of South West Africa is about 35
miles wide in the south but narrows northward. It is
bordered by low mountains. Other mountains in the
central and southeastern parts interrupt the interior
plateau, which changes from an undulating region east
ward to a great plain that merges with the Kalahari
Desert. The coastal belt includes some areas of Mio
cene rocks, but gneiss, schist, and intrusive granite
directly underlie most coastal areas as well as the moun
tains and plateaus of the central region. In the south
ern plateaus the crystalline and metamorphic rocks are
overlain mainly by ancient sedimentary strata, largely

of the Karroo system, but in some places they are over
lain by the more ancient Cape system of sedimentary
rocks of Devonian age.

The Union of South Africa has a low-lying coastal
belt which is 50 miles wide at its widest part. In the
extreme south, however, mountains come close to the
sea and the land rises abruptly in high cliffs. From the
coastal plains the country rises through hills to the
great interior plateau which constitutes the larger part
of the region.

In the northeast, the high veld of the Transvaal
occupies the highest part of the plateau which slopes
gradually downward to the west and southwest. The
borders of the Transvaal are partly encircled by a wide
band of. ancient crystalline rocks which are overlain
in the central part by sedimentary rocks of pre-Car
boniferous age and in the south and southeast by sedi-
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mentary rocks of the Karroo system (Permian through
Jurassic) .

The main plateau in Orange Free State consists
chiefly of undulating plains. There are numerous
hills of ironstone in the southwestern part. Nearly all
the State is underlain by Karroo beds, but granite is
exposed in a small area in the north.

Much of the coast of Natal is rocky. Cretaceous
strata are exposed in some parts. The extreme north
eastern part is occupied by wide coastal lowlands, but
most of the region rises to an intermediate plateau and
thence to the main plateau. Across this highland
the Drakensberg Mountains rise considerably higher.
They are composed largely of volcanic rocks that con
stitute the uppermost part of the Karroo system.
Mountain spurs of these volcanic rocks also extend into
the Crown colonies of Swaziland and Basutoland,
which occupy parts of the plateau bordering Natal on
the north and south.

From the coastal belt of most of Cape of Good Hope

Province, formerly Cape Colony, the surface rises in
terracelike bands to the interior plateau. In the basin
of the Orange River, which drains a large area, the
surface descends northward to the stream, then grad
ually rises northward and forms the southern extension
of the Kalahari Desert. In general, the plateaus and
high plains of the province are underlain by nearly
horizontal strata of the Karroo system which form a
shallow structural basin. In the north and west are
rocks older than those of the Cape system (Devonian).
In the mountains of the southeastern part, strata of
the Cape and lower Karroo systems are sharply folded.
The sandstone that caps Table Mountain near Cape
Town belongs to the lowest member of the Cape strata,
but Cretaceous and younger rocks are present at some
places along the coast.

Data on the thermal springs and wells in South West
Africa and the Union of South Africa are given in the
two tables below. The locations of the springs are
shown on figure 47.
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FIGURE 47."""'Part of southern Africa showing location of thermal springs and thermal wells in South West Africa and the Union of South Africa.
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1 Otjangasemo, ___~__~________ Hot
2 oruwenje, ________•_________ Warm
3

Numas___________•__________ Warm
4 Warmbad. ________________._ Warm
5 N emutont,__________________ Warm
6 OtjitambL __________________ Hot
7 Rietlontein_________• ________ 27.8

8
Franzfontein. _______________ Warm

9 Outio (Otjitambi?) __________ 46
10 Omburo___________•_________ 76.5
11 Omepyu, _____• _____________ 51
12 Doomkom, _________________ 35-40

13 Peterkin_____________________ 35

14
g::~e~~:::::::::::::::::

W",m
15 28
16 IDem Barmen (Otjikango) __ 51
17 Gross Barmen_______________ 65

19 Oketjeru, 22 miles north of Wann
Windhoek.

19 Ongeamo. (osenfeme), 8 W",m
miles west of Windhoek.

20 Gross Windhoek (Queen 70-80
Adelnide). including Junk-
erquelle, Pahlquelle, and
Bergquelle.

45-5521 Klein Windhoek (Glenelg) __

22 -Reiioli(ith~~====::::::::::::: 46
23 52
24 Gobabis_____________________ Warm

25 Nossob______________________ Wann
26 Auob River valley (Gtbecn 32; 34

area).
27 Ganikobis________ ._. __ ~ _____ 40

28 Aikaas _______________________ Hot
29 Aiais. _________ ._. ___________ 55

30 Warmbad (Nabis, Nesbitt's 37.5
bath), on banks of HOUlD
Rlver.

31
Grundorn, __________________ Warm

32 Blydeverwaeht;_____________ W",m

--472,"000· :::::::::::: ~~~~~~~~~~~~~~~~~~~::::::::::: ·Otavr·i"imeston-i--precam::,- Ref. 2630.
, brian) overlying Archean

schist.

=======~== ------1;81s- =~==~==~======:~==~==~==~=:::: :::::::::=~:~::::::::::~:=:::: ;:~r is sellne.

flow'

flow

Remarks and additloneJ. references

Well 265 ft deep. Artesian
augmented by pumping.

Well 274 It deep. Artesian
augmented by pumping.

Refs. 2600, 2604.
Water contains much K. Free HIS

Water used for irrigation. Refs
2600, 2604, 2622.

Issues from breccia-filled :fissures
Ref. 2608.

Do.

Formerly 6 springs. Several well
drilled in recent years. Rera
2433, 2597, 2598, 2604, 2608, 2627
2632.

Formerly spring. Several wells
Refs.2597, 2598, 26M, 2608, 2632.

5 springs. Water is saline. Ref.
2430.

Much gas, chieflyN I. Ref. 2433.

wen.. Water at depths ranging from
140-555 ft.

Do.
2 pumped wells. Ref. 2607.

2 springs forming a stream 6 in. wide
and ly'! in. deep. Water used for
irrigation. Reis. 2597-2599.

Associated rocksPrincipal chemical con
stituents

869 Mg, Na, H003, SO~, Si02, Archean schist _
(hottest) (96 ppm).

Total dis
solved
solids
(ppm)

Thermal springs ana wells in South West Africa
[Data cbiefly from refs. 2618-2623]

88,200

40,000 .___________________________ Amphibolite reef in sheared
gneiss.

---72;000- ~:::::::~~:: :::::::::::::~::=::::::::::::~ ~:=~::::=::::::::~:~~=:::::::~
86,000 • • ._. • _

:::::~:::: ::~=~==::::: ::~~:=~::::::::::::~::=~::~:::-i5ike-illArciieang-rnDfte_~:::

--isii;oml --------813- =:=:::::::::~::=:=:~=:~::~ :::~ -FaUifed-A:rchean-sChist~:::::

----.----- 466 0~iO~r23 :p~~' SO~, 01, do ._
________•_ __ _ .__ _ _ do ._. _

::::~::::: .;:::::::::: ~::=~::::::::::::::::::=:~::::-Ecc;-sandston-e(Perml8il)::

::::::::== .;~::::::::: :~=~:==~=~~:=::::::::::~~=~:=: -Ecca-sandstone(Perml8il)::
_________• • Dike in Dw-ykaseries (Car-

boniferouaand Permian).

:::::::::: ------2;223- .; ::::::::::::::::::=~::=::::: ~=~::~~=::::::::::~:::=:::::::

• ~___________ Gneissintruded by granite__

Tempera
ture of
water
(Oe.)

Name or location
No.
on
fig.
47

160

Thermal springs and wells in Union of South .Africa

[Data chiefly from refs 2621 2622 2627 -2631 2641 Principal chemicalconstituents are expressed in parts per million]

Y troom.

, -

No. Tempera- Fiow Total
on Name or location ture of (imperial dissolved Principal chemical Associatedrocks Remarks and addiiional references
g. 47 water gallons solids constituents

(°0) per day) (ppm)

1 Paddyaland, _____•• ___•_____
26 ------~--- 939 Ca, Mg, Na, H003, OL ___ .o Archean gneiss______•_______

Tugela:
2 Spring___________________

42.8 2,650 1,517 Na, S04, 01_________________ ---------_.-------------------2A Flowing well____________ 48.9 15,600 ------1;355-
Na, SOt, OL _______________•

-niabase--dlk:e--iii--AIcbiiii- 65 ft deep.
3 Evangellna__________________

32.5 ---------- Na, SO~, 01. ________________

4 StindaL____________________ gneiss.
Wann ---_._---- ------------ ---------.------------ -------- --_._------------------------- Ref. 2583.

6 lcon_________________________
werm .__.-----. ------------ ------------------_.--------,-- -Kmoc;---bedS----(PernihID.-6 Vetrontein___________________

29.5 ---------- ------------ -----._-----------------------
7 No name____________________ through Jurassic).

Warm ---------- ------------ ---- ----------- --------------- ------------------------------8 Sulphur _____________________
W"'m ---------. ------------ ---------------------------_.- ---- ----------------.---------9 Windhoek___________________
W"'m ------.---- ------------ -----------------------------. ----------------------- -------10

~oa:J~~::=::::=====:::::==: warm ---------- ------------ --------------------- ---------11 37.7 ------------ .----------------------------- -Faulte-d-Arche-in-gnelSS~::~:
12

g1~~_~~~~~:=::~~~::::~~:~ Hot
13 57; 65 --100:000- --------502- -Na;HC03~-cI:::::~~:::::::: -FaultCd-uppiiKlU-roo-beds:
14 Mpefu_______________________

42.8; 43.7 ---------- Low ---------------------_.------- Faulted pre-cerbcntrerous 2 springs.

15 Souting, near west bank
strata.

Water is source of salt supply. Ref.of 43.9 30,000 High OaCOa (30); OaSO~ (218); Faulted Archean granite__ ._
Klein Letabe River. Na01 (1,270). 2610.

bathing16 Letaba, 0.5 mile south of 40.4-42 91,000 966 sro,(71); Oa (30); Na (301); Dolerite dike in granite_____ 3 springs. Water used tor
Groot Letabe River: SO~ (64); Cl (445). and as a source ofsalt.Spring_____•• ____________

17
Flowing wen, ___________ warm 12,000 --------4S9- -SlO;(4S);ca:-[iif;Na-(is2);- -jjiabBSe--ciike-iD.-"Bushveld-Buffelshoek farm, between 30.6 17,000

Thabazlmbi and Rooiberg. RCOa (214); SOt (35); Cl granite (Precambrian).
18 Loubad, 18 miles

(139).
6 main springs.west- 27-34 414,300 188 Oa, HCOa___________________ =____do____________________•__

northwest of N Is

fl

•
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Thermal springs and wells in Union of South Africa-Continued

No.
on

fig. 47
Name or location

Tempera
ture of
wat<"
(OC)

Total
dissolved

solids
(Ppm)

Principal chemical
constituents

Assoclated rocks Remarks and additIonal references

Hot ~ ~ ~ ~ do ~ ~ _
44.6 ~ ~ ~ do _

Warm ~ ~__ _ do ~__~ _

60 DIe Bad•• 42.2; 43.2

Pumped well.

Do.

Water is sulfurous. Used for bath
ing.

Baths. Ref. 2648.

Water used for bathing. Refs. 2599,
2601,2603,262.5,2628.2644,2645.

Several springs issuing from iron
manganese mound: water contains
considerable Fe. Much COt. San
atorium. Refs. 2599, 2603, 2611,
2615,2625,2626,2645.

Gas is 88 percent Ns. Sanatorium.
Ref. 2645.

Free C02 and H2S.

2 springs. Baths.

Water is slightly saline.
Water is sulfurous. Bathing resort.

Government bathhouse.

7springs. Water is sulfurous. Bath-
ing resort. Ref. 2627.

Free H2S.
2 springs. Gas is 92 percent Nt.

Resort.
2 large springs. Water is slightly

saline. Much'free H2S.

Water used for bathing.

Farm well.
Well.

Well 3.500 ft deep. Water is saline.
Well 2/560 it deep. Water used for

bathing,
Several springs. Water used for

bathing).
Water is saline.

Bathing pool.

Well 4,700 ft deep. Water is very
saline.

Several springs. Ref. 2609.

Water contains considerable Fe.
ReI. 2611.

100it deep.
Water contains considerable Fe.

Used for bathing.
Several springs and wells. Water

contains considerable ,Fe. Used
for bathing. Refs. 2432, 2601, 2645,
2650.

Moder- ~ _

ately
high

Moder
ately
high

806 Na,HOOI;freeHzS Lower Beaufort series (Tri·
assic).

205 Ca, Na, HCOI, CI-- do ~ ~ _

____________ ~_ _ do . _
Low • do _

197 Na,HCOa, OL _

',500

174,000

31,000
65,500

144,500

2,430,000

180,000

:::=:======::::::::::= ===:::::::::::===:=::::====::: -DoleritEi-dike--lii-BeaUforr
series (Lower Triassic).

Beaufort series (Low~ Tri
assic).

__________________________________ ~ Table Mountain sandstone

(Devonian).

i80~OOO· ------i:i86- -Na~So~~cf;-iree-c-6~;H;S=:= -FiiciU;ed~--Cape---graiiite-
(Devonian) •Low Table Mountain sandstone
(Devonian).

95 Na, HCOI, 01_______________ Faulted Table Mountain
sandstone (Devonian).190 do _

---64:800- ------- -273- -Na~BC03_~~======::======== -Archee.;;graiiite==:::::=:~::=
_ ~ Dwyka tillite (Carbonifer-

ous).____________ ~ ~ Dolerite sill in Ecca shale
(Permian).

1,021 Ca (83); Na (231); HCOI Faulted Archean gneiss _
(31); SO. (368); HJSiOI
(73 •Na, HCOI; free H2S ~ do _

---60:000- =::::::::::= :=::=::::::::=::====::::::::=: -Yentersdori;seiies-{Precam:-
brian).48,000 3, 536 ~ Ventersdorp Iava _

48,000 do _

480, 000 ~_~ ~_________________ Ecca series (Lennian) _

__________ 2,189 ~ do ~ _

----4:000~ ---~--iiiiii- -Na~s-6~,-cY--=::::======:::=: -Beauro;f-ieries~(iO-wer-Tri:

esstcj.24,000 8,463 ~ ~ Norite (Pre-Karroo) _

15,000 ~ ~ Fractured Archean grano-
diorite.__________________________________________ ~ Fractured Archean granite__

---56~OOO- ----Moder:- -Na:E:CO-a-_-:::::=====:::==== Dolerite dike in Beaufort
ately series (Lower Triassic).
blgb51,000 ~ do ~ _

840,600 High Na, SO", CI; gas, 94 percent ~ do ~ _
Nt.

12,500 Faulted Rooiberg felsite
(Precambrian).

32,000 2.57 Nu, HCOa, C1.- do _
20,000 Faulted Bnshveld granite _

--ioo:ooo- ------~-4OS- -Na~-lfCO;~~=====:========== ~Faulie(r:Buslivei(igr8.itite===
8,000 702 Na (235); HCOa (238); Cl Faulted Rooibergseries.

(248).

---------- ============ ============================== ~~~~~;~l~~~~~~~~_~_~~~~~~~:=~
---------- =========::: ============================== - i>retbr-ia- -serfis---(Precam:

brfan),_____________________________ ~ do ~ ~_

_ ~___ __ _ do _
45,000 214 Na, HCOa do ~ _

180,000 409 Na, HCOa;muchfrceHtS~ __ Fractured Archean granite__
120,000 130 Pongolasyatem (Proterozcle);

werm
32.9

40.1

64.2

3....2

W",m

45.6

23
32,3-33.2

50-51

23.t

Warm
28.8

34..,
24

(max)
23..:lO
werm

29.5

37.2

<H

38
Hot
30

38-40

W,nn
29.3

25

Warm
Warm

27.5-28.5

eo
31

40;42.5
Warm

44.4
41

23

52-53

25.5--30
36.9

W",m
Warm

32.8
Hot
Wann

44

39.5
39.5

Wann
51.9

28.3-29

66 Baden ~ _
67 Montagu _

68 No name ~ _
69 Warmwaterberg:Spring ~ _

Flowing well ~ ~ _
70 Garnka Valley ~

71 Olifants Valley _

72 Stinkfontein _

73 Kruidfontein _

61 No name _
62 Malmesbury _

63 Goudini (Goudine, Jordaens
Bath), near DuToit's
Kloof.

64 Brandvlel (Brand Vley,
Brandvalleis).65 Caledon _

55 Badsfontein ~ _
56 Aliwal North _

li7 Badtsfontein _
58 Kenegha Drift- _

59 InungL _

42 Tierbank ~ _
43 Wolvcpan _

44 Jonkersrust _
45 VennenlenskraaL _

46 Baden-Baden (Gannafen-
tein).

47 Plorlsbad (Rietfontein) _
48 VlakkraaL _
49 Wlnburg _

50 'I'rompsburg _

61 Warmbad Noord _

52 Skuitdrif Oos _
liS Riemvastmaak., _
54 noctwat, _

19 We!gevonden _

20 Die Dog _
21 ViscbgaL _
22 Adriaanskop _
23 warmbaths _
24 Riffonteln _

25 Kameelpoort _
26 Goederede _
27 Grovesbad _
28 BufTelsvleL. _
29 De Bad _

30 HartebeestspruiL _
31 Badfontein _
32 Machadodorp _

33 Badplaats _
34 SulPhur, near Ermlo__~ _
35 Warm Bad _
36 Onverwacht ~_

37 NataL ~

38 Black UmfolosL ~~~ _

39 EntembenL _

40 In 'I'ugela River gorge, 12
miles north-northeast of
Kranskop.

41 Lilani, 20 miles from Grey
town.

L A
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Thermal springs and wel18 in Union of South Africa-Continued

No. 'Tempera- Flow Total
on Name Orrocetton ture of (imperial dissolved Principal chemical Associated rocks Remarksand additional references

fig. 47 water gallons solids constituents
(00) per day) (ppm)

74 'I'overwater (Agter de Berg, 44.' 216,000 Low ------ --- --- ----- --_. -.- ------ Faulted Table Mountain 5 springs. Water contains conatd-
Warm Bath, Hottentor sandstone (Devonian). erable Fe; deposits yellow ochre.
Holland's Bath, Yser- Used forbathing. Refs. 2432,2645,
Baed) south of zwarte- 2647,2650.
bergen.

75 Orasrand____________________ 26 3,600 -----_.----- ----- ._----- - --- - --- ---------- Lower Beaufort aertes (Tri- Water is slightly saline.
esstc).

76 N"" Cradock ford of the 29-31.3 18,300 181 NB, HC03;free R2S_________ Dolerite dtkes In Lower Several springs. Refs. 2615, 2636,
Fish River. Beaufort series. 2648,2649.

77 Tarka Bridge________________ 26-27 ---------- ------------ - ---- ------- ---- - ---------- --- - --- -- ------ ------ - -- --- - ----- Several wells 65-225 ft deep. Free
R2S, CR.. Water used for bathing

78 Moerlust____________________ W",m
---i7~300- --------620-

-Na~B:CO~-rreeH2S-_-~======= -LOwiiBeauf(j~·rseries-(Tii--
Pumped well.7. Fort Beaufort________________ 27-29 Several springs. Ref. 2636.

esstc).
80 Amanzi (Balmoral) __________ Wann ---------- ------------ - ------- ---------------------- ------------------------------ Pumped well.
81 AmanzL ____________________ Wann --------365-

-Na~ ci:~========== ~ ========~ -Cape-syStem(Devo'itian)==== Do.
82 Zwartkops, 4 miles "om 63.6 250,000 Well3,620ftd~ Water is slIghtly

Port Elizabeth. saline. Bo veld series(?) en-
tered at depth of 3,400 ft. Refs.
2642,2643,2646.

INDIAN OCEAN

MADAGASCAR (MALAGASY REPUBLIC)

Madagascar, or the Malagasy Republic, is nearly
1,000 miles long and 360 miles in greatest width. It
is the third largest island in the world, Greenland and
New Guinea ranking as first and second. The narrow
est part of Mozambique Channel, which separates Mad
agascar from Africa, is about 260 statute miles wide.

Madagascar is largely mountainous, the main ranges
in its eastern part extending nearly throughout its
length. Large parts of these mountains are of granite,
gneiss, and crystalline schist. There are also many
volcanic mountains and lava flows but no active vol-

canoes. The main ranges are bordered by extensive
bands of hills and plains which are underlain in part
by marine sedimentary rocks, including a narrow band
of Cretaceous strata along part of the east coast. In
the western part, a belt of sedimentary rocks 20 to 100
miles wide, as indicated on figure 48, is largely of Cre
taceous age; but there are some Triassic strata in the
southwest and deposits of Tertiary and Quaternary age
near the west border.

There are numerous thermal springs in the island,
but information concerning them is scanty. The avail
able data are presented in the table below, and the lo
cations of the springs are shown on figure 48.

Thermal springs in Mauagascar (Malagasy Republic)
[Data chiefly from refs. 2653, 2660, and 2666. Principal chemical constttueats are expressed in parts per million]

No. on
fig. 48

Name or location
Tempera

ture of
water
(OC)

Principal chemical
constituents

Associated rocks Remarks and additional references

52-55 Basalt Large deposit of tufa. Ref. 2669.

29 Basalt. Deposit of tufa.
60-62 Many springs.

Warm Faulted basal Triassic lime-
stone.

60
Very hot

Warm ====~~~=~===========~=====:=====-FaUlted-basal-rj'riasslc-lliDe:-
stone.

Large flow. Water is strongly sulfurous;
used for bathing.

Two main springs. Deposit of tufa.

Several springs. Water is slightly saline
and alkaline.

Water Is saline and slightly alkaline.
Total dissolved SOlids, 3,350ppm. Free
C02 and H 2S.

Large flow. Water is sulfurous.
Gaseous.

===~==~==~========= ~~=:========= -FaUlted-basaCTrlasslc-lli1:ie:-
stone.

_ Volcanic rock: _

""46.9
'0+
40

Wann

44

50

36,60
20.6

1 Sakaramy Camp at Dfego-Suarez _
2 Between Loky and Mananjeby in Anda-

vakoera Valley. _
3 Ambohipiraka _

4 Ranomafana-sur-Namorana:
Montagne _
oebtae _
Small unnamed springs ~ '

5 Mananjily River springs _
6 Betsieka (Betslekabe), 15 km east of

Ambohipiraka.
7 Djabala, near Rellville, on Nossi Be

Island.

8 Betavilo, on Antalaha River _
9 Maintimbato, north of Marcentsetra, _

10 Ambato-Boeni (Ambatobe?), on Betsiboka
River 100 k:m south-southeast of Ma
jungo.

11 Ankilimahasoa, in Antsalova Dlstrict _

12 Ankazobe River springs _
13 Raimanandro, about 65 km southwest of

Tananarive.
14 Betafo, 20 k:mwest of Antsirabe _
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'Tempera-
Principal chemical Associated rocks Remarks and additional referencesNo. on Name orlocation tore of

fig. 48 water constituents
(°0)

15 Antsirabearea___________ ~_______________. 26-51 --------- ------.-----_.--- --- --- Lava nearby________________._ 10 main springs. Water used for bathing,
Rels. 2664, 2665, 2667-2669, 2672, 2674-
2676.

16 Mahatsinjo, 12 Ian north-northwest of 2' Chiefly bicarbonates Ca, Mg, Gneiss;basaltnearby_________ Large deposit of tufa; pisolltes of erase-
.entstrebe. andNa. nita. Total dissolved solids, 7.830 g

per liter.
17 Antsiravoly, 4 kIn south of Antsirabo_____ 27 ----------------------------- --. ·Onmite;basa"tt-nearbY:::::::: Free CO2.
18 Andranomalaza River spring_____________ ·65 ---------------------------- ----
19 Antsira, west of Makavane_______________ Wann -------------- ---_._-_.----- ---- Diabase dike in sedimentary Water Is sulfurous. Total dissolved

rock. solids, 2,048 ppm.
20 Bahavo, on west side of rIver opposite Wann Co. (12), No. (365), SO. (432), ------- ---_.---------- --- ----._- Total dissolved solids, 1,010 ppm.

Ambia. Cl (84), H2SiD3 (39). Evolves H2S.
21 Near Ambia_______. __. ___________________ Wann -------------------------------- ---------------.---_._---------- Water is strongly sulfurous. Total dis-

solved solids, 880 ppm.
22 Kiposa, at Malalmbandy, west of Sakeny ,. ---------------------_.----- ---- -.---------------------.-_._---- Water is sulfurous. Total dissolved

River. solids, 480ppm.
22 Andranomande~, near Migiko (Migo- 43-68 - --------._------------- ---_._-- Gneiss and Triassic sandstone, Water is strongly sulfurous. Total dis-

hoko) in Maha 0 District. solved 50lids
d

904ppm. Free CO2.
24 Miary, south of Flherenana River________ W"m Chiefly Co., HC03; low SO., ---------------.---------------- Total dissolve solids, 948 ppm.

Warm'
01, SiD,.

25 Vineta, on southwest fiank of Mount CaD (186), Cl (14), Si02 (146)_. --------------------------------
Andrambo.

28 Ou bauk of Onllahy River, 2 kIn frOm 5. -------_._---------------------- ---------_.--------------.-.---- Water is sulfurous. Much gas.
Beza and east of Tongobory.

CaD (252), (105), Cretaceous Total dissolved solids, 3,560 ppm.27 Ranomasy, between Tongobory and Warm SO, Cl Low" strata;
Betioky. (1,359). basalt nearby.

28 Besakay, 3 km.north of Ampanihy________ Wann -------------------.------------ ._-------------.---._----------- Water is sulfurous.

MINOR ISLANDS-KERGUELEN. REUNION. RODRIGUEZ.

AND SAINT PAUL

.Kerguelen Island is the largest in a small archipelago
about 2,000 statute miles southeast of Madagascar and
nearly 2;600 miles from the southern tip of Africa, as
shown on figure 49. The main island is of irregular
shape and deeply indented by fiords and bays. There
are a dozen smaller islands and many islets nearby.
The entire group consists almost wholly of volcanic
rocks, granite showing only in a small area in the south
west extremity of Kerguelen Island, as indicated on
figure 50. According to Aubert de la Riie (ref. 2677),
there are fumaroles near the southwestern shore,
mofettes (vents emitting carbon dioxide) at two places,
thermal springs at five places, and two other thermal
indications.

Reunion Island, formerly known as Bourbon, is an
oval-shaped volcanic island about 45 miles long, situ
ated 400 statute miles southeast of Tamatave, Mada
gascar. In the central part of Reunion, a large eroded
crater of andesitic lava is flanked by later basaltic flows.
Within the crater are several thermal springs. In the
southeastern part of the island there is a smaller vol
cano with two craters, one of which is solfataric, as
shown on figure 51.

According to Moreau and others (refs. 2667, 2668)
and Velain (refs. 2690, 2691), there are fumaroles at
Le Volcan in the southeastern part of Reunion and

thermal springs in four localities in the northwestern
part.

Rodriguez Island, about 480 miles north of east from
Reunion, is 13 miles long in an east-west direction and
3 to 6 miles wide. (See fig. 49.) The island, which is
hilly, was built up by lava flows, mainly of dolerite,
and is fringed.by coral reefs. Balfour (ref. 2678) noted
tepid, brackish springs 'at several places in the island.

St. Paul Island, about 1,800 statute miles southeast
of Reunion,,/'vas described by Velain (ref. 2692) as a
great volcanic crater, open on the east to the ocean and
forming a 11hbor 1,300 meters across. The main crater
is composed largely of trachyte, but on its flanks are
two small craters of basalt, one of which is solf'ataric.
Numerous small springs issue near sea' level within the
main crater, chiefly along its north and west sides, as
shown on figure 52.

Other small islands in the Indian Ocean are of vol
canic rocks. Amsterdam, or New Amsterdam Island,
about 60 miles north of Saint Paul, has an area of about
25 square miles. It is composed almost entirely of lava.
There are high cliffs along the coast and a deeply eroded
crater that rises to nearly 3,000 feet altitude. All vol
canic activity has ceased, and there are no thermal
springs or vapor vents. Mauritius Island, 130 miles
northeast of Reunion, is about 36 miles long, northeast
southwest. One small area of chloritic schist has been
reported, but nearly all the island is of basaltic lava.
There are several volcanic craters, but all are greatly
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FIGURE 48.--rMadagascar (Malagasy Republic) showing location of thermal springs and prtnctpal Java areas. Chiefly
from refs. 2653 and 2660.
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Reunion I

SCALE AT EQUATOR
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Base from National Geographic Map of World. 1922

FIGURE 49.-Minor islands in the southern Indian Ocean showing
location of -thermal springs on Kerguelen, Reunion, Rodriguez, and

, Saint Paul.

eroded and, according to De Haga Haig," there seems
to be no evidence of thermal activity.

ASIA

AFGHANISTAN

The valley of the Oxus River (Amn Dar'ya) forms
the northern boundary of Afghanistan. There is much
irrigated land in this valley and also along the valley of
the Hari Rud River. in the northwestern part of the
country and along the Helmand River in the southwest.
Desert plateaus border the valley of the Hehnand, but

\ most of the region is traversed by high mountain ranges
that trend, in general, northeastward to the higher
Hindu Kush mountains in the northeastern part of the
country.

The mountains in the northern part are composed
mainly of sedimentary rocks of Carboniferous through
Jurassic ages. These rocks were folded and uplifted,
and streams have cut many deep gorges into them. In
regions below the main mountain ranges Cretaceous
strata cover extensive areas in the west and also in the
north above the plains of the Oxus River. Miocene
formations, including gypsum and salt, are exposed in
the main valleys and plains. Fresh-water Pliocene de
posits are present in some lower areas. Deposits of

G De Raga Haig, H., 1895, The physical fen tures and geology of
Mauritius: Geol. Soc. London Quart. Jour., V. 51, p. 463-471.

loess, called the Chul, cover wide areas, especially along
the border of the Oxus River plain. There are great
intrusions of granite and basic igneous rocks in the
Cretaceous formations, and sheets of lava are interbed
ded with Lower Cretaceous strata. No Tertiary or later
volcanic flows or mountains have been recognized.

Only a few thermal springs have been reported to be
present in the mcuntain areas of Afghanistan, despite
the sedimentary formations having been folded and
probably faulted; no thermal springs are known to be
present in the areas of volcanic rocks. The locations of
the springs in Afghanistan are shown on figure 53, and
data on the springs are given in the table below.

ThermaZ 8pring8 in Afohanistwn

No. 'rempere-
Remarks and referenceson Name or Iooatton ture of

fig. water
63 (OF)

L ____ Germ-eb, _____•___________ Wann From General Walker's map of
Turkestan. Ref. 2807.

2_____ Dru (Droo) village, near __ warm Sourceonccerwatersupply. Refs.
2775,2807.

of3_____ Garm-ab__________________ Wann From General Walker's map
Turkestan. Ref. 2807.

4. ____ Kha.wak(Sir.Ab), 23miles 108; 124 Two springs issuing from hillside.
from Inderab. Refs. 2694, 2807.

5_____ Khornushu________________ Hot Severalspringsissuing fromnarrow
rock ledge 14 miles from base of
snow-capped mountains. Refs.
2775,2807.

Ref.30.6_____ Base of Tehalap DaI"" ------------ Many sulfurous springs.
Mountain.

Sulfur springs issuing from small7_____ Bisut, nearvalley ofSheah werm
Burieh. mounds altura. Refs. 2799,2807.

ARABIAN PENINSULA.

The Arabian Peninsula consists in large part of
Saudi Arabia, but includes Aden, Oman, and Yemen in
its southern part.

In northwestern Saudi Arabia and along its western
border southward to and beyond Mecca are mountains
of granite and schist, in part overlain by red sandstone
which probably is of Cretaceous and Tertiary ages. In
many areas both the crystalline and the sedimentary
rocks are covered by thick sheets of lava, and there are
many volcanic hills. Farther inland in northern Saudi
Arabia is the extensive Red Desert of Nefud, whose
great. sand dunes probably are derived from the sand
stone.

Most of the central part of the region included in
Saudi Arabia slopes gradually eastward from the west
ern mountains to irregular plateau lands, which gradu
ally descend to the Persian Gulf. In southern Saudi
Arabia the Dahna, or Rub' al Khali, a great sandy
desert, extends to the base of mountains that form the
highest parts of the Arabian Peninsula. These moun
tains are in Yemen in the extreme southwest, along the
south and southeast coasts in Aden Protectorate, and in
Oman.
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FIGURE 50.-Kerguelen Archipelago, Indian Ocean, showing location of fumaroles, mofettes, and thermal springs. From ref. 2677.

1. Fumaroles on west side of southwest peutrieula
2. Mofettes on east side of central southern peninsula
3. Mofettes on west side of southeast peninsula and cold carbon di

oxide springs
4. Reported thermal springs, southern part of west coast
5. Reported thermal springs, Bay of Melissas

6. Reported thermal springs, head of Table Bay
7. Reported thermal springs, head of Volage Bay
8. Reported thermal springs on MacCormlck Island
9. Hot ground on east side of Chlmay or Iceberg Bay

10. Cold sulfur spring at Porte Jeanne d'Arc

In the middle and southern pa-rts of the Arabian Pe
ninsula the ancient granite and schist are exposed in

many places, and near Aden are volcanic hills, Ancient
red sandstone and scattered areas of limestone that may
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St Denis

EASTERN CHINA

FIGURE 52.-St. Paul Island, Indian Ocean, showing location of
thermal springs and fumaroles. From ref. 2692.

6 Lake, Ph11ip, 1910, China [section on], Geology, in 11th ed., Encyclo-.
paedia Britannica: Cambridge, England, Univ. Press, v. 6, 'P. 169-170.

1. North jetty group
2. Bath springs
3. Cavern group
4. Southwest group
5. Band of hot areas
6. Submarine gas vents

EXPLANATION

'¢o6
Fumarole

.1
Thermal spring

'*Cone of scoria

I

L~~_

The great alluvial deltas of the Hwang Ho, or Yellow
River, and the Yangtze Kiang (Yang kingdom river)
occupy much of the northeastern part of this vast re
gion. The H wang Ho plains are bordered on the west
by folded mountains which are largely gueiss, schist,
and crystalline limestone, overlain largely by ancient
sandstone, quartzite, and limestone. Farther west, in
Shansi and Shensi Provinces, are plateau regions of
Carboniferous strata that include a lower limestone

bibliographic references have been grouped accord
ingly. The description of the topography and geology
has been taken chiefly from an article by Philip Lake
on the geology of China.'

St Pierre

EXPLANATION

•
Thermalspring

Fum~orOle

0 10 20 MILES
I I I

0 10 20 KILOMETERS
I I I

FIGURE 51.-R~union Island, Indian Ocean, showing location of
thermal springs and fumaroles. From refs. 2667 and 2692.

be of Cretaceous age cover many parts, but by far the
most extensive areas are underlain by marine Tertiary
formations,

Although there has been considerable faulting, most
of the sedimentary strata are nearly horizontal. The
greater part of the Arabian Peninsula is very arid ; but
in the mountains, where the rainfall is moderately
abundant, springs are numerous.

The locations of the thermal springs to which refer
ence has been found are shown on figure 54. The avail
able information on these springs is given in the table
on page 170.

CHINA

Mainland China consists of eastern China (includ
ing the island of Hainan), Manchuria in the northeast,
and Sinkiang and Tibet Provinces in the far west. For
mosa Island (Taiwan), off the southeast coast, is tra
ditionally a part of China, but at the time of the
writing of this report is 11 separate political entity.
As most of the published reports on thermal springs
in China concern one or another of these divisions, the

735-914o-~12



FIGURE 53.-Afghanistan, Baluchistan, and Iran shewing- location of thermal springs.
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FIGUREI 54.-Arnblan Peninsula, Iraq, Lebanon, and Syria showing location of thermal springs.
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Thermal springs and wells in eastern China

Structurally, eastern China consists of two main re
gions that are separated by Tsinling Shan [TsinIing
Mountains]. These high lands are greatly folded; but
north of them the Paleozoic formations are in general
nearly horizontal, and Carboniferous and older lime
stone and sandstone form an extensive plateau that rises
abruptly from the western border of the great river
plains of northeastern China. The plateau is deeply
cut by streams, and rock strata are considerably faulted
but not much folded. South of the Tsinling Shan the
Paleozoic strata are folded into ridges that form the
hilly region of southern China.

Some of the thermal springs issue near recently ex
tinct volcanoes. Many are along fault zones, especially
in the Weiho Valley north of Tsinling Shan, in a region
that is bordered by faults of considerable vertical dis
placement. One group of hot springs is in northern

Ref.

Remarks and references

Baths of the Emperor consist
ing of two marble bathing
pools at Imperial villa built
A.D. 1723-35. Other hot
springs nearby. Refs. 2708,
2711,2937.

Baths. Ref. 2710.

Do.
5 sulfur springs. Baths.

2710.
Baths. Ref. 2710.

Water slightly saline. Used
for baths. Refs. 2703, 2937.

Almost boiling. Ref. 2710.

Several springs. Ref. 30.

Two springs in northeastern
suburbs. Hotter water con
tains Na (130 pJ?m); 804
(153.6 ppm); Cl (92 ppm);
Si02 (55.5 ppm); F (13.0
ppm). Gas almost wholly
Nt. Cooler water chem
ically similar but contains
8.0ppmF. Usedforbathing.
Refs. 2709,2937.

All about 150 ft deep. Water
used Cor bathing. ReC. 2709.

Several small springs between
high and low tide levels on
northeast coast. Principal
chemical constituents: CaCb,
NaCl, KCl, KtSO(. Ref.
2704.

Used Cor bathing. Ref. 2703.

At base ormountetn. Bathing
pool. Resort etnce ancient
times. Refs. 2707, 2711.

400 In limestone and sandstone
gorge. Temple bathing pool.
Ref. 2707.

Water issues from limestone.
Bathing pool. Ref. 2707.

Small

38 Large

30

76 _

Hot

Hot

Hot

46-68

werm

Temper- Flow
eture of (liters
water per
(OC) minute)

Name or location

2 wen-stub-run, 23 miles _
south of Tung-ehow.

3 Near Yi-chou (Yihsien) _
4 Ngai-shan, east 01 Hot

Cheloo.
5 Lccng-chwen, 20 miles ~ ~ _

east 01 Ngaf-shan.
6 Yang Kwei Fe, near

Lin Tung.

7 Pehpef 60 miles north
northwest of Chung
king.

8 Naehuan, 17 miles Warm Large
southeast of Chung-
king.

9 Foochow:
Springs_____________ 56;58 __~ _

1 T'ang Shan, 23 miles
northeast of Perpfng,

Wells _

10 Amoy Island _

11 Chung-ling-tow, 35
miles northeast of
Canton.

12 Yung Mak, 20 miles
north-northwest of
Macao.

13 Chau-Yuan, 20 miles
west of Hwang.14 Hainanlsland ~~ • ~~ _

No.
on
fig.
55

Thermal springs in the Arabian Pen4.nsula
{Location of unnumbered springs not identified}

170

series and an upper sandstone series that contains
extensive coal beds.

The central and western parts of eastern China, most
of which are within the basin of the Yangtze Kiang,
include extensive limestone plateaus. In the south
and southeast are hills and minor mountain ranges
which trend in general about parallel with the coast.
In the upper part of the Yangtze Kiang basin the
ranges trend in general south-southeast to north-north
west. Triassic red sandstone underlies the greater part
of Szechwan Province and is present in synclinal
troughs of the older beds in southeast China. Hainan
Island is mountainous; it has a conspicuous central
range and lower lands along its northern shore. Ma
rine Tertiary deposits are present in some places along
the coast of the mainland and the borders of offshore
islands.

There are many intrusions of granite and other igne
ous rocks into the gneiss and schist. Groups of vol
canic cones are present in the plateaus of northeastern
China, and flows of basalt cover uplands near the Mon
golian border. Basalt is also present in the Shantung
Peninsula of .the northeast coast. In southeastern
China, there seems to be no evidence of Tertiary or
later volcanism. North of the Yangtze Kiang, thick
and extensive deposits of brownish-yellow loess form
good agricultural lands.

No. Tempera-
on fig. Name or location tore of Remarksand references

" water (00)

1 Bahrein Island____________ Warm Ref. 73.
2 Am et Harre, Dear Mubar- Hot Water rises in pond; tasteless,

raz, odorless. Used for bathing.
Ref. 2699.

3 Khudud and Haqal, 2~ warm Water rises In 2 sandy pools;
km east of Hufail.. transparent green color. Ref.

2699.
4 Nakbl (Tadmor), 80 km 39-41 1 main and 20 small sprlnga; flow

west-southwest of Mus- 200 imperial gpm. Used for
cat. water supply of town and for

South of the Bay of Mus-
irrigation. Ref. 2698., 44 Springs issue from red limestone

cat. (max) at several places. Used for
Irrjgation. Ref. 2695.

6 On Gebel Teer (Mount Warm SUHurOllS water and fumes from 2
Tarr or Dukhan), on volcanic cones. Refs. 43, 2805.
Saddle Island.

7 About 20 km northwest of 37.7-54. 4 Many small springs issuing from
Mukalla (Makalla). granite; water chalybeate but

potable. Ref. 2700.
8 About 8 km north-north- 37-39 Several springs; moderate flow.

east of Mukalla. Free H2S. Refs. 2696, 2697.
9 Ghail Ba weetr, 35 km W"m 3 large pools, fed by water issuing

northeast of Mukalla. from massive gypsum (Tertiary?).
Source of supply for irrigation.
Ref. 2697.

----- Bahr el 80fL_____ ~________
--~---------

Near oil s'lrngs in southeastern
Arabia. er,30.

----- Coast 01Oman____________ ------------ Many hot carbonated or sulru-
reted springs. ReI. 30.



FIGURE 55.---ehina, Korea, and Mongolia. showing- location of thermal spring's. Eastern China chiefly from refs. 2701 and 2702 i Formosa
chiefly from refs. 2942 and 2997 ; Korea. chiefly from refs. 3231-3233 ; Manchuria from refs. 2723 and 2728.

DESCRIPTION OF THERMAL SPRINGS

Anhwei Province in easternmost China, and a line of
springs near the east border of the Taihang Shan ex
tends southward through the Han River Valley to
Ichang on the Yangtze Kiang and farther southwest.
Many thermal springs are along definite stratigraphic
horizons or on local faults. The locations of known
thermal springs in eastern China are shown on figure
55. The table on page 170 lists only those springs on
which more than the location has been found in the
available literature.

FORMOSA (TAIWAN)

Formosa (Taiwan) Island, about 100 miles from the
southeast coast of China, is largely mountainous. The

171

400,
o 200 400 600 KILOMETERS
! !, , !

main range extends north-south through the eastern
part, and the highest peaks rise to altitudes above
12,000 feet. Along the west side of the island the
coastal plain is less than 20 miles wide. On the east
side a wide fertile plain extends for many miles, but
part of the coast is bordered by high cliffs. The larger
mountains are of schist and quartzite. Coal mines near
the north end of the island are in strata probably of
Tertiary age. Some areas of volcanic rock have been
recorded.

The locations of the thermal springs on Formosa
Island are shown on figure 55. The available informa
tion on those springs is presented in the table below.

ioo-

" S Z E

~-\..,

,-1 \
- I

I

90'80'

EXPLANATION

J2
Thermal spring

40
x

Spring definitely hot

•Spring known as hot, but may be only warm

•Spring known as hot. but no record of temperature
Adapted from Hammond Atlas,1948
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Thermal springs on Formosa-

No. on 'Temperature Flow (liters Tota.ldis- Principal chemical
flg.5ii Name or location of water (00) per minute) solved solids constituents Remarksand references

(ppm)

1 Taihoku (Tansu; Ta-yu- 77 ---------- ---------- ---------------------- Sulfur springs and steam jets at
kang; Kwang-Tau- small sulfur mines. Refs. 2712
Ling), between Kelung 2715,2717,2720,2721,3341. '
(Ktrun) and Tamsui.

4,134 r~ ..rings. W.~.~

I
---------- ----------------------

2 Hokuto, on west flank of (T., acid. Radioactive. Small de-
volcano 7 miles from 48-95 48'C); 300 posits of lead-barium sulfate

75 ---------------------- (hokutolite). Resort. Refsrailroad station. (T., 109, 2714, 2716, 2719, 2939'
51'C) 2942. ' ,

3 Bazan (Tsaoshan), 7 miles 62 Large 2,232 KCi (1,128 ppm); NaCl Resort. Ref. 2939.
north-northeast of (396 ppm) ; csci,
Taipeh. (341 ppm) ; CaHCO,

(201 ppm).
4 Urai (Wulai), 13 miles 80. 3 ---------- ---------- ---------------------- Saline water from Tertiary strata.

south of Taipeh. Ref. 2942.
5 Toi (Tow-wei), 8 miles

northeast of !lan:
Artesian welL _______ 53 ---------- } Low Water derived from Quaternary
Springs_____________ 55-79.3 ---------- ---------------------- deposits. Ref.,2942.

6 Ilan, 25 miles southeast Warm ---------- ---------- ----------------------
Taipeh. .

7 Shekel,_________________ 57.5 ---------- 505 Na2 COs, NaCL_______ Baths. Resort. Refs. 2939,
2997.

8 Suivo (Su-o) _____________ 23 ---------- 2i5 RCOs; much free COs-_ Spring issues from clay slate.
Ref. 2942.

9 Kwanshirei (Kanserei) ____ 61; 77 17 10, 180 Nas COs, NaCl, KCL __ 2 springs issuing from Tertiary
(cooier) ; strata. Water is strongly alka-

13,262 line; much gas. Resort. Refs.

Small
(warmer) , 2713, 2939, 2942.

10 ]dizuho_________________ Warm ---------- ---------------------- Ref. 2997.
11 ------------------------- Warm Small ---------- ---------------------- Do.
12 ------------------------- Warm Small ---------- ---------------------- Do.
13

-jf~sl1oI;l;~d============
Warm Small ---------- ---------------------- Do.

14 Warm(?) Small(?) ---------- ---------------------- Do.

125· 130·

K 0 REA

o Hsinking
RIAuC HMAN
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.12
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I
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FIGURE 56.-Southern Manchuria showing location of thermal springs. From ref. 2728.
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MANCHURIA

In eastern Manchuria mountain ranges consisting
largely of crystalline and metamorphic rocks extend
northeast-southwest. To the west is the great fertile
plain of the Liao Ho, dotted with conical hills, some
of which may be of lava. Basalt is exposed in parts of
the Liaotung Peninsula. In northwestern Manchuria
the Khingan Mountains trend nearly north-south and
are composed chiefly of ancient crystalline and meta
morphic rocks, overlain by Paleozoic sedimentary
strata.

Thermal springs at three places in South Manchuria
were mentioned in an officialguidebook of the Imperial
Japanese Government Railways (ref. 2939), but the
best summary of the springs in this region seems to be
a report by Monden and others (ref. 2728) which con
sists of one paper indicating thermal springs at 34
localities and seven other papers describing the prin
cipal springs. Their locations are shown on figures 55,
and 56, and the available data are inclnded in the table
below.

Thermal springe in Manchuria
[Principal chemical constituents are expressed in parts per million]

No. on
fig.li5
or 56

Name or location
Temperature

of water
eO)

Flow
(liters per
minute)

Total dis
solved solids

(ppm)

Principal chemical
constituents Remarks and references

61 _
Hot _

____________________________________ }Radioactive. Bathing re-
__________ sort. Refs. 2726, 2728,

2730.
____________________________________ Ref. :;728.

:::::::::: :::::::::: :::::::::::::::: }Baths. Ref. 2728.
____________________________________ Ref. 2728.

Do.

---------- ---------- --------~:_------}Sulfureted. Bathing re-
2.5 Na (11~), S0 4 . sort and military sana-

(112), 01 (63) , torium. Refs. 2728-
S10, (96); 2731 2939.
free H2S. '

Refs.

Do.
Do.

Do.

3 springs in ravine. Bath
ing. ·Ref. 2728.

Ref. 2728.
Do.

Do.
Several springs.

2721, 2724.
Ref. 2728.

28 springs issuing from
all u vium overly ing
granite. Water moder
ately mineralized. Bath
ing resort for more than
1,000 years. Refs. 2723,
2728.

Refs. 2723, 2728, 2731,
2739.

Do.

Do.

Ref. 2728.

Na (265); SO,
(164); OJ
(326); SiO,
(109).

Low _

1,0631.5

7,125

34-64
72

Hot

19-25
38-44

Hot

Hot

20-47
64

(max)
Hot

54

30-44

20-46

Hot
Hot

Hot
Warm to

hot
Hot

Haiyen and Yeh, 6 km south of
Atahushan.

Wutualian-chih, 8 km southwest of
Lungchen railway station.

Halun-Arshan, on east side of railway__

Hsiung-yao-cheng (Great Hingan), 40
km southeast of Halin-Hulun-Ar
shan.

Tang shan (Fe-shui-tang), 27 km west
of Linghsi.

Yinchin, 100 km west of Chihfeng _
Mohsing, 45 km north-northwest of

Pingchuan.
Sankoutang _
Northwest, north, and northeast of

Jeho!.
Maochinpa, 53 km north-northwest of

Ohengteh.
Je-ehui-tang, 15 km north-northeast

of Lingyuan:
3 main groups of springs _
8 wells 5 meters deep _

Jeshuitang, 25 km east-northeast of
Kienping.

Tangshang, 15 km north-northwest of
Snichung (Fe shin tang).

Hsing-eheng, 3 km east of Hingcheng
(Hsing-cheng) :

46 springs in and along stream _
Several wells _

Tanghokoutze, 60 km south of Fushun.,
Pai Tou Shan (mountain):

San Chih Yuan, near Hoahan
Lake.

Tang Shui Chang, on north side
of Hoahan Lake.

Pai Wen Chuan, 4 km north of
Hoahan Lake.

Liuhuang, 8 km southwest of peak of
Pai Tou Shan.

Tangkangtsu, 4 km south-southwest
of Anshun railway station:

15 sources (wells and springs) _
Well 50 meters deep _

17

18

15
16

1

2

3

4

5

6
7

8
9

10

11

12

13

14
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Thermal springs in Manchuria-Continued

No. on
fig. 55
,,56

Name or location
Temperatura

or water
(DC)

Flow
(liters per
minute)

Total dls
solved solids

(ppm)

Principal chemical
constituents Remarks and references

Ref. 2728.
Ref. 2725.

Ref. 2728.
Do.

Resort. Refs. 2728, 2731,
2939.

Ref. 2728.

Ref. 2723.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.
Do.

Do.

Do.

Do.

5 main springs. Water
alkaline, sulfureted.
Bathing resort. Refs.
2728, 2731.

Ref. 2728.

Do.
Do.

Do.

Do.
Do.

Na (265); SO,
(164); C1
(326); SiO,
(109).

80 }Na (58); SO,
__________ ~~§/ (~~?8);

Hot

Hot
Hot

Hot

Hot
Hot

Hot
Hot

Hot
Hot

Hot

Hot

Hot

60-84.5

Lungmentang, 6 km southeast of Sun
chin-ten (Hsu-chia-tung),

Kientze, 2.5 km northeast of AnpeL __
Anpei, 20 km east of Hshmg-yao

cheng.
Koutang, 16 km northwest of Siuyen

(Yuyin).
Tangchihkou, 9 km from Suiyeu _
Miao leng kao, 25 km southwest of

Kihwanshan (Chih-kuan-shan).
Tangchihkou, 28 km northeast of

Chaohokou.
Tangchihtze, 9 km north-northeast of

Feng-huang-cheng (Feng-cheng).
'I'ungtang, 14 km northeast of Tang

shansheng.
Wu-ling-pei:

6 main springs_________________ 42.5-62.5
2
8

millnor(s2P6riD1gs3 - - -t-- - -d- - - -)-- - - -} 52. 5-63. 1we s . - me ers eep _
Tanchihtze, 12 km southwest of Hot _

Antung.
Darbukan _
Derbul _
Mergel _

l)~ilfi~an==== == ====== ==== === ====== ==== ==== ==== ===== ==== ===== .: ==== ======== ==== ====

~~~~~:~~~~~~~e~;~t_~~~~i~~~-~~~~== ============ ========== ========== ================Shih-tou-ho _
Mu-lin _

Niechiatai, 15 km east of Anshan _
Tanghoyin (Tang-ho-yan), 25 km

southeast of Liaoyang.
Kouerhtang, 24 km east of Pensihu _
Ssulapao, 7 km southeast of Luchla-

tung. .
Hslung-yao-cheng, 3 km southeast of

town.

34

35
36
37
38
39
40
41
42
43
44

24

25
26

27

28
29

30

31

32

33

19
20

21
22

23

SINXIANG AND TIBET

The southern part of Sinkiang Province consists
mainly of desert plateaus, but in the northern part sev
eral peaks of the Tian Shan reach altitudes above 20,000
feet, where there are many glaciers. Some crestal parts
of these mountains consist of greatly folded Paleozoic
marine sedimentary rocks; other parts are flanked by
marine Mesozoic deposits. Cretaceous beds have been
recognized in the western parts of the Tian Shan.

In Sinkiang, Hedin (ref. 2736) noted only one local
ity of hot springs, about 150 km south-southwest of
Kashgar, The water of another spring south of Yar
kand was recorded by Shaw (ref. 2742) to be warm
and slightly brackish.

Tibet is bordered on the south by the Himalaya
Mountains, along whose north base the Brahmaputra

River has cut gorges. Farther north another great
mountain system, the Trans-Himalaya, has a maximum
width of more than 100 miles. Beyond them is the
plateau region of northern Tibet, which is dotted by
saline and alkaline lakes with no outlets and which
extends eastward to escarpments that drop to lands of
the upper Yangtze Kiang basin. In the high mountains
of southern Tibet are marine Mesozoic strata. On the
eastern border of the Tibetan plateau, limestone is ex
posed; and along the shore of Tengri Nor [Tengri Salt
Lake], in the southeastern part of the plateau region,
marine Cretaceous strata are present.

The locations of the thermal springs in Sinkiang are
shown on figure 55; those in Tibet are shown on figures
55 and 57. The available data on the springs are sum
marized in the table below.
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FIGURE 51-.-Part of southern Tibet showing location of thermal springs. From refs. 2787, 2739. and 2,740.

Thermal springs in Sinkiang ana Tibet

Binkiang

Tibet

4 Damehok, near tOWIL _

.Thermal springs in Sinkiang and Tibet-Continued

No. Tempera-
on flg, Name or location ture of Remarks and references
55 or water

st (°0)

Tibet-Continued

Manasarowar Lake:
7 Near northwest shore________ Hot Refs. 2741, 2745.
8 Near southeast shore. _______ Hot Ref. 2745.
9 Tato.pani, on west bank of Sun- Hot 3 springs forming small pool.

kusi River. water sulfurous. Ref.
2807.

10 Chang Pheug Chuja, near north 54 Several springs. Refs. 30, 73,
shore of Tengri Nor. 74, 2739, 2740.

Refs. 2739,11 Dung Nagu ChAka, north of 81 Several springs.
Kbalambe-Ia Pass. 2740,2745.

12 Dung Chaka, on south sIde of 54 Several springs at altitude of
Khalamba-Ia Pass. 15,700 ft. Refs. 2739, 2740,

2745.
13 Naisum Chuja, on both sIdes of 83 Many hot springs. Two

Lahu Chu River. (max) spout to height of 60 ft.
Water freezes Into Ice pil-
tar. Refs. 273.5, 2737, 2739,
2740,2745.

14 Pctlng Chuja, In and along Lahu 79 12 springs on north bank of
Chu River. river spout to heIght of 40-

sere. Alsospoutingsprings
in rIver. Refs. 2739, 2740.

Remarks and references

Tufa deposit. Ref. 2745.
At altitude of 11,000-12,000 It.

Ref. 2745.

At altitude of 17,000 ft. Ref.
2807.

Refs. 2745, 2807.

Eruption reported to have
occurred in A.D. 1777.
Ref. 43.

4 springs. 'Vater Sulfurous,
leaves iron stains on rocks.
Ref. 2736.

Water slightly brackish.
Ref. 2742.

Warm

<37

Hot
90-94

51.7-52.8

Tempera
ture of
water
(DC)

Name or location

5 Kienlung, on left bunk of SutleJ
River, 1 km north of Kyung
lung.

6 'I'erthapurl, 19 kIn above Kien
lung:

M~~~:;;iiigs::::::::::::::::

Urumchi solfatara, near Turfan
volcano.

2 Issyk Bulak, on south side of
Mus-tagh-Ata mountain
southwest of Kaahgar.

3 Near Kara Kash River, between
aenlooand Sooget Pass.

No.
on fig.
65 or

st
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INDIA AND ADJACENT AREAS

Let
ter on
fig. 55
or 57

A Nakehukha Dzong, 3 km south Ref. 2745.
of town.

B Chag Pass,S km southeast of -----.------1tOWIl.
Yanga: Ref. 2744.

C 5 km east of tOWIl . .
D 10km southeast of tOWD . _
E Selindo, 3 km southeast of town _
F Meuse Tsnka, 10 km south- _

southeast of Selindo.
G Shlgatse, 45km north-northwest _. ._.

of town. ReI. 2745.
H Raga Tsangpo River, 15 km _

south of rtver.
I Kuda, 5 km northeast of town ._. _
J Jenung, 5 km east of tOWIl _

K Kyerong Dz, 4km south or town, Refs. 2735, 2745.
L Yoldo, 2 km northeast OftOWD ------------1M Ohundo, 10 km southwest of ._._.__ Ref. 2745.

town.

India and its neighbors-Pakistan, Nepal, Sikkim,
Bhutan, Burma, and Ceylon-i-occupy the vast region
southeast of Afghanistan and Iran and south and south
west of central and western China. Much of the north
ern border of this area is formed by the Himalaya
Mountains and the Karakoram Range, which descend
southward as east-west trending ranges of hills. The
crystalline and metamorphic rocks and the ancient sedi
mentary strata exposed in the Himalayas and in some
of the lower ranges are intensely folded and faulted.
The other lower ranges are composed largely of folded
marine strata of late Tertiary age. South of the moun
tainous area is a wide band of plains that extends across
the Indian Peninsula from the Bay of Bengal on the
east to the Arabian Sea on the west. Drained in large
part by the Ganges River, this nearly level region
ranges in width from about 90 to 300 miles 'and is under
lain by thick layers of alluvian and wind-deposited
material. Most of the southern half of the Indian
Peninsula is a plateau that is bordered on the east by
the Eastern Ghats and on the west by the Western
Ghats. The latter rise steeply from a narrow coastal
plain, whereas the former rise less steeply from a wider
coastal plain. Granite, gneiss, and other crystalline
rocks are exposed throughout the greater part of the
plateau region; elsewhere, they are overlain by crystal-

Thermal springs in Sinkiang and Tibet-Continued line schist and sedimentary strata. The Gondwana
series of Carboniferous to Jurassic age is composed
almost entirely of fresh-water deposits and includes
some coal beds. Marine Cretaceous strata form parts
of the mountains near the northwest border of the
plateau, whereas the prominent hills in the western part
of the plateau are composed of basaltic rock, the Deccan
Trap of Cretaceous and Eocene age.

Nearly all of Ceylon is underlain by the same series
of granitic and metamorphic rocks that is widespread
in the southern part of the Indian Peninsula.

Nepal, a small country on the northeast border of
India, has a belt of lowland along its sonthern part.
From this belt the land rises northward to the main
Himalaya Mountains. It contains some of the highest
peaks, inclnding Mount Everest. Sikkim, an even
smaller country, borders Nepal on the east and occupies
an area in the high mountains within the upper dram
age basins of two rivers that flow south to the plain of
the Ganges River. Bhutan, farther east, also occupies
part of the Himalayan region.

Burma, which lies on the east side of the Bay of
Bengal, includes a northwestern mountainous region, a
central region of the Irrawaddy River basin with its
great delta, and a narrow, hilly strip along the east side
of the Bay of Bengal, cut by many streams that flow
directly to the Bay. In the eastern part of the country
the higher mountains are chiefly of granite, gneiss, and
Paleozoic sedimentary rocks, which also underlie allu
vium of the river valleys. In some ranges that curve to
the northeast, Cretaceous and Eocene strata are flanked
by Miocene beds. In the western part are deposits
mostly of Tertiary and Quaternary ages. Beneath the
alluvium of the Irrawaddy River valley are extensive
fresh-water deposits of Pliocene age. Volcanic rocks
are not common but are present in some parts of the
country. The mud volcanoes in the lower Irrawaddy
River valley seem to have no connection with volcanism.

'Vest Pakistan, which lies between India and Afghan
istan, includes the former British Baluchistan and
most of the lower part of the Indus River drainage
basin. In its northwestern part are two southwest
northeast trending mountain ranges, between which lies
the great stony Kharan Desert. These mountains are
composed predominately of Cretaceous and Tertiary
strata that are considerably folded and are intruded by
syenite and diorite. Older rocks are exposed in some
of the high ridges. The Tertiary and later deposits in
the area between the mountains and the Arabian Sea are
nearly horizontal. A zone of Recent volcanoes extends
westward into southeastern Iran; all those in West
Pakistan seem to be extinct. Sulfur has been mined for
many centuries at Kuh-i-Sultan, the largest volcano.
The lower Indus River drainage basin is a broad plain

Iw ater sulfurous. Used for
bathing. Refs. 2735, 2739,
2740.

At altitude of 15,000 ft.
Water stored in 4 reser
voirs 30 ft in circumference
and 3 ft deep. Ref. 2740.

Bathing pools. Refs. 2740,
2807.

Water sulfurous. Used for
filling bathing pools beside
Rong River (Rang Chu)
between Shigatse and
Lhasa. Ref. 2738.

Tempera-
ture of Remarks and references
water
("0)

Tibet-Continued

Name or location

15 Ohutang CMkti.:
15sprlngs____________________ ?
One spring__________________ (max)

85
16 Chajong (T/itapani)____. ________ Hot

17 Obengra (Gangamar), 19 Jan 31
from town.

18 Trumsa (Thompa), near village, Hot

No.
onflg.
" 0'57
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may allow the escape of deep-seated water. Very few
springs seem directly related to volcanism.

A report by Oldham (ref. 2807) contains much in
formation on thermal springs in these countries and is
the source of most of the data in the seven tables below.
No table was prepared for the country of Bhutan be
cause no specific information on the springs reported
to be there has been published. The locations of the
springs in Baluchistan are shown on figure 53, and
those in India, Ceylon, Nepal, Sikkim, Burma, West
Pakistan and East Pakistan are shown on figure 58.
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underlain by thick deposits of alluvium. Compared
to the rugged western and northwestern parts of West
Pakistan, the Indus River Valley is very fertile and
well watered. East Pakistan, on the Bay of Bengal,
occupies the lower Ganges-Brahmaputra delta and the
Assam highland foothills.

In India and its neighboring countries the relation
of the numerous thermal springs to the geologic struc
ture is not clear in all places. The grouping of springs
in some areas and the presence of notable bands of
springs in other areas suggest faults or close folds that

FIGURE 58.-India, Ceylon, Nepal, Sikkim, Burma, East Pakfstun, and West Pakistan showing location of thermal springs. Chiefly from refs.
2745, 2S(}7, and 2826.
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Thermal springs in Baluchiatan
[Chiefly from ref 2807]

No. Tempera- No. 'Tempera-
onflg. Name or location tore of Remarks and additional tm Ilg, Name or location ture of Remarks and additional

53 water references 53 water references
(OF) (OF)--

1 Between Gwader and Warm Many mud volcanoes 4 Doza Khusti (Doea Warm Issues from limestone.
Ras Kucheri on standing 20-400 ft Kooshtee) J in
Mekran coast. above plains under- Dehrah Valley.

lain by Miocene clay 5 Kissuker (Kissooker) 71 Several springs issuing
and sandstone. (max) near base of Trukkee
Large gas bubbles. Range.

2 Lakha (Lakha Peer), Hot Large flow of sulfurous
between Janatar water. Ref. 2709.
and Kiehl.

3 Uch (Ooch) __________ Warm Several springs in cen-
ter of valley bordered
by cliffs or dipping
sandstone. Water
is saline.

Thermal springs and wells in I tulia
[Data chiefly from rel 2807 Principal cbemical constituents are expressed in parts per million]

No. on
fig. 58

Name or location Temperature of Flow (imperi-
water (OF) et gpm)

Total
dissolved

solids
(ppm)

Principal cbemical
constituents

Remarks and additional references

Nubra, (Chusan), 1 mile below 170.5; 172
Panamik.

3 springs less than 1 mile apart
Water is sulfurous. Ref. 2779

Issues from tufa mound 30 ft
high at altitude of 9,700 ft
Water is sulfurous and of em
erald hue. Used for bathing
Refs. 2754, 2771, 2779.

2 springs. Water is chalybeate
deposits sulfur. Ref. 2816.

About 50 springs at altitude of
15,500 ft. Water is brackish
Refs. 2782, 2814, 2815, 2828

Issues from limestone at altitude
of 7,700 ft. Used for bathing
Ref. 2830.

Issues from gneiss(?) at altitude
of 9,000 ft. Water deposits
sulfur and gypsum: leaves iron
stain on rocks. Refs. 2828
2830.

2 springs issuing from gneissic
debris at altitude of 10,500 ft
Water is sulfurous; leaves cal
careous encrustations. Used
for bathing. Refs. 2755, 2766
2801, 2814, 2815, 2827, 2828

Issues from nummulitic limestone
at altitude of 5,500 ft.

Several springs at altitude of
16,500 ft. 1 spring spouts
from mound of tufa. Water
contains much free C02
Temperature of other springs
nearby is 90°F. Refs. 2782
2783.

Several springs. Water is saline.
Ref. 2775.

Ref. 2779.

Several springs issuing from base
of cliff at altitude of 14,900 ft.
Ref. 2782.

Water contains much gas, de
posits sulfur. Used for bath
ing. Ref. 2830.

NaCI; much
free CO2•

Large _

Small _

Large _

150

Hot

185

109

154

Warm

160

Warm

Hot in
winter

92-130

Hot

110

117' 122'
, 137

169

Turnawai, 7 miles southeast of
Mansurah.

Gokra, 8 miles from village _

Yarkand River, 25 miles below
head.

Khorkun (Kor Chondus), near
village.

Bisil (Behitsil) _

Duehin (Daebktn, Mush-kin?)
on stream bank near plain of
Bonj.

Kisik Kiul (Kiuk-Kiul, Kisoo
ker), near village.

Sneuron (Tsuh-Tron) _

'I'osha, on right bank of Braldoh
River.

Bulu (Booloo) 1 northeast of
town.

Ohutrum, on right bank of Basha
River.

Hoto, on right bank of Braldoh
River.

Chongo (Askali, Askole,
Askoley), on Braldoh River.

8

9

2

3

4

5

6

7

1

13

14

15

11

12

10

Theed (T'hed) on east shore of
Lake Srinagar in Valley of
Kashmir.

See footnotes at end of table.



See footnotes at end of table.
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Several springs issuing from
gneiss or schist at altitude of
7,000 ft. Water is bitter and
deposits iron.

10 small springs at altitude of
11,000 ft. Water leaves saline
incrustation; free H2S. Ref.
2788.

Bad taste. Ref. 2801.
2 springs. Ref. 2748.
2 springs issuing from marly

limestone; water is sulfurous.
Ref. 2830.

At altitude of 14,400 ft. Refs.
2766, 2801.

Issues from gneiss and slate.
Ref. 2816.

At altitude of 18,000 ft.
Numerous springs, gently to

strongly bubbling, at altitude
of 15,270 ft. Water is sul
furous; free H 2S. Refs. 2766,
2827.

Several springs at altitude of
15,670 ft.

Ref. 2794.

Several springs (wells?) issuing
from mica schist 500 ft above
stream level. Water contains
much H2S. Refs. 2765, 2767,
2796, 2801.

Several springs issuing from mica
schist. Main spring is a few
feet above river and rises in
masonry-walled tank 12 ft in
diameter and 3 ft deep. Water
is sulfurous and has bitter
taste. Refs. 2765, 2767, 2796,
2825.

Possibly 2 springs at this location.
Refs. 2795, 2797, 2809, 2816.

14 springs issuing from mica
schist at altitude of 5,587 ft.
Water issues violently and
noisily. Ferruginous, siliceous
travertine deposited by water.
Much vapor and gas. Refs.
2796, 2801.

Remarksand additionalreferences

Issues from contorted limestone.
Water contains H 2S. Refs.
2801, 2816, 2830.

At altitude of 14,000 ft. Ref.
2801.

At altitude of 15,000 ft. Ref.
2801.

CaCO, (100);
CaSO, (120);
CaCI (546);
NaCl (9,233);
NaBr (I?).

CaCO, (20);
Na2C0 3

(2,600) ;
Na,SO, (160);
NaCl (740);
SiD, (40).

Principalchemical
constituents

800 _

2 320 CaCOa. CaCl~,

N3.2S0~, NaCl.

700

Total
dissolved

solids
(ppm)

Large

70

Hot

Hot

117

72

108

96

140

147

70.5

Warm

Warm
Warm
140

Warm
'174

'120

100-108

106-110

DESCRIPTION OF THERMAL SPRINGS

Temperature of Flow (imparl.
water (OF) al gpm)

160. 5-202

116.5-117.5 _

Thermal springs and wells in India-Continued

Name orlocation

Aknur (Aknoor), on bank of
Chenab River.

Tsomoriri, at south end of lake.

Lausah, in hills northeast of
Nurpur.

Beshieht (Bassisht, Beshist,
Vashishta Muni, Biseshta
moonh), on left side of Beas
(Bias, Byas) River, opposite
Monal.

Sitakund (Sita-Kund. Seeta
Koond) at Kelat on right
bank of Beas (Bias, Byas)
River.

Teva (Futtipani), 10 miles from
Dhurmsala.

Tatwani, on tributary of Birmi
River.

Pampur (Kshir Nag) _

Kium (Kyam) J on south side of
Chang-chengmo River.

Chigar (Chagrar, Tagar'i) _

Batra (Sohore), on tributary of
Mendola River.

Knarung, in Ladak _
Islamabad, in valley of Kashmir _
Rajawar (Rajapur), 1 day's

march east of city.

Shushu1 (Chushu1, Chusu1) _

Tatwenl, on bank of Chenab
River.

Kuruchum, on road to Shach _
Pugha (Puga), on both banks of

Rulang-chu stream.

Changrizang (Shalkar, Zungsum),
on south bank of Para River a
few miles from Shalkar.

{

Kaluth' several springs on right
bank of Parbatti (Parbutty)

35 River, near bridge.
Bishenand, 500 yd from Kalutb

springs.
36 Manikarn (Mannikurn) on right

bank of Parbatti (Parbutby)
River.

34

31

33

30

27

28

29

23

24

25
26

32

16

17

18

19

20
21
22

No. on
fig. liS
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Thermal springs and wells in India-Continued

No. on
fig. es

Name or location Temperature of Flow (imperi-
water eF) al gpm)

Total
dissolved

solids
(ppm)

Principal chemical
constituents

Remarks and additional references

See footnotes at end of table.

62 Pakul (Islamabad, Phrabas
Kund), near Pali.

63 Ganesar (Gunneshur) _
64 Talbrick, 14 miles west-south

.wesf of Alwar.
65 Koilesar (Koleshur) _
66 Mora (Morloh) J 60 miles south

of Alwar.
67 Puklas (Puglaz Saohu, Puklong

Bachoo), on Runjit River.

Water is sulfurous; deposits
sulfur.

Water is sulfurous.
2 springs issuing from sandstone

Much free H 2S. Water used
for bathing. Refs. 2750, 2805.

Many springs.

Referred to as "Pilgrimage Well,"
but may be a spring. A place
of Hindu worship.

Water is malodorous, leaves
white deposit. Used for bath
ing. Ref. 2751.

Ref. 2790.

Numerous springs at altitude of
9,793 ft. Some iron deposited
by water. Refs. 2774, 2784,
2805.

Ref. 2788.

Numerous springs at altitude of
7,478 ft.

At altitude of 10,214 ft.

Ref. 2816.

5 springs. Water is saline.
Ferruginous deposit on stones.
Ref. 2776.

Issues from limestone. Ref. 2763

2 springs. Water clear but de-
posits ocherous sediment.

Do.

4 small springs. Refs. 2763,
2816.

Ref. 2805.

Water is strongly saline and
slightly laxative. Refs. 2788,
2816, 2833.

About 10 springs. Water is
saline, alkaline, sulfate; con
tains much H 2S. Deposits
sulfur. Refs. 2776, 2812.

At altitude of 8,653 ft.

Several springs. Water is sul
furous. Ref. 2774.

Low _

Large _

Variable _

__________________ NaCL c _

Warm

Warm

137

lI8

Hot

Warm

Warm

Warm

Warm

Warm

73

139.8

'160

129
127

Hot

Hot

Hot
118

Hot
120

, 135

72.1

>100

Warm to
hot
Hot

125-130

99; 109

123; 127
Warm
, 94

Warm
108; 125

192.6; 194

Kan\very _

Lake bed _
Sunah (Sonub), 35 miles south of

Delhi.

Huri (Uri, Ganotri), on left bank
of Bhagirathi River.Banassa _

Natpa (Tatpa, Natssa), on right
bank of Sutlej River.

Rarang, on right bank of Sutlej
River.

Bhasra (Bhatra, Lohand Khad),
at head of tributary of Sutlej
River.

Suni (Soonee), on bank of Sutlej
River.

I
Khirgunga (Nakthan), 9 miles

southeast of Manikarn.
Dharmaur (Hissaoo Teeruth),

in bed at Parbatti (Parbutty)
River.

Babut, near mouth of small
tributary of Beas (Bias, Byas)
River.

Puari (Jauri) on left bank of
Sutlej River 4 miles northeast
of Chini.

Jaorl, on left bank of Sutlej River;

Kharsali, on left bank of J umna
River.

Palia (Asarigadh, Wazirgurh)
on right bank and in bed of
Jumna River.

Jumnotri, at source of Jumna
River..

61

60

58

56
57

51 Badrinath _

{

GaUrikUnd (Kedernath) _
52 Bank of Mandakni River below

Gaurikund.
53 Bhap-kund, on streambank 1.5

miles from Jhelum.
54 Sansaodarah, near GangnanL _
55 Tapoban:

0.5 mile from village _

1 mile from village _
Kulsari, on bank of Pindar Rlver.,
Bhaori (Vodri, Gangnani), near

Amola (Mala) village.
Agur, on bank of Ramgunda

River.
Naini Tel:

In outlet channel of lake _
59

41

40

45

39

49

50

42

43

44

48

37

38

46

47



See footnote at end of table.

89 Katkamsandi (Kutkunsuandy,
Katcamsandy), 17 miles north
west of Hazaribagh.

90 Belkapi (Surajkund, Soorujkund,
Hararyhaugh), 27 miles north
east of Hazaribagh.

181

Issues from quartz (quartzite?).
Water used for bathing. Ref.
2817. _

19 wells and several springs.
Water is radioactive. Refs.
2762, 2805, 2818, 2820.

Ref. 2790.

2 springs issuing from "[asplde
ous hornstone.' Siliceous sin
ter deposited by water. Ref.
2819.

Several springs issuing from
quartz (quartzite?). Water
used for irrigation. Refs. 2758,
2817, 2819, 2825.

Issues from 'quartz (quartzite?).
Ref. 2817.

Water is sulfurous. Used for
bathing and irrigation. Ref.
2781.

Ref. 2818.

Remarks and additional references

Water leaves deposit of iron oxide.
Used for bathing. Ref. 2751.

Several springs. water is
slightly sulfurous. Much gas.

Water is strongly saline.
Issues from sandstone at base of

hill.
Issues from quartzite and is .en

closed in masonry reservoir.
Water slightly sulfurous.
Marketed as table water.
Refs. 2747, 2757, 2761, 2785,
2819, 2832.

Ref. 2832.

Issues from quartzite. Ref.
2832.

7 springs issuing from quartzite.
Ref. 2832.

5 springs issuing from quartzite.
Ref. 2832.

Several springs issuing from
hornstorie (flint). Ref. 2819.

Issues from quartz (quartzite?).
Water used for bathing. Refs.
2758,2817,2819,2825.

Issues from quartzite. Ref.
2832.

Issues in a cave. A place of
pilgrimage.

Ref. 2818.

Principal chemical
constituents

Total
dissolved

saUds
(Ppm)

Large _

Large _

Large _

Large Issues from fault between gneiss
and coal-bearing strata. Ref.
2832.

__________________ Ca.J.oN"aC'IH.COa, Several springs issuing from trap
i:':i rock and granite. Water

brackish, used for bathing.
Free H,S. Refs. 2770, 2805,
2813, 2825.

__________________________________ 4 springs; largest is constantly
boiling. Large deposits of
Nll2S04, NaCl. Water is un
potable. Refs. 2785, 2805.

108

145

112

Warm

110

145

Warm

144.5

'90.5

137

102

98. 5

84.5

Hot
Warm

Warm

Warm

1104

110

87-93

169-190

145-148

Hot

122
80

137-140

DESCRIPTION OF THERMAL SPRINGS

Warm

Temperature of Flow (imperi-
water (OF) al gpm)

Thermal springs and weUs in India-Continued

Nameorlocation

Menchi (Menchu), on west bank
of river.

Namba, on streambank 12 miles
from Golaghat.

Kopili, on right bank of stream__
Gangra (Gangar), 12 miles north

west of Chittore.
Sitakund (Seeta-koond) 5 miles

east of Monghyr and 500-600
yd from Ganges River.

{Garm-pani, 300 yd northwest of
73 Sitakund spring.

Bainsa Pahar, 0.3 mile southeast
of Sitakund spring.

74

ringhi Rikh tatal panL _________

Panch-bhur____________________

75 Paharpur (Kishi-kuud) J 5 miles
from village.

{RiChikund (Rishikund, Risbi-
koond), 14 miles northwest of

76 Haveli Khargpore.
Bhaduria-bhur_________________

77 Gupt GUdaol~ several miles
south of Pul eo.

78 Manikpur, in jungle near town___
79 Kandela, 10 miles east-northeast

of Manikpur.
80 Sitaura (Sittourah), near foot of

Rajghir Hills.
81 Bharari (JanumKund), on An-

jun River.

82 Bhimbandh (Bheembund), 16
miles southwest of Haveli
Khargpore.

Karmanburi (Lachni Koond), 8
miles southwest of Havel!

83 Khargore.
Rameswar Koond, 5 miles west

of Haveli Khargore.

84 Rajghir (Rajgir, Rajgheer), near
entrance to gorge and along
base of hills.

85 Hurma, on south side of Sone
stream near Gangur village.

86 Sidpur, at village_______________

87 Bara, between Dumke, and Nani
Hat.

88 Jerwapani (Jhariya pant).

68

69

70
71

72

No. on
fig. 58
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Thermal 8prings and wells in India-Continued

No. on
fig. 58

Name or location Temperature of Flow (tmperi-
water (OF) a1gpm)

Total
dissolved

solids
(ppm)

Principal chemical
constituents

Remarks and additional references

91 Kesodeb, 2 miles southwest of
Madurkal.

92 Nunbhil, 10 miles west of Koo
marabad.

97 {su-sum panL _

Bhumka _
98 Sirguja (Tattapani, Tatapani) _

93 Hatpalia (Hatbullia, Tapat
pani1), at village.

94 {LaU-Iau dah _

Baramasia (Bhumuk) _
95 Bijeragogarh, near tOWD _
96 Tautlui (Tat-noi), on right bank

of Sidh stream.

Ref.

Free

Used for

Water strongly sulfurous.
2753.

Water forms white deposit.
H,S.

Salt lick. Ref. 2753.

Water is sulfurous.

Water is sulfurous.
bathing.

Water is sulfurous.

In saline marsh. Issues from
sandstone and trap rock. Ref.
2818.

Issues from conglomerate. Wa
ter is slightly sulfurous. Refs.
2818, 2832.

Issues from trap rock. Water is
slightly sulfurous. Ref. 2832

Issues from limestone. Ref. 2832.

Issues from gneiss. Water is
slightly sulfurous. Refs. 2818
2819, 2832.

Issues from conglomerate. Wa
ter is slightly sulfurous. Ref
2832.

Ref. 2832.
Several springs issuing from

fault. Free H,S. Refs. 2753
2808.

Several springs issuingfrom granit
ic gneiss. Free H2S. Ref.
2753.

Issues from fault between gneiss
and coal-bearing strata. Small
deposit of sulfur.

Issues from metamorphic rocks
near fault along boundary of
coal field. Ref. 2788.

6 springs. Free H2S. Water
stored in masonry basins. Used
for bathing at temple. Ref
2788.

Ruined temple nearby. Ref.
2788.

Issues from contact of two
formations.

Issues from fault. Water is
saline; evolves gas. Used for
bathing.

6 springs. Water unpalatable.
Ref'. 2778.

Many small springs. Water is
sulfurous and radioactive.
Refs. 2778, 2823, 2825.

Much hydrocarbon gas. Refs.
2789, 2805, 2812.

'750 _

2 _

26 _

9 _

Small NaCL _

Small _

Small _

Small
Large

Small

Large

Small

Warm

Warm
82

Warm

Warm

Warm

190

102

85

92

Warm

Warm Much hydrocarbon gas.

119.5

102

132

84

122

93
Warm
150

151

92

Hot

120

Warm
1 124

82-152

83-162

82
130-196

Jarum, in bed of Tabaka (Tataka)
River.

Indra Jurba, 12 miles south of
Hasaribagh.

Nuchibad (Jorya Booree), near
village.

l
T antiParal on right bank of

Buklesur stream.

Lakarakoond, 5 miles from Tan
tipara.

Gandwani, on left bank of Son
durah stream.

Sheopur, on left bank of Damu
dar River near Jherria coal
field.

Tantolya (Tantotyu), near right
bank of Damudar River.

Ahmedpur, north of Hingla
watercourse.

Ganduari (Ganduani), 4 miles
east of Seersa Hill.

Thethe, in Huta coal field near
Kokratra (Kokraha) village.

Kowa Gandwani, 1 mile south-
west of Kowdeh village.

Susinia, on southwest side of hilL
Deorj, near village _

11huIT _

Jalander, near Jhinihuwara _
Lausundra (Lassindra), 18 miles

west-northwest of Tui.
Tui (Towa, Tuwa) , on Mahai

River near Ruttenpur (Rut
tenpoor).

Anhoni Samoni (Ament, Anhoni
Bimhoni, Unhonee Sumonee,
Kyrie?), north part of Narbada
(Nerbudda) coal basin.

Budi, 8.5 miles east-northeast of
Anhoni Samoni.

See footnotes at end of table.

117

116

113
114

115

99

105

106

107

108

109

110
111

112

103

104

101

102

100



DESCRIPTION OF THERMAL SlPRINGS

Water is sulfurous.
Several springs. Ref. 2825.

4 springs near temple.
Water is sulfurous. Ref 2769.
Ref. 2825.

Strongly sulfurous. Free H2S.

Water used for drinking. Refs.
2756,2825.

Several springs issuing from Pre
cambrian limestone and sand
stone. Water used for irriga
tion. Refs. 2789, 2805.

Issues from Precambrian sand
stone. Ref. 2789.

Issues from faulted Precambrian
limestone and shale. Ref.
2756.

2 springs.

2 springs.

183

Ref. 2816.

4 springs.
Several springs. Ref. 2778.

Water is sulfurous.

A place of pilgrimage.

Ebullition caused by evolved
gas. Water stored in reser-
air. .

Water stored in a series of
reservoirs. Ref. 2788.

Flows from trap rock. Water
used for bathing. Refs. 2805,
2825,2834.

Water brackish, slightly laxative.
Issues from faulted metamorphic

rocks. Ref. 2756.

Water is potable.
Do.

Remarks and additional references

Water is potable.
Issues at base of hill. Water has

acid taste; smells of burning
charcoal. Used for drinking.

Several springs issuing along
rock dike 0.25 mile long.
Water is sulfurous; much hy
drocarbon gas. Refs. 2805,
2822.

Ref. 2778.

Principal chemical
constituents

Total
dissolved

solids
(ppm)

Low Ca, Na, COs,
8041 01.

Large

Small . _

Large

Large _

Large

----s;;;,;ii- :::::::: ::::::::::::::::

Warm
Warm

Warm
Warm

Hot
Hot

120

Warm
Warm
Warm

Hot

Warm
Hot
Hot

Warm

91
100

Hot
Hot

110

112

110

110

87

101

Warm

85-87

124

115-120

Hot
98

90

100-103
85-91

139

Temperature of Flow (imperl-
water (OF) al gpm)

Thermal springs and wells in India-Continued

Narneor Jocenon

Arjuna (Urjunah), near village _

Ganeri, in bed of Pem Gunda
River.

Chuikadan, near village _
Bhagatpur, on hill near village _
Mandai Chota, in watercourse _
Atmalik, on north bank of Maha-

nadi River.
Delli, near village _
Mezka _

Kobgaou, at southeast base of
Katpar Hills.

Oteri (Ooteer, Jaggarneth), 10
miles west of Khoorda.

Loagudi, on east side of Girtra
badi Hill.

Unapdeo (Ounkdeo, Oonup Deo),
near temple on right bank of
Pem Gunda River.

Khair (Katr), in East Berar '-_

Tulshi-sham (Donee) _

Anaval (Devakl Unei, Ushna
Udati), 2 miles from village.

Pili, in river bed _
Salbaldi (Salbaldee) _

Babaiha, in stream bed _
Khair Para, in Sultanpur De

pendency.
Wadla (Unapdeo), 2 miles north

of village.
Nazardeo (Nijardeo) _
Sunafdeo, near Nazardeo village.
Arawad (Unapdeo), in Chopra

Dependency.
Damarni (Dambhorni) _

Periples, in river bed _
Gurgaon, in river bed 800 paces

from village.
Satlwali, 4 miles from Kokner _
Kokner (Coaknair, Kobineera) _
Tuk Muk (Took Mookh) _
Haloli (H ulloIee), 50 paces east

of Veyturna River.

{
GUneshPuri , near Taunsa River__
Gandodi, in bed of 'I'aunaa River;
Vehloli, near Dysur _
Kulbhone (Kulmun), 50 paces

from Taunsa River.
Nimboli (Nimbowlel___________ M100 _

{

Vijrabhai (Vizrabhaee, Vizerab- 1136 _

A:~?(dj~~~v_e~_~~~. _
Pall (Paleel___________________ <100 _
Savi (Sao, Mahrl______________ 109 _

140

149
150
151

152

153

154
155

143
144

145
146
147
148

141

142

136

137

138

139

128
129

130
131
132
133

134
135

119
120

121

122
123
124

125

126

127

118 Anhoni (Unhone, Maljihir?), 17
miles southeast of Anhoni
Sarnoni.

No. on
:fig.58

See footnotes at end of table.
735-914 0--65----13
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Thermal springs and u:eUs in India-Continued

No. on
fig. 68

Name arlocation 'Temperature of Flow (imperi-
water (OF) at gpm)

Total
dissolved

solids
(ppm)

Principal chemical
constituents

Remarksand additionalreferences

springs issuing from fault.
Water deposits tufa. Used fOt
irrigation. Ref. 2806.

Source of part of water suppl;
for town of Nandial, 10 mile
west of spring. Ref. 2806.

2 springs.

2 springs.

2 springs.

Several springs. Water contain!
some iron. Ref. 2803.

Flows from trap rock. Refs.
2769,2793.
Do.

Issues from mouth of stone cow.
Refs. 2769, 2778, 2793.

Ref. 2778.

Issues from quartzite.

2 springs issuing from faulted
granite and trap rock. Refs.
2756, 2805, 283!.

Several springs. Much gas.
Issues from sandstone and. lime

stone near contact of Pre
cambrian and Carboniferous
rocks. Refs. 2789, 2816, 283!.

Issues from faulted strata.

Water used for irrigation. Refs
2769,2793.

Several other warm springs for
several miles along valley.
Refs. 2769, 2793.

15 springs. Water stored in
cisterns for bathing Use. Salts
deposited by water. Refs.
2769, 2793.

Refs. 2769, 2793.
Water used for bathing and irri

gation. Refs. 2769, 2793.
Water used for irrigation. Refs.

2769, 2793.
Refs. 2769, 2793.
Water used for bathing and irri

gation. Refs. 2769, 2793.

Water used for bathing.

Salts deposited by water. Refs.
2769,2793.

Ca (38); CO,
(45); SO,
(104); oi
(454).

Ca (53)' SO,
(76); 01 (519).

Ca SO" CL••••.

Ca (49); SO.
(71); C1 (516) ;
gas, chiefly
N,.

Ca (67)' CO,
(33); 80.133);
Cl (434).

964

920 ••...••....••••.

870

1,990

1,730

4

10
12

25

220

144

.•.•••.... 2,090 CaCl,...Na, SO"
Na\..ilj free
H,S.

Large _
...•.•.... Low CaCO,••••....•

·······10· ····560· ·C),;C36);·Mg····
(43); SO, (85
ppm); Cl375
Much H2S.

__________________ Gas almost
wholly N 2•

1,120 Ca, 804, CL _
370 Ca...CO" SO,,,

ci, free H 2o:; .

92

96

105

157
105

130

Warm
110

Warm

Warm

1110
126

140

142-147
105

155-156

Warm
120; 140

Ramteeruth, near village-_______ Warm _
Atmacoor, near tank of Siddapur _ Warm _
Wuddyralla, 1 mile from vlllage.,., Warm _
Chinna Tekur _
Gadigerevala (Guddagarval) _
Bodavanipalli (Bodanpilly) _
Wulandikonda (Oolendaconda) _
Ca1wa........................ 89-90 ....••••••••.....•••••.....•••••.. 3

Math••••........•••.......•••
Rajapur _

Bothe (Lin Khal), near village__

Beder, on Castle Hill., _
Gondala, in bed of Godavari

River.

Kaulagi, near village _
Buga (Baugha, Bange, Byora,

Byorah, Baidra), 30 miles
northwest of Goridala.

Sangarneshwar _

Rajwari (Rajwadi):
Several springs _
Springs near temple _

Springs 1 mile south _

Springs in nearby rice fields __
Arauli (Aravali) _

Uneri (Unhavare) _

Wudaoli (Mendangadh Peta)••.•

Panem (Paneum) _
Vankarum, 7 miles north of Warm _

Mahanandi pagoda hill.
Gazulapali _
Lanjabanda, 1 mile east of village; 85-91 Low CaC03 _

Chamakopalli _
Gajjalabonda _

{:::~::::~~~~~~~~~~~~~~~~~~ ::".: ~~~~:. ~~~~~~~~ ~~~~~~~~~~~~~~~~
Kadmala Kalva (Kuddamal _

Calwa).

{~~~;:~~~~~~~~========================= ========== ======== ================Yembayi ..1 _

. Chagorlmari _

{::::~:i:::~:~~:~~~:~~~~
}(hed•...•••••.....••••......•

186
187
188
189

170
171
172
173
174
175
176
177

184

185

178
179

180
181

182
183

168
169

159

161

162

163
164

165

166
167

158

160

156

157
157

See footnotes at end of table.



Total
No. on Nameor location Temperature of Flow (tmperl, dissolved Principal chemical Remarks and additional references
fig. 58 water (OF) algpm) solids constituents

(Ppm)

190 Sirwell., _______________________.
------------ ---------- -------- ----------------191

JDhone________________________
------------ ---------- -------- ----------------192 Malakapuram (Mulkapoor) _____ ------------ ---------- -------- ----------------193 ]Rangapuram __________________ ------------ ---------- -------- ---------------- 8 springs.

194 Rudravaram (Roodrar) _________ ------------ ---------- -------- ----------------195
AJamur_______________________

------------ ---------- -------- ----------------
196 Kotakapali (Cottapilli) _________ ------------ ---------- -------- ----------------197

~uttalur______________________
------------ ---------- -------- ----------------198 Tinimapuram__________________ ------------ ------_._-- -------- ----------------199 Bhuga (Boogga) _______________ 88 ---------- -------- ---------------- Several springs issui~from fault-

ed sandstone. ain spring
flows from mouth of stone
cow. Refs. 2804, 2805.

200 Irede, 6 miles from Pootoor_____ 99-102 ---------- -------- ----------------
201 Salem _________________ ~______ 84 ---------- -------- ---------------- Issues from gneiss end slate.

Ref. 2805.
202 Barren Island, at landing place__ Hot ---------- -------- ---------------- Issues from basalt. Refs. 2786,

2802.

Thermal springs and wells in India-Continued

185

Remarks and addItional
references

20 springs; large combined
flow. Water Is tinted.

Mud volcanoes. Ref. 2792.
2 springs 4 miles apart.

Several springs.

Temper
ature of

water (OF)

Remarks and additional rererenees

Thermal springs in Nepal
[Data chiefly from ref. 27451

Thermal springs in Burma-Continued

Name or location

5 Sandoway River, near source., _

Warm vapor issuing from clefts in slate.
Refs. 2790, 2791.

Issues from granite at altitude of 16,000 ft.
Ref. 2785.

Water is malodorous; leaves white deposit.
Ref. 2751.

Issues from granite at altitude of 11,920 ft.
Water is slightly saline. Ref. 2785.

no
(max)

6 Cape Negreis, on coast near cape ~__
7 Lepan-bew-Choung ._~_ 100;115
8 Kayeng Choung_________________ 110
9 Choung-na-nay__________________ 108

10 Kayloo Myoung:In Hmoh Valley •__.______ 157
Slopes on east side of Hmoh • _

Valley.11 Bin-ByaL_. ~ ~ ~ _
12 MalPoulc • _
13 Sair-ao-Khan ~~ ~

14 Hteepahtoh_____________________ Hot
15 VadaIChoung ~~_~~____ Hot

No.
on

fig. 58

No. Temper- Remarks and additional
on Name or location eture of references

fig. 58 water

1 Beside Kal1 River, 3km north of HoL__~__ Ref. 2745.
Dharehula.

2 Muktinath_______• ______________ Wann.____ At altitude of 10,850 ft. Rof.
2805.

3 Sheopurl, on east bank of river 1 HoL______ Water Is saline, malodorous.
mne from village.

4 nasus Garh1,about 15kmsouth- _____do___ ~_ Ref. 2745.
west.

5 Hangthuwa, near east side of _____do_____ Water is sulfurous.
Tamor River.

6 Nangin, at head of small stream, _____do_____

Thermal springs in Sikkim
[Data chiefly from ref 2807)

Warm

112.5

110-116

Temperature of Principal chemical constituents
water (OF)

a Hottest.

DESCRIPTION OF ·THERMAL SlPRINGS

Remarks and additional
references

Active mud volcanoes. Com
bustible gas. Refs. 2780,
2792.

6 large mud votcenoes. Refs.
2780,2792.

3 mud vicenoes. Refs. 2780,
2792.

2 mud volcanoes. Refs. 2780,
2792.

Several mud volcanoes. Refs.
2780,2792.

Mud volcanoes, Water is
saline. Ref. 2836.

Name or location

PhermaZ springs -in Oeylon
[Data chlelly from ref 2821&]

Mangphu (Mangpuu), 600 ft
above Tista River.

Momal, 1 mile below Kinchinow
glacier.

Phug (Phong Sachoo), on east
bank of Runjit River.

Yeumtong, on Lachong River _

Thermal springs in Burma
[Data chiefly from ref. 2807]

Chcduba Island ._~ ~~__

Amherst Island _

Flat Island, ~ .. _

Nearby mainland ~~ _

1

2

3

4

4

1 Maxnnum.
3 Main spring.

No. on
flg.58

,
No. Tempera-
on Name or location ture of ReIIUU'ks and references
fig. water
58 (OF)

1 Kanuea (Ca.nnla), 6 miles north- 85-115 7 wells tapping granite; 6 are
west of TrIncomallee. ' in stonelIned basins. Sev-

eral unimproved springs
nearby. Water is potable.
Much gas. Refs. 2764,
2768, 2805,2807, 2810, 2826,
2826.

2 Patipal Aar, south of Batlcaloa__ IIot Several springs. Ref. 2826.
3 KUooI, east of Bllntenne;______ ~_ IIot Refs. 2807, 2826.
4 Badulla, ne-artown ______________ IIot Several springs. Ref. 2826.
6 Yavi Ooto, near village__·-______ IIot Ref. 2826.

No. Temper-
on Name or location ature of

fig. 58 watcr(OF)

1 Memboo (Minbu), 0.5mile from 87
Irrawaddy River.

2 Bu-le, on north bank of stream Wann
near its mouth.

3 Ramree {Ramri) Island__________ 92
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Thermal springs in Burma-Continued Thermal springs and wells in Pakistan-Continued

Thermal. springs ana wells in PakiBt(JlYj,
[Data chiefiy from ref. 2807J

No. Tempera-
on Name or location ture of

fig. 58 water (OF)

"
Koon-PaL_._________________._._ Hot

l? Maltine_. ________________•______ Hot
18 Kyoung Choung_____•___________ Hot

{GYO, 45miles north of MouImein Wann
19 Pagoda.

Allayen (MouImein) ________•• ___ 137

20 Poung Yabco____________________ werm
21 Nga Yal Kyoon Juin________•___ W",m
22 SIenlL_____•_____________•• _.____ Warn>

23 Mai-palal (May-play) ___________ W",m
24 Kaline Aurig (Eubien) __________ 108
25 Noung-tyne (Noung-ta-bway) __• W",m
2'

Thaphun_.__________•___________ Warn>
Z1 Mya·waddl _____________________ W",m
28 Poung (Poung-to-goo) ___________ Warn>
20

Ye-bll ___________________•_______ Warn>
30 Damathat, ou hill near village ___ wenn
81 Bonet, ncar village ______________ Warn>
32 Ahtaran (Attayen). _____________ 130

Warm

Remarks and additional
references

Ref. 2799.

3 springs 0.5 mile apart.
Issue from strata dipping
50°. Possibly the same
as "Springs near :Karacni"
in ref. 2825. Water from
main spring supplies alli
gator pool. Water is sul
rurcus and leaves black
deposit on pebbles. Refs.
2752,2829.

Rer.:mS.

Referred to as "Fountain of
the sun."

Water potable.

Water bitter; contains salt
peter and other salts.

Well 70 ft deep; taps con
glomerate. Ref. 2829.

Water pale green. Much
H2S gas. Large deposit of
tufa. Refs. 2752, 2829.

W"'m

Hot Sulfur springs.
W",m

Hot
W~

99; 119;
1Z1

6 springs.

3 springs.

Hot

Warm

Hot
Warm

W",m

Hot

W"'m

102-105 Water is sulfurous. Refs.
2752,2799.

120 Near sulfur mines. Issues
from base oflimestone cliff.

Tempera.
ture of
water
(OF)

West Pakistan-Continued

Name or location

28 Jein Pir, 16mileswestofJhirruk_

6 'reuse, 6 miles west of Indus
River.

7 Btndar Pir, 6 to 8 miles up the
Sodi Pass.

8 Garm-ab, at foot of Marl Hills _

9 Garmo, on Shoree watercourse _
10 Wahl Pandi, 24 miles west of

Jobi.
11 Tandra Rahim Khan (Shahdad

ka-gotc), 6miles north ofPaeth.
12 Gazlpur (Gazee-pir, Paeth), on

hill called Bhil.

13 Gerandl, 4 miles west of Shah
Hassan.

14 Sewan, 3 miles sonth _
15 Phadak (Faduk), 2 miles south

of Gorandl.
16 Pir Ari, 2milessollthofJhingarah_
17 Natn, 8 miles southwest of

Gorandi.
18 Khai, 8 miles southwest of

Jhanghar,
19 Kandhar (Kanda Shah), 10miles

south of Naing,

l
Lakhi (Lukkee), 15 miles from

20 Schwan
Hills below Sehwan (Dharum

Hill).
21 Khosra-ka-wahi, near Hubb

River.
22 Garm-ab, on road to KarachL._.
23 Ranl-jo-kct, 16 miles west of

Mejande,
24 Deo Chandeswar Mahadeo

(Suraj Kund), In Rajputana
desert, 80 miles from Sunt.25 Tong • _

26 Pokran (Pokran Landee) _
27 Manga-pjr (Mugger-pre, Munga-

Peer, Peer Mangul, Maga,
Mangear).

No.
on

fig. 58

Rmnarksand BddUrnnal
references

Issues from limestone. Ref.
2805.

Water Is saline.
Do.

Water is sulfurous; contains
iron sulfate.

Water is saline.
Well. Ref. 2787.
Water is saline.

Do.
Do.
Do.
Do.

Water is brackish.

Several springs issuing from
granite; 1 spring jets to
height of 6 ft. Water con
tains Ca, Na, 8i02, 01,
H2S0.. Ref. 2824.

Several springs. Ref. 2798.

Water is sulfurous; contains
CaSOj.

Water is chalybeate and very
sulfurous. Ref. 2798.

Water is saline(?).

:3 Wells and several springs.
Principal well is in a brick
walled cistern 60 ft in di
ameter. Water is actively
bubbling and gives off
much vapor. Much C02.
Refs. 2773, 2798.

Water is saline.
Do.
Do.

19'
(max)

W",m

Warn>
Warn>

Warn>

198
(max)

Warn>
Warn>
W",m
W",m
Warn>

144

119

33 Myan Khcung, _
34 Thalan Khoung _
35 Ingijrc _
36 Nat Gyi Zin, at base ofhill _
37 Henaat, near stream. _
38 Langyen, near head of tributary

of Pagayai stream.
39 Myitta, on right bank of Ten

asserim River northeast of
village.

40 Moung Magan, in mangrove
swamp.

41 Palths Kyolln~_----------------
42 Mandoo, on Bin stream south of

Myitta.
43 'I'oung Byouk, at head of east

branch of stream.
44 Pal, on billside , _

45 Paleuk, on right bank or rtver _

No.
on

fig. 58
Name or location

Tempera
ture of
water

(OF)

Remarks and additional
references

INDO..CHINA

(CambOdia, Laos, and Viet Nam)

1 Peshawar, near cantonments____ Wann 2 sprmgs issuing from allu-
Hossein Abdal____ ~ ______________ vium.

2 Warm Large flow from nummu-

3 Bukh Ravine (Musakhel) __~____
litic(?) limestone.

94 Issues from Carboniferous
limestone. FreeH2S. D,·
posits ofsulfur. Refs.2772,

4 Sodhi, in deep ravine 0.5 mile
2816.

" Large deposit of tufa.
from village.

5 Bukkur, east of Indus River and Wann
near road to Lets.

East Pakistan

West Pakistan

Raishahye, between Burgunja
and Titalya.

2 Sitakund (Seeta Koond), 22
miles north of Ohittngong,

Warm

Warm to
hot

Many springs within one
small area and 7 others
within distance of 6 miles.
Water is saline. Combus
tible gas.

A nearly continuous mountain chain extends south
ward from China throughout the length of Indo-China
and separates the drainage basin of the Song Koi, or
Red River, in the northeast from that of the much
larger Mekong River, which forms part of the western
border of Laos. Each river has a large and fertile
delta. Tertiary deposits, including coal beds, are pres
ent in the upper basin of the Song Koi, and Triassic
strata have been found in the southern part of Indo
China. Most of the mountains are of crystalline schist
which is overlain by limestone in many areas.

The available data on thermal springs in Cambodia
Laos, and Viet Nam are given in the table below. The
locations of the springs are shown on figure 59.



FIGURE 59.--,Indo-China, Federation of Malaya, and Thailand showing location of thermal
springs. Chiefly from refs. 2837. 2.838, and 3249.
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No. on Ifig. 59

THERMAL SPRINGS OF THE UNITED STATES AND OTHER COUNTRIES OF THE WORLD

Thermdl springs in Indo-China (Cambodia, Laos, and Viet Nam)
[Locality Nos. IS, 8, 14, 1&, 17, loS, '20. '24, and 33 for Viet Nain-are from ret. 2837 ; the rest are from rer. 2838]

I
Temperature of I Flow (liters I Total dis- I Principal chemical IName or location water (°0) per hour) SOl(~g:)l1ds constituents Remarksand additional reree

Cambodia

1 1 Svai Chas, in Kratieh area \ Warm 1 1 1 HCO, !
Laos

1 80p Nao, on bank of Nam Ngao_____ Warm Small ----------
80.____________ Issues at base of lime.

stone cliff. Ref. 2,
2 Muong La, near the Nam Phak______ Warm ---------- ---------- ----------------
3 Houei DoL ________________________ Hot Small ---------- 80.____________ Ref. 2840.
4 Muong YuL ______________________ Hot ---------- ----------

80.____________ Issues from plicated I:
stone. Ref. 2840.

5 Muong Hiem, on the Nam Khau_____ 89 ---------- ----------
80.____________ Issues from granite.

Ref. 2840.
6 Ban Hom (Muong ]{han) ___________

65 ---------- ----------
80.____________

7
Ban Thot_________________________

Warm ---------- ----------
80.____________

8 Ban Hoc, 10 km northeast of Ban Ban, 42 ---------- ---------- Ca, Mg, S04 ____
9

Ban Ban__________________________
42 ---------- ---------- ----------------

10 Pha Tiao (Pha Chao) _______________
Warm ---------- ---------- -80;.::::::::::::11 ]{ha Ta Hoi_______________________ Warm ---------- 545

12 Do ])eng__________________________ 36 ---------- 76,000 ---------------- ..13
~~~: ~~Z;;g---~~====.=============.:

Warm ---------- ---------- 80._________, __
14 Warm ---------- ----------

80.____________
15 Na Pe, on bank of Nam Poa________ Warm ---------- ---------- Ca, 80.________

Viet Nam

500 80. _
3,000 80. _

150 340 _
____________________ 80. _

Small _
8mall _
Small _
Small _

40,000 _

----s;;;.u- ---------- ----------------
50,000 ----2:649- -C-~:¥,~2i~;---

C02., 500 _
5,000 Ca, Mg, 80. _
5,000 667 Ca80. _
2,000 _
Small Ca, Mg, S04 _
3,000 Ca, Mg. 80. _

15,000 _
10,000 _

200 390 _
40,000 Ca, Mg, 80. _

____________________ 80•.c _

1
2
3
4
5
6
7
8
9

10
11
12

13
14
15
16
17
18
19

20
21
22
23
24
25
26
27
28
29
30

Hoang 8u (Tehou) Phi _
Bo Dat (Mo Luot) _
Ban Mac ~ _
Muong Lai, on batik of Noire River__

~~~~~~::::::::::::::::::::::::::
Than Uyen (Than Huyen, Banxa) _
Minh-luong _
Ban ]{i (Ban :Khi) _

Tn Le (Ban Nuoc Nung) _
Nhan Gia (Nghiem 80m) _
Ban Sang (Nam San, Ngoc Chen) _

Gia Hoi (Chieng Pan) _
Ban-Tu _
Ban Duot (Ban Det) _
Ban-It _
Ban-rna _
Ben-co-vat (Ban-Khua-vai) _
Pan Phay (Ban-Had) _

Ban-hoc (Cua-nbf) _
Ban It Ong _
Henb Son (Ban-Ve), at village _

~~;~£;~i~========================Ban Van, on Noire River _
Ban Mong (Ban Muong) _
Ban Pe Trong _
Na Ten (Porn Lot) _
Ban Peo _
Na Ha _

36
60-70

36
20
30
29
28

Warm
29· 44. 5'

, 44. 8'
39
58. 5

48-50

37-42.5
35
50
58
40
30

36-45

38
45
30.5
53

Warm
46
39
28. 5

65-80
47.5

Warm

20,000
3,000
2,000

1,000
1,000

20,000
3,000

__________ Ca, Mg, S04 _
336 _

2,628 Ca80. (1,356
ppm).

2,672 Ca, Mg, 80. _
__________ C.<Mg,80. _

3,329 Ca"O. _

Water is yery alkalin

2 large and 1 small sp

Gas evolved.

2 springs.

Water is acid.



31 Muong LoL_______________________ Warm ---------- ---------- ----------------
32

~o~~~~~~======::::=:::=:::::=:
28 8mall ---------- ----------------

33 38. 5 20,000 ---------- ----------------
34 Qui Hoa, at village_________________ 36 1,000 175 ---------------- Water contains much or

35 Phu Nho Quan (Kenh-ga) ___________
genie matter.

52. 5 5,000 ---------- 80.____________
36

~:i~~~~~~::=::::=:===:::::::::::
Warm ---------- ---------- ----------------

37 Warm ---------- ----------
80.____________

38

~~~g~Jf~~~~=:::=====::::::::::::
71 ---------- 587 80.____________

39 Warm ---------- --------
40 Hot ---------- ---------- -~~J-SO~::::::::
41 Ngoc Nha (Phuoc Lof) _____________ Warm ---------- ---------- ---------------- 2 springs, 1 km apart.
42 Deo Had, near mountain pass________ Warm ---------- ---------- 80.____________
43 Loc Thanh (Binh Hoa) _____________ 56 ---------- 408 NaCL _________
44 Tu Nghia (My Thanh, On Thuy, Pha 49 ---------- 494 NaCL _________

Thanhl·
-

45 Cu Va (Phaoc Thl\,Thach Nhaml ___ Warm ---------- ----------
46 Mo Due (Thrach u)______________ 52 ---------- 5,290 -N"B:Cn4;4:00----

47 Dak
To ___________________________

45 ---------- 307 8g;~~~ ________
48 Cay Vung (Cat Vung) ______________ Hot ---------- ---------- ---------------- Mostly vapor.
49 Ha Ba Tuan (Ba Got) ______________ 75 ---------- ---------- ----------------
50 Triem Due (Ba Su) ________________ 90 ---------- ---------- ----------------
51 Tan~ (Tong Gong?l _____________ Warm
52

---------- ----------
-Ca(HCO~),:----Vinh ao, at village________________ 36 ---------- 2,722 Ref. 2843.

NaHC03,

KHCOa-

Viet Nam-Conllnued
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marine strata of Devonian to Jurassic ages, which are
greatly folded in most areas. Cretaceous formations
are exposed throughout much of the plateau and prob
ably underlie many areas that are covered by Quater
nary deposits. They are exposed also in the central
range within the plateau region. Tertiary strata are
present along the bases of many of the mountain ranges,
and Pliocene deposits form bands along the sea coasts.
There are many areas of recent volcanism in the Elburz
Mountains and also in the southeastern part of the coun-'
try. Some volcanic peaks still emit vapor and gases,
especially Domavend volcano about 60 km northeast of
Teheran, and Kuh-i-Taftan, near the southeast border
of Iran.

Information on the thermal springs in Iran is pre
sented in the table below. The existence of an addi
tional thermal spring, not listed in the table, is suggested
by the name-Ab-i-Garm (Hot Water)-of a town in
the valley of the Kerkhah River about 170 km south
southeast of Kermanshah. The locations of the known
thermal springs, as well as of Ab-i-Garm, are shown on
figure 53.

DESCRIPTION OF THERMAL SPRINGS

Thermal springs in Indo~Ohina (Cambodia, Laos, and Viet Nam)-Continued

No. on Ifig. oj)

IRAN (PERSIA)

Iran is predominantly a mountainous and plateau
country. High mountains of the Elburz system rise
on the south border of the Caspian Sea, along whose
shore is a narrow coastal plain. From near Mount
Ararat in northeast Turkey, several nearly parallel
ranges trend southeast and form the western part of
Iran. There are narrow belts of coastal lowland, but
some wide plains at the head of the Persian Gulf. In
the northeast and east, high ranges extend eastward to
the higher ranges of the Hindu Kush Mountains in
neighboring Afghanistan. The interior is chiefly
plateau interrupted by a central mountain range, which
is highest in the south-central partofthecountry. This
interior region, occupying about one-half the total area
of Iran, has no drainage to the sea and forms a desert
nearly 800 miles long and 100-200 miles wide. In its
'northern part are extensive saline marshes and dry salt
plains.

Granite, gneiss,. and schist are exposed in the Elburz
Mountains, but most of the other ranges are composed of
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Thermal springs in Iran

No.
ontig.

sa
Name or tocenon

Temperatue
of water Flow

(OF) (gpm)

Total
dissolved

00"&
(ppm)

Principal chemical
constitutents

Associated rocks Remarks and references

Water contains iron. Used for
bathing. Ref. 2848, 2856, 2857.

Steaming vents; sulfur deposited.
Refs. 78, 2845, 2848, 2855.

Small deposits of sulfur and bItumen.
Ref. 2849.

Noted baths. Ref. 2847.
Water bubbles strongly with loud

noise. (Probably a thermal car
bonated sprlng.) Refs. 2851, 2854.

Ref. 3294.
Do.
Do.

Much tufa. Water contains Iron.
Refs. 2846, 2858.

Refs. 2846, 2858.

Sever.alsprings. Ref. 2852.
Water contains iron; is unpalatable

Ref. 2847. •
Deposits tufa. Used for bathing

Ref. 2847. •

2 ~prings. Much tufa; some pisolitic
silica. Water used for drinkIn
~~athing. Refs. 2845,2848,28:it.

Water issues from tufa mound
Used for bathing. Refs 2845'
2855-2857. "

Used for bathin~. Ref. 2854.
Orifice 4 ft m diameter. Refs.

2854,3294.
Several small basins; with tufa de

posits. Ref. 2853.
Water bubbles violently in pool

about 12 ft in diameter. Refs.
2850,2854.

Probably solfataras and fumaroles.
Ref. 2854.

BO~ ~ _~ ~ ~ ~ _

S04 ~ do _

Free H2S ~ ~_ ~~ _

CaCOa; much free C02 Tertiary lava _

5,990 Na, RCOa, CL ~ TertIary(?) marL Much tufa at and. near the spring
~.er contains Iron. Refs. 2846;

Large __~_________ BO~_ ~ ~ ~ ~ do _

Large ~ _

______________________ ____________________________~ ~_do _

_______ ~ ~ ~ Ca, BCOa, S04 do _

========== -----i4~OOO- -N8:If6'o;;-mlichH~s~====== -AiteredlliiieS-tone:_~~========
225 Much R2S Lava(?) ~ _

96 ~ 1,570;1,800 Ca, Na, RCOa ~ _

84

128
98 Large ~ B04 Lava(?) ~ ~ _

Hot ~ ~ do ~ ~ __

100

100

Wann
warm
Warm

200

168

Wann
00

82;85

67

2 Near Derlk:
2 main sprlngs~_._~ _

Minor springs ~______ 90-92
3 Issl SU, at base of Zendsht 99.5

Dagb.
4 Near aeveten Mountain~____ 95-122

5 {::r~~:::~_~~~~~_:~:~~~~ ~_~~~~_ ---~---- -- --------- --- ------------ --- ----- -- ----- --- ------------------------------
6 Mount Demavend area:

0.5 mile east of Ask
(Aska, Usk).

2 milesnortheast of Ask
(Aske, Usk).

amneseast oraek (Aske,
Usk).

AM·Oann (8akh Teg.
sat),6mlleseastofAsk
(Aske, Usk).

Near summit of moun-
tain.7 At Dallki ~ __ ~ _

8 At Shiraz (Chiraz) _
9 Abbad. in Alman moun-

tains,1mlleaboveTakkia.
10 At Daahtah _
11 Qal'a.h Asghar. _
12 Garga and Khurkhu, on

roadbetweenHermosand
Kerman.

13 Chasma AbbBd, near DusarL
14 Bander Abbas, near base of

Kuh-l-Gtaao.
15 Near Jask (Jaahak), close to

seashore.
16 Bb~:no}BaJt~~~B~~~:ae:;~

17 Near base of Kuh-i·Tartan._

ffiAQ

Along the northwest border of Iraq are mountains
and plateaus, from which the land slopes in general
southeast to the valleys of the Euphrates and Tigris
Rivers. These streams flow southeastward through the
entire length of the country to the head of the Persian
Gulf. Southward from hills near the border highlands,
the upper courses of these two rivers traverse large areas
of flat land underlain by gypsum. Below Hit on the
Euphrates and Baghdad on the Tigris, the streams are
sluggish, and their water is diverted htrough many ir
rigation canals to the extensive alluvial lands of
Babylonia.

The northeastern part of the country is largely a hilly

region of folded Tertiary: gypseous and sandy strata
that include great anticlines, on which are the Kirkuk
oil fields. The Hamad, or Syrian Desert, in western
and southwestern Iraq, comprises a great gravelly plain
which slopes gently northeast to the Euphrates River.
Shallow ground water in the desert is obtained along
many wadies (dry washes) and supports many villages
and cultivated areas.

Very few thermal springs have been reported. Prob
ably the most noted are springs near the ancient city of
Hit on the Euphrates River in the central part of the
country. The available information on the springs is
given in the table below, and the locations of those
springs are shown on figure 54.



Thermal springs in Israel

[principal chemleal constituents are given in parts per million]
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by conglomerate and sandstone which may be of Car
boniferous age. An overlying formation of similar
rocks, probably Lower Cretaceous, is conformably over
lain by Upper Cretaceous limestone that covers most
of the region. Tertiary lava covers extensive areas
northeast of the Sea of Galilee and east of the southern
part of the Dead Sea. There are some areas of lava
west of the Jordan River. Gently west-dipping Cre
taceous strata cover most of the high land west of the
Jordan River valley. Toward the Mediterranean Sea
are Eocene and later marine deposits. The alluvial
coastal plain is less than a mile wide in some places.

Thermal springs issue chiefly along the lower part of
limestone bluffs which border the Dead Sea and Jordan
River Valley. Information on these springs is pre
sented in the two tables below, and the locations of the
springs are shown on figure 60.

DESCRIPTION OF THERMAL SPRINGS

Thermal Springs in Iraq

[Data chiefly from ref. 2861. Principal chemical constituents are expressed in parts per m1lllonJ

No. Tempera- Flow Total
on Name or location ture of (lIters dissolved Principal chemical Associated reeks Remarks and references
fig. water p" solids constituents
60 (OC) minute) (ppm)

1 El Hamme (AI Hamma), on
rIght bank of Jarmuth
(Jarmuk) River:

Hammet er-rlh _______~__ 34.1 ---------- ------------ -- ------ ---- ---------- - ------- Basalt- _____________ _____~__ Refs. 2865, 2866, 2868, 2869.
Hammet ed Dseharet,__ 40.6 ------------ -----~ - --- -- ------------ ----~- __~__do ______________________ Do.
Hammet Selim_________ ~ 48.8 ---------- 1,212 CaSO. (194); CaCb (244); _____do______________________ Do.

2 TabIgba, 10 km
NaCl (520).

north of 32.2
~--------- ------------ -----~- --- ---- - ------- ----- --- --------- --------------~~----~ Ref. 2868.

Tlberias.
3 Tiberlas, on southwest shore 58.7-61.9 ---------- 28.248 CaCh )8,526);MgCh (1,403); Basalt; _____________________ 3 main springs. Bathtng resort;

of Lake Tlberias (Sea of (coolest) NaC (16,827); MgBr. Roman baths of Emmaus. Water
Galilee).

"
radioactive. Refs. 2865, 2868,

4 Al Hamma, about 5 km Warm
--~------- ------------ -- ------- ---- ------- ---- --- --- ~ -- ------- --- ---- --- --- ---- ---

R:.7gg~.71,2873, 3290.

south of Lake 'rtbenes.
5 Ain Malah, near El Maleh__ 30 ---------- -----~------ ----- --- ---------- - ---- ---- --- Volcanic ash (Lower Creta- Refs. 2863, 2868, 2872.

6 Hadlitha, about 5 km south 18,000
ceous).

Ref. 2866.29 ---------~-- -- ------ ---------------------- ---------- ~~-- ---~---- --------
of Engeddl (Ain Jidl).

7 Hammam, near west shore 36.6 360 ------------ ----~---------- -~-- ---- -----~~ ------------- ------- - -------~- Water Is sulfurous. Used for bath-
of Dead Sea. Ing. Ref. 2866.

The countries of Israel and Jordan (formerly
Trans-Jordan), which have been organized since World
War IT, include the region formerly known as Pales
tine. Israel occupies a band of varying width along
the Mediterranean Sea from Lebanon to the Egyptian
border. Jordan occupies a region south of Syria in
cluding areas on both sides of the Jordan River aud
the Dead Sea and extending south and east to the bor
ders of Iran and' Iraq. The eastern part of the
region consists largely of plateau land cut by deep
gorges and wadies; it slopes westward to the great
block-faulted valley of the Jordan River and Dead Sea.
In several areas gneiss and schist with intruded granite
and other crystalline rocks are exposed at the base of
the plateau lands. These ancient rocks are overlain

ISRAEL AND JORDAN

No. Tempera- Flow Total Principal
on Name or location tore of (liters dissolved chemical Associated Remarksand references

fig. 54 water (°0) p" solids constituents ,o01"
minute) (ppm)

r---~
XiaOarea:

ell. (171): co. (105): Limestone (OlJgocene?). _____Tllmtba, 4 km from Tall 25-28 126 826 SO, Supplles vlllnge.

1 Kail. (445).
BarIma,12km fromTall 24 7,200 440 ----.--- -------- .-----.-----.- ----.------- ---------- .------- Do.

Kaif.
Tall Afar, 60 kIn west of 24 .-._------ ---------- -- ---- -._- .-------._----._---- -- ---------------------- ------ Water is of "fair quality."
MosuI.

2 Adalya, 45km westoCMosuL 25; 26 120 --.------- SO,; free HrS. _______. _____ ._ Lower Fa" gypsum (Ter- Two springs.
tlary).

3 Sukhna.___~~_____ ~ ____ OW_Mo. Warn> .--------- -_.----_.- ---_.----_.----- .--- - --- ---_.- - --_.----- .--------- --.-----.- The water is piped 30 km to Mafraq
railway station. Ref. 2860.

4 rerarea:
Barlut__________________ ow 32 60 --.------- ------ ----------------.--- --.- Bakhtiari gravel(PlIocene)__
Ssr Qal8.__________. _______ 26; 29 160 ---------_.------------- ------ _____do_______________• _______ 2 springs.
Fattah Umar,____________ 28 60 460 RCGa(105);SO~ (135)_______ _____do_____________________._

6 Near HiL. _.________________ 31-36.6 .--------- -_.------- NB, OL_______ . ___._._____ ._ Gypsum and magnesian Several springs forming pools in which
limestone. naptha bubbles up with gas; sulCur

deposits. Ref. 2859.
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tains have been recognized, of which 63 are classed as
active or quiescent (Ishizu, ref. 2942). At least 11 are
well-known volcanoes that have been active in historic
times."

Many hot springs issue near the active volcanoes and
also elsewhere in the lava areas. Some hot springs
issue in areas of Tertiary and older sedimentary rocks,
probably along lines of faulting. Some are in faulted
areas of granite-and other ancient crystalline and meta
morphic rocks. A few springs that are slightly above
boiling temperature and spout intermittently are called
geysers, but generally they are not classed as true
geysers. Many springs have temperatures between 800

and 100'C. A large number are within the great
tectonic depression called the Fossa Magna, which ex
tends north-northwest to south-southeast across Hon
shu, somewhat west of Tokyo.

The number of thermal springs in Japan has been
variously estimated from about 950 to 5,561 (Kinto,
ref. 29(11). The latter figure refers to individual
springs and, in some localities, includes numerous
wells sunk to augment supplies of hot water. Some
what more than 200 groups of springs of temperature
above 20'C have been developed as bathing resorts.
Some of these springs are classed as cold, as the water
is below the normal human body temperature (about
31'C), and the water is heated for the baths. Nearly
all the thermal springs of consequence probably have
been developed, but there may be small remote springs
that are known only locally. Hokkaido Island has not
been studied in detail and may contain thermal springs
that have not yet been recorded.

't Lake, Philip, 1911, Japan [section on] Geography, in 11th ed.. Eney·
clopaedla Britannica. Cambridge, England. Univ. Press, v. 15, p. 158
159.

Thermal springs in Jordan

DESCRIPTION OF THERMAL SPRINGS

JAPAN

Although Japan might be considered as one of the
groups of Pacific islands, it is virtually an Asiatic
country. Its thermal springs are along a great vol
canic zone that extends southward from Kamchatka
through Chishima, or Kuril, Islands and thence
throughout the length of Japan.

Japan comprises the main island of Honshu
(Hondo), the island of Hokkaido (Yezo) to the north
the two smaller islands of Shikoku and Kyushu south
of Honshu, and many small islands offshore. The coun
try is mountainous and hilly, and has very few ex
tensive areas of lowland. The core of the country is of
granite, gneiss, and schist, which form some of the
highest mountains and also underlie many lower areas.
Other uplands are underlain by Paleozoic and Mesozoic
sedime~tary rocks. In northern Honshu some large
mountain masseS of these older sedimentary rocks are
surround~d by marine Tertiary strata, which also border
the coast m many places.

Volcanic activity began in Tertiary time and has
continued to the present. In Hokkaido are two main
bands of volcanic rocks. One extends southward from
Sakhalin Island, and the other forms the southwestern
extension of the volcanic belt of the Kuril Islands. The
south-trending band continues through northern Hon
shu, and there is .a narrower band near the west coast.
The two bands unite in central Honshu in the volcanic
region known as the Japanese Alps. Thence the wider
band extends southward, includes the probably extinct
volcano of Fujisan (Fujiyama), and continues to the
sea. The narrower band parallels the west or north
west coast of southern Honshu and branches southward
across Kyushu Island. A total of 165 volcanic moun-

No. Temperature Flow
on N arne or location of water (liters per Associated rocks Remarks and references

fig, 60 ('C) minute)

1 Urn Keis, south of El Hamme 45.5 Bathing. Ancient springs of Gadara,
railway station.

---------- ----------------- - --

2 Near Wadi Z*d________________ Warm
Refs. 2867, 2873.

3 Sukhne, near ar ez Zerqastream; 24
---------- -------------------- Ref. 2863.

4 Ain Fashkta___________________ Probably
15,000 -------------------- Ref. 2866.

---------- -------------------- Ref. 2863.

Zerqa
warm

5 Ma'in, on north side of 54.4-60 36,000 Base of limestone 10 main springs. Extensive deposits
gorge. overlying sand- of tufa. Probably same as Roman

stone j near basalt. baths of Oalltrrhoe: also the Barras
referred to by Jose8hus. Water is
sulfurous. Refs 3 J 2866 2868

6 Ain al-Zerqa, 5 km south of Zerqa 54
2869, 2872, 2873. "

Ma'in. (approx)
---------- ----------------- --- Several springs, possibly including

those of Wadi Abu Dhableh near
ruins of Mirga'ah. Water is sul-

7 About 6 km north of Engeddi Warm
furous. Refs. 30, 2869, 2872.

(Ain Jidi).
---------- ----------------- -- - Ref. 2863.
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FIGURE Gl.-Japan and the KurU Islands showing location of thermal springs and principal volcanoes. Springs chiefly from refs. 2937, 2939,
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FIGURE .62.-,Hakone area, Kanagawa Prefecture, Japan, showing loca
tion of thermal springs. From ref. 2939.
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Sea

.Kannawa HotSpring
.Myoban Hot Spring

• .Oniishi-jlgoku
Kcya-Ilgoku ·Bozu-jigoku

·TeruYU_jlgo~Jmai-jigOkU

Kamado-Jigoku. .Hot Spring

.Chinolke-jigaku l
·Shibaseki Hot Spring

·Ka egawa HotSpring

A general report on the geology and mineral resources
of Japan by the Imperial Geological Survey (ref. 2936)
includes a summary of the thermal springs. Accord
ing to this report, 951 hot springs are of sufficient inter
est to be listed, because several have temperatures above
boiling and many are between 90' and 100°0. Saline'
springs predominate, but there are also many sulfur
and alkaline carbonate springs.

The presence of numerous hot springs associated with
volcanoes in the Kuril Islands, which extend north
ward from Japan to Kamchatka, has been mentioned by
several writers, including Fujinami (ref. 2899). No
specific information on these springs has been found;
but the solfataric character of many of the volcanoes
was noted by Milne (ref. 3063); who also recorded hot
springs in several islands, including Urup, Iturup, and
Kunashir, in the southern part of the chain. It could
not be determined whether any information on the
volcanoes and springs of the Kuril Islands has been pub
lished since this chain of volcanic islands came under
Russian administration.

The available data on thermal springs in Japan are
summarized in the table below. The locations of nearly
all thermal springs and groups are shown on figure 61,
and the distribution of springs in six of the more im
portant localities is shown on figures 62-6'1'.

&0

DESCRIPTION OF THERMAL WRINGS

*"';~ Nakadake (active)
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FIGURE 6B.-Aso caldera, Kumamoto Prefecture, Japan, showing lo
cation of hot springs and craters. From ref. 2935.

FIGURE 64.---JJeppu area, Oita Prefecture, Japan, showing location
of thermal springs. From ref. 2939.
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FIGURE 66.-Nasu area, Tochigi Prefecture, Japan, showing location
of thermal springs. From ref. 2939 .
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FIGURE &5.~Tzu Peninsula, ghfzuoka Prefecture, Japan, showing loca
tion of thermal springs. From ref. 2939.

FIGOREl 67.-Shiobara area, Tochigi Prefecture, Japan, showing loca
tion of thermal springs. From ref. 2939.



Aomori Prefecture

Chiba Prefecture

Akita Prefecture
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Resort.
Resort.

Several springs.

Ref. 3063.

14 springs. Resort.

1
Quaternary alluvium near Issprings; also wells. Resort.

Tertiary lava.

Saline. Intrusive igneous rock __• .1 Resort.
Slmple Tertiary sandstone } 10springs; also shallow wells.

Resort.Weakly saline do.__.___________________ 11springs; also shallow wells.
Resort. Sanatorium.

Ocher deposited.
3 springs. Water is radto

active.
Several springs.
80 orifices. Artificial geyser.

ReLs. 8075, 3081,3106, 3107.

Fukuoka Prefecture

Fukui Prefecture

Ehime Prefectare

DESCRIPTION OF THERMAL SPRINGS

1521 ------ _1 ---------------1 Eart!J.y·murIated;
saline.

j------------r------------r----------------------[ simPIL__-, [ Granrte, ------ 1
10~:~~i:,;.ETI;;:. Is '1<~\::23-47

53-76

'll-7.

Fukushima Prefecture

41-46.71 l-------1----------------------1 Sulrur., 1Granite, - ----- . j6 sprlnga.17.5;21 Simple;carbonated__ Pleistocene deposits over- 2spnngs.
lying crystalline schist.

I I Aware, 1

1 1 Musashl,, !
2 Funagoya._.. _

1 [ Dogo j

3 Iizaka _

4
s

1 Anahara ~ _
2 yuno_______________ 48--68.5 _

ShIngosbikL________ 42.2 . do.._. do • _
Gosbiki_.___________ 38.5-44.5 r- Simple; alkaline _

? ~~~~;.~~~~~:::: ~~ :::::::::::: :::::::::::: -Hcb~:::::::::::-:::: _~~_~~:~_~:::::=::: _~~~~~~~~~~_~:::=:::::==

~ ~:~\~;;::::::::=::: ----35=78--- :::::::=:::: :::::::::::: :::::::::::::::::::::: -SallDe;muriated:~:: a~~~8~v8anu;fiiiii-~near-

~~ f=r:::::::::: :::::::::::: :::::::::::: :::::::::::: :::::::::::::::::::::: :::::::::::::::::::::: _~~~;rt~~~~~.~~::::::::::13 Higashiyama_______ 34-61 Saline; bitter._______ Quaternary eadeette, _

1 Osoreyama_________ 25.5-99 ------------ 100-14,400 Cl,
SO, _____________ Chalybeate_________ Miocene strata near lava____ 15springs. pH,l.8-58. Rof'

2966,3023.
2 Asamushi (As&- 61.5-79 ------------ ------------ ---------------------- Sulfate; bitter_______ Tertiary andesite____________ 8 springs. Ref. 3046.

3 Mr::~o____________ ------------ -_._-------- ------------ ---------------------- -SUllur::::::::::::::: Pleistocene deposlts_________
4 Sugayu, ____________ ------------ -----------. -_._-------- ---..----------------- Quaternary lava____________ 60springs., Nuruyu____________ ------------ ------------ --------_._- --_.-_.--_.----------- Saline_______________ ____.dc_______ . _______________ Resort.
6 Tsutayu. ___________ ------------ ------------ ------------ ---------------------- .SallDa:::::::::::::::

_____dc.,_______________ . _____

7 rtedome., __________ ----62=77--- ------------ ------------ ----------------------
_____do_____________________ ._ Resort.

S
Owani ______________

------------ --_._------- . -----_.--------------
_____do_______________ Quaternary liparite_________ 32 spriJ;Igs. Resort.• Kuradate___________ '6-78 ------------ ------------ --------------_.------ _____do_____•_________ _____do_______________________ 6 springs.

10 Ikarfgaaeki,_________ 54-62 ------------ ._---------- ---------------------- Weakly senne.,_____ Quaternary volcanic ash,____ 5 springs. Resort.
11

Dake_______________
46-84 4,585 ---_._------ . --------------------- AcId; murlated.;____ Quaternary volcanic detrt-

tus.

No. Temper- Flow Total
on Name or location eture (hectoU- dissolved Principal chemical Distinguishing Associated rocks Remarks and additional
fig. of water ters per solids constituents characteristics references
61 (°0) daY) (ppm)

ThermaZ springs and wells in Japan

'Data cbiefly from refs. 2937, 2939, 2942and from Geologic map of Japan, scale 1:3,000,000 (Geol. Survey of Japan, 1953). Locations of unnumbered sprlnga not identified.
Prtnelpal chemical constituents are given in parts per million]

I Mobaro (Mobara, ------------ ------------ ------------ ---------------------- ---------------------- Pleistocene deposits_________ Higb concentrations of I, Br,
Tagane). and NOa in water. Me-

than, used commercially.
Ref. 2988.

2 Otald_____ . _________ ------------ ------------ ------------ ---------------------- ---------------------- Lower Tertl.ary strata.______ Ref. 2988.
------ ghlgehara___________ ------------ ------------ ------------ ---------------------- ---------------------- -------- ---------------------- Ref. 3131.

1 orueewe•• _________ 32-45.I) ------------ ------------ -------------. --_.._- Saline, sulfide,1roD__ Quaternary deposits near 4 springs.
Tertiary lava.

2 Oyu________________ 46-70.5 ------i3;oi2- -_.._------- ---------------------- Weakly settee_______ _____do._. __________ . __•______ Do.
3 Otaki (Odaki) ______ 61; 62 -----.------ ---------------------- Sulfur; bitter_______ _____do_______________________

2 springs.
4 rnnet-sunoeawe_____ 40.5; 41 24,624 ------------ ---------------------- Simple, __________ ._. Tertiary sandstone near 2 sprjngs. Sanatorium.

Quaternary revs., Shibukuro (Sibu- S0-97 ------------ 4, 717-5,463 SOi (938);01 (2,697); Acid alum vitrioL__ Quaternary andesite. _______ 4 springs. Hokutolite de
kuro, Shikayu). H2Si03 (370): posited. Refs. 3071-3074

H2S0, (420).
Quaternary or Tertiary lava.

3119-3123,3127,3169.
e vuaoeewe__________ ----._------ -.--._------ ------------ ---- .----------------- ----------------------
7 YunotaL ___________ ------------ ------------ ----------.- ----.--.-------------- ---------------------- _____do_________•__•__________

S
NazumI_____________

------------ ------------ ------------ ---------------------- --- -------------------
_____do.,_____________________

• Takanoyu__________ ---------_.- -------_._-- ------------ ---------------------- ---------------------- _____do_______________________

------ 'ramegewe (Tama- ------------ ------------ ------------ ---------------------- ---------------------- ----------- ------------------- 10 springs along stream
kawa), Refs. 3065-3067.



198 THERMAL SPRINGS OF THE UNITED STATES AND OTHER COUNTRIES OF THE WORLD

Thermal springs a.nd wells in Japan-Continued

-
No. Temper- Flow Total
on Name or location ature (bectoll- dissolved Principal chemical Distinguishing Associated rocks Remarks and additional
fig. of water ters per solids constituents characteristics references
61 (°0) day) (ppm)

Fukushima Prefecture-Continued

14 YokomukL ________ -------39--- ------3~45r
------------ ---------------------- .sU:frur==:::::::::::::

Quaternary andesite________
15 Take (Dake) ________ ------------ ------.-.- ------------ Quaternary lava_____________ Several springs. Resort.
16 NumajirL_________ 63 ------------ ------------ ---------------------- Acid; hydrogen

_____do_______________________
Several springs.

sulfide. .
17 Nakanosawa._______ ------------ ------------ ------------ ---------------------- ----------------------

_____do_______________________

18 'rakeoeme,_________ ------------ ------------ ------------ ---------------------- ---------------------- _____do••_____________________

19 TamayU____________
----i4=27--- ------------ --.--------- ----------------------

·Sii:r'ij)ie;sUliiir====:::
Granite_____________________

20 Bobeta_____________ ------------ ------------ --------------------_. Granite; gneiss ___•__________ n springs.
21

KashL______________
48.5-fil ------------ -------_.--- ---------------------- _~~8~~~~==:::::: ::::

Granite. _. ______•___________ 3 springs.
22

N ekonaki___________ 13-22 ------------ ------------ ----------.----------- Granite; gneiss ______________ 8 springs.
23 Yumoto. _. _______._ 49 ------------ ----_._----- ----------.----------- Saline; sulfur________ Tertiary strata near graulte, Several springs.

Gumma Prefecture

s

1
Yublso_____________ 81; as ------------ ---------_.- ---------------------- Simple______________ Granite. ___________• ________ 2 springs.

2
Yubara_____________ 51.5; 57 --------MS- ------------ ---------------------- _____do_______________ _____do_______________________

Do.
3

Yujlku_____________ 37.2-79 ------------ ----------_._--------- Saline; bitter________ Tertiary tuff________________ 5 springs.
4 Shima group:ArayU _______•__ 54-84 ------------ ---_.------- ----_._--------------- Saline____________•__ Lower Tertiary sandstone___ 8 springs. Resort.

Yamaguchi; ____ ------------ ------------ ------------ ---------------------- _____do _______•_______ ___ __do _______________________
4 springs. Resort.

HinatamL_____ --------.--- ----_._-_.-- ------------ ------------------_._- __•__do __•• ___________ _____do______•___•___________• 2 springs. Resort.,
~:~:~~=::::::::=:: -·50~6=8i:7-

------.----------------- --------------.------- -Acld;-hYdXogensi.iI:-
Quaternary lava ____•_____._

6 ------.-------------.-.- --------_.------------ _____do __•__________• _________
Several springs. Rer. 3008

fide.
7 xusetsu:

Main group••• __ 43-64.4 ------_..--- 12,820 _.---------------- ---- Acid vitriol, acid Quaternary volcanic tufL __ 27springs. Used lor bathin
(max) alum. vItriol. fo' more than 1,000 years

Rels. 2894, 2895, 3029,3036
3047,3063.

Mount Zoo 41.5-66.3 ------------ 8, sso ---------------------- ------_..-..----.---.- ------------------------------ 19 springs. Rels. 3029, 3123
group. (max) 3210.

8 aeweterr., __________ 38.9-52.8 ------------ Moderate ----._---------------- ---------------------- Quaternary lava____________ Rels. 2894, 3047.
9 Kajikazawa_______._

--28:9=70:7- _.---------- .---.------- --------.-------------
-sUifllr~=::::::::=::::

Quaternary andesite________
10 xewereru__________ -------_.__. ------1.0;.- .--------------------- •____do.,_____________________

n Ikno (Ikeho);_______ 44.5-47 ----_._-.--- ---------------------- Sulfate; bltter_~_.___ _____do.;________•____________
5 springs. Resort, Rets.

2894, 3132-
12 Akagl.NashikL __._ 20 195 _._-.------- --------.------------- Earthy; saline_______ Quaternary volcanic detri-

tus.
13 KirizumL __________

--3i:ij:37-·- ----_._----- ----------.- ----------------------
-siiline===:::=::::::::

Quaternary andesite________
14

Irinoyu,____________ _..-.------- ------------ --------------_.__.--- _____do.______________________
3 springs.

Hiroshima Prefecture

1 Ynki (north) _______ 20. 6-23.0 .----------- 98; 145 -----_.-------.-.---_. ---------------------- Acid intrusive rock (gran- 3 springs. pH, 7.8-8.2. Ref
ite?). 3056•

2 Kamo___• __________ 20.1 .----_.----- 210 ---------------------- --------_.--.----_. -_. •____do••_____________________
pH,7.2.

3 Yenu.; ____________• 23.1 ------------ 217 ------------------_._- ---._--_.-_._--------- _____do_______________________
pH, 6.8.

4 Yunoyama_______._ 23.6 ------------ 99 -------------_.- -_.._- ---- --------.._------- _____do_______•__________._._. pH, 8.2., Yuki (south) _______ 26.4 -----_._--_. ------------ ----------_.---------- ----------------------
___._do _______________•_______

Do.
6 Yosbtwa-mura 22 5 -----_.----- no .-_._----------------- ---------------------- _____ do____•• ____•______•_____ pH, 7.&

Yomoto rtnfe.
.----- Kanae. ___._.______• --------_._- ------------ ------_.---- ---------------------- --_._---------- ._-_._- --.--------------------------- ReI. 2972.
------ Kutugahara________ ------------ ------_._--- --.-.------- ----------------_._--- .-----------_.----_._- ------------------_. --_._..--- Do.
------ MyogatamL_______ .--_.---.--- -_.---_._--- ------------ -----------..--------- -------_.------------- -----------------_.-----.----- Do.
------ ImmoyosekL _______ ------------ ------------ ------------ --_..----------------- ---------------------- ------------------_._----- ---- Do.

Hokkaldo Prefecture

1 ToyotomL_________ 42 ------------ 12,190 Na (4,200)bHC03 Saline_______________ -------------- -_.- --- -----._-- Rels. 2988, 3082.
~1,690); I
6,230); HB02

(600).
2 Onne _______________ 60 ----------_. ----------_. ---------------------- Alkaline; sulfur_____ Cretaceous strata___________ 8 springs. Resort.

(max)
3 Ponyu________ •_____ ------------ _._-----.--- ------------ _._----_. -.----- ------ ---------------------- _____do ____• ___._.____________
4 GieL _____ •_________ ------------ ------------ ------------ .-_.- ---.------------- -------------------_.. Tertiary lava_______________•
5 Kami-Iura.no________ ----5(:58--- ------------ .----------- ---------------------- -_.------_.--------_.- _____do.___________•__________

6 Usubetsu (0115u- ---------_.- --.--------- ----------------_.---- ---------------------- _____do_______________________ Large deposit ollerrugino
beta), tufa. Rels. 3095,3143.

7 Aoyama ____________ 42-44 2,772 _.._------.- -------------- -------- Earthy; saline_______ Quaternary andesite_________ 3 springs.
8 J ozankeL___________ !IO-91 ------------ ------------ ---------------------- Simple; saline_______ Tertiary liparite_________•__• 3 springs. Refs. 2940, 3095

R~l9&JN.99, 3205,3206.
9 Tsurunyu__________

--·-4s:gg--- ·----.54;000- ----·-2;726- -Na-(500);-01---· ---- -:Vitrioi;-sallii"e;-sUi:-'
Quaternary lava____________

10 N obcrttetsu., ______ Tertiary andesite____________ 7 springs. Refs. 2899, 2920
(hottest)· (1~23); SOt (298); 1W'. 2940, 3133, 3138, 3186, 3198

H 02 (134); 3203,3204.
Karurusu___________ HtSi03 (597).

11 48-60 ------------ ------------ ------_.------------_. Simple________•___._ __ ow.do.__•___________________ 5 springs.
12 Nigorikawa_._______ ------_._--. ------------ ------_._--- --_._------------_...---------_..---------.- Quaternary lava_. __________
13 Shikabe_______•____• ------------ ------_._--- ------------ --------------------.- ----------.----- ------ _. ___do_____________• _________ Artificial geyser. Refs. 3009

Yunokawa__________ .seune_______ 3081,3106,3107.
14 40.5-44.4 .---.------- ------------ -------------------- -- Earthy; Tertiary liparite____________• 3 springs and many wells

Water high in fluoride.

16 NetakL_.___________ Refs. 2991, 3136.
40-66 --------_..- ------------ ----------------------

_____do_______________ _____do______________________• 20 wells 3Q-63 meters deep
Rer. 2988._._--- Koganeyu. _. _______ ----------.- ------------ ----.-_._--- ---------------------- --------------_.--- --- ---------------_._--------.--- ReI. 3095.

--.--- Futayama_. ________ ------------ ----------_ .. --------.--- ------------------_._- ---------------------- --------------_.-------------- Refs. 2990, 2992, 2293, 3200
3201.

------ Yachfgashira________
--39:4.=59:9- ------------ -----_.__._-

·ca;s-6~: ci~~: :::::: ------------_..__._--- ------------------------_._._- Ref. 2991.
------ Yakumo____•_______

------------ 4, 720-6,680 --------------.------- --------------------_._-.---_. Issue at mine. ReI. 2979.
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1 Wekura, ________• __ 82; 93 ._-._.._---- ._._-_._._-- ---------------------- Earthy-murlated; Tertiary sandstone_________• 2 springs. Resort. Ref.3170.
saline.

2 Fukaya_____________ -------4i--- ------------ --------_._- ---_._---_._----------
-suiiate;5alii1e=======

___ ._do.____ •_________________
a Yuwaku,•• ____•• _._ --------_._- _._----_.--- ----------------------

_____do_______________________ Resort.
4 TatsunoknchL______ 2' -------_._-- ------------ ---------- --_._-- ._--- Saline_______________ _____do.,______________._ •____ Severalsprings. Resort., Katayamaau 60-79 ------------ ------------ _._---_. -------_._--.- •____do_______________ ___ ._do., __•___•__•___________ Resort. Refs.3167, 3170.

(Shlotsu).
6 Awazu(Awadzo) ___ 47-58 -----_._---- ------------ ----~-_. ---------- --_. Sulfur__•____•_______ TertIary liparite___••________ Several springs. Resort.

Refs.3044, 3167.
7 Yamashiro__________ 59-71.5 ---------49- _.__._------ ---------------------- Saline;bitter; sulfur; Tert1arytuffaceous shale____ Resort. Refs.3044, 3167.
8 Yamanaka••••____._ ------_._--- ._---------- ------------------_..- Sulfate; bitter; Tert1ary volcantc tuff______• Resort. Ref.3044.

sulfur.
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Resort.

6 springs. Ref. 2899.
6 springs. Resort. Ref.2899.
'6 springs. ReI. 2899.
Resort. Ref. 2899.

Do.
Do.
Do.

Many springsand fumaroles
In area 100 meterslongand
50 meters wide. Resort.
Refs.2808, 2899.

Resort. ReI. 2899.
Do.

Severalsprings.
Do.

Ref. 2942.

7 springs.

Ibarakl Prefecture

lwate Prefecture

Ishikawa Prereeture

Kagosblma Prefecture

.4 _1-----------+---------+--------------------1 Simple 1p~l;~'olc strata near gran- I1 IFukmode 1

DESCRIPTION OF THERMAL SPRINGS

735-9140-65--14

~ ~~~odak-e....::::::: =::======::= ===:===:=:== ::::::::::== ::===============:===: ==:=================== _~~~j~~:-~~~~_=====:======
3 Kirlshimagroup:

!i~~:~~~~~~: __~~~~:~ .J~~_ ~~:~~~~~~:~~ ~~~~~~~~~~~~~~~~:~~~~~ J~!g~1!:~i;: ~~~~~~~~:~~~~~~~~~:~~~~:~~~~~~Tono (Gin-no) • do • • _

~~y~r:_-....:::::: :::::::::::: :=::: ::=:::: ::::::::::=: ==::::::::::=:::==:::: -ruVfJ;s~~ ======: ::::::=:::::===::=::=:::::::::Yunoko _._. • • • _
(Yunono).

Thermal springs and weUs in Japan-Continued

Hyogo Prefecture

~~:~~~~_-_=::== :::::::::=:: :===:=:::::: :::::::::::: .;:::=:=: ::===:=:::::: _~~8~:-_-....:::=::=:::: :=::::::==::==:==::::::::::=::

: ~~g~b)~~h~==::::: :::=:::=:::: :_=::::::=:: =::::::::::: ==:::=:::::=:::=:::::: =:::=::::=:::::::==::= ~~:t:x~Ql~~~l ~~l~-
centcash.

? t-~~:oyu::::::::: ~~~ ~~~~_ :::==:::=::: :::::::::::::::::::::: _~~~_~=~~~~~==::=::::::~~=:==:=:::::::=::::::::8 Hinatayama • • • •__•__••• • ._. • .dc • _
9 Yunomoto__________ 47 •• •••• Alum;hydrogensul- do_. _

fide.10 Isaku, __•• • ••• do ._._••• _
11 Arimura____________ 38.9-45 •••••• •__• ._. Iron carbonate do. •• • _
12 IbusukL____________ 42-65 • ._. Saline _

Shimo •• 87 4,200 Alum..______________ Volcanic ash__• _

1 KinosakL___________ 47-60.3 ----.---.--- ------------ ---------------------- Earthy-murlated; Tertiary sandstone__________ 9 springs. Resort. tReCs.
senne. 2984,3058.

2 Yumura, ___________ 90.5-95 Large ----------.- ----------------.-.-.- Alkaline; carbon- Granite, ____________________ 3 springs.
ated.

a Hirano_____________
27 ----.------- ------------ ------.--------------- Earthy-oJ.ka.Une; sa- Paleozoic strata. __•___ ._.___ Water used for drinking.

line; carbonated
4 Takedao____________ 19.5; 23. 5

·-·-·-i~ooo- -----77~OOO- -Na·(20,530);-6i-·---- Muriated; sulfur___• Quartz porphyry____•_______ 2 springs.
s Arima_.__•_________ 28.3-53.4 Earthy-murlated____ ____ _do_______________________

7springs. Analysisisforone
(43,790). spring (Tenmangu-no-yu).

Resort. Refs. 2915, 2924,
2925, 2929, 2931, 2933, 2958,
2963, 2988, 3018, 3042, 3059,

Kobe-Jareyama_____ 21.5 Simple; carbonated__
3086, 3087, 3092, 3160, 3162.

6 -----_._-_.- ------------ -------_. --_._._------ Granite; •___________________

1 TsunagL ___________ ------------ ------------ -------_...-._-------------------- ---------------------- Paleozoic strata near gran-
ite.

2 NishinamarL_______ ------------ ------------ ------------ ----------------------
·SuiiiiI======::::::::=

_____do_____________•__•__•__
a Nemart., ___________ 95 ------------ ------------ --------------._.---_. _____do__
4 csewe ______________ 51 ------------ ------------ ----...._- ------------ Simple______________ Tertiary--saiidstone---nea;- asprings.

DaL ____._. ____••__ (max) granite.
Resort.s Il3-84 270 ------------ ---------------------- Simple; bitter__•••__ Quaternary deposits over- I' springs.

lyingPaleozoic strata.
6 Shidodaira__________ 76 ass ------------ -----------------_._-- BitteL_•___________ Tertiary sandstone near

granite.
7 susewe_____________ ------------ ------------ -------_._.- --- -_._------- -------- ---------------------- Tertlary sandstone near

Quaternarylava.
------ Geke_______________ --------_.-- ------------ ------------ ---------------------- ------------------._-- -------------------------_._-- Ref.3219.



200 THERMAL SPRINGS OF THE UNITED STATES AND OTHER COUNTRIES OF THE WORLD

Thermal springs and wells in Japan-Continued

No. Temper- Flow Total
on Name or location eture (hectoll- dissolved Principal chemical D~tJn=g Associated rocks Remarks and additional
fig. orwater tars per solids constituents cnerec ristlcs references
61 (°0) day) (ppm)

Kanagawa.J?refecture
[Sea also fig. 62 for tocenone of springs in Hakone area]

29

29.
ase

1 Hakonearea:
Ub:r (Ub..o) __ 40 ---.-------- ---~-------- ---.- ----------------- Weakly saline; sods. QUBternary andesIte________ Rets. 2909,3047,3129.
OW8 Idanl______ 82.2 -.---------- ---.-.-.-.-. . --------------------- Saline; sulfur________ _____do___ • __________________ Water piped to 2 resorts

Ref. 2909.Riga_____________ 411-46.7 -----.-.-.-- ------------ ---. -.-.--- --.-.------ Saline__________... ___ _____do. ______• ___________•__ 6 springs. Rei. 3129.Sokokura__•_____ 64-7. ------------ ---_._------ -.-------------------- •____do ___________•__ _____do _______• ______________ 4.springs• Ref. 3129.Dogashlma______ 4. ------------ ------------ ---------------------- _• _._do ______________ _____do ______________________ Ref. 3129.
Myanoshita 36-96 I,BOO -------.---- -------_.------_._---- Saline; ecrd alum___ •____do ______________._ ._.___ S springs. Resort. Ref. 31

(Miyano-
shita)

3 springs. Ref. 3129.KowalddanL ____ 35.6-71 ------------ ------------ ----------------- --_.- Acid vitriol; sulfur__ __.__do ______________________

'runcnaneeewe:
Gongen-yu___• 40 -.---------- 720-1,410 -Ca(i03);ff04(i:036)i-Yeomen-yu____ 14.5 ------------ 1,718 IACld: hydrogen sul-

•____do ______________________ Resort. Refs. 3016, 3019
H2S1Oa(367); AI fide.

_____do ______________________ 3020, 3022,3023, 3030, 3129.
(120).

Ash1noyu___,.___._._ " ------------ 160-620 NaCl, CaSOf;
Sulfur_______________ _____do ___________• _._______•

3 SPrin~ and several eoirete
much free cal. ras. ers. 2893, 2908, 3034

3047,3129.Tonosawa__________ so ---.-.------ ------------ -------_.------------- .~~s~e_-~::::::::: :::

_____do ________•_____________
4 springs. Resort. Ref. 31Yumoto __•_________ 42-47.3 ------------ ------------ ._-------.-------.---- _____do ____• ____•____________
/jspr~s Issuing at south b

of usakayama. Oldest
resort In Hakone area
Ref. 3129.

2 Yugawara_______ ._. 34-88.s ------------ ------------ ---------------------- Saline______•________ _____do ______________•____•__
12 springs. Resort. Refs

3016,3019,3023,3030,3181.
------ Monkawa________._ ._---------- -----.------ ------------ ---------------.------ ---------------_._._-- -----------------_._-----.---- Ref. 3018.
------ Kadogawa_________• -.---------- ------------ ------------ ._-_._---------------- ---- ------------------ -------------_.--------.------ Refs. 3131,3132.

Kumamoto Prefecture

[See also fig. 63 for iocations of thermal springs and craters in Aso caldera]

x

•

d

Jan

1 Yamaga____________ 41.e ------------ ------------ ---------------------- Alkaline; suUur_____ Teritary and Quaternary ResOrt.
lavas.

2 Koama_____________ ------------ ------------ ------------ ---------------------- ---------------------- _____do_______________________

3 RyuganjL __________ ------------ ------------ ------------ ---------------------- ---------------------- _____do ____•__________________

4 Hirajima___________ ------------ ------------ ------------ ---------------------- ---------------------- Quaternary andesite. _______

• Aso caldera:
UchlnomakL. __ ------------ Small ------------ ---------------------- ---------------------- _____do _______________________

Issues from bore hole 7
meters deep, Refs. 2935
3165.

Tochinoki 394. ------------ ------------ ---------------------- Bulfate; bitter; _____do _______________________ 5 springs. Water piped 2
(Toshita), saUne; iron. to resort. Refs. 2878, 2935

2940.
YunotanL._____ 7. --------_._- ------------ ---------------------- Alum; iron-alum____ _____do______________________ .,.

Artificial geyser and red mu
(ma."() ~ol. Refs. 2878, 2935

956,3107.
Tarutama______ 57-15 ------------ ------------ ---------------------- Sulfur_______________ _____do _______________________

3 springs. Ref. 2935.
Hoko-Jigoku___ Boiling ------------ ------------ ---------------------- Alum_______________ ____ _do _______________________

2 sprlnga. Refs. 2935, 2954.
2956, 2959--2961.

Kurokawa ------------ ------------ ------------ ---------------------- Acid; saline; sulfide_______do _______________________ Ref. 3166.
(Oguni).

47-48.6 Simple; 3 springsi also wells (rna• Hinagu_____________ ------------ ------------ ---- ----------- ------- carbonated__ Cretaceous strata___________
depth 75 meters). Resort

7 Hayashi. ___________ 47 . ------------ ------------ ---------------------- Saline______________ Mesozoic(?) strata__________ Several wells about 107 me
ters deep. Resort.

Mlyagi Prefecture

a

7.

,
n
0,

In
me

s

0<4,

1 Kurikoma group:Nuruyu________ 4. ------------ ------------ ----------------------
Saline_______________ Quaternary laya____________ Resort. Ref.,3044.

Yonokura,______ 42.e ---------_.- ------------ ---------------------- _____ do_______________ _____ do_______________________ Ref. 30<4.
Yunohama_____

" ------------ ------------ ----------- -------_._. _•___do _______________ _____do••________________ ~____ Do.
Komanoyu_____ ------------ ------------ ------------ -------.-------------- Sulfur_______________ _____do_____________________._ Do.
Shin-Komanoyu ------------ -------_._-- ---.-.------ ---------------------- _____do ____• __________ ___Ldc _______________________ Do.

2 Numayu.; _________ ------------ -------_._-- ------------ ---------------------- ---------------------- _____do _______________________

3 Onjkobe group:
Mitaki 64.4 ------------ ------------ ._-.------------------ Saline_______________ _____do. ____________________._ Resort. Refs. 2881,2919,3

(Kamitake) . 3081, 3117.Arayu__________ ---.._---.-- -------.---- ------------ ----------------------
Sulfur_______•_______ ___ __do ____________• __________ 2 springs. Resort. Refs

2881, 2919, 30<4, 3081, 311
TodorokL ______ 52.8 ------------ -----------. -------- -------------- Simple______________ _____do________________•______ Do.
Miyazawa______ ------------ -------_._-- ------------ ---------------------- Saline; sullur________ _____do _______________________ 2 springs, one (formerly?)

geyser. Refs. 3106, 3107.
Fukl-age________ "'.8 ------------ ------------ -----_._-_. _._-_..---- Saline_______________ ------------_.---------------- Formerly spouted to heigh

ora-a meters about once a
hr, Refs. 2881, 2919, 292
3107.rbe only natural gay,or,

i1=---------- 97.5 _.---------- ------------ ---------------------- --.._------- .-._.----- ------------------------------ Japan in 1956. Mega
egama________ "'.2 ------------ ------------ -----------_.--------- ---- ------------------ ------------------------------ erupts at intervals of 18.

minutes. Ref. 3107.
Sabusawa____•__ ------------ ------------ ------------ -----------------_._-- -.-------------------- ------------------------------
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3 springs.

2 springs.
Iii springs.

8 springs. Resort.

Do.

8 groups of springs. Ref.
8209.

Quaternary lava _
Alluvium near granite _
Quaternary andesite _
Alluvium overlyIng Quater.

nary lava.
Quaternary andesite _
Paleozoic sandstone _
Faulted porphyry _

Mlye Prefecture

Miyazaki Pretedure

Mlyagl Prefecture-Continued

DESCRIPTION OF THERMAL SPRINGS

Thermal spring8 and wel18 in Japan-Continued

" [·· · · 1....· ... .. 1SImPl'.m··...•....1 a'cn"'·· · ·__· 1

Nagano Prefedure

41-82

20-29

Andai _
Sbibu _

Nazawa _

2 nfame, _
5,148 Sulfur_______________ Quaternary volcanic detri- Resort. Ref. 2973.

tus.2,160 CI (19); HCO! (35) Quaternary lava 3 springs. pH, 7.3. Ref
(hottest) 3142.

~ ~-a;ea:--------- ------------ ------------ ------------ ---------------------- ---------------------- do _
Yudanaka______ 74-76 Muriated; sulfate; do _

bitter.

~~~ =====::===:: =:::==:====: ======::==:=:===:=:::: ~~~~:;sa1i~e;sUJ.:-- :===:~g==:===:==========:::::
'0<.KamabayasbL__ 55 Saline do 1 spring and 6 boiling pool

(jigoku).

g =~~=::::::::: ~~~ ~~~~~~~~~~~~ :::::::::::: :::::::::::::::::::::: :::::~~_~~::=::::::::: :=:::~=_~=::::::::::::::::::: 3 springs. Sulfur sinter.
7 Kuzu I 62-88 Saline_______________ Granite 4 springs.

g Jig=~~~_~~==:==: ~::=:::=:::: :::=::=::::: :::::::::::: :::==:::::==:::::=:::= :::=:=::==:::::::::=:: _~~~t~~~~~_~::::::::::::10 Nakabusa__________ .59.5-96 A1kaline____________ Granite ._ 8 springs.

i~ ~:;a=:::::::::::: ~~~_ :::::==::::: :=:::::::=:: ~=:::::=:::::::::::=:=_~~~~~_~~e_~=:::::::: 8~tr:~~~~~:::::::::::: Resort. Ref.3064.
13 Shlrahone__.________ 48-52 __~_________ Earthy-alkaline do • 4 springs.
14 Renge______________ 36-4:7.7 • • ._. Saline; acid vitrtot., Paleozoic strata near granite, Several springs. Resort.
15 KutsukakL ._. • • • _ __ Granite •__
16 Bessbo ~_____ Hot • • ._. do_______________________ Do.
17 Rirayu_____________ Hot • ~ Iron carbonate__~ Paleozoic strata near Qua- Resort.

~ e~;~:~~~~~::";;~ii' ~~~~:~~~~~:~ ~:~~~~~~~~~~ :~~~~~~~~~~~~~~~~~~~~~:;~~i:~~~~~~~~~~:~:~ ~~~~;;,~~~~~~~~:~~~: :::::::;wsowcn,. Resort
Refs. 3064, 3100-3104, 8155
3156.

1 Kuromatsu and 108 ------------ ------------ ---------------------- ---------------------- Quaternary andesite________ Refs. 3008, 3168.
Eblno, on north-
west flank of
KirJshima vel-
cane., Yoshida__•_________ 42 ------------ ------------ ---------------------- Saline_______________ Lower Tertiary strata_______

, Tsmatsukurl (Yui-
zuml) grouJ?:

43.3-50 Saline; sulfur________ Tertiary andeslte____________ 3 springs.KaWo.tabL______ ------------ ------------ --------------------.- Ref. 2881.Tanaka.________ -------fis--- ------------ ------------ ---------------------- Saline; carbonated__ _____do.__________________• ___ 2sprlngs. Resort. Ref. 2884Akayu__________ ---.---.---- ------------ -.--- .---------------- -------- - --- - --- -- __ ow . ----.------------------------ 3 springs. Resort. Ref. 2884
Motokurma.____

(max) Tertiary andesite____________65 ------------ ------------ ---------------------- Saline..______________
2 springs.

Shinkununa._•• 47.7--83.5 -_._-------- ------------ ---------------------- _____do___________•___ _____do____________________•__
Ii SPrinfs. Resort. .

Narukc 40.5-103 -------_._-- ---_._------ .--.-_._._------------ Alkaline sulfate; _____do_______________________ Severa springs, inclu
(Narugo). acid vitriol. artificlal geyser. Resort

Refs. 2884, 2998, 3000, 3002
Kararayu_______ 3081,310li:a3106, 31OS.

---------_.- ------------ ._---------- -_. _.- ----------------
-sUiIlir==:============

------------------------------ 2 springs. esort.
Nakayama ------------ ---------.-- ---.---_._-- ---.---.-._----------- ---------_._------------------ 2 springs. Ref. 2880.

(Nakaya-
madaira)

5 SakunamL.________ 49.5 ------------ ------------ ---------------------- Saline _______________ Quaternary lava____________ Water is radioactive. R,t
2880.• Akiu_______________

lil.li ------------ 8,120 Co.&970); Na (1,850); _____do______________ _____do______________________
Ro~ . 308'. 3083.

S 4 (314); Cl
(4.340);RBO,
(426).

7 Aone _______________ ""52 ------------ ------------ ---------------------- Simple______________ Tertiary sandstone near Severa.lsprings. Ref. 2883.
Gaga _______________

Large senne., ___________~_ Quaternarhlava.
S se.e ------------ ---------------------- Quaternary ava____________ Resort.• Togatta_____________ se Large ------------ ---------------------- Saline; ea.rbonated__ _____do______________________ , springs. Water is radio

(max) active. Resort.
10 Ka.masakL _________ 37-48 3,150 ------------ ---------------------- SalinB_______________ Tertiaryandesite_.__________ 4 sprIngs. Resort.
11 Ohara______________ 53.3; 63.3 ------------ ------------ ---------------------. SimplB______________ _____do___________ •__________ 2 springs.

---_.. Sakaino.~___________ ------------ ------------ ------------ ---------------------- ---------------------- ------------------------------ Ref. 3083.
------ aeneeewa___________ ------------ ------------ ------------ ------------._-------- ---------------------- ------------------------------ Ref. ,....

3 Komono m ...·1
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No.
on
fig.
61

Name or location
Temper

ature
of water

(00)

Flow
(hectoli
ters per
day)

Total
dissolved

solids
(ppm)

Principal chemical
constituents

Distinguishing
characteristics

Associated rocks Remarks and add1tional
references

Nagasaki Prefecture

1 Yuuomoto, on Ild 43-17
------~_._-- ------------ -.-. --.----.---------- Alum vitriol; earthy- Quaternary llparlte_________ Several springs.

Island. murlated; saline.
2 Mlchlno. __• _._._. __ " ------------ ------9;204- -CaCO~·(322'-;--·-----

VitrioL __________ ._. Tertiary volcanic tuff. ___ ._.
3 Obama_____________ 24-94 ------------ Earthy-murlated; Quaternary andesite. _______ 4 springs. Analysis is fo

Na2S0. (636); saline. main sprIng, Fontu-yu
NaCl (5,663); Snow-white sinter. Re:
MgCl (536); KCl sort. Refs. 3124,3144.
(1,634).

4 Unzen area:
Aino-mura______ 38-,s, ------------ 359-1, J98 ---------------------- Acid vitriol; hydro- _____do _______________________

6 springs. Resort. Refs. 2899
gen sulfide. 2940, 2978. '

Ko-jigoku_______ 100 ------------ ------------ _. ----------_.-------- Acid; hydrogen sul- _____do _______________________
Several springs, bOilIn~pools

(max) fide. and fumaroles. Re e. 2899'
3124,3168. '

Nara Prefecture

Rokuyo_____________ 20.5 VitrIol. AlluvIum overlying Terti-
ary strata.GosbikL Ref. 2913.

Shlonoha Refs. 2913, 3210.

Niigata Prefecture

s

y

y

1 aenemt, ___________ 102 9,000 ------------ ---------------------- SaUne_______________ Tertiary strata______________ Oil 1",' 25' meters deep
Resort. Refs. 3013, 3022.

2 Yuzawa____________ 48-52 ------------ ------------ ---------------------- _____do_______________ Granite(?) __________________ 3 sprlngs.
3 Takanosu__•________ ------------ ------------ ------------ --_._----------------- ---------------------- Tertiary lava(?) ____________
4 'I'suktoka, __________ ------------ ------------ ------------ ----------------------

-simi>le;ca~bonate;i=

_____do_______________________
s Isuyu (DeyuL_____ 31-39.5 ------------ ------------ ---------------------- Granite_____________________ 4 springs.
6 MurasugL_________ J3.5-26 ------------ -----36;880- ---------------------- -Eartby:'murlated;---

_____do_______________________ 7 springs. Resort. Ref. 301
7 Matsunoyama______ 68.' ------------ ---------------------- Lower Tertiary strata_______ Ref. 3082.

saline.
8 Oyu________________ 53-57 ------------ ------------ ---------------------- Simple______________ Granite_____________________ 6 springs. Water ts weakt

radioactive.
9 Tochiomata_________ 28.5-39 1,800 ------------ ---_. ----------------- _____ do_______________ _____do_______________________ 6 springs. Water Is strongl

radioactive.
10 Yuzawa____________ 37-45 ------------ ------------ ---------------------- SaUne_______________ Lower Tertiary sand- 6 springs. Resort.

stone.
l! Takase _____________ 63; 72 ------------ -----36;800- -c!i-{i-,OiO);Na-------

_____do_______________ Quaternary lava____________ 2 springs. Resort.
12 Yaklyama__________ 88 ------------ SaUne; sulfate_______ _____do_______________________ Ref. 3082.

(1,540); SOt
(8,340); Cl

SekL _______________ (UJ,990).
18 ----42-48--- ------------ ------------ ---------------------- -Suirm== ===: :== === :==

__Quaternary andesite_______
14 'I'subame___________

------;;;200- ------------ ---------------------- _____do _________ •__________ ~.__ 3 springs.

I' Akakura____________ 55.5-62 ------------ ---------------------- Alkaline; sulfur_____ _____ do. ______________________ 3 springs. Resort.
------ Matunoyama_______ ------------ -----_._---- ------------ ---------------------- ---------------------- ------------------------------ Water contains beryllium.

Ref. 3014.

Oita Prefecture

[See also fig. 64 for locations of thermal springs in the Beppu area}

1 Beppu area_________ 36--98 144,000 745-3,332 No., Ca, 01, CO2, Alkaline; saline; sul- Tertiary and Quaternary Many springs ..d wens:
Si02. fur; carbonate. lavas. ."" fumaroles ..d sol-

fataras. Resort. Refs.
2899, 2911, 2918, 2940, 2954,
2958, 2962, 2975-2977, 2981,
2986, 3003, 3005, 3006, 3068,
3081, 3087, 3107, 3109-3116,
3146-3154, 3157, 3168, 3169,

2 Tsukahara__________ 3175, 3217.
------------ ------------ ------------ ---------------------- Milky sulfur________ Quaternary andesite________

3 Yufuin _____________ ------------ Large ------------ ------------------- --- Carbonated_________ _____do_______________________ Several springs. Refs. 2945,
3218.

4 Dakesbita_________ • 50 3,060 ------------ ---------------------- Saline_______________ _____do_______________________ Ref.2lJ42.

Okayama Prefecture

1 Yubara_____________ 39.4;49.2 4,500 194; 204 ---------------------- ---------------------- Granite_____________________ pH, 8.5; 8.8. Resort. Ref.
3053.

2 Goroku_____________ 34.6 ------------ 131 --------------------~- ---------------------- _____do____________.___________ pH, 8.6. Ref.3053.
3 Taru_______________ ~ 37.7 ----------+- 121 ---------------------- ---------------------- _____do_______________ •_______ Do.
4 Maga_______________ 39.4 2,700 162 ---------------------- ---------------------- _____do _______________________ Do., Kamisatbara (reset- ai.i ------------ 187 ---------------------- ---------------------- _____do______ •________________ pH, 8.8. Ref. 3053.

bara).
6 Okutsu_____________ 39.0; 43.3 ------------ 128 -----_. --.------------ ---------------------- _____do_______________________ 2 springs. pH, 8.6; 8.8. Ref.

3053.
7 o htsurL___________ 41.3; 42.6 ------------ 131;133 ----------------- -- --- ---------------------- _____do. ______________________ Do.
8 YunOgO_____ -------- 25-77 1,296 2,397 ---------------------- ---------------.------ Tertiary llparlte_____________ s springs. pR, 8.0. Resort.

Takebe_______ •_____ Ref. 3053.
9 28.0 ------------ _._--------- ---------------------- ---------------------- Granite_____________________
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9 springs.

8 springs, including formerly
active Oyu geyser; also
wells. Refs. 74, 2877, 2902,
2914, 2920, 2921, 2940, 3038,
3107, 3141} 3181, 3220.

Several apnnga. Resort.

11 springs; also wells. Ref.
3181.

17 springs issuing in bed of
Katsura River. Resort.
Refs. 2940, 3181.

7 springs; also wells. Refs.
2905,3022,3025,3027, 3087.

2 springs. Refs. 3022, 3025,
3027,3087.

4 springs. Refs. 3022, 3025
3027,3087.

16 springs. Refs. 3211,3214.
4 springs.
3 sprIngs; also sprIngs at base

of Amagt-san.
11 springs.

2 springs. Ref. 3213.
Several springs. Resort.

asprings. Ref. 2901.

13 springs.
40 springs and wells. Refs.

2900,2906.
3 springs.
5 springs. Ref. 2900.

Refs. 3212, 3214.
Ref. 3213.
Ref. 2900.

Do.
Refs. 3212,3213.

Simple Quaternaryandesite _
Sulfate; bitter do _
Barthy-murlated; do _

saline.

Simple______________ Quaternary lava _

Saline_ _ ____ _ do ~ _

Shizuoka PreIccture

[See also fig. 65 for locations of springs on the Izu (Idu) Peninsula]

57,800 do do _

____________ Sullate; bitter Tertiary sandstone _
______________________________________________ Saline; bitter QuaternaryandesIte _
___________________________________________________do_____ __________ _ do ~ _

_ Simple Tertlary volcanic tuff _

__________ • 4 • • do do ¥ _

1,400 ~ • ~_~__ Saline ._ Quaternaryandesite _

43.5--50.5

35.5; 47

35.5--50

36-79
35-47
41-50

38-40
60

77-108

Ito group:
Matsubara. _

Shlshldo _

Kusumi • _

Tol (Tohi) _
Kamt- Funebera__~_
Ycshlmn _

Hatake _
Izusan _
AtamL _

I~~!:~:~~:~~~:~ ----;;i-- ~~~~~~~:~~~~ ~~~~~~~~~~:~~~ :~~~~~~:~~~~:~~::~~~ -;~;i;~~~~~l~:: ~~jr~~~::~~~~~~~::~:~::::
(max)

f~~d~~;f!~:~~~:~--'-iii-- :~~~~:~~:~~~ ::~:~~~:~:~~:~ ~~~:~~~~~:~:::::~~:: ::~j~i~:~~~~:~~:~~::: :~i~~~·::~~~ii~~~:::~~~:
Quaternary lava.

Shimoda~___________ 22-31 • • do do _
Bhlmogama (gfmo- 63-79 • •••_4 do ~_. do • _

game),Kawazu • _
Yokogawa, • • .4 _

Simogama., , • _
Simokawazu • _
Seknyu, ____ _ ~. _

4 Kona_______________ 52

Nagaoka____________ (max), 41-53, Shuzenji (Syuzenzi)_ 55--77

1
2
3

1 1Miyano - - ----------1----.-------1------------1------------ --1--------------------1----------------------I O,anite(?) - - - - -- ---- --------12 Sbiono • • • • do • _

Shimane Prefecture

Saga Prefecture

Shiga Prefecture

Thermal springs and wells in Japan-Continued

DESCRIPTION OF THERMAL SPRINGS

8,
10

11
12
13
14

15
15
17
18

19
20

1 Puruyu,____________ ------------ ------------ -----------.-- -- - --- ---------- __ A. ----.----------------- Granite(?) _________ A ________

2 zumencsewe______ -------49--- ------------ --_.---------- ------------...__ ..-. 'siiiipie==========::::
_ __ "Ado. ______________________

3 Takeo. _____________ 1,512 -------------- -------_._.-..------ Tertiary andesite____________ Resort.
4 Ureshino___________ 95 2,592 -.------------ ----------- ._------- AlkaHne: murJated; _____do _______________________ Do.

carbonated.

1 Gakuto___________._ 27 ------------ ---------..--- -------------------- Saline_______________ Tertiary sandstone__________ 2 springs.
2 Tamatsukuri_______ 54-64 L",ge -----_._------ -.------------------ ____ _do_______________ ____.do_______________________

3 springs. Water ts radi
active. ReC.3194.

3 Hirose______________ 37; 43 ------------ -------------- -------------------- ---------------------- Granite_____________ •______• 2 springs. Water ts radl
active.

4
U sfuo____• __________ 41.5 ------------ -------------- -------------------- Bitter_______________ _____do __•____________________, Yunokawa _________ ------------ ---_._------ -------------- -------------------- -CarboDufici=::======

_____do_______________________

e Ikeda_______________ 17; 24 ------------ -------------- ---------.---------- _____do_______________________
2 springs. Cooler water i

radioactive and i, beete
10' bathing use. Refs
2957, 2958, 2963, 2968, 2970
2971,2987,3042,3057, 3221

7 Koyabara __________ 38.2
-----;~:~r

-----.-------- -------------------- Saline; carbonated•• ____ .do_______________________ Water contains iron. Resort.
8 Yumura____________ 43 -------------- -------------------- Simple______________ _____do. ______________________

9 Shigaku____________ 22.5-46. 5 -------------- -----------_._------ Saline.______________ _____do ___•___________________
3 springs. Large deposits 0

tufa. Refs. 3054, 3194.
10 Yunotsu____________ 46; 50 ---------_.- -------------- -------------------- Saline; sulfate______.. Tertiary sandstone no", 2 springs. Water ta radio

Tertlary Iave. active.
11 Arifuku ___ 44.5-49 3,230 ------------_. --- .._---------- ----- Simple______________ Diorlte________•__•__________ 3 springs.
12 Fukumitsu, ======== 34.5 ------------ -----------.-- -------------------- Saline; carbonated __ Tertiary sandstone near

lava.
------ KakinokL __________ ------------ ------------ -------------- ----------_._------- ---------------------- -------------------- ---------- Ref. 3054.
------ Koda_______________ ------------ ------------ -------------- ---------------.---- ---------------------- -------------------------.---- ReI. 3054.
------ Yugakaf, ____•____._ ------------ ------------ -------_._---- -------------------- -------------~--- ----- ------------------------------ Ref. 3194.
------ Saginoyu___________ ------------ ------------ -------------- -------------------- -----_._-------------- ---------_._------------------ Do.
-----. Sambeyama district, ------------ ------------ ---------_.--- -------------------- ---------------------- ----._------------------------ ReI. 3055.
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Tocblgl Prefecture

[See also figs. 66 and 67for locations of springs in the Nasu and Shiobara areas]

THERMAL SPRINGS OF THE UNITED STATES AND OTHER COUNTRIES OF THE WORLD

1 Naeu area:
Quatern3rY lava ____________Sandogoya._____ 62 1,800 ---------_.. --_••_--- ___ v _. _______ Simple______________

limorL _________ 38 -----Large- ------_.__.- -----------------_._-- Simple; iron _________ _.___do______________________
Omeru (Dei- 61.<5; 71 ._---------- ----------------------

Simple______________ _____do ______________________
2 springs. Resort.

Maruzuka). ,
Benten_________ 48; 64 -------.-.-- ------------ ---------------------- Simple, carbonated _____do ____•_________________ Do.Kitayu_________ 61-64 ------------ ------------ ---------------------- Simple_____________=_____do ______________________ 5 springs.Yawo.ta_________ ------------ ------------ ------------ ---- ------------------

Saline _______________ _____do______________________
Talmo__________

" --_._----_.. ._---------- ---------------------- Sulfur_______________ _____do______________________ Sinter! with sulfur.
Yumoto (Nasu- 28-74.<5 ------------ 2,723 C" SOh CL ________ Acid; hydrogen sul- _____do______________________ 4 spnngs. Resort. Rets.

Yumoto). , fide. 2925,2926,2940,3047.
2 !tamuro____________ ------------ Large ------------ --------- ------------- Simple______________ _____do______________________ Resort.
0 Shiobara area:

Moto-yu (Furu- ------------ ------------ ------------ SO. (2,029) __________ Murlated; alkaline__ _____do______________________ Resort. Refs. 2926-2928, 2930
Motoyu). 2932,2934,2940.Arayu_________.: ------------ ------------ ------------ ---------------------- Acid; sulfur_________ _____do______________________ 4 springs. Resort.

FurumachL ____ 42-60 ------------ ------------ ---------------------- Alkaline____________ _____do______________________ Do.
Monsen________ 50-64 ------------ ------------ ---------------------- Alkaline; saline _____ _____do______________________

3 springs. Resort.
SumakL ________ 62.5 ------------ ------------ ---------------------- Simple______________ _____do______________________

Resort.
HataorL_______ 55-70 ------------ ------------ ---------.---._------- Alkaline; murlated__ _____do______________________ 5 springs. Resort.
Shiogama_______ 65 ------------ ------------ ---- ------------------ Saline _______________ -----_._---------------------- 2 springs. Resort.
Fukuwata______ 42-60 ------------ ------------ ----------------------

_____do____________._
-------------------------- ---- 5 springs. Resort.

Shionoyu_______ 64-73 ------------ ------------ ---------------------- _____do______________ -----------------------.------ 3 springs. Resort. Ref.
3047.00.101. __________ 55;57.5 ------------ ------------ ---------------------- Saline; bitter________

-Quart~-porphyry=:=======:==
2 springs. Resort.

4 Nikko-yumoto______ 22-69 ---_._------ ------------ ---------------------- Hydrogen sulfide____ 10springs. Resort.

Temper- Flow Total
.....,,~

No. .
on Name or location ature (hectoU- dissolved Principal chemical Distinguishing Associated rocks Remarks and additional
fig. of water ters per solids constituents characteristics references
61 (°0) day) (ppm)
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Tottori Prefecture

0-

1 Kaike_______________ 73.5 ------------ ------------ ---------------------- ---------------------- Quaternaryandesite________ Water ts piped to resort.
ReI. 3060.

2
Asozu ______________• 46-li6 ------------ ------------ ------------ ---------- Saline; sulfur________ _____do_______________________ 4 springs. Ref.3194.

3 Togo group:Togo ____________ 31-liO 1,730 ------------ ---------------------- Simple______________ ------------------------------ 5 springs. Water Is piped to
resort. Refs. 3194,3195.

Matsuzaki 32; 36 ------------ ------------ ------------ ---------- SaUne_______________ -----------.------------------ 2 springs. Refs. 3194,3195.
(Matuzaki) .

4 Misasa______________ 33.5-85 Large 534-1,940 CI, HC03, SO(______ Muriated; sulfur; Granite_____________________ 3D springs. Water is v"y
saline; simple. radioactive. Refs. 2387,

2889, 2987,3033, 3042, 3087,
3139, 3140, 3145, 3173, 3174,
3189-3191, 3193-3195

0
3221.

6 Sek1gane____________ 40-45 ------------ ------------ ---------------.-.---- Sulfur_______________ Quaternaryandesite________ 6 springs. Refs. 306, 3192,
3194.

6
Hemamure_________ 45-49 _________ M __ -----------. -----------_._-------- Saline; bitter________ _____do_______________________ 4 springs. Ref. 3194.

7 KachimL__________ ~ 51.5-66 ------------ ------------ -----------~ ---------- Sulfur: simple_______ Tertiary sandstone_____ M ___ • 4 springs. Water Is radio-
active. Ref. 3194.

8 Yoshioka___________ 42.5-li6.5 2,592 ------------ ---------------------- _____do__~____________ Tertiary sandstone near ,5 springs.

24.4-47.5
Quaternary lava.

springs. Water ts radi9 Yoshikata___~ _~____ ------------ -----~------ --------------------~- SaUne; bitter________ Lower Tertiary sandstone___ 6
active.

10
Tottori_____________ 26;28.5

------4~OOr ------------ _____ M ________________ _____do_______________ _____do_______________________ 2 springs.
11 I wai ______________~_ 37-60 ------------ -------~ -------_.----- SaUne; sulfate; _____do_______________________ 7 springs.

bitter.
12 YudanL ___________ 32 ------------ ------------ ---------------------- Alkaline; saUne______ _____do_______________________

Toyama Prefecture

1 Ogawa ______________ 4lHlO ---------.-- -~-------- ------------------------ AlkaUne; seitne_____ Tertiary llparite____•________ 6 springs.
2 KuronagL._._______ 83; 88.5 ------------ ---------- ------------------------ Sulfur_______________ Granite_____________________ 2 springs.
0 Aimoto (Futami) ___ 64.5-95 ------------ ---------- ------------------------

_____do_______________ _____do_______________________ 3 springs.
4 KanetsurL__•______ 49 ------------ ---------- ------------------------ Simple______________ Contact of limestone and

Okubu______________ granite.
5 --~--------- ._---------- ---------- ------------------------ ---------------------- Tertiary strata______________
6 J ohanna___~________ -------49--- ------------ ---------- ------------------------ -sii"Irate;salliie=====::

_____do___•___________________
7 OmakL____________

~---~-------
____ ow_woo -------------------~ ---- Porphyrite dike_____________

8 Kasuga_____________ -------63--- ------------ ---------- ------------------------
-Hydiogen-SUifide~===

Granite or schist____________
9 Tateyama__•___._._ 4,464 ---------- --------- --------------- Tertiary andesite____________ Rer. 3063.

Wakayama Prefecture

1 Ynmoto (Rejujin)__ 39.1 9,450 --_.-------- ---------------------- Simple __~___________ Mesozoic strata______________
2 Yunomine__________ 87.5-92 1,555 ------------ ---------------------- SaUne; bitter; sul- Tertiary sandstone__________ 3 springs.

fur.
3 Yukawa____________

22-40 ------------ ------------ ---------------------- Alkaline; sulfur_____ Lower Tertiary sandstone___ .5springs. Ref. 3063.
4 Sedono-Kana-yama__ 42-60 ------------ ------~~---- ---------------------- Muriated; alkaline; Cretaceous sandstone_______ 8 springs.

carbonated.
5 yuzakL____________~

~----------- ------------ ------------ ---------------------- ---------------------- _____do_______________________ Sinter deposit 2.3 pereen
SrO. Rer. 2886.

6 Katsuura___________
27-45 --_.-_.__._-

-------~---- ---------------------- Alkaliue; sulfur _____ Tertiary sandstone__________ 3 springs. Water is radioac
ttve.

7
Akashima__________ ------------ ------------ ------------ ---------------------- ---------------------- Cretaceous 0' lower Terti-
Shirahama__________ arv sandstone.

15springs. Water is eontam------ ------.------ ------------ ------------ ~--------------------- ---------------------- ------------------------------ ina-ted by ",. water.
Resort.
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35 feet along the northwest coast. In contrast, there
is a change of only 1 to 3 feet along the east coast.

Granite, gneiss, and crystalline schist form the main
parts of the main mountain ranges, which have been
strongly folded. In the northern part, ancient crystal
line and metamorphic rocks are overlain by Paleozoic
sandstone, slate, and limestone. In the southeast are
Carboniferous strata which contain coal beds. More

Prefecture Unknown

Yamagata Prefecture

Yamaguchi Prefecture

Yamanashi Prereeture

DESCRIPTION OF THERMAL SPRINGS

Thermal spJings and wells in Japan-Continued

1 Masutomi 20-33 ------------ ------------ ---------------------- Earthy; saline_______ Granite_____________________ 15 springs; also wells. Wat
(Matsutomi). is strongly radioactive

Refs. 2907, 2940,2942, 29S7
2987, 3031, 3032, 3035, 3038
304D-3G42, 3085, 3087, 311
3123, 3160, 3162, 3170, 3223

a Kurobira___________
--88~8:42--- ------------ ------------ ---------------------- -sauna::::::::::::::: Paleozoic strata near granite,

3 Yumura (Kofu) ____ ------------ ------------ ---------------------- Quaternaryandesite________ 4 springs. Refs. 2875,2876.
4 Shimobe____________ 35-36 ------------ ------------ ---------------------- Simple______________ Tertiary shale _______________ 3 springs.

1 Yumoto 40.8: 41.5 ------------ 174 ---------------------- ---------------------- Tertiary Iiparite____________ 2 springs. pH, 9.0. Ref. 3052
(Fukagawa),, Tawarayama_______ 36.2-42.0 ------------ 182-195 ---------------------- ---------------------- Cretaceous strata________ •__ •springs. pH, 9.0c-9.2. R

sort. Ref. 3051.
3 xewetene__________ 20.5-43.0 ------------ 1,990-2,149 ---------------------- ---------------------- Granlte or diabase___________ 4 springs. pH, 6.8--7.0. R,f

3125.
4 YoshimL___________ 30.1 ------------ 145 ---------------------- ---------------------- _____do______________________

• YunotOge.__________ 20.6;23.0 ------------ 106; 18' ---------------------- ---------------------- _____do______________________ 2 springs. pH
ir

7.4; 8.3.• JiseljL ______________ 27.3; 29.5 ------------ 268;250 ---------------------- ---------------------- _____do ________•___.__________ 2 springs. p , 8.3; 8.2.
Water is radioactive. Ref.
3052.

7 YUM _______________ 40.5; 58.0 ------------ 463 ---------------------- ---------------------- Quaternary alluvium near 2 springs. pH, 7.1; 7.5.
granite.

S
Yuno_______________

28.0;32.9 ------------ 670; 157 ---------------------- ---------------------- Granite or crystalline schist. 2 springs. pH,S.4.

KOREA '(CHOSEN)

Several groups of mountains occupy northern Korea
and from them high ranges extend southward along
the eastern part of the country. The east coast is
mainly steep and rocky, West of the main range is a
region of steep hills and narrow valleys. Much of the
western coast is low, and there are wide mud flats due
partly to the great tidal change, which is as much as

------ Dal-aan, in FutamL 96 --------i16- ------------ ----------------------
Sulfur_______________ Granite_____________________

------ Shin-takl, in Oscre- 9. ------------ ---------------------- Acid
alum__________ Andesite_____ ~__~___________

yam,.
------ Shiralrnmo, In 91 3,060 ------------ ---------------------- IrOD________________ Tertiary sandstone__________

Furo-seu.
------ Naka, In HiraocbL 00 3,600 ------------ ---------------------- Sallue.______________ Volcanic ash ________________ R£>f.2942.
------ Spring A, in Kuzu__ 83 --------25r ------------ ---------------------- Sulfur(?) ____________ Granite_____________________

------ Hokenagt,__________ 32 ------------ ---------------------- Saline; sulfate. ______ Andesite____________________

------ Spring B, in UraL-_ SO ------------ ------------ ---------------------- Saline _______________ Tertiary saudstone__________

------ OrodanL ___________ 30 4,630 ------------ ---------------------- Acid ________________ Volcanic ash ________________

------ Tono, In ShiriuchL SO ------------ ------------ ---------------------- SaUne. ______________ ------------------------------

1 Atsuml_____________ 45-70 ------------ _._._------- ---------------------- Sulfate; saline_______ Quatenary volcanic tuff- ___ Resort., Yunohams_________ 43-47.2 ------------ ------------ ----------.----------- SaUne__ •____________ Tertiary sandstone._________
3

SemL_______________ -.---------- ------------ ------------ -------------.-. ------ ---------------------- Tertiary strata near Tertiary Ref. 2334.
lava.

4 Akakurs____________ -------SS--- ------------ ------------ ---------------------- -Earthy:iiiUrtated;---
_____do_______________________

5 Yudagawa (Name- ------------ ------------ ---------------------- Tertiary sandstone near
gawa?). saline. Quaternary lava.• aestne-sunoeewe___ 23 ------------ ------------ ----------------------

Slmple ______________ _____do_______________________

7 Ynatsumi___________ ------------ ------------ ------------ ---------------------- ---------------------- _____do_______________________

3 HijiorL____________ ------------ ------------ ------------ ---------------------- ---------------------- Tertiary lava__•_____________
9 Hlgashlne___________ ------------ ------------ ------------ ---------------------- ---------------------- Quaternary lava____________

10 Tsuyama___________ ----00:40--- ------------ ------------ ----------------------
-Acid81UiUVitrfoC~:

_____do_______________________

11 Mogaml-Tekaku___• 63,000 ------------ ---------------------- Quaternary andesite.________ Many springs. Resort. Ref

Kaminoyama_______
2892.

12 5&-62 3,944 ------------ ---------------------- Simple; bitter_______ Quaternary I1parite_________ 4 springs. Resort.
13

Akayu______________ ....63 ------------ ------------ ---------------------- Earthy-muriated; Tertiary sandstone near Do .
saline. Quaternary lava.

14 onogewe___________ 65.5-73.5 ------------ ------------ ----------------------
_____do_______________ Tertiary sandstone__________ 5 springs end several wells

Resort.
15 Namerikaws________ ------------ ------------ ------------ ---------------------- ---------------------- Tertiary Iava.,______________
ie Ubayu______________ ------------ ------------ ------------ ---------------------- ---------------------- _____do_______________________

------ BansyojL___________ ------------ ------------ ------------ ---------------------- ---------------------- ------------------------------ Ref. 3131.
------ Jagohara____________ ------------ ------------ ------------ ---------------------- ---------------------- ------------------------------ pH, 1.5-1.6. Ref. 3069.
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important coal beds are found in Tertiary deposits in
west-central Korea. Recent volcanic rocks are present
in some parts of the interior. The south and west
coasts are fringed by many small islands, some of which
are bare masses of lava. One dormant volcano is on

Quelpart Island beyond the south end of the Korean
Peninsula.

Information on thermal springs in Korea is given
in the table below. Their locations are shown on fig
ure 55.

ThermaZ springs in. Korea.
[Data chiefly from refs 2939, 3222 3233 Locations of unnumbered springs not identified Principal chemical constituents in parts per million]

No.
on
fig.

"
Name or location

Tempera
ture of
water
(DC)

Flow
(hecto
liters

per day)

Total
dissolved

solids
(ppm)

Principal chemical
constituents

Associated rocks Remarks and additional references

Bazan.. ~ . ~ ~ _
aurenpc, __ __ _ _ ~ • • _
Mesan-Onsen, ___ __ _ 80 135 __ _ ~__

Resort.

Ref. 2997.
Do.
Do.'-

Heated for baths.

4 springs, 2 wells. Developed about
~3~: 730. Resort. Refs. 3228,

Bathing resort since A.D. 1691.
Refs. 3230, 3234.

6 springs; also several wells. Water
is radioactive. Developed in en
dent times. Resort.

6 small springs. Water is radio
active. Resort.

Springs developed 500 yr ago; 34
wells drilled in recent years.
Water is radioactive. Resort.

Used for bathing.
4 springs, 4 wells. Water is radio

active. In use for more than 500
yr. Bathing resort; military sane
torium. Refs. 2937, 2942, 3235.

Spring in use for 500 yr; 10 wells
drilled in recent years. Water is
radioactive. Resort. Nearbyresort
developed in 1923 is supplied by
24 wells.

22 wells. Water is radioactive.
Resort.

Original spring developed about
A.D. 1700. Supply in recent years
from 43 flowing wells. Water is
radIoactive. Resort. Refs. 2942,
323l.

Ref. 3229.
Ref. 3237.
Water is saline. Ref. 2942.

POt

allu-

Granite and quartz
phyry.

Granite overlain by
vlum.

Granite and porphyry over
lain by alluvium.

244 NaHCOa (101); H2SiOa (69). Granite 23 outlets, including several wells
Resort.

Ca (3,340); Mg (224); Na Gneissoverlain by enuvtum,
(6,OiO);K (489);CI (14,720).

969 Na (255); 01 (358) Graniteorgnefssoverlainby
alluvium.

360 Na, HC03 do • ~._~_

191 H2S103 (63); Na (30); HC03
(74); CI (10).

1,009 S102 (122); Na (278); Cl
(457).

24,056

4,454 Ca (669); ~~a (922); S04 (211);
Cl (2,510).

992-1,077 Na, CL _

540
2,000
',088

1,800

575

2,435

>1,700

9,000

76

53
60

46-55

werm
W m
W m
Tepid

.0-45

47.75

2lH8

34-48.5

W...m
38-60.3 ------233- --------287- -Na~HCO; =============== -oianite__====================

47-52

60-67

40.H5.2

1 Shuotsu_____________________ 36-56.5 18,783

2 Lower Shuotsu (Kaneta):
Main spring _
Well _

3 Heisan _

4 Sakuchu _
5 Kisen _
6 votcsu, •• ._. ~

7 ShakuojL _

8 Onsetrt (Wenchingli) ~

9 Tong-nat (Kongosen), at
southeast base of xeum
jyong-san (Diamond
Mountain).

10 Ryuko, 17 miles northwest
of Chinnampo.

11 Angaku _

12 Shinsen, near railway sta
tion.

13 Hakusen _
14 On-yo, 0.25 mile northwest

of Onsenrt railway station.

15 rule, 7 miles northwest of
Taiden.

16 Kaiundai, near sea coast, 8
miles northeast of Fusan.

17 Totat, 7 miles northeast of
Kaiundat.

LEBANON AND SYRIA

Lebanon consists of a narrow band of coastal plain
along the Mediterranean Sea and highlands that rise
eastward to steep mountains which border the south
western part of Syria. Syria extends from the base of
the Taurus Mountains of southeastern Turkey, south
ward for 300 miles, and inland from the Mediterranean
for 100 to 300 miles.

The Lebanon Mountains in northern Lebanon and
the adjoining part of Syria are prominent rugged
ranges that trend generally north-northeast and are
deeply cut by stream gorges. Nearly parallel to these
mountains on the east are the Anti-Lebanon Mountains,
which are separated from the main mountains by the
valley of the Leontes, or Litany, River in southern Leb
anon. Both mountain systems are composed largely
of Cretaceous limestone, and in many places are worn
into sharp ridges. Most of Syria inland beyond the

Lebanon Mountains forms a great plateau, interrupted
in several places by mountain masses. Some of these
masses are of volcanic rocks. In the northeast, beyond
the Euphrates River valley, are other mountains, com
posed of volcanic materials and ancient crystalline
rocks. Sedimentary rocks in the mountain areas are
considerably folded, but in the plateau regions they lie
nearly horizontal. The valley of the Orontes River in
northwestern Syria is the major structural feature, and
may be a northward extension of the block fault of
the Dead Sea and the Jordan River valley.

Numerous springs of large flow, some of which are
slightly thermal, are present in the limestone areas, and
several springs of higher temperature issue in or near
areas of lava. Perhaps the most noted thermal springs
are those near Palmyra in Syria. Information on
these and other springs in Lebanon and Syria is given
in the table below, and the locations of the springs are
shown on figure 54.
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Remarks and references

MONGOLIA

Mongolia may be divided into three main regions:
A high plateau in the northwest, which is bordered on
the north by the Russian Altai Mountains and on the
south by the Mongol Altai Mountains; the Gobi Desert,
which covers most of southern Mongolia south of the
Mongolian Altai and extends far eastward; and the
higher and fairly well watered Kerulen (Herelen)
River drainage basin, which extends northeastward to
the drainage basin of the Argun and Amur Rivers in
Siberia.

Very little information on thermal springs in Mon
golia is available. According to Nekhoroshev (ref.
3382), there are three groups of thermal springs in the"
Altai Mountains of northwestern Mongolia. One
group, near the U.S.S.R. border, is in a tectonic zone
that probably is faulted. The other two' groups, both
in the central part of the Altai Mountains, flow chiefly
from granite. The temperature of the water from these
springs ranges from 200 to 41°C. All are of similar
mineral content, chiefly sodium salts and hydrogen sul
fide. Some evolve gas consisting almost wholly of
nitrogen.. Tolstikhin and Dzens-Litovsky (ref. 3433)
report that both thermal and cold springs issue from

Syria

Lebanon

Thermal springs in Lebanon and Syria
[Locattons of unnumbered springs not identified]

Warm 1 1 Limeatone(?l 1 Ref. 3239.

DESCRIPTION OF THERMAL SPRINGS

1

Temperature I Flow Otters I Assoc1a.ted rocks
of water (00.) per minute)

Name or location

1 1 Northern part of Lebanon:-----1

No. on I
fig. 54

MALAYA (FEDERATION OF MALAYA)

Malaya occupies the southern and widest part of the
Malay Peninsula. A rauge of grauite mouutains which
forms the narrowest part of the peninsula also elftends
through the southern part, west of its center. The rocks
are deeply weathered over large areas. East of the
mountains are hilly regions of slate cut by quartz veins
and overlain by limestone. On the flanks of the main
range are also hilly areas of sedimentary rocks including
Carboniferous limestone, which contains many caves,
and Triassic sandstone. Most of the region is densely
forested. Along the west coast mangrove swamps and
wide muds flats are common.

The comparatively few thermal springs that have
been recorded are principally in areas of granitic rocks,
presumably along local faults. One of the best known
is at Ayer Panas village near Malacca city in the south
western part of the country. At Sungei Gau, in Pa
hang, limestone has been replaced by chalcedony, which
was deposited by former hot springs. Thermal water
probably still issues at this location.

The available information on the springs is given
in the table below, and the locations of the springs are
shown on figure 59.

1 EI Hamman (Kurd Dagh) ____ ' 37 630 ---------------------------- 3 main and 4 minor springs.
Much H,S. Water used fo

Hammam Cheikh Issa, in hills
bathing. Ref. 3241.

2 38 90 ---------------------------- Water is radioactive. Used fo
of Orante. bathing. Refs. 3240, 3241.

3 Palmyra (Palmyre, Tadmor) :
Two main springs________ 29 9,300 Cretaceous limestone_________ Issue into subterranean canal an

(larger grotto. Water sulfurous bu
spring) potable. Used for town wate

supply and irrigation. Refs
-"

1737, 3238, 3240, 3241.
Several minor springs _____ 22-23 ---------- Eocene limestone____________ Flow collected by undergroun

galleries. Water used for tow
water supply and irrigation

Soukhne (Es Sukhne) _________
Refs. 3238, 3241.

4 28 1,080 Lower Senonian beds (Upper Refs. 3240, 3241.
Cretaceous).

5 Mount Boueida:
Erek ____________________ ---------- ----------Nedouyat_______________ ---------- ---------- }Albien beds (Upper Creta- Ref. 3241.
Taibe___________________

---------- ---------- ceoue).
EI-K6m_________________

---------- ----------
------ Dmair______________________ 33 ---------- ---------------------------- Ref. 3240.
------ Ain Kebrit __________________ 28 18,000 ---------------------------- Source of commercial sulfur (5

Hammam Aly ________________
tons per year). Ref. 3251.

------ 28 300 ---------------------------- Important bathing place in an
cient times.



208 THERMAL SPRINGS OF THE UNITED STATES AND OTHER COUNTRIES OF THE WORLD

Thermal 8prings in the Federation of Malaya

[Data chiefly fromrefs. 3242, 3246. Locations of unnumberedsprings not identified. Principal chemical constituents areexpressedin parts per million]

No. on Temperatureon Total dis- Remarksand additional
fig. 59 Name or location water (OF) solved solids Principal cbemlcal constituents Associatedrocks references

(ppm)

--
I Near Pulai, in Kelantan __ Hot ---------- ------------------------ Lirnestone______
2 Sira ROOn, near Grik in Hot ---------- ------------------------ Quartz porphyry

Upper Perak. and triassic
strata.

3 Ulu Yam (Ulu Belangor), 100-102 121 Ca, Na, HOOll, 804, 8i02 Contact of mica Ref. 3244.
in Belanger. (120); free H,8. schist with

granite.
4 Sungei Gau, in Pahang____ Warm ---------- ------------------------ Limestone and Probably small flo.

chalcedony. Ref. 3246.
5 Ulu Klang, in Selangor____ 122;181-183 346 Ca, Na, HCO a, S04, CO2 ---------------- Several springs.

(80), 8iO, (150). Water of 122°F
contains much
organic matter.
Ref. 3245.

6 Dusun Tue, in Selangor___ 122-130 220 Ca, Na, HCO a, S04, CO2 Tourmaline Ref. 3244.
(92), BiO, (61); free granite.
H,8. "

7 Cheras, 4 miles from 115 ---------- ------------------------
_____do_________ Do.

Kajang in Selangor.
Ca, Na, HCO s, S04, CO28 Semuniah (Semenyih), 18 113-122 348 ----------------

miles southeast of Kuala (76), 8iO, (140).
Lumpur in Selangor.

272 Ca, Na, HCO s, S04, CO2 Granite _________ 3 springs in9 Alor Gajah, in Malacca ___ 95;104; 133 po<
(hotteat) (48), 8iO, (59); free N, swamp. Ref. 324

and CO2•

10 Ayer Panas (Azer-Panas), 91-134 293 Ca, Na, HCO s, 804, CO2 ---------------- 3 main springs; ale
near Jasin or Cheves in (hottest) (58), 8iO, (78); free shallow wells. De.
Malacca. H 28, N 2, CO2. posit of green crYI

tals 'at water lev.
in each well. Ref,
3243-3245.

-- ---- Cherana Puteh, in Malacca, 131 282 cal Na, HCO" 80" CO, Granite _________ Ref. 3242.
(max) 45), 8iO, (59) ; free N"

CO2, H2S, CH4.
Gombak, in Selangor_____ 122-129 399 Ca, Na, HCO s, S04, Si02

_____do_________ Do.
(176).

------ Setapak, in Selangor_____ 118-122 310 Ca, Na, HCO s, 804, CO2
_____do_________ Do.

(71), 8iO, (86).

folded rocks in an area of recently extinct volcanoes
in eastern Mongolia. They classify the water as "alka
line-earth bicarbonate water emanating carbon dioxide."
The only springs whose location is known precisely
enough to be shown as No. 1 on figure 55 are those at
Arishan, about 270 miles southwest of Urga. Berkey
and Morris (ref. 3247) recorded a water temperature of
52°C and stated that the water was used for medicinal
bathing.

THAILAND (SIAM)

In northern Thailand parallel north-south ranges of
hills rise to steep mountains along the north border of
the country. Central Thailand is occupied mainly by
the great plain of the Menam River. This lowland is
bordered by mountains on the east and west and slopes
gently southward to the Gulf of Siam. The eastern
part of Thailand is largely a high barren sandy plain,
nearly surrounded by hills, Southern Thailand oc
cupies much of the narrow part of the Malay Peninsula.
In the mountains on the north border of Thailand are
ancient metamorphic and sedimentary rocks. Most
of the other high mountains are of granitic and meta-

morphic rocks and of strata of Paleozoic age. 'I'h:
principal plains are covered almost everywhere by Qua
ternary" deposits, but marine strata of Tertiary age ar.
exposed in some places.

The published information on thermal springs iJ
Thailand is summarized in the table below. The loca
tions of the springs are shown on figure 59.

TURKEY AND CYPRUS

The extreme northwestern part of Turkey is on th
European side of the Sea of Marmara "(Marmora:
The main part of Turkey occupies the peninsula 0

Asia Minor.
Much of Asia Minor forms a plateau underlain b

flat-lying Tertiary marl and limestone. The platea
rises westward to mountains near the Aegean Sea am
eastward in Armenia to higher plateaus which are cu
by gorges of the Euphrates, Tigris, and other larg
rivers. The eastern plateau descends steeply to th
Black Sea, but breaks down more gradually southwarc
In its highest parts Archean rocks are exposed. 'I'hes
are overlain on the north by Paleozoic sedimentar



DESCRIPTION OF THERMAL SPRINGS

ThermaZ spring8 in Thailand,
[All data fromref. 32491
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No. on
fig. 59

Name or lor.ation Temperature
of water (°0)

Associated rocks Remarks

vents.

More than 50 springs j also steam
vents. Small deposits of sulfur.
Total dissolved solids 347 ppm.

2 springs.

2 springs near tidal creek. Combined
flow 3-4 liters per second. Total
dissolved solids, 16,800 ppm; prin
cipal chemical constituents: Ca
(1,020 pJ!m), Mg (234 ppm), SO
(946 ppm), 01 (9,910 ppm).

Several springs.

Flows about 5 liters per second.
Total dissolved solids, 374 ppm;
principal chemical constituents: Ca,
Mg, Na, 01, sio; Free OOa.
Water used for bathing.

3 springs on coastal plain.
On coastal plain.
Several springs on coastal plain.

ranges of mountains, one along the north coast and the
other in the southern part. These ranges are considered
to be extensions of the Taurus Mountains. The oldest
rocks are in the northern range, along whose crest
ancient igneous rocks are exposed; but most of the high
lands are composed of limestone and marble that are
considered to be of Cretaceous age. The mountains are
flanked by strata of early Tertiary age. Cretaceous and
Tertiary strata also form most of the Troodos Moun
tains in the southern part of the island. These strata
are folded and intruded by diabase, serpentine, and ba
salt. The plains and some coastal areas are underlain
by marine Pliocene and later deposits which unconform
ably overlie all the older rocks.

There are many mineral springs in Turkey. A large
number are thermal and some have been used for bath
ing since ancient times. Some are in the mountain areas

Granite gneiss

Porphyritic granlte., , _ 15-20 springs.

Limestone ::.
Granite gneiss Several springs and steam

Small deposits of sulfur.

Sandstone _

60-100

91-100

Tanoh Merah, on west side of highway
6 km from Batong,

Pong N am ROD, on border of Mae Chan
Valley.

Mon Pin, 9 km northwest of Amphur
Fang.

Khao Nivet, 1 kmfrom Ranong________ 68 _
Phumriang, 1 km from Ohai Ya_________ 70 _
Ta Chang, along railroad near km 603___ 70 _
Ta Na, about 10 km north of Kapong___ 62 _
Klan Sa, 20 km west of Ta Pi River Quartzite _
Kian Sa, near east bank of Ta Pi River _
Kop Kaep, 6 km east of Na San station Granite _
Nua Khlong, on east side of highway in 48. 5 Tertiary clay _

Amphur Muang.

Ban Pong, along highway at km 198.____ 55
Ping Khong, in bed of Mae Ping Rlver , _ 51
Ban Pong, 5 km southwest of Wiang Pa -Gr;.ciie_-_~~=============

Pao.
Huay Pong, 36 km south of Mae Hong Quartzite ' 2 springs.

Son.
Muang Paeng; 100 meters from river Granite wash .... _
Pong Ohedi, on west bank of Mae Lao _

River.
Pa Bong, 12 km south of Mae Hong Son _
Samerng Amphur _

Ohae Son, 25 km northwest of Chae Granite _
Hom.

Mae Sin, in stream near Mae Yom River .... .... _
Phoe Pha, in small stream_____ ___ _ Granite _
Hin Dat, in plain of Ban Hin Dat _
Kui Yae, on east bank of Khwae NoL___ 58
Sai Yak, on west bank of Khwae NoL -Li~e~t~;;.~~=============
Suan Phung, near Ban Suen Phung Granite _
Bang Phra; 8 km northeast of Si Racbe..; 39-:-40 Quartzite _

1

2

27

19
20
21
22
23
24
25
26

3
4
5

6

7
8

9
10

11

12
13
14
15
16
17
18

formations and on the south by formations of later age.
Tertiary volcanic rocks have cut through these sedi
mentary rocks in some places, chiefly where volcanic
mountains extend .northward from Lake Van. The
mountain ranges in the northern part of Asia Minor,
near the Black Sea, are largely of Cretaceous limestone
with much serpentine. Farther west, rocks of more
ancient formations extend to the Sea of Marmara.

The Taurus Mountains, the greatest mountain system
in Turkey, extend along the entire southern part of
Asia Minor, and also farther eastward. Some of the
higher masses southeast of the central part of the penin
sula are of Tertiary volcanic rocks. The larger part of
the mountainous area consists of ancient sedimentary
rocks, but Tertiary strata along the coast rise inland in
some areas to considerable altitudes.

The island of Cyprus, whose northern coast is only
45-60 miles from the mainland of Turkey, has two main
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Thermal sP,rings in Turkev
[Data chiefly from rezs. 3258-3260 and from Geologica! map of Turkey, scale 1:800,000(Maden Tetkik ve Arama Enstitiisil, 1942-46). Prlnelpal chemical constituents are

expressed in parts per million]

of folded and faulted rocks; others are in the plateau
regions of flat-lying strata. Some well-known springs
are in the valleys of the Menderes River and its tribu
taries near the southwest border of the principal plateau
region.

No springs of high temperature in Cyprus have been

211

Mineral water used for drinking.
Water used for bathing.

2 springs. Water used for bathing.

9 springs. Refs. 3282, 3288.
5 springs; large flow. Bathing resort.

Refs. 3262, 3284, 3288, 3290.

3 springs. Water used locally.
Several springs. Water used for bathing.
4 groups of springs. Water used for

bathing.

Remarks end add1tfonal references

3 springs. Water used for bathing.
2 springs. Water used for bathing.
3 springs. Water used for batbing.
Ref.3284.
2 main springs. Refs. 3258,3288.

2 springs. Water used for bathing.
Do.

Water used for bathing.
Several springs; large now. Water i

radioactive. Bathing resort. Refs.
3256,3288.

3 springs. Water used locally.
Several springs. Large deposits of tufa

Ref. 3253.
Ref. 3284.

Water used for bathing. Ref. 3271,3279.

3 main groups of springs. Water used
for bathing. Ref. 3262.

Spouts to height of 1-2 meters.

3 springs. Water used for bathing.
Water contains 3.8 ppm of I. Used fo

bathing.

Water used for bathing. Rof. 3288.

Do.
Several springs: hottest, Kiikurtlii,

flows 80 liters per minute from lime
stone; large deposits of tufa. Refs.
3262, 3279, 3284, 3290.

3 springs. Water used for bathing.
Ref. 3250.

water used locally.
13 main springs in 4 groups. Water f

used for bathing. Free H2S in cooler
water.

Water used for bathing.

3 main groups of springs. Water I
brackish to strongly saline. Refs.
3272,3284,3290.

Baths. Refs. 3268.
3 main springs. Water used for bathing.

2 springs. Water is acid; used locally.
Do.

Water used for bathing.

Associated rocks

~~~e:i~m;;taceOUS-Md-Te~tia;y-
strata near andesite.

Oretaceous strata overlying Pale
ozoic limestone.

Andesite and dacite _

Paleozoic limestone _
Devonian strata _

Triassic strata _
Paleozoic schist. _

Paleozoic strata _
Miocene strata overlying Oligocene

sandstone.

Volcanic rock _
Quaternary deposits overlying vel

centc rccc,
Eocene strata _

recorded, but some of the warm saline and sulfur
springs that issue at several localities have been devel
oped as bathing resorts.

Information on the principal thermal springs in Tur
key and Cyprus is presented in the two tables below.
The locations of the springs are shown on figure 68.

Principal chemical
constituents

DESCRIPTION OF THERMAL SPRINGS

Total
dissolved

solids
(Ppm)

_ _______ _ _ __ Andesite and dacite _
_ _ _ ____ ___ _ _ do __• _
_______________________________________________do _

2,980 Ca (44); Na (630); HOOa .do _
(hottest) (1,427); 01 (280); H2 sro,

(139); 002 (389).

__________________________________________ Andesite and dacite _
24,208 Oa (1,389); Na (7,072): 01 .do__._. _

(hottest) (14,250).
______________• • do. • _

63,316 Oa (3,349): Na (19,484); Cl • do _
(37,888).

______________________________________.___ Miocene strata _
____ ____ _ do _

1,487 Oa (70); Na (295): K (67); do _
(hottest) HOOa(80); S04(721);

01(104); li,SiOa(83);
NHt(26).______ _ do • _

__________________________________________ Upper cretaceous strata _
1,338 Oe (155); Na (221): HCOa do _

(61); SOl (783): Cl (18);
H:£iOa (64).

__________________________________________ Upper Cretaceous(?) strata _
_______________________________________________do _
__________________________________________ Tertiary(?) deposits overlying

granite.

___________• Volcanic rock _
_ do _
__ _ _ do _
_______________________________________________ do, •• • _

1,806 Oa (48): Na (450)6' HOOa Pliocene and Mesozoic strata _
(hottest) (354); S04 (452); 1(253);

NOa (25); H:£iOa (161).

____________ • • • Tertiary strata overlying Paleo-
zoic limestone._____ _ _ • • do _

1,622 Oa (89); Na (220); HOOa do _
(hottest) (580); SOt (273): H2SiOa

(149); 002 (270).

Eocene(?} strata intruded by an
desite.

• .______________________ Paleozoic schist. Do.
_ • do • 2 springs. Water used for bathing.

32

21; 36

5<>-OS
48-66.2

36
Hot

22
21-65

45.3

40.5
53.4-84

all-54

100

22-50
Hot

Wann

30.5
34; 43

35.5-37
63

41-81
38; 77

67-69
warm

41; 77

23; 26

"

37
57-73

31:34
36; 43.5

43
29-50

51.7
(max)

"21
22

Tempera
ture of
water
(00)

Name or location

catak, between Izmit and
Bolu.

South of Melen:Derdin _
EftenL _

southwest of Bolu:
Kocababas • _
Sariot _

1 Yarapsin, west of Tekirdag___ 21-24
2 Kirkgecit. northwest of Blga, 51.5-52
a Ozanclk, southeast of Cane.k- 2....'kale.

, On plain of ancient Troy_____ 22-34.5

23 West of Bolu:Belu _
Kinik and Akkaya _

24 Aktas trsue, northeast of
Bolu.

25 Between Bolu and Cankiri:AcikapUca _
KucUk • _
Sey (Seyhamam} • _
Kizilcahamam (Kizilca

Hamam).

26 Ayas, northwest of Ankara _
27 West of CankirL _

28 North-northeast of Merzlfon
(Mersivan).

29 Byzantine, near oeuvse
(Havza) and 20 km north

east ofMerzifon (Mersivan).

20

21

22

,5 Northwest of Ayvacik:AkcekeQiIL • _
Kestanbolu _

6 Southwest of AyVacik:Tuzia. ._

Gayzer suYll _

7 East of Qanakkale:Esas ._
Giclk •• _
Kum _

8 Southeast of Biga _
9 Kijpelike (Kupelt?), north of

Gbnen.

10 Erdek, east of Gdnen _
11 Dumbuldek, west of Bursa

(Bruse, Broosa).
]2 North of Bursa (BruSB,

Breese).
13 Armutlu, near Gemlik _
14 Yalova (Jalova), northeast

of Gemllk.

15 East of Bursa (Bruse,
Broosa):Cekirge _

Inegel ._
Bademlfbanea (Bithya?),

near Myslan Olympus
Mountain.

16 Caltl, west of Bilecik _
17 Kartal, 20 km southeast of

Istanbul.
18 'rueia, northwest of Izmit , _
19 Southeast of Izmit._l _

No.
on
fig.
OS
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Thermal springs in Turkey-Continued
-..,.-----------;------.---,---------,---------,---------
No.
on
fig.
68

Name or location
Tempera

ture of
wale,
(00)

Total
dissolved

solids
(ppm)

Principal chemical
constituents

Associated rocks Remarks and additional references
,

3 springs. Water used for bathing.

2 springs.
2 springs. Water used locally. Ref.

'288-
Several springs having a large acw.

Oooteat water contains 12 ppm of Br
and 0.1 ppm of I. Refs. 3288,3291.

2 springs. Water used for bathing.
4 springs. Water used for bathing.
3 main springs. Analyses for water

having temperature of 64°C and 70°C,
respectively. Water used for bathing.
Refs. 3259,3288.

Water used for bathing. Ref. 3284.

Do.
Small springs at 3 places; deposits of

tura. Ref. 3282.
Ref. 3282.
Several small springs from tufa mOunds'

much free CO,. Ref. 3289. '

1main spring; large flow. Water Is saline
and bitter. Refs. 3282,3288,3289,3294.

4 springs. Water is green and turbid
Evolved hydrocarbon gas is combus:
tible. Ref. 3267.

3 springs. Water used for bathing.
2 springs. Water used for bathing.
Water used for bathing.

11mainsprings. Water used for bathing.
12mainsprings. weterueedrcr betntns.

2 springs. Water used for bathing.

Water used locally.

4 springs. Water used locally.
6 springs. Hottest water contains 17

ppmofHP04and4.3ppmofBr. Water
used for bathing.

7 springs. Free H,S. Water used for
bathing.

Mineral water used for drinking.
Several springs, one of which spouts.

Concretionary deposit. Ref. 3271.

2 springs. Water used (or bathing.

4 sprlnl;l:s.
Water IS muddy.
2 springs.

Water used for bathing.
5 springs. Water used for bathing.

Ref. 3288.
3 springs; also shallow wells. Large flow.

Hottest water contains 1.2 ppm of
H2Ti03. Refs. 3288,3290.

Water used locally.orsstentne Umestone or basic
igneous rock.

Paleozoic and Mesozoic strata in-
truded by andesite.

Paleozoic schist ._
Cretaceous strata _

Andesite, basalt, and tuff ._
Cretaceous and Eocene strata

overlying Paleozoic slate and
limestone.Basalt • _

Probably basalt _

Andesite or Permo-Carboniferous
strata.

Andesite and dacite • _

Andesitc .______________________ 3springs. Water used fur bathing.

2 springs. Water used for bathing. Ref.
3259.

Andesite ._

Cretaceous or Tertiary strata _
Tertiary volcanic rock _

Ca (HK); Na (30); HCOa Probably granitic rock _
(401); S04 (22); Cl (39);
CO, (57).

Co. (l30); Mg (SO); No. (530);
HC03 (1,790); CO, (610);
Cl (280); SlO, (90); Fe
(SO).

Ca (47); Na (162); HC03 _. do _
(62); SOt (323); Cl (100);
H2Si03 (110); HPOt (24).

Co. (51); Mg (148);No. (266); __• __ do _
HC03 (1,437)' SO, (75);
Cl (55); C02 (330); H2Si03
(94).

32, 144

722
(coolest)

886
(hottest)

3,460

_ Eocene or Oligocene strata _
•• __ _ . • .___ _ do. _

_______ __ _ ___ _ do • _
___ _ do _

2,679 No. (645); HC03 (1,057); do • _
S04 (486); Cl (144.).

Na (11,833); K (358); HC03
(405); S04 (2,202); Cl
(17!013); N03 (61); CO,
(65).

___ ____ __ _ • • do., _
______.__ _ • • do _
___• • • Paleozoic strata or crystalllne

schist.

_______________________ • Intrusive andesite or Tertiary
voicentc rock.

1,345 Co. (55); Na (274); HC03 do _
(hottest) (573); SOt (229); Cl (85);

:a,SiOa (68).

___ _ __ _ _ ___ __ Andesite • .___ Do.
_____________• • dio Water used for bathing.

3 springs. Water used for bathing.

___ _ __ _ ._____ _ Tertiary volcanicrock near granlta,
_ _ _ _ _• do _
_ .___ ~Paleozoic strata ~ _

_______.____ Tertiary strata near granite. _
_____• . • ~ Paleozoic strata near granite _

2,474
(hottest)

_ ~ Andesite or basic igneous rock Water used for bathing.
_. • • • do 3 springs. Water used for bathing.
___,. Tertiary deposits overlying Paleo- 2 springs. Water used for bathing.

ZOic strata.
26 __• • Tertiary(?) deposits near andesite,
29 •• do _

39
22-37

34

24-42.5 • •• do _
32-41 .__ _ _ _ do ~ • _

51 Paleozoic strata or crystalline
limestone.37.0-49 __• • do • ~ _

34-42 .________ Probably basic igneous rock • _
4.4-76 2,933 Co. (114); No. (500); HC03 do _

(hottest) (842); SOt (865); Cl (81);
C02 (300).

21M04

57;59.5

27
34.5; 46

34-50

29.5-60
47

32-33

59;98

76-78
43-52

25; 27.6

29
38-4ll

25.6-48

22.5-79

23
Hot

31.5-33

37-39

80

~~
26-70

39-43.6
26; 35

31

58-<\'

..

39 Southwest or Bergame:Pasa, . _. _
Tabaklar• _

40 Karaagl9 Uyuz, north of
Bergame.

41 Southwest of Ballkeslr:GUre :.. _

Derman. ~ _

35 At Ulja (Lija., Illlah, TIiJa.,
llidja, mea?), northwest of
Erzurum. .

36 About 15km west or zreurum,

45 Asarkoy, south of Ballkeslr __

46 Ece, northeast of Manisa _
47 10 km east of Singerlj (Sin.

dirgl) and west-northwest
of stmev.

48 North of Simav:

=~-amur:=:::::::==::
49 Inonit, south of Bileclk _
60 Northwest of Esklsehir:

~~Jit~ebii_~~::=::::==:::::
Sakarya _

37 routes, northwest orBergama,
88 West of Bergsma:Blleller• . ._

Dikili • . _
BademlL _

61 Gobel, north of Ktltahya _

62 Northeast of Kiitahya:Kizilsin • _
YoncalL _

63 Southwest of Kiitahya:KOYll _

12 other springs. _
54 Northwest of Gedte:

~e~~~~~:~=::::::::::=::=

30 Northeast ofAmasya (Amasia)

31 Northwest of TokaL _
32 Near tributary of Oorufi

Buyu (Chorokh River).
33 Near Arzitl, north ofBrsurum.
34 Near Lori, 100 km west of

Erzurum.

65 South-southeast of Gediz:Aksaz _
BogazL _

66 Cardak, southeast of Eski
sehir,

57 North of Polatli:
K llrttacirikByil•• _

58 Easf~r~t:fi1riL-----------
KokarkByii Ba.: _
Haymana _

69 South of Kirsehir_. ~-------

42 Dag, northwest of Balfkeslr__

43 Northeast of Ballkesir:

~W::!l5Bg=:===:::==:::::
44 Southeast of Ballkesir:Emendere _

Hlsaralen ~ _
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Thermal springs in Turkey---':Continued

No.
on
ftg.
68

Name or location
Tempera

ture of
water
(OC)

Total
dissolved

sends
(ppm)

Principal chemical
constitucnts

Associated rocks Remarks and additional references

_ ._ Paleozoic strata or snetss., Water used for bathing.
_ ~ do ~_ __ __ __ Do.

~ __ Miocene strata ~ 3 springs. Water used for bathing.
·--~--4:32ii- -Nii.-(1,245);--HC6~--(l;oo3); do 4 springs. Water used for bathing.

(hottest) C02 (502); S04 (557); Cl Ref. 3259.
(138); H2S103 (126).

4,220 a (gOO): NnC03 (1,328); SOt _~~__do_____________________________ 5 springs. Large deposits of tufa. Water
(hottest) (1,233); Cl (104); H2Si03 used for bathing. Ref. 3271.
. (226); NRI (45).

1,941 Na (364); RC03 (992); SO. Micaschist. ~____________ Do.
(hottest) (114); Cl (85); H2Si03

(139); C02 (123)._______________________________________________do_____________________________ Water used for bathing. Ref. 3288.,
_______________________________________________do_____________________________ Water used for bathing.

_____ ~ Crystalline schist and llmestone.,., 4 springs.
______________________________________________~do_____ __ 6 springs.
____________ _ ~ do .___ 3 springs.
___________________ ~ .. do_____ 3 springs. Water used for bathing.

5 springs. Water used locally.

3 springs. Water used for bathing.
5 springs. Ref. 3284.

3 springs. Mineral water used for drink
lng.

In the Xanthus graben. ReI. 3284.

3 springs.
Several sprin~s; flow about 9,000Imperial

gprn. Extensive deposits of tufa. Refs.
1737, 3261, 3262, 32M, 3274, 3276,
3281,3283,3285,3200,3293.

4 springs. Water used for bathing.
3 springs. Deposits of tufa. Water used

for bathing. Rels. 3262,3271.
Free HIS. Water used for bathing.

Water used locally.

Water contains 4.7 ppm of RPO., 13ppm
of Br, and 2.6 ppm of I. Used for
bathing.

Several small springs. Refs. 3263, 3278,
3282.

Refs. 3282,3286.

Free R2S. Ref. 2846.

Main spring issues from tufa deposit
smaller springs nearby. Free H2S.
Ref. 2846.

Large deposit of tufa. Water is strongly
saline; tastes of iron. Ref. 3286.

Water used locally.

Do.

Free H2S. Water used for bathing.

Ref. 3273.

Ref. 3284.

Ref.3284.
2 sIlrings. Mineral water used for

drinking.
Mineral water used for drinking.

Shallow well. Water is laxative.

Water contains 0.4 ppm of I. Used for
bathing.

3 springs. Water used lor bathing.

3 springs. Ref. 3288.
3springs. Water used for bathing. Ref.

3258.

4 springs. Water used for bathing.
5 springs. Water used for bathing.

.5springs. Ref. 3288.
6 springs. Analysis is lor water having

temperature of 58° C. Water contains
1.5 ppm ofHPOI, 6ppmofBr, 0.2 ppm
of 1. Used for bathing.

2 springs. Mineral water used for drink
ing.

Eocene strata _

Cretaceous and Tertiary strata
probably intruded by basalt.

Cretaceous and lower Tertiary
strata.Mesozoic strata _

Andesite or Tertiary volcanic rock,

Pliocene and Quaternary lava _

Andesite and dacite _

Probably Tertiary and Quater-
nary lava.

Pliocene or Quaternary lava _

Cretaceous(?) strata overlying
Paleozoic strata.

Eocene or Miocene strata overly
ing Cretaceous strata.

Tertiary volcanic rock or older
tuffaceous lava.

Oligocene gypsiferous strata _
Mesozoic strata ~ ~ _

Eocene or Miocene strata. _

Low _

921 Ca (40); Na (193); HC03
- (329); C03 (42); S04 (60);

Cl (114);COt (66l).1, 144 ~ _

33,900 _

_ ~ _ Tertiary strata _
__ _ __ __________ _ ___ __ _ do., _

__ _ _ _ _ do., • ~ ~__

Miocene strata overylying gneiss__------3:ii4i- .Os-(465);-Mg-(91i;-RCl6~- .do _
(coolest) g,045); S04 (675); Cl (53);

01 (1,144).

____________ Eocene strata overlying Paleozoic
shale and limestone.__ __ _ do ~ ~ _

__________._ _ do ~ _

________ _ do _

Upper Cretaceous and lower zc
cenestrata.

____________ Mesozoic and Tertiary strata;
probably intruded by andesite.___________________________________ ~ •__do _

(h~"t~e~~ C~~&3; %6~f;7g1; lfo~r~~i do _

COl (275).____________ Mesozoic and Tertiary strata _
____________ Miocene strata near mica schist. __

33,930 do _

__________________________________________ Paleozoic and Mesozoic strata in
troduced by granite.

3,195 Clc(~~i ~Sb~H r~)~~J; do _

(186); Cl (171); C02 (625);
NO! (41);"Hr (88).

21; 22

59-63.5

50-62
55-£8

27-41
43-76

28-91

24-38
28.5-62

33-41.5

'''-64

51.5
2&-29

51-63......
31-36

33.5

35
82

37-38

35.5--36.5
36-38

28-39

74

40

33.5

60

40.5

3&-55
'2-.16

30

56.6

Warm

74

Wann

warm

ae
'8

werm
W...m

24. 5; 25

29

21

42

00 Near Buldan:QizmelL _
rrteropous (Pamukkale,

Pambou-Kallse, Tam
bouk-Kelessi).

si Northeast of DenizU:Oijlemez _
Karahaylt (KarBhait) _

KavakbB$i__ ~ ~ _

80 Derokoy, east crjemtr _
81 Urganli, southeast of Manisa_
82 Northwest of AlB$ehir:Kursunlu ~

66 Buban Harne, east-northeast
of Malatya..

67 Cermik. near the tOWD _

78 Melgaea, near QEJ§ffie---- _

79 Near trde, west of Izmir
(Smyrna):

Agamemnon _

KarakOl,l__~ _
Cuma _

Qamur (Sarde$) _
83 Litza, west of Ala$ehir__.~ _
84 West of Aydin:

~J~&~:===~===~~~===~85 Kerner, west-southwest of
Aydin.

86 West of Mugla:BozQk ~ _
Karaada, __~ _

87 Southeast of Mugla:
Oevus and Vellbey _

Oebeler _
Kokargtrme, near Koid-

jiges (Koycegiz) Lake.Sultaniye _

88 Near Lykia, southeast of
DalBman (Koycegiz).

89 Northwest of DenizU:Ortakcl, ~ _~ ~

Kizildere_.~ _

60 20km north of KaySerl (Kai
sarle).

61 At Sivas (Siwas) _
62 liareik. south-soutbwest of

Erzincan.
63 Asagi13pendere.north of Ma

latya.
64 Icmekoyii Mushllsuyu, east

of MaJatya.
6li Kalan, northeast of MaJatys.

68 CraterofNemrut Dag (Nim
rod volcano).

69 'I'endurek, north of Lake
Van.

70 Near Dlyadln (Daoud) vil
lage.

n On left bank of Murat Suyu
(MUIad Chai).

72 3 km north of Mersbut
(Muradiye) village.

73 Germiab, northeast of Mar-
din.

74 Billuris, southwest of SiirL._

75 Hista, southeast of Sllrt _

76 Near right bank of Khabur
River, west of Hakkarl.

77 North of QEJ§ffie:6lfne ~ _
Qe$me ~ _

Tekkekoy,neBr Laodtcea,
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Thermal 8pring8 in Turkey-Continued

No.
00
fig.
68

Name or location
Tempera

ture of
water
(OC)

Total
dissolved

solids
(ppm)

Prtncdpal chemical
constituents

AssocIated rocks Remarks and additional references

10'

102

108

104

Water used for bathing.

Ref. 3294.

Large flow. Rer. 3284.

May be a shallow well.

2 springs.
Do.

4 springs.

7 springs. Water used for bathing.
10 main springs. Water is saline. Free

HzS. Gypsum and tufa deposited.
Ref. 3271.

Flows 30 liters per minute. Water con
tains considerable LI. Ref. 3275.

Water used for bathing.
Do.

2 springs. Water used for bathing.
Water used locally.
5 springs. Water used locally.
Water contains 3.4 ppm of HPO~, 4.4 ppm

of Br, and 0.2 ppm of I. Used for
bathing. Ref. 3258.

Water used for bathing.
3 springs. Water used for bathing.
1 main spring. Water contains 12 ppm

of N03, 5 ppm of HPO~, 0.7 ppm of
HASO~, 1.2 ppm of ThTlOa, 24 ppm of
Br, and 0.5 ppm of 1. Used for bath
ing. Ref. 3260.

Mineral water used for drinking.
Free HzS. Water used for bathing.
Ref. 3284.

Ol1gocene(?) strata overlying Cre
taceous shale.Miocene strata ._~_

________________•__~ ._____ _ , do ~ •__~ _
~_ .___ _ • ._____ _ do • _

24,400 ~ .______ Permo-Carboniferous strata _

_____________ ~ •__• ~ ._ Miocene strata • ~ _
__________ ~ ~ • ~ do .~~ ~ _

• • • ••_~ ._~_ • do ~ ~_____________ 2 springs. Ref. 3284.

_________• • ~__________ Tuffaceous lava ~ _
_____ _ _ do • ~ •__~ _
___.~_~ ._~ ~____ ___ ._do • ~ ~ _

__. • ~ ~__~_do • ~ 'Vater is potable; used locally.
__.__~~ • ~ ~ do .~ ~________ 3 springs. Mineral water used for drink-

ing._____________________.~ • • ~ _~ do__~_________________________ 4 springs. Mineral water used for drfnk-
Ing.

_~ ~ ~ • ~ .__ Oligoceneand Cretaceous strata,__
____ _ ___ _ __~ _~ ~_ _ ~ do__~ • _
_____ ~ ~ •__~ ._~___ Paleozoic strata ~ _

Probably Peleozorc strata .~~___ Several springs. Water used for bathing.
______ _ _ • ~ _~ do ~ _
_ __ _ ~ ~~___ _ _~ do., • ~ ~ _

5,007 Na (1,643); HC03 (762); SO~ ~_do ~ • • _
(492); CI (1,830); COt
(132).

• ••_.__ ~~ ~~ .~ Andesite and trechste,__• •
_.~_ ___ __ _ • ~ do ~ ~ _
____ ~ _ ~ ~ _ ._~ __do ••_~ ._~__.

1,814 Ca (175); No. (226); HC03 do., • _
(576); SO~ (460); Cl (96);
C02 (176).

_~ .~ ~~ ~ Paleozoic and Mesozoicstrata. • 2 springs. Water used locally.

_______________•__~ • ._~ Andesite, dacite, and tufL ~ 2 muddy springs. Ref. 3284..
~ ~ do. • ~__ Water used for bathing.
___________ ~ • Devonian strata ~~ 2 springs. Deposits of tufa. Ref. 3271.

____________________________________._____ Eocene strata overlying Paleozoic Several springs. Large deposits of tufa.
strata. Ref. 3284.

24 •• • Miocene and Pliocene strata, Mineral water used for drinking.
probably intruded by andesite.29 ~ ~ ~ ~~ ~~ • do .______ Water used locally.

22-55.5
37

(max)

255

33
37

37.5

22

25
68

4Hi2

27
22

W",m

71.1i
(max)

68
46-52

61.5

62;68
67

67-<8
69

28; 42

21; 37
35

32; 32.5

33 • ~~ • • ~_do ~ ._ Water used for bathing.
22 _•• • • • Upper Oretaeecus or MIocene 2 springs. Water used for bathing.

strata.
35.&-37 ~ ~_~~ ~~ .~~ ._~~ ._ Quaternary(?) deposits overlying 5 springs. Water used for bathing.

Miocene strata.

37; 39 • ~ • ~ ._~_ Tertiary strata, • 2 springs. Water used for bathing.
23; 51. 5 __• • ~ do .~_____ Do.

60 ~. • •• _~ Andesite_. ._______ Water tastes of Iron, Ref. 3252.

ZI
27

20.5-24
Klzlltepe • _

North of Eregli:Ciftehan ~~ _
Kekrout, 8 km north of

EregU.

AkhOyiik, in Bolkar Moun
tains south of Eregli.

Hocanti, northeast of Mut _
gaparka, southwest of Ieel

(Mersln).
MersIn (MersIvan), near

Tarsus and east-northeast
of Ieel.

109 In south part of 'I'schakit de
file, Tauros Mountains.

Kekarprner, northeast of
semen.

DiizIci, west of Bahce ~

Erzin Ba$lam1~, southeast of
Seyhan.

Northeast of Ratay (Antak
Iya),

106
107

110

111
112

113

92 Southeast of AIa~hlr:Eskibisar ~~ ~ _
8arnycUr- _

93 Near Sandlkli, southwest of
Afyon Kara.hlsar:Celiksu • ~

Erkek Bogulugu_. __~ _
Erkekler Qamurlugu ~_

KiikurtIii_ ~ ~ ~ ~

94. SoutheastofAfyonKarabisar:B imgtlldek _

Ifl~e~~==============Kizlk __~~~ ~ __

103

95 weat-nortbwestof Isparta:Bur'durgolii_~ • _
Killrilrtlu ~ _

96 In Sultan.DaglarI, north of
Beysehir GoIO.

97 Ilgln, northwest of Konya_. __
98 East of Beysehlr GoIO:

-I~~~~~~=====:======:==99 2 km northwest of seydi~.

hlri (Seldi Sheher).
100 Ncar Adalia (Adalar), north

of Manuvgat.
101 Southeast of Konya:IUcapinarL ~ _

E$kimushilsu, north of
Kara Dag (Karadja
Dagh).

On slope of Kara Dag
(Karadja Dagh).

Near Asaray, northwest of
NigderBegazl __• _

Kireeli __ • _
Ziga and Kasim (Hassan

Kala).
North-northwest of Nigde:Kocarpinar ~ _

Dellkllkaya__~ ~ _



No. on
fig. 68

Name orlocation

DESCRIPTION OF THERMAL SPRINGS

Thermal springs in Cypru8
[Data fromreIs.3269, 3277, 3292. Locationsor unnumberedspringsnot Identified]

Temperature Principal chemicalconstituents Associatedrocks
ofwater (DC)

Remarks

215

Warm do _

25.5 do _

23 do _
20.5 do _
19.7 do _
20.5 Miocene strata__
20.2 do _
19.5 do _

1

2

3
4

5

6

7

8
9

10

Myrtos (Myrtou) _

1riolou _

Tria Eliaes _
Kalopanay~otis----- _

Kakopetria, near village
of Galata.

Pedoulas _

PelendrL _

Ayiasmata _
Psammiacon _
Tiochou _
Anargyroi _
LethirnboD _MathL _

20

Warm
20

Warm

Warm

Micoene strata__

______________________ Igneous rocks _
CaCO sI MgS0 4, MgCh, do _

N aClj free CO2, H2S.
Mg, Na, 8041 01; free do _

CO2, H2S.___________________________do _

2 springs. Water is moderately saline
and sulfurous. Free H2S.

3 springs. Water is strongly saline
and sulfurous. Used for bathing.

3 springs. Water is sulfurous.
4 springs. Water used for bathing.

Several springs. Water is moder
ately saline and slightly sulfurous.
Resort.

Water is strongly alkaline and mod-
erately saline: no free H2S.

Do.
Do.
Do.

Water is sulfurous. Free H2S.
Do.
Do.

UNION OF SOVIET SOCIArLIST REPUBLICS

The European part of the U.S.S.R. consists of Rns
sia, which extends from the Black Sea northward to the
Arctic Ocean and eastward to the Ural Mountains.
The plains, or steppes, in this area are underlain by
Quaternary deposits that overlie marine Tertiary and
Cretaceous strata. The Urals are composed mainly of
Paleozoic sedimentary rocks. In the south, between
the Black Sea and the Caspian Sea, the Cancasus
Mountains are composed largely of Paleozoic strata
overlain by strata of Mesozoic and Tertiary ages.
There are also considerable areas underlain by Tertiary
volcanic rocks.

The mountain ranges of Kazakhstan and the several
smaller States and divisions in the Asiatic part of the
Soviet Union east of the Caspian Sea are western ex
tensions of the Tian Shan [Tian Mountains] and the
Altai Mountains. The higher parts of these mountains
are chiefly of Archean metamorphic and crystalline
rocks. The lower parts are of Mesozoic and Tertiary
strata. Great areas in the high desert regions are un
derlain by Quaternary deposits.

735--914 0-60--15

The vast central and northern regions which com
prise Siberia are largely plains, or steppes, that form
the drainage basins of several rivers that flow north
ward to the Arctic Ocean. Much of this plains region
is underlain by marine Paleozoic and Mesozoic strata
covered by Quaternary deposits. In the western part ~

of the Lena River basin in central Siberia are large
areas of young volcanic rocks.

In the northern part of Russia mineral springs are
comparatively common, but very few are definitely
thermal. In the Caucasus region, however, there are
numerous groups of warm and hot springs.

Most of the springs in this region between the Black
and Caspian Seas are of considerable flow, and nearly
all have been developed as bathing resorts. Several
noted resorts have also been developed at mineral
springs that are classed as cold, though the water may
be a few degrees above the mean annual temperature of
the locality.

Numerous thermal springs issue in the oil fields on
the east side of the southern part of the Caspian Sea.
The mountainous region far east of the Caspian and
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24

·25

.27

100
I

100
I

o
I

Petropavlovsk

o
I

160"

.~ .30 ~

31. 29

.33 3t 3

e35 .36

37. .38.40

.41 -39

.42

44 .45 .46
43.· 47-49

48- 5~·
.51 52-

.53 55 54•

•
.56 .57

58_.59
~ ~2.61

~3
64

.,

Uk.

52'

56"

DESCRIPTION OF THERMAL SPRINGS

south of Lake Balkhash contains many warm and hot
springs of various mineral types. Another region
where mineral and thermal springs are comparatively
common is that surrounding Lake Baikal and extending
far eastward in Transbaikalia. In the extreme eastern
and northeastern part numerous hot springs are associ
ated with active and recently extinct volcanoes in Kam
chatka. The springs of at least seven groups issue in
the Chnkchee Peninsula, which forms the northeastern
extremity of Siberia.

Most of the thermal springs on the Kamchatka Pe
ninsula are in areas of volcanic rocks in the southern
part of the peninsula where there are fumaroles on the
sides of some volcanic mountains and several groups of
mud volcanoes. At Paudzetka are geyserlike springs of
intermittent action. Some springs of low mineral con
tent may rise from silicic magmas. Those in volcanic
areas of mafic ma"oma are generally saline and contain
perceptible amounts of arsenic, antimony, zinc, and
other metals. Information on the springs has been
compiled by Piip (ref. 3396).

The available information on thermal springs in the
Union of Soviet Socialist Republics is sunnnarized in
the table below. The locations of the springs, except
those on the Kamchatka Peninsula, are shown on figure
69. The locations of those on the Kamchatka Penin
sula are shown on figure 70.

FIGURE 70.-Kamchatka Peninsula showing location of thermal springs.
From ref. 3396.
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ThermQ,~ springs and wells in Union of Soviet Socialist Republics

[Data chiefly from ref. 3377 (Great Soviet World Atlas, 1937,pt. 1, pl. 120). Locations of unnumbered sprIngs not identified. Principal chemical constituents are expressed
in parts per million}

No. Tempera. Flow Total
on Nemeor location ture of (hectoliters dissolved Principal chemical Distinguishing Associated rocks Remarks and additiolULl
g.69 water eO) per day) solids constituents characteristics references

(ppm)

1 Bolzyhon left bank 17.5 ------------ a,300 Os (825); Mgjl61); ------.-.------------- Devonianlimestone_________ Springs atrlver level and well
o! S elcn River. Na (1,762); 45 meters deep. Water is

g85)' SO (999), radioactive. Rer. 3357.
1 (4,283),

wells 654 meters deep.2 Mlrgorod. __________ 21,2 3,700 2,800 Oa (32): Mg ~18);
- ____ pop. ~_~ ___ ~_____ ~ -~~.__.-~._--- -~~-~...__.---.. 2

Na+K (959 : Water is radioactive: con-
HCOa (461); BOt tains 1.6 ppm of Fe. Refs.
(188): 01 (1,183). 3395,3447.

3 Dyn-Va-Sbore______ Warm _._-_._----- ---~-~---~--

Na, CL _______ ~____ ~

~..------------------- ---------------------------_.-• Bbatki, near Tesba wenn ----.------- --.------_.. Ca (572); HCOa
---~--------.--------- ------------------------ -~- --- Batbing resort. Ref. 3446.

River. (229); SOt (1,363).
s Near Sea of Azov ___ 9-20

----~-----.- --------.--- -----~- -----------~--- Alkaline-saline- -----------------~~- ---------- Ref. 3307.
sulfate.

6 Psekups (pse-- 28-52.5 -----------~ 1.444 BiOI (32); CaD ~2); ---------------------- Faulted Cretaceous strata___ Severalsprin,rr. Analysisfor
coups), 60 kIn Na20 (334); B s water of 45 C temperature.
soutb of xreeno- (96); 01(330): Refs. 3344,3300,3443.
1M. free CO2.

7 nvetorecnensx,____ ~ Wann
----.--~---- -----ii~366- -Na~-Ci.;freeiI2£C_:::

Complex.___________
-F"auii-between-Cretaceous-

Resort.
a Matsesta-Socbl, 3 21-25 10,600 ~- --------.-.--------- Water conternso.sa-a.as ppm

km from the and Tertiary strata. of F. Resort. Refs. 3321,
Black Bello. 3332, 3338, 3343, 3358, 3360,

3364, 3366, 3369, 3373, 3409,
3437, 3445,3449., TsaisbskIe_ ~________ W"'m .-_._----~-- --------.--- Na, 01; free H2B_____

~(fompiex;sUificie::::
-~--------- ----- ------~--- ~---

Resort.
10 'I'karchelsk Wann ---------~-- ------------ -----_.--------------- -------~~-_._. ----------.- _._- Water Is radioactive. Resort

(Tkvarcheli?). Ref. 3395.
11 Zheleznovodsk___•__ 14-54 15,000 ------------ -- .---- -------_._----- Alkaline-earth, ----_._------ -.--_._--- ---- --~- Resort. Refs. 3320, 3321,

sodium sulfate, 3332, 3395, 3422, 3424.
carbonated.

12 Kumogorsk_____~_._ 32.9 3,500 2,118 Si02, Na, HCOs, .--~----- ------------- ---- ~._..-------.-----~---- --- Resort. Ref. 3367.
01: free C02 H2S,

13 'PIatigorsk___•• _____ 21-47.5
---~.----_.-

4,173 Bi02 (30); Ca; MgO
--~-------.-------.--- ~---- -----_._. --~- ---------.-- Several springs and slanting

.
(117);S04; 01; borehole. Water Is
free CO2. strongly radioactive. Re-

sort. Refs.3300,3317,3320,
3321, 3332, 3361, 3391, 3392,
3395, 3424, 3437.

14 Menzbi.TeklyatL __ W"'m .---~----~-- -~--_._----- ---~--- -_. -----~-_. --- Bodie chloride;
___ OM ____________ • ________ • ___

Resort.
sulfide.

16 No name________~_._ Warm
-----~------ _.~---.----- ----.~---------------- Alkali bicarbonate __ .-----------------------------16 Dolinsk (Dolina Warm
----_._----~ .---~------- -.----------------_._. Mixed bicarbonate_. --_._------~.---------_._---.-

Teraka?).
springs. Water is17 Tskbaltubo (Tsk. 32-35

-----~------
700 ce, M~ SOs, Cl; _.----~----- -~-------- --------~---- ---------------_. Several

baltubski, Tri- free 02. rsdioacnve, Resort. Refs.

18
cballoubo?). 3332,3395.

No name..__•_______ 35 ----------_. ..---------- -------.- ----~---_. --- Complex; sulfide;___ ----------------_.-.- ---------
19

_____do______________ ss ------------ -.---------- -----.-------_.------- Bodie bicarbonate;
------~-----------------------

sulfide.
20 Abastuman (Abas- 41; 45;48.5 10,800 500 CaBOt (77); Na2S0t ---------------------- Eocene and Oligocene strata 3 ..groups of aprlnga (Zolo-

tcumann, Abbas-- (137)' Na2COs intruded by andesIte. toucbnil, Zmeinii, and
Tuman), 75 km (14)'tael (234); Bogatyrski). Water is
from Barjome. free 02, N2, radioactive. pH, 9.4.

HaS. Refs. 3332,33M, 3363,3395,
3437.

21 Semovodsk (Ssler- 20-70.3 10,600 4,500 Cs. (48); Mg (26); ---------------------------.-------------_.--------- 3 groups of sprtngs (Mikhail·
novodsk, amo- Na (l

j317);
HCOs ovskala, Sleptsovsti,

bodsk) and Mlk- (1,318 ; SOt Helene). Resort. Refs.
hatlovsk. (1,288~; Cl (484). 3332,3406,3437,3447.

22 Borzhoml 28.5 ------------ 5,951 Ca (1M ; Mg (36); ---------------------- -------- ----~----- -_._-------- Water ecntetns Fe, Br.
(Bonbon, Na+K (1,513); Resort. Refs. 3332, 3447.
Borjorn). HODs (3,904);

23
Cl (387).No name____________ Hot ----------_. -----.----------_.---------------- Complex; sulfl.de____

--------------~---------------24
_____do ______________

Warm ------------ ---------~-- -.-- -------------_._.- Mixed bicarbonate _ ------- -----~-----.--.-- ------
25 Bragunskie_________ Hot ------------ ------------ ---------------- -_._-- Complex; sulfide: -----------------------------~ Resort.

26
CO,.

30 springs and wells. waterTillis (Tbilisi), on 52.5 20,000 -------.---- Ca (6-170); Mg
--_.----~----------- -- Volcanic rock _________~. ____

both banks of (max) (3-44); Na+K isbighlyradioactive. Refs,
Koura River. (74-154):HCOa 3295, 3322, 3332, 3379, 3380,

(34-119);SO. 3395,3398,3448.
(~'C1

27 Talginsk:ie_~________ Hot
(53- .

Resort.
--~--------- -------~---- ------------~--------- Mixed chloride; ---_..-----~------------------

sulfide.
28 Dabale_____________ W"'m -.---------- Alkali bicarbonate__ ~- -----------------_._--------
29 Eli-Su (Ell-Sou, 40; 42 3,400

·--·----929- ·Na~-K:·HcO~~-C~-- -------------_._.----- Jurassic strata_______________ 2 maIn and several small
Djili-SOu

b
Djily- H2 BIOs;free C 2. springs. Resort. Refs,

Sou), on ank: of 3394,3437.
Amam-tohai
River.

30 Orozny_____________ 88 L",.. Low Na, Cl; free COJ, -----_._----- ~-------- ---~--------- -------~--------- Oil-field springs. weter
(max) H2S,CHt. contains T.

well31 ArznL_________•____ 20 30,000 13,752 Cs (464); Mg (380); ---------.------------ .----------------------------- Several springs and 1
Na (3,636);K Water contains Fe, Br, and
(62): HCOs I. Refs. 3395,3447.
(3

i378);
SOt (708);

32 IsU-Su (Dzbermuk)_ 52.5-71
C (5,109).

Water is radioactive; con------------- 6,416 Ca (148); Mg (31):
---~------------------

Tertiary igneous and meta-
Na (1,710):K morphlc rocks and Qua- tarns much F, B, 1. Be-
(225); HCOs ternary lava. sort. Refs. 3306, 3334
(2

i658);
S04 (673); 3352,3428, 3447.

C (971): gas, 99.8
cent COJ.

fi



--
33 Akhynaki (Akby?)_
34 Rychalskie

(RYchal-Su,
Rychal-Van).

35 Satani·Kamurj,
noar
Nakhlcbevan.

se Butslde___ ~_________
37 Gulik-Salgan, ______

as Arkevanskie_____ ~__
as Dersidskie, 13 sm

from Lenkoran.
40 Ohelekenskl; , ______
41 Nebut-Dag_________
42 Neftedag (Nephte-

dag)iJoiadag,
and onjoukly
(Mondjukly).

43 Kazandzhikskie_____
44 Archmanshie _______

45 Shur________________
46 Khodzaa-Obi-

Garmskie
(Khodzhent,
Khojend).

47 Odi-Gannskie___•••
48 Germ-Ohavma_____
4' Barvorskie _________
60 Mulebodzb________ ~

61 No name____________
62 Bhugtn_________ ~____
53 Lyangarskie (Issar)_

54 No name____________
65 _____do _____________ ~

66 _Kzbil-RabaL ______

67 No name____________
66 _____do ______________

69 _____do _____________ ~

60 _____do ______________
51 vencneste_____'_____
62 Dzhl1i-Su_________~_

53 No name____________
54 _____do ______________

66 DZhalyalb-Abad

66
(Djalyal)_No name_________ ~ __

67 IssYk-Ata (Issyg-
Ata).

68 Ohalkhalbskie______
69 Kerga-Tav__________
70 Dzhukuchakskie ___
71 Dshety-Oguz , in

Lake Issuk-Kul
area.

72 Ak-Su (Aksuiski?) __
73 Ohuladbir__________
74 Torgen_____________
76 Alma-Ata (Alma

Arasan?).

76 Ayak-Kalkanskle___
77 Tasmin-Terekskie__
78 Borokhudzirskie____
79 No name___________
80 Kok-Suiske_~_______
81 Oi-Sazskie__________
82 Kopalsskle__________
83 Kopalo--Arasan______
84 Near Lake Ala-KuL

85 Lake Saram-Nor____
86 Arasan-Kaby~ ______
87 Rakbmanov~kle

(Racmanskol,
Racknumov,

88
Rakhamanovsky).

Dzhutalinskie______
89 Lake Kutchuk______
90 Byelokourikha

(BIHokourikha),
at base of Altai
Mountains.

"
Abakau_____________

92 No name______~____

Refs.

Refs.

219

Remarks and additional
rererences

6 springs. Resort.
3395,3423.

Resort. Refs. 3395, 3423.

Ref. 3387.
Resort. Refs. 3368, 3387,

3399,3415.

Resort. .
Resort. Refs. 3414, 3423.
2 springs Issuing 230.meters

above lake level. Ref.
3401.

Ref. 3414.

20 springs. Resort. Refs.
3299, 3332, 3372.

Ref. 3431.

Ref. 3432.

Ref. 3431.

Resort. Ref. 3395.

12 springs. Resort.
3395,3423.

Water contains Br, I.
Do.

Many springs, most ofwbicb
issue from fissures; also
mud volcanoes. Water
contains!. Refs. 3347-

R=~t.3355, 3425.
Resort. Ref. 3395.

Ref. 3381.

Ref. 3374.

Refs.3326,3362, 3395.

Resort. Ref. 3447.

Associated rocksDistinguishing
cberacterrsncs

Mixed btcarbcneta.; ~ ~ _
AlkCall bicarbonate,

0 •.

Principal cnemtcet
constituents

N a, HCOa ~~_~_____ _ ~ _
Oa (29); Mg (14); ~~ ~ ~ _

Na(k266);K
(16); .I:1C03
(2,715). Cl (484).

AlkaJine-calclo
carbonated.

DESCRIPTION OF THERMAL SPRINGS

Total
dissolved

solids
(ppm)

30,000

_ ~_ _ _ _ Complex____________ _ ~__~ _
2 springs in inlet. Ref. 3393.
Springs and wells.

Flow
(hectoliters
per day)

Small ~ ~ ~ ~ ~ ~ ~__ ~_ ~ ~_~ _
________~ ~ ~ ~ ~_ _ Sulfide ~ ~_ _~ _

5,000 Na, HOOa ~__.. Granite _

:::::::=:::: :::::::::::= -SiO;(44);CaO-{25);- :::: :::::::::::::::::: ::::::::::::::::::::::::::::::
NaOlandKCl
(136); SOa (44)~
01 (16); gas,
chIefly N2.

____________ Low Complex • ..
_ Mixed sulfate ~

:::::::::::: --------U9- -Na2CO~-{68">";-------- _~~~~~:~~~~~~:: :::-Granite:::::::::::::::::::::
Na2S0i (71);
H2Stos (72).____ __ _ ~____ _~ ~ _ Complex.. ~ ~ _

:::::::::::: :::::::::::: :::::::::::::::::::::: -Complex:::::::::::: ::::::::::::::::::::::::::::::_____________________________________________'- Complex, sulfide ~ _

:::::::::::::::::::::::: -Na~ SO~::::::::::::: ::::::::,:::::::::::::: ::::::::::::::::::::::::::::::

:::::::::::: :::::::::::: :::::::::::::::::::::: -Co~ple.i::::::::: :::: ::::::::::::::::::::::::::::::__ _ ~____ _ _ _ Sulfide _
___________ ~ _ Complex__ __ Porphyry _

_~ ~ do ~ ~ _
__~ Na, HOOs ~ ~ Ref. 3431.

:::::::::::: :::::::::::: :::::::::::::::::::::: -Atkaifsuifafe_~:::::: ::::::::::::::::::::::::.::::______ _ _ Complex ~ ~ _
Large 3,000 ._________ Oomplex, sulfide • • _

_ • ._____________ Complex ~ _
Large 300 ~ • _

_ Mixed bicarbonate _
_ Na, CL _
____ __ _ Complex____________ _ _
____________ 13,000 Si02, SOi, C1 _

Thermal springs and wells in Union oj Soviet Socialist Republics-Continued

Hot
40

Wann
28.'

23
Hot

W~~ -----i9~OO~r ------4~i5r ~~p~~t:ggO-----Saline::::::::::::::: :::::::::::::::::::::::::::::: Ref. 3325.

(1,200); CO~

(642); SOa (641);
Cl (1,438); free
H~S._ ~ ~ ~ Mixed chloride ~ ~ _

______________________________________________ complex, sulfide ~ _

_____~_~__~ ~ Mixed chloride . ~ ~__
_ ~ _~ ~ ~ ~ ~ do_______________ _ ~ _
__________________~_____ Ca, Mg, Na, K, Cl ~ ~ _

(8,OOll-I8,500).

Hot
Hot

Warm
Warm
wenn

Hot
66

Wann
Hot
Hot

warm
48

W=
W=
W=
W=
W=
W=
W=

Hot
43

Wann
Hot

Wann
43

Hot
W"'m

24-41

Hot
Hot

47
Warm
W=

40

Hot
W...m
25-00

W=
80; 41
20-32

Hot
Warm :::::::::::: ------rOO{)

18-23

W...m
Hot
Hot
Hot
Hot

22.3-26.1
W...m

Hot
41

Tempera
ture of

water (00)
N arneor location

No.
on

fig. 69
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Thermal springs and weUs in Union of Soviet Socialist Republics-Continued

No.
on

fig.69
Name or location

'I'empera
ture of

water (OC)

Flow
(hectoliters
per day)

Total
dissolved

solids
(ppm)

Prinelpal chemical
constituents

Distinguishing
characteristics

Associated rocks Remarks and additional
references

68 65,000 ._.__._. .w______________ Granite and syenite_________ 2 springs. Ref. 3385.

Resort.

Ref. 3353.
Do.

Do.

Ref. 3329.

Do.

Several springs. Tufa de
posited. Ref. 3385.

Several springs. Water is
radioactive. Small depos
its of pyrite and iron end
manganese oxides. Ref.
3337.

Ref. 3337.

2 main springs. Water is
radioactive. Small depost
of opaline silica. Ref. 3407.

Issues from fault. Water t
sulfurous. Refs. 3343, 3409.

Saline mud baths. Ref. 3395.
Ref. 3332.

Ref. 3329•

Ref. 3332.

Ref. 3331.

Ref. 3429.

Ref. 3429.
Resort. Refs. 3308, 3328

3330, 3384, 3395, 34~, 3436.

Refs. 3310, 3311. ('1

Silurian crystalline schist _cs, Na, 01; free
H,S.

35,800

Slightly bttter-seune, __ Ref. 3337.

Mixed bicarbonate •• Ref. 3311.
Alkali bicarbonate •__•__••• __ Resort.

Complex, _ Granite _

4,300

Complex • • •

1,294 • • • ._ Granite prophyry near Ter-
tiarylava.

============ ======== ==== ====================== -Aikaiibfcarbona-te~:= ====== === ======= === ===========

============ ============ =~~=~~~=a=========== ~~~~~~~~============ ==============================____________________._. • • do______ _ •• • • _
________________________ Na, OL _

===== ======: ======= ===== ============= ========= -Compiei====== ====== ============:=================

=======:===: ------i~6io- -H;S10~-(i6f;-Ca----- =:==================== -j~icstrat8-near-granite== Springs and 2 shallow wells.
(109); Na (393); Refs. 3310, 3441, 3442, 3444.
HOOa (49); SOt
(762); 01 (180).

___• Na, SOt • • _
_________• Na, S04 • •__

============ ============ -N8~SO~~== ===== ===== _~~~~~~===,========= .;========= =======::::::::::=:________________________' Na, SOt • • ._
•• • •__ Na, SOt • • _
_______________•__• ._ Oa, Na, HOOs, SOt_ _ •• • _

==== === ===== ============ .;================ ==== -Compiei==========.: ===================== =========

32

52.3

36.5

55

78
(max)

15

Hot
Wann
Wann
Wann

70

Hot
Wann

Hot
Hot
Hot
Hot
Hot
Hot
Hot

Wann
Wann
Wann
warm

Hot
Hot
Hot
Hot
Hot
Hot
Hot
Hot
Hot
Hot
Hot
91

<max)

81
(max)

36

Hot
Hot
Hot
Hot
Hot
Hot

43-71

Hot
W...m

Hot
Hot

54; 57

Agoura • ~ Fault between Cretaceous
and Tertiary strata.Akhtala

t
in Georgia. 23 • • • ._. • • _

Aksuiskl, in Semir- 42.3-44.5 . ._._. • • _
ecnen Province.Allin, in Baikal 72.2 • ._._._._. _
area.

Annin, in Amur
Province.

Bakhmyr (Springs
1 and 2), in
Tadzhik.

Barguzln, in Baikal
area.

Baunto, in Baikal
area.

~~u~:~~~~1·· ---- ---6S--- ====== ====== ============ ====================== ====================== ================== ============area.

sa No name ____________
94

_____do ____________ ._

as _____do______________
96 Frolikin_________._.
97 No name _________._
•8 Kurgulik__________•

•• Goryatchinsk (Bar-
guzin), near Lake
Baikal (Baykul).

100 400 km soutb~astof
Lake Baika
(BaYkul).

101 No name________••••
102 Yetnkum_____•___._
103 Salomet_________._.
104 Ohelenkhe,_______._
'0' Pitatelevsky, on

left bank of ae-
lange River, be-
tween Troitskii
andDinski.

106 Byssinslde_____•____
107 Unminskie__________
108 Tomskie____________
10. 'I'yrrnlnskle_________
110 Kulbdurslde (Kul-

dur),
111 Tailozhslde_________
112 Slo-Sudeukha.i., ___
112 Shmakobskie. ______
114 No name ____________
ns •____do___ • _. ____._ ••
116 _____do______________
117 Tamai-Dagskie_____
118 Goromaiskie________
11. Annenskie__________
120 Ulskie ______________
121 Kenalslde_____•_____
122 Alskie ______________
122 Kurumuryak_______
124 Ulya ________________
122 Motykeiskie______._
126 Sytygar-Sylba______
127 No name ______•____
128 TaIaya. __•__________
12. No name ___________
12O Degdyanskie________
iai Tabamonskie______•
122 oHotorskle__________
12' Khatyrskie_________
134 Ognelskie, _______•• _
135 30 km northwest of

head of Mechig-

126
menskBay.

1,6 sm from snore,••

137 Unynskie, 14 km
west of Ohapltno

138
village.

Southeastern Earl
of Arakamc e-
chen Island.

139 NearKuKunRiver,
14kmaboveits
mouth.

140 35 km south of
Neshkin village.



Do.
Ref. 3332.

Do.

Ref. 3329.

Ref. 3329.

Ref. 3329.

Ref. 3332.

Ref. 3408.

Ref. 3330.

Refs. 3298, 3314, 3332.

Water is fetid and sulfurous
Ref. 3436.

Re!.3436.

Ref. 3332.
Ref. 3437.

Ref. 3426.
Several springs. Re!. 3387.

Ref. 3431.

Ref. 3329.

Remarks and additional
references

221

Ref. 3388.
Water is saline and contain:

methane. Ref. 3350.

Resort. Ref. 3321.
Ref. 3436.

Water is saline and contains
methane. Re!. 3350.

Ref. 3291.

Resort. Ref. 3306.
Resort. Ref. 3321.
Ref. 3331.

Refs. 3317,3437.

Ref. 3387.
Ref. 3329.

Ref. 3329.

Water eontains zn, Fe, Mn.
Ref. 3329.

Ref. 3332.
Several springs. Supply

"the great baths" or
"baths of Alexander."

Ref. 3329.

Ref. 3402.

Several springs. ReL 3324.

Associated rocksDistinguishing
characteristics

I

Principal chemical
constituents

500 • Refs. 3329,3330.

999 NatO (386); S03
(352).

322

Total
dissolved

solids
(ppm)

Flow
(hectoliters
per daY)

------~-2iiO- ::: ::: :::::: :::::::::::::::::::::: :: :::::::::::::::::::: ::::::::::::::::::::::::::::::
(main

spring)

------------ .

Thermal springs and wells in Union of Soviet Socialist Republics-Continued

39

Hot

40.3

59.2

32
46

65.1

54.3

43.7

46.1

12.3

73.6

62.0

43.5 _

16
45

14.6

Wann

22-40

38.3

34-47

Tempera_
ture of

water (OC)

• • Ca, Mg, SO~. OL ._._. • _

Narne or location

Stolypino _
'I'algar, in Tian

Shan region.
Tokuz-Bulak,in

Tadzhik.
Turkin I, in Baikal

area.
Turkin II (Turka),

in Baikal area.
Ukhmei, in Baikal

area.
Urin, in Baikal area,
Yatarobka, in Bai

kal area.
Yatkunsk, in Bai

kal area.
Zmeinyi, in Baikal

area.

Chakussl, in Baikal
area.

Darasun (Daras
sun), in central
Transbaikalia.

Duschak, in Tian
Shan region,Dzhermuk._________ 65 • • • • • • ._._._. • _

~:~~gK:sliiiia,-fQ- -------68--- :=:::::::::: :~:::::::::: :::::::::::::::::::::: :::::::::::::::::::::: ::::::::::::::::::::::::::::::
Tadzhik.Oeleneznovodsk, in 41 5,000 ._________________ Bicarbonate, alka- Tertiary strata, _
Bechtau region. line, ferruginous.Gorelink '- _

Gusikhim, in 51 _
Batkal aree,

Izberbash, in
Dageeten.

Kaburabi, on east
coast of Sakhalin
Island.

Kalmoukaievski,
on Mount Byk
in Bechtau
region.

Kargin, in Baikal
area.

Khazret-AYUb l in
Fergan Province.

KhnO!!! in south
ern Daghestan.

Kotelnlkowski, in
Baikal area.

Kuchikhyr, in
Baikal area.

Kul!nnye BOlota,
in Baikal area.

KutozorskL _
Metchouka _

DESCRIPTION OF THERMAL SPRINGS

Mogel, in Baikal
eree.

Molocovka, near
Chita in eastern
Siberia.

Mukungi River
valley, on west
ern slope of
Burein Mount
tains in .amur
region.Parkent, in Uzbek. _

Rubungaruro.oneast Hot _
coast of Sakhalin
Island.SakL _ __ _ ___ _ _ _ ____ _ _

Saratof,ontheVolga __ _ _ _ .___ _ _ _ _
River.

Sarepta, on the
Volga River.Belo Klintscby, in • _
Perm.

Semigorsk _
Smirnoff _

No.
on

flg.69
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Thermal 8pring8 and wells in Union of Soviet Socialist Republics-Continued

Kamchatka Peninsula
[Data from ref. 3396J

No.
on

fig. 70
N arneor location

of spring

Tempera
ture of

water (°0)

Flow
(hectoliters
per day)

Total
dissolved

solids
(ppm)

Principal chemical
constituents

Distinguishing
characteristics

Associated rocks ReIIlBrks and additional
references

990 Na, SO., 01; free
HIS.Small __• ._.__•• • ._.__• ._. • • •• • •• • _

__ • • ~ • 0 ~ "0_ __ SaUne;-Cree H,S • _

:::::::::::: --------7Sr -Ne.;-SO~~:::::::::::: :::::::::::::::::::::: ::::::::::::::::::::::::::::::

----Moder:- :::::::::::: :::::::::::::::::::::: :::::::::::::::::::::: :::::::::::::::::::::::::::=::
ately
1M.e

FreeFe.

Several springs.
Do.

Water is saline. Free ffiS.
Several springs.

3 springs. Water contains
Fe. Free HIS.

Several springs.

Many small springs, mud
volcanoes, and fumaroles
in Uson caldera. Deposits
of sulfur.

Many springs and fumaroles.

Water is milky. Free HIS.

4 groups of springs.

Free HIS.

Several springs. Free HIS.

23 springs.

5 springs in 2 groups.
28 springs in 5 groups.

More than 70 springs in 28
groups.

2 main springs and severe
small ones. Water nsed
for batbing.

Several springs.

3 main springs and several
small ones.

19springsin4groups. Water
used for bathing.

5 springs.

Taste of water is unpleasant.

Several springs. within dist
tance of 1 km.

Several large and several
small springs.

Water used for bathing.
6 springs.
Water is saline.

Water contains
HIS.amain springs.

Several.springs; sulfur deposit.
Free HIS.
Water used for bathing.
Water is saline. Free HIS.

Water used for bathing.
Several small springs•

Do.

1 main spring and several.
rumercies. Free HIS.

9 springs.

Na, HODs, SO~, OL •• _••• _•• _. • • •••••__• _

OaSO., NaOL ••• _•• _•••••• • •• _•• _•• _••••••__• _

NaISOt •• • ._ •• _• ._._._._. _

Na, H003, SOl;
free HIS.Na, SO., OL.__._ ••• __• • •__._

Oa, Na, HOD" SO~, ••• _••• _. ._._. ._.__••• _•• ••
01.

OaSO(, NaOI__••••_ • •__ ._. ._ •• _
Na, SO~, OL •• __ •• _. •• _••• • •__••

Na, SOl, OL • • • ._. • • •__• _

600

596

7,274
550

446

4,124

1,250

1,530

1,060

2,016 Na, Mg, ODs, OL • • • • ••• •• _. •• _•• _

~700

1,250

Large

SmaIl

.maIl

16,300

Moder
ately
large.
Large

Large ._ _ • _. •• _ ._. ._ •• __• • •• __
Moderate- ••• •• __•• __• ._____ _ •• _._._. ._

ly largeModerate- __._.__.____ _ ••••••_•• __ • • • ._ ••• _. _
ly large.....

------------ ------------ ---------------------- ---------------------- -------------T--------------
70,000 I, 610 0'al~a, HODs, SO" • • . ._. •__

-Moderate: ._. ~~~~_ :::::::::::::::::::=:: :::::::::::::::::::::: :=:::=::=:::::::::::::::::::=:
ly largeSmall ._. _.. ._ •• _ ._.__••• _•• _... •__• _

:::::::::::: :::=:::::::: ·CaSO;,-NaCC:::=:: :=:::=::::::=::::::::: :::::=:::::::::::::::::::=::::
::=::=:::::= -----·1;080- -Na~-so~~·ci::::::::: :::::::::::::::::::::: :::::::::::::::::=::::::::::::

1 Tymlyatskie_______ Hoi
2 Korkavaiamskie____ 52
3 Palenskle___________ 40-92
4 Drankinskic. _______ Hot

• Pankarskle. ________ 20
6 Rusakovskil:L______ Hot
7

Aman1nskie________ Hot• Min'chventenBkie• Hot
at base of volcano.

0 Kalgauehskle_______ Hot
10 Perevalovye. _______ 16

11 Elovskie____________ 40
12 Dvukfurtoehnye•••• Hot
13 Kireunskie___•_____ 85-0.

14 Verkhne·Anaunskie. 80-07

15 Oksinskie__•________ 50
16 Oksichanskie _______ 52-53
17 Tigeiuelnsk:ie__....__ 52-53
18 Kreruklinskie______ Hot
10 Kimltinslde, 60 km Hot

from Mashur
village.

20 Bekeshckie __._. ____ 23

21 Shchapinskle. ______ 27-36

22 Verkhne- Hot
Shchapinskie.

23 ~~~lde_______ ._ Hot
24 43-56

Ohazhminskie.
25 Verkhne· 80-70

Ohashminskie.
26 Kronotskie_______._ 35
27 Tiushovskie ••_. ____ 80-70
23 Taunshitslde__•____ Hot
20 Uzonskie•• ___•• _. __ 70-94

30 KikhpInychevslde, Hot
on west side of
volcano.

31 versane-semta- Hot
cbinskle.

32 Nizhne·Semiachin- 80-50
akle, at soutb
base of volcano.

33 Pushehmakie; , _____ 16-42
34 Berezovskie, near Hot

acttve volcano.
35 Timonovskie_____._ 46

36 zeneureste__•_______ Hot
37 Levo-Avacbinskie. _ Warm

36 Kekhukuiskle. _____ 18-33

39 Nalacbevskie___._._ 28-75

40 Kravedcheskle,.,____ 34-70
41 Malkinslde, near 3s-ss

Malka village.
42 N9.chlkinslde, near 13-81

Natscbeke (Nar-
child?) village.

43 Apachinskie__._._._ 70-72

44 Malye Bannye___•__ 45-78

45 Boleshle Bannye•••_ 30-90

46 Nizhe·Paratunskie._ 22-51

47 Sredne-Paratunskle, ....,
on streambank.

4. Karymcbinskie•• _•• 76

40 Verkhne·Paratuns-
(max)

70
kle. (max)

50 ViUuchinskie •• _____ Wann



Thermal springs and wells in Union of Soviet Socialist Republics-Continued

Small .
Large ------3;203- :::::::::::::::::::::: ::::::::::::=::::::::: ::::::::::=:::=:=::=::===:::==

7 springs, the largest of which
bolls up to a considerable
height and forms a pool
which overflows into Lake
osernot. Tufa deposIted
on sticks and stones.
Another group of springs at
a distance of 1 km,

Several springs.
15 Springs, several of which

spout. Water is saline.
FreeHzS.

2 main springs.

Remarks and additional
references
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4 groups of springs. Flow
from 1 group is 22 hecto
liters per day.

Several springs.

Springs form small warm
lake; also fumaroles.

2 springs.

AssociatedrocksDistinguishing
characteristics

bearing beds in the Tertiary formations. Greater areas
of Tertiary rocks extend inland from embayments on
the south, southeast, and northeast coasts. Numerous
areas of basalt are present in the eastern and southeast
ern ranges and also in mountains in the northwestern
part. Most of these lavas seem to be of late Tertiary
and Quaternary ages. In the extreme southeast are
some uneroded volcanic cones that are believed to have
been active within geologically Recent time.

The island of Tasmania, near the southeast coast of
Australia, is composed very largely of marine Carbon
iferous and Permian strata, but there also are conti
nental Jurassic deposits and intrusions of Mesozoic
dolerite and other igneous rocks. Although numerous
mineral springs, presumably of normal temperature,
have been recorded in Victoria State in the extreme
southeast (ref. 3461), and also cold mineral springs in
other parts of the country, no mineral or thermal
springs seem to be reported in the vast arid western
part of Australia.

The locations of the principal thermal springs and
zones of springs, and some of the thermal flowing ar
tesian wells, are shown on figure 71; data concerning
them are given in the table below.

Principal chemical
constituents

Kamchatka Peninsula-Continued

CaSO~, NaCI; free
H,S

CaSOt, NaCI: rree
H,S.

CaSOl, NaCI; free
H2S.

1,300

Total
dissolved

solids
(ppm)

Small

DESCRIPTION OF THERMAL SPRINGS

Small

Moderate
ly large

4,400

--~--------- ------------ Hg~6l~f~Oli2s.
Moderate- HC03, CaSOI.

ly large NaCl; free IIJS.

-----Large- ==:::::::::= ::=::=:::=:::::=:=:::: :::::::=::=::::=::::=: =:::::::::::::==::::::::=:::::

Tempera- Flow
ture of (hectoliters

water eO) per day)
Name or location

or spring

51 Opal'skle.near 74
Asacha volcano.

52 Zhlrovye___________ Hot

sa Savonskie___________ 73

64 AsachinskiL_______ Hot

"
Khedutkinskie_____ 23-100

56 Nizbne Golyglnskie. 00-70

" 8htiubelevskJe, in Hot
volcanic crater.

58 Sredne Golyginskie_ 73(max)

" Verkhne Hot
Golyginslde.

60 Ozemovskie 76-8'
(oserncr,
Opalski). in
valley near
Opalsk volcano.

51' KurU'skle___________ 24-41
52 Peuzhetskle., _______ 8&-100

ea Along Katasklya Hot
River.

64 Along Nuskus 50
. River.

RluchL_____________ 42
Zavoiko_____________ 81

AUSTRALIA.

PACIFIC REGION

Some of the topographic features of Australia in
clude mountain systems near the coasts-the highest

, bordering the deepest ocean, the Pacific- and the gr~at

comparatively low interior region. Most of the deserts
of the southern and western parts of Australia are un
derlain by Archean granite and other ancient crystal
line rocks. These rocks also form uplands in the
northern and northeastern parts and cores of the east
ern mountain ranges; Marine Paleozoic rocks underlie
most of the Northern Territory and form major parts
of the eastern and southeastern ranges and most of Tas
mania, where there are extensive intrusions of plutonic
rocks. The eastern part of Australia is occupied
largely by the Great Australian artesian basin. (See
fig. 71.)

The artesian basin is underlain by Mesozoic strata,
chiefly Lower Cretaceous shale and sandstone. Along
the southwest border of the basin, several brackish
lakes nearly at sea level extend inland from the south
coast. Marine Paleozoic, Mesozoic,and Tertiary strata
form bands along the west coast where there are oil-
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SEA

TASMAN

SEA

CORAL

NORTHERN

TERRITORY

Main areas of thermal
mound springs

300
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::::::.
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artesian basin
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EXPLANATION
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Thermal spring

x28

Thermal well

o

o
I

WESTERN AUSTRALIA

120~

Adapted rom Hammond Atlas. 1948

40'

16'

FIGURE n.-Australia showing location of thermal springs and thermal wells. Chiefly from ref. 3456.

Tlte1'mal sp1"ings and, wells in .t!ust1·alia
[Data chiefly from ref. 3456. Principal chemical constituents are expressed in parts per million]

No. Tempera. Flow Total
on Name or location tore of (iruparlul dissolved Principal chemical Associated rocks Remarks and additional references

fig. 71 water gpm) solids constituents
(OF) (ppm)

1 Matanmka__________________ 99.5 2,430 ---------- ------------------------------ Limestone{?) ________________ Water rises in deep pool. Bathing
resort. Ref. 3466.

2 Near Musgrave telegraph 100.5 Small ---------- - ..------------.-------------- Granite___•__________• ______ Large deposit of tufa. Free H2S.
station. Rers. 3451, 3463.

3 Near Mitchell River, 10 warm Moder- ---------- Ca, HC03___________________ -----------------_.----------- Several springs issuing from mounds
miles north or Oamboola ately or ture. Ref. 3467.
station. large



11 Between Richmond and W",m Moder- . __ ..__ ..- Na, HCOa; free 002...__. ___ ..__~do.,..________ ~_____ . __..
Hughenden. ately

large
12 Kynuna bore, 90 miles 198 Large ._------_. Na, HCOa; free 002...._____ _~___do.,_________ . __________ ~

northwest of Winton.
ia Southeast of Hughenden_____ W",m sman ---_.__ ._- Na, HOOa; free C02 __. ____ ._ Faulted cretaceous strata___

14 Springdale (Springvale) cat- Wann
ue station.

" Elderslie bore. 50 mUes Boiling
southwest of Winton.

16 South of Winton. ___________ 170
(max)

17 InnIskillen (Ennlskillen), on Hot
Barcoo River 38 mtles east-
southeast of Blnckall.

18 In Tnmbo ares______________ W"'m
19 Springleigh bore, 50 miles 197

south-southwest of Black-
all.
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Remarks and additional references

2 main springs issuing from large
mound of tufa. Deposit of trona
(Na2COa). Refs. 3450, 3451, 3455,
3463,3467.

Refs. 3463,3467.

Several springs issuing from large
mounds of tufa in area 2 miles in
diameter. Intermittent nowa of
muddy water. Deposits of trona
(NaICOa). Refs. 3450, 3458, 3463,
3467.

Several flowing wells.

More than 30 mound springs in
narrow north-south area, 5 miles
long. Refs. 3452,3465.

Flowin§ well. Water temperature
is 208 F at depth of 4,700 ft. Ref
3468.

2 main and several smaller springs.

Flowin~ well. Water temperature
is 204 F at depth of 4,304ft. Ref.
3468.

Several springs.
Do.
Do.
Do.
Do.
Do.

2 main springs. Water is radio
active. Bathing resort. Refs.
3457,3465.

Many springs issuing from tufa
mounds.

Flowing well 2,669 ft deep. Water
temperature varies. Ref. 3454.

Flowing well 2,793 It deep. Ref.
3454.

Numerous flowing wells.

Several flowing wells.
Flowing well 7,009 ft deep. Drilled

during 1913-20. Water maInly
from sandy beds at 4,393-4,353 ft;
~456-5,61O ft; and 6,00\)-6,280 ft.
urJginally flowed 50 imperial gpm.
Water temperature is 230°F at
depth of 5,700ft. Ref. 3462.

Flowing well 4,256 It deep. Source
of water supply for cattle. Ref.
3459.

Source of public water supply. Ref.
3466.

Several mud springs. Ref. 3451.

Several deep flowing wells.

Associated rocks

Oretaceous strata _

Near lava hilL Issues from tufa mound Iii ft high.
Bathing resort. Refs. 3451, 3459
3463,3464,3467. '

Granite intersected by dikes 2 main springs. Bathing resort.
of felsite. Refs. 3451, 3453, 3459, 3460, 3462,

3463.

Granite(?) ~ ~ __ Ref. 3462.

Cretaceous strata near
ridge of granite.

Cretaceous(?) strata.__. _

Principal chemical
constituents

Na, HCOs; much free CO2__ Cretaceous strata••~ _

Na, HCOa;much free CO 2 do., ~

Na, HCOa . __'- . do _

Na, HCOa; free 002.__._. __. Faulted Cretaceous strata, ..

Na, HCOa. ~ do . ~ ~

Deep flowing well. Source of water
supply for cattle. Ref. 3!

Many small sprIngs Issuing .. m tufa
mounds in a wide area ne ly 200
miles long in a north-south direc
tion.

Several springs and flowing well.
Ref. 3466.

Flowing well 4,523 ft deep. Drilled
in 1902. Temperature 212°F at
surface; 241°F at depth of 4,225 ft.
Source of water supply for cattle.
Refs. 3459,3462.

Several flowing wells. Small de
posits of calcium carbonate.

Na, HCOa ~~_~~ .do_~_____________________ BathIng resort. Refs. 3451,3463.

Na, HCOa; free C02 __~_~___ Cretaceous strata.__ ~ _

Na, HCOa; free C02 do ~ ~ _

Na, HOOa; much free C02.. Cretaceous strata__. . _
Na, HCOa; much free 002•. __. __do ~ .. _

713 NaCI (404); NaiCOa (160);
evolved gas 99.7 percent
inert (N2?), 0.3 percent
C02.

Ii93 NaCI (272); Na2COa (123);
evolved gas 98.2 percent
inert (N2?), 1.8 percent
COt.

1,400

Total
dissolved

solids
(ppm)

____ ~ .cdo Ref. 3464.

__________ Na, RCOa; much free C02 __ Cretaceous strata near gran
ite.

______________________________~~____ _ do . • _

._________ Na, HCOa_. ~ ~ _

Small

1,400

350

Moder
ately
large

Moder
ately
large

Moder
ately
large

Small

Moder
ately
large

Small

Small

Moder
ately
large

SmaIl

Small . __. . . ~__~_~ . __do .. ~ .

Large ~ _~_ . . __. . . ~_ __.. .do . . _
Large ~ . . . ~ do ..__. ~~ _
Large • ~~_~_~ ~ . do . __. ~ __
Large ~ do _
Large __~__~_~_~ ~ do . ~ _
Large do

15 ----1:080- -Na~{i77);-so4~{li8f;-c"i"(322);- -M~ozoic--strat8---ia~ifed-

evolved gas 88.1 percent against Precambrian rocks.
N2, 11.9 percent CO2.

Moder
ately
large

Large

Small

Moder
ately
large

amen

SmaIl
20

DESCRIPTION OF THERMAL SPRINGS

Thermal springs and wells in Australia-Continued

Flow
(imperial

gpm)

650 . ~~_~ ~ do ~

Moderate- ~ ~ ~_~ . __•__do ~ _
ly large

Moderate- ~_ Na, HCOa; much free C02 do _
l~' large

Moderate- ~ ._._~ do ~~ _
ly largeSmall ~ ~__do ~ _

198

94

120

Hot

78-135

110

Warm

Hot
Hot
Hot
Hot
Hot
Hot

'44

W",m

warm

145.5

100-120

160

Hot

Warm
hot

100-120

158; 189

Tempera
ture of
water
(OF)

Name or location

Btrangway ~ __~ _

~rtrl'~~~=== ===:===::::::::::Hergott •
Myrtle _
Cat__• • ~ _
Paralana, in bed of Hot

Spring Oreek at east base
of Flinders Range.

Southeast of Hungerford _

Rowena bore, near WalgetL.
Moree bore ~ _

Ooonambje area _

Goyder's Lagoon •__

Mount Gason bore _

Ooyder's Lagoon bore ~

Dalhousle ~ _

Quilple ~ _

South of Thargomindah _

Southwest of Roma _

4 Einasleigh (Talaroo), 0.25
mile from Einaslelgh
River and 16 miles from
Mount Garnet.

5 Jnnot Creek, 8.5 miles east
northeast of Mount Gar
net and 28 miles rrom
Herberton,

6. Ambo, in the Innot Creek
area.

7 Bed of Gilbert River, 10
miles above Gilberton.

8 South of Mount Brown,
near Saxby River.

26

27

35

36

37

23

24

20

21

22

23

9 Southeast of Mount Brown,
near Fort Bowen.

10 Both sides of lower Flinders
River.

28
29
30
31
22
98
34

No.
on

fig. 71
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BISMARCK ARCHIPELAGO AND EASTERN NEW GUINEA

The Bismarck Archipelago is an oval group of several
islands, 100 to 400 statute miles east of New Guinea, as
shown on figure 72.

New Britain, formerly Neu-Pommern, is the largest
island and is narrow and crescent shaped. It is moun
tainous, composed chiefly of volcanic rocks, and in
cludes several active volcanoes. New Ireland, formerly

Neu-Mecklenburg, is long and narrow and includes a
single mountain range. Granite, porphyry, and basalt
are exposed in the southern part of the island, but sand
stone, probably of Tertiary age, crops out in the north.
The mountains of the other main islands of the archi
pelago have cores of granite and porphyry partly over
lain by sedimentary deposits.

New Guinea, the largest island in the world if Green-
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.3
Thermal spring..

Active volcano

•
Solfataric volcano

150· -

o ,

EXPLANATION

145 0

o •

.0

Remarksandrererences

Low-pressure steam vents. Ref. 3470.

Many vapor vents in volcanic crater. Ref.
3470.

Several springs, one of which spouts to
height of 32 ft. Ref. 3476.

Several spouting springs, mud volcanoes, and
steam fumaroles. Deposits of brown and
white sinter. Ref. 3472.

Several springs, one of which spouts. Water
is salty. Deposits of brown sinter. Ref.
3472. (According to ref. 3473, the water
from 1 spring in New Britain Group contains
36,312 ppm dissolved solids, chiefly NaC!.
Possibly not this spring, but another.)

Large fumaroles emitting steam and 802•

Ref. 3470.

. '

o,

9 ~5 MILES

o 25 KILOMETERS
"------'

D'ENTRECASTEAUX ISLANDS

140·

Adapted from Hammond Atlas. 1948

8
ERGUSSON I

.10

.\J

10'

FIGURE 73.-Bismarck Archipelago and eastern New Guinea showing
location of thermal springs and volcanoes.

Associated rocks

The available information on the thermal springs in
the Bismarck Archipelago and eastern New Guinea is
summarized in the table below.

Temperature
of water

("0)

Hot do _

DESCRIPTION OF THERMAL SPRINGS

Thermal springs in the Bismarck Archipelago and eastern New Guinea

Mount Langile, near west end of New
Britain Island.

Name or location

1 Near southeast coast of Lou Island in Hot Quaternary or Ter-
Admiralty Gr01~. tiary lava.

2 Baluan Island in dmiralty Group ______ Hot _____do_____________

3 Ambitle Island, off the east coast of New Hot _____do_____________
Ireland.

4 Near north shore of New Britain Island:
Hannam Island, near shore_________ 87-100 _____do_____________

North Island, near south and north- 100
_____do_____________

west shores.

No.on
fig. 73

5

land is regarded as a continent, is divided into three
main administrative areas. In 1958 the western half
formed Netherlands New Guinea; the northern part
of the eastern portion, together with the Bismarck
Archipelago and other small islands, formed British
New Guinea; and the southeastern part, together with
nearby small islands, formed the Territory of
Papua. Both territories were under Australian
administration.

From high limestone cliffs at its southeastern extrem
ity, rugged mountains with perpetual snow on the
highest peaks extend west-northwest along the axis of
the island. The ranges that have been explored consist
chiefly of ancient schist and slate and of intrusive gran
itic rocks. These rocks are flanked by marine deposits
of Jurassic to late Tertiary age. The mountain sys
tems probably extend through most of the western part
of the island to its northwestern coast. In some places,
raised coral reefs extend inland to altitudes of nearly
2,000 feet. Much volcanic rock is present in the moun
tains of the southeast peninsula. Mount Victory {Vic-,
toria) and Mount Suckling, both in the main range, and
Mount Trafalgar near the coast are considered to be
solfataric volcanoes, as indicated on figure 73.

The schist and slate of the main ranges reappear in
the D'Entrecasteaux and Louisiade groups of small
islands off the southeast coast. In the former group
there is some Tertiary and later lava. The Louisiade
Islands also may be chiefly of lava, but they are covered
in large part by coral limestone.

No reference to thermal springs in the western part
of New Guinea has been found, but there may be fuma
roles and sol£ataras in the crater of Arfak (Umsini)
volcano in that region. The recorded thermal springs
in the eastern part are shown on figure 73.
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Thermal springs in the Bismarck Archipelago and eastern New Guinea-Continued

No. on Temperature
Associatedrocks Remarksand referencesfig. 73 Name orJccetron of water

(°0)

6 Manam (Vulcan) Island, 10 miles off Hot Quaternary Or 2 volcanic craters containing. fumaroles
northeast coast of New Guinea. Tertiary lava. emitting much water vapor and CO,.

Ref. 3470.
7 Near Awaru River in Papua, 2 miles up- Hot 1Tachyte___________ Several springs. Much free H2S. Deposits

stream from junction with Moni River. of siliceous sinter and sulfur and Incrusta-
tions of selenium and cinnabar. Ref.
3479.

8 Near Goropu Mountains in Papua, 40 Hot Probably faulted Fumaroles and solfataras. Ref. 3469.
miles south-southwest of Tuft govern- andesite.
ment station.

Several9 Mount Victory (Victoria?) in Papua_____ Hot Lava_______________ steam vents on mountain flank.
Ref. 3463.

10 Fergusson Island in D'Entrecausteaux Hot _____do_____________ Acid hot and spouting springs at Iamalele,
Group. Deadee, 1 mile south of Debawala, and

near Kedidia. Terraces of siliceous sinter
and extensive deposits of sulfur. Refs.
3463, 3474, 3480, 348L

II N ormanby Island _____________________ Hot _____do_____________ Springs at three places. Ref. 3481.

BORNEO

(North Borneo, Brunei. Sa.rawak, and Kalimantan)

The island of Borneo lies about 1,000 to 1,500 statute
miles northwest of the northwest coast of Australia.
It is largely mountainous, and the several groups and
chains trend east-west or northeast-southwest. Exten
sive mangrove swamps occupy much of the coastal area,
and wide lowlands form the main river basins. Only
reconnaissance surveys have been made of the geology
of most of the island, but the general geology and stra
tigraphy have been summarized by Van Bemmelen
(ref. 3516).

In the northwestern part the mountains along the east
border of Sarawak are largely of crystalline schist.
These mountains are flanked by folded slate, sandstone,
and limestone of Carboniferous through Jurassic ages.

Triassic schist has been recorded :in the western part of
Kalimantan, but the principal mountains in this region
are believed to be composed chiefly of igneous rocks
that are covered largely by nearly horizontal strata of
Tertiary age. Tertiary and Quaternary deposits and
some strata of Cretaceous age underlie lowlands be
tween the mountain ranges. Cretaceous and Tertiary
volcanic rocks also cover extensive areas :in the Mueller
Mounta:ins near the center of Borneo. Nearly horizon
tal Tertiary strata that include coal beds are present in
the northern part of Kalimantan. Most of this part of
the island is underlain by Tertiary strata, which include
oil-bearing beds.

Thermal springs have been reported at several places
in Borneo, as :indicated on figure 74. The small amount
of published information concerning them is summa
rized in the table below.

/

Thermal springs in Borneo
[Data Crom ref. 3483. Principal chemical constituents are expressed in parts per million]

No. Total
on Name or location Tempera- dissolved Principal chemical Associated rocks Remarks
.74 ture of water solids constituents

(p.p.m.)

1 Near Pinowantcr, in Kinoram Dlstrlet, Warm_______ --------305- -S10;(W);-Cil(OO);Mg-(M);-
Paleozoic(?) strata ________________ Water is slightly saline.

2 Near Badang ___________________________ _____do_______ _____do_____________________________
Na(31); Cl (21);C02 (109).

3 Near upper Ltngaa River ______________ _____do_______ ------------ ------- -------------------- --- Probabl~ Quaternary deposits

Si02 (67); Cll. (34); Na (.'5.'5);
overlying Mesozoic strata.

4 Near Bajang Mountains in basin of _____do_______ 223 Probably lower Tertiary strata
upper Sambas River. Cl (47); C02 (25). overlying crystalline rocks.

s Near Blintang River, a tributary ofthe _____do_______ ------------ - ---- ---------------- --------- ------------ -------------------- ----
Kapuas River.

Probably lower Tertiary strata ____ Several sprfuga. Water ise Near Katingan River, a tributary of Warm to -------_._-- -- ---- ------------------------
the Kapuas River. hot. moderately mineralized.

Free H2S.
7 Near Skabat Brook, a tributary of the Very hoL __ Low -------~------------------- --- Faulted(?) ancient crystalline

Katungan (Katingan?) River. rocks.
MuchS Between 'I'andjung and Tabalong______ Warm_______ -.---------- --- - ---- ---- ---- ------- --.---- Tertiary(?) .strata near intrusive Water has blue tint.

igneous rock. free H2S.
9 Batu bini, In Amandit (Amuntai?) _~___do______

- -_._--------
Ca, HC03____________ ~______ Lower Tertiary lImestone_________ Issues in cave. Water Is

District. moderately mineralized.

" Batu laki, in Amandit (Amuntai?) _~___do______
- ------------ Ca, HC03___________________ _____do_____________________________ Do.

District.
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CELEBES

The island of Celebes consists of a central mountain
ous region and four long peninsulas which radiate
northeast, east, southeast, and south from' it. (See fig.
74.) There is an axial range along each peninsula and
the surface is very rugged. Most of the island seems to
be of gneiss and other ancient crystalline rocks, which
are overlain by conglomerate, limestone, and slate, and
in some areas by radiolarian clay. Marine Tertiary de-

posits border most of the coast. Much intrusive rock
cuts the sedimentary formations, and there are volcanic
rocks of several periods of effusion. Most of the eastern
peninsula is of gabbro. Near the eud of the northeast
ern peninsula are several volcanoes, two or three of
which are active and the others solfataric.

Thermal springs are present at several places on or
near the principal volcanoes. The available informa
tion on them is summarized in the table below.

Thermal springs in. Celebes

No. on Temperature
fig. 74 Name or tceencn orweter Associatedrocks Remarks andreferences

(°0)

I Northeast slope of Tompasso (Tampusu) 97 Lava (Quaternary) __ About 20 pools of bubbling mud in area of
volcano. (max) 0.5 sq mi. Much steam. Small deposit

of sulfur. Refs. 73, 3484, 3725.
2 1 mile from Langowan and 3 miles 77 Leva_______________ Water rises in large kool from which outflow

southwest of Lake Tondano. is considerable. efa. 3484, 3487, 3488.
3 Panghu, near Lake Tondano____________ 95

_____do_____________
2 springs spouting to height of 3-4 ft; also

pool 40 ft in diameter. Deposit of tufa
around pool. Refs. 3486, 3489.

4 1 mile from Panghu ___________________ 100 Lava, decomposed to Several pools of boiling mud in area 300 ft
red and white clay. 'in diameter. Vapor is sulfurous. Refs.

3486 3489.
5 North border of group of volcanoes______ Warm ------------------------ Sever~ springs.
6 Northwest base of Klabat volcano_______ Warm ------------------------ Do.
7 Crater on slope of Klabat volcano at Hot -------------------- Very large solfatara. Ref. 73.

north end of Lake Lunf
8 Nolok, near Klabat volcano_____________ 51 - - -- - --- --- --- - --- - --- Rises in large pool. Spouts occasionally to

height of 50 ft.
9 Slopes of Sapoetan (Soputan) and Man- 100 -------------------- Several steam vents j also steam and sulfurous

dala Wangi volcanoes. vapor at sulfur mine. Refs. 16, 3485.

FIJI

The colony of Fiji consists of a group or archipelago
of two principal islands and many smaller ones, about
80 of which are inhabited. They are situated about
1,800 to 2,000 statute miles east of Australia, as indi
cated on figure 72. The larger islands are composed
chiefly of plutonic and volcanic rocks, but on Viti Levu,

the largest island, the igneous rocks are in some places
overlain by massive limestone. Most of the smaller
islands are composed of coral,

Many thermal springs are present, chiefly on the two
principal islands, as shown on fignre 75. Information
on the various thermal springs is given in the table
below.

Thermal 8pring8 in Fiji
[Data chiefly from refs. 3497, 3500. Principal cbemical constituents are expressed in parts per mnltonl

No. Tempera- Total Principal
0. Name orlo~tfon ture of dissolved cbemical Associated Rmnarks and additional

fig. 75 water (OF) solids constituents rooks references
(ppm)

Kandavu Island

1 j On southeastcoast~-'\------------------l

1 I ;va_a.ueMNawalkem&villa.a 1

1« 1 1 -------.------------------- --1- ---------------------------- -I Ref. "04.

NgauIsland

620IOa003 (l60); Cl (4.60)------------\ VOlCtl.niCrOck__· 1Water used for bathing.
3490,3496,350ft

Refs.

--------------~
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Refs. 3492,3496.

Several springs. Refs. 3496.3498.
3498.3505.

3 main springs risfng in pool
Springs spout occasionally to
height of2-3 ft. Refs. 3496,3498
3505, 3507, 3508.

Deposit of siliceous sinter. Refs
3498,3501, 3505.

Ref. 3498.
2 springs.

Several springs.

Several springs. Refs. 3498, 3506

Several springs along a valley.

Several springs, Much silica-
calcareous sinter.

Issues on shore below high·tide
level.

Jssuestnswemp.
Large deposit of siliceous sinter.:
Several springs. Small deposits

of siliceous sinter.
Large deposit of siliceous sinter.

2 springs issuing in swamp.

2 springs.
Issues from fonner streambed.

Volcanic tuff and agglotner
ate.

Alluvium ._ ..
Volcanic tuff and agglomer-

ate.Coral reef •__......•
Basalt. ....•._. • .
Coral reer,...•.•._._. •

OnoIsland

Vanna Levu Island

Rambe Island

Vanna Mbalavu Island

8,510 CaSO~ (352); oeon, (4,518);
NaCl (3,191).

Thermal springs in Fiji-Continued

8,719 Ca (1,775); Na (1,300): CI (4,960). .do ._ •• _...•__•.

Alluvium••_......•_.•_.__._

Volcanic tuff and agglcmer
ete.

Alluvium_. __...._.........•

Lava(1) ........•.•. ._._

___. • . ._. •• " ~ __.•••__ Probably basic rock •• _

______.•__• .•__•__._._......•.•••__....•._..do••••........••• •• _..

.•• •..__.• ._ .._....•._•••......_...•...._do. • ..__ .

........_•••........••_..........•..•__•._.... Alluvium._•........._•• _•• _

._ ....................••• ._ ..........•._. __ Volcanic tuff and aggjnm-
erete. .

......••.•••....._._. ..........•_.•__•..... __._.do •••_•.•__• ._ ....

.._....._... _..._......•.••_............• •. Clay_ •................• ..

:::::::::::: :::::::::::::::::::::::::::::::::: -Gravel::::::::::::::::::::::
.........•.. _ __•• _.._ _...••__••... Alluvium.._ _••...
_._ _..• ••........•_•• _•• _.......• • GraveL ._.•_ _ __
__.•__••........•__••..._....••_••••_......... Foraminiferous clay._.._ .
...._....•• ......••• ........•••__••..__ corelreet.,•._•....... .
...._.......••_. __.......••••_••........•••••_ Alluvium and volcanic tu1L_

DESCRIPTION OF THERMAL SPRINGS

160 [ _._•.....1__ __ _ _ __1 Coral limestone intruded by 1 2 springs.
andesite.

100 1 1 ------- ------~ ----------1------------------------------I Ret."'...

Wann 1 1 1 -------------------------1

Hot

114-212

Boiling

Wann
112: 113

130-135
148werm

140

warm
140
180

194-204

161

"131; 136
148

131; 1M
100

140; 155
wenn

10ll-130

110-126

157
<max>

133

735-914 Q---..65--16

1 IN,,,, Lorn. Loma vlllaga; -------------,

Nakama, 350 yd inland__. __. .

19 Vunisawana, 400yd from beach._. _
20 Navunf. 0.15 mile inland • •.__

21 Ndreke-ni-wal, on coast.,__. • •
22 Waikatakata, 400yd inland__.••_. •
23 Ndevo, on the coast__. __._._. .

1 INeartheshore !

1 INearsouthwestcoast !

1 vaeutcetce, __• • •

2 On southside ofNawavi Range, 4mUes
Inland.

S Nambuonu,O.5mlleinIand. _
4 Tambia, 2 miles inland • _
5 Na Kama, 5-6milesinIand _

6 MbatI-nl-kama nearNgawaRiver _
7 Nandongo, 4 mllesinland.. _
8 Natuvo, near the shore. _
9 Ravuka, {} miles1nland _

10 Vuinasanga, 10 miles inland. _
11 Vandrani, 8 milesinland.. _
12 vuntmcn.s miles inland._._. .•• _
13 Ndaku-ndaku, on mecoese,•• . _
14 Wainunu Valley, from coast to 4 miles

inland.
15 Netcereu area, from coast to 4 miles

Inland.
16 Near Nukumbolo, 6 miles Inland,••••__

11 Navakaravi, 1 mile tmend.; • •
18 N~ri::savu (Savu aevuj, near tbe

At rock 00 yd offshore •• _

About 200yd Inland._. •• _

Viti Levu Island .

1 -revue. near Nasivi River and .3 miles 160 1,706 CaS04 (510); Na2S04 (378): ...._...................~_._.. Ref. 3490.
inland. NaCl (520).

2 Near mouth of Mba River on shore of warm 9,535 CaCb (3,MOl; NaCl (4.670)_ •.••_ .....-.._----_._._...-......_- Spring water is contaminated b
Namaka Islet. sea. water.

3 Near Sambeto River, 2 miles Inland.;.. werm 2,609 CaSO. (1,069); NaCl (4,174). __•. ._..............._.- ._----.._-, Waimbasanga Lower, near Wallato 160 1,21l3 CaSO~ (189): Na2S04 (364); free ----_.__.._..............•...• Ref. 3498.
River. . HIS.

5 Walmhasanga Hfgher, 0.25 mile up- 160 Low ......._----_...-...._._._-_...... Basalt_.. _.•_______•______._ Do.
stream from Walmbasanga Lower.

5 Mbusa Lower, 2 miles inland.•_._...._ 130 205 NatS04__•.....•._. _____•._..... Fractured granite. __•____._. 1 spring.
7 Mbusa Higher. 1.5 miles northwest of 160 2Zl Na2804____._.....•_.••_. ____... .... .dc, ....•._. __•• ___. _____ Several springs.

Mbusa Lower.
8 Naseueou Southern__..._. __..•_•....._ 106 ..._..__.._. . _---_.........•._----_.....-..... Andesite. _.____• ___.....•._. Ref. 3502.• Naseuvou Northern. 0.75 mile from 140 ........._-- ..._----_.........._----_......... Andesitic agglomerate..••___ Do.

Naseuvou Southern.

No. Tempera- Total Principal
on Narneor location ture of dissolved chemical .Associated Remarks and additional

fig. 76 water (OF) solids constituents. "'oks references
(ppm)
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FIGURE 75.-Fiji showing location of thermal springs. From refs. 3497 and 3500.

GALAPAGOS ISLANDS

The Galapagos Islands form an archipelago of about
a dozen small islands and many islets and rocks situated
on the equator about 500to 650 statute miles west of the
coast of Ecuador. (See fig. 1.) Albemarle, or Isabela,
Island is the largest and westernmost of the principal
islands; it is about 70 miles long, north-south, and about
40 miles wide at its maximum. Except for beach sands,
it is composed of basaltic lava, scoria, and tuff, and has
five main craters, at least three of which have been active
within recent years. Narborough, or Fernandina, Is
land, just west of Albemarle, consists of one large vol
cano, which has been active at two or more periods since
1925. All the other islands of the group, though vol
canic, show few signs of recent activity.

According to Banfield, Behre, and St. Clair (ref.
3509), there are hot springs, hot-water basins, steam
vents, and sol£ataras in the craters of the three volca
noes on Albemarle Island. Fuchs (ref. 43) states that
the principal crater on Narborough Island contains
several active sol£ataras.

JAVA

A range of volcanic mountains extends the full length
of Java along the axial part of the island. There ~re

also several branch ranges and detached mountams.
Much of the land on each side of the main ranges is
mountainous to hilly, but wide lowlands extend along
the north side of the western part of the island and along
the north and south coasts in several other areas. Low
lands also extend nearly across the central part of the
island. Schist, possibly of Cretaceous age, is exposed in
a few small areas and seems to be the oldest rock in Java,
although schist of an earlier geologic age is present in
the small islands of the Karimundjawa (Karimon
Java) group off the north coast. Nearly all the prin
cipalmountains are of lava and other volcanic materials
of Tertiary to Recent ages. These rocks underlie large
areas surrounding the principal centers of volcanism
(on fig. 76).

Most of the hilly and lower lands of Java are under
lain by marine sandstone, marl, and limestone of Mio
cene and Pliocene age. These deposits have been con
siderably folded and uplifted. They are overlain along
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the coasts by Quaternary marine deposits and alluvium.
Most or the thermal. springs are closely associated with
the active or solfataric volcanoes. About 15 springs or
groups issue from Tertiary deposits near the borders or
areas or lava.

Junghuhn (ref, 3524) described some or the thermal
springs. Most or these springs, and others, were noted

by Verbeek and Fennema (ref. 3532), who also recorded
121 centers or present or former volcanic activity, or
which about 14 are considered to be either active or sol
fataric volcanoes.

The data on the numerous springs recorded in the two
reports are summarized in the table below.

ThermaZ springs ana wells in Java
[Data chiefly from refs. 3524,3532. Principal chemical constituents are expressed in parts per million]

No.
on
fig.
76

Name or location
Temperature

or water
(OF)

Total
dissolved

solids
(ppm)

Principal chemical constituents Associated rocks Remarks and additIonal
references

Warm Tertiary strata Considerable gas evolved.
Warm do Several springs in area 150 It

square. Much sulfurous gas.
Ref. 3512.

sulfurous.
_____________________________________________________do _

9,720 Si02 (1,440); CaG03 (1,360); do Several springs.
Na2G03 (2,860); KtSOt (1,190);
NaCl (1,730); Ah03 (160);free
GO~._____________________________________________________do_______________________ soireteree and boiltng springs.

Refs. 3516, 3727.________________________________________________ Tertiary strata Water tastes sour.
___ _ _ _ do _

-------A::~::_ -~~~~~:::~) ~~~::=:===== === ==== ==:==~g~~~~~ ~:~~~ ~~~ ~ ~~~ ~~~~.:_ do Water is sulfurous.
_ do_______________________ Water is saline and bitter. Free

CO~.

110

Hot do _
Warm Lava Water is saline and

Free C02, H2S.

Hot

W"m
W"""
W"""
W"m
W"m

97.2

110-130

1 3 Ian north of Tjiteureup ~_

2 Keboel (Epetan) _

3 Tiji ParL ~ _
4 Northwest slope of Parakesak vol

cano.
5 Soemoertoe, on east slope ofKarang

volcano.6 Legok Prljoek _

1 South slope of Poelosari Mountain.
8 Near wenetese _
9 Near Tjitando _

10 'I'[Ipanaa, _
11 In southwest part of Bantam _12 Tjlobek _
13 Bank of Tji-Sopan stream _

24

"

108.5 do Water tastes sour.

Ref. 3516.
places. Ref,

3 springs.

3 springs; also steam vents
Ref. 16.

Water strongly sa.line. Ref. 3522

Shallow wells. Deposit of ture.
Ref. 3530.

Deposits oftura and sulfur.

Issues near a large deposit 0
bitumen.

Water used for bathing. Refs
3516,3525.

Large deposit of tufa. Ref. 3528.

Several springs. Large deposits
of [aroalte and iron phosphate.
Ref. 3516.

Several springs and pools. water
is saline.

3 main springs.

Deposit of Iron-stetned tufa.
Small flow.

Deposit of jarosite.
Solfataras in two

3516.
Water Is saline.

Fractured Teitiary strata _
Lava _

3,618 GaCOI (837); NalSOt (547); do _
MgCh (566); NaGl (947)._____________________________________________________do _

Lava________________________ Several springs on north slope;
fumaroles in crater.____ _ ___ ___ _ do _

____ _ ___ _ ___ _ _ do • _
_ ___ ____ ___ _ do _

_______ _ _ ._____ Tertiary strata . _
1,387 GaCOa (293);MgG03 (299); Na2 Lava ~ _

C03 (252);NaCl (367).
2,209 GaGOa(676);MgCQa (471);Nat" do _

COa(4n); NaCl (364);treeCO~.
_____________________________________________________do _

___________ _ do _

______________ _ Tertiary strata _

______________ CaCh (1,360); NaCl (4,930) do _

____ __ ___ __ __ _ do _

__________ __ Lava. _
105

130

146

112 do _
99.5 TertIary strata______________ Flows 3011ters per minute. WateJ

Is saline.werm do _
Warm do Deposit of aragonite.

119.7 ._______________________ Tertiary nmestone.., Deposit of tufa.
Warm Tertiary strata. _

Warm Fractured Tertiary streta.c, Several springs.
Warm __ Lava _

Warm do _

warm

Warm Tertiary strata _

101;150 do 2 springs. Free H2S.
74.7 .do _

W.nn

128 (max)

11&-120

108

90.5-106. 2

85

W"m

W"m
W"m

Hot

W"m
106.2

108.5-117.5

26 Valley of Tjl Burbus _

26 Northeast slope of 'I'angkhoeban
volcano. .

27 Bank of Tii Panas stream, east of
Tjiater.28 Near Bengas _

29 Tjitotok, near north base of
TJerimai volcano.30 Tjipanas _

31 Near east base ofTjer1mal volcano__

~ Tjl Tjangelok _
Near Koeningan : _

M Tji oeje, 2 kIn north of Tjiniroe _
35 'I'[ipanas, 2kIn north ofTjisolok _
36 Near Dadap _
37 10 km southeast of Palaboetan

Ratoe."'9 Near Tji-mandiri stream, --- _
35 kIn west of Gedc (Gedah)

volcano.
40 20 km southwest of Gede (Gedah)

volcano.
41 Near south base of Gede (Gedah)

volcano.
42 North-northeast of Gede (Gedeb)

volcanic crater.
O~~{:::~~slope of Gede (Gedah)

44 Paloembon, on south slope of Batu
Mountain.

45 N~~~fo.rg. base of Djampang
46 Bank:of Tji Madja stream _
47 Near base of Linggungmauer _

18 North slope and crater of Salak
volcano.19 Kleine Kawab _

20 Groot Kawah _
21 Sonth slope of Salak volcano__• _

22 Near TjlampeL _
23 Batu-kapur Mountain _

TjIater (Drangon), on north slope
of Tangkhoeban volcano.



No
on Name or location
ftg.
76

4S On bank of Tjl Tjankar__________~_

" 15km northeast of Tjl Tjankar_____
50 Crater oCTangkaoeban (Tankuban

Prahu) volcano.

51
Banrangrang., ______________________

52 Kantjah (Tijpanns). west of Lem-
bang.

sa Bank of Tjipanas stream, 3 km
south-southeast of Lembang,

54 Nerlmbnng, near northeast base
Tamponss Mountain.

55 East of Tjidempet__________________

,. Northwest oC Kopo _________________
57 On Plateau Pengalengan No. L ____

68 On Plateau Pengalengan No. 2_____
59 Near base ofBrengbeng Mountain__

eo Telaga Patonggang (Tiji Sopan),
on west slope of Patoeha Moun-
tain.

51 Near north base 01 Patoeba Moun-
tetn.

62 Southwest slope ofTflce volcano. ___
ea Between TOoe and Wajang vol.

canoes.
54 Kawah, on east slope of Wajang

volcano.
55 Northwest slope of Goentoer vel-

ceno.
66 Ii km northwest of Trogong_._.__• __
67 Tjipatjing, near northeast base of

'I'elaga Bodes volcano.

68 Kawah Mas, on north sl~e of Pep-
andajan (Papandayan volcano.

69 Kawah Manoek (Kawah Manuk),
east slope of Kendang Mountain.

70 TliPanasi on south slope of Goen-
toer vo cano.

71 Padjagalan, near southwest base of
Bide-keling Mountain.

72 Te1aga Bodas Lake, on north slope
of Galoenggoong volcano.

73 Southeast slope of Galoenggoeng
volcano.

74 Near Pager-agung__ •• _._. __._ •••_••

75 Tjibookoer, on southeast slope of
Galoenggoeng volcano.

76 'I'[l Woelan (Wulan), 5 km north-
northeast of Bureunpala,

77 South of Tiloe volcano, near east
border of small lava flow.

78 Bank of 'I'[l-arlnem etreem.;_______
79 Bebedahan••• _______._._._•• _._._ ••
80 Near Tjl.Walinc__• _____________•__
81 Near Tjieras_______________________
82 Easternmost part of Preanger______
83 Blamer volcano ••••• _.__•___._._____
8' 25 km west of Kendeng volcano••_.
sa 3 kIn south ofTempoaran__________
88 West slope of Kendeng volcano ••••_

235

Remarks and additional
references

2 main springs.

Deposit or ocner.

Deposits of tufa and opaline
silica. Deposits of sullur at
nearby solrateres. Ref. 3525.

2 springs. Water is saline. De
posit of ocher.

Several springs.

Several springs. Deposit of tufa.

Several springs and solreteres.
Deposits of ture and brown
opal. Ref. 3516.

Spouting springs, hot mud pools,
and eoireteres. Deposits of
sulfur, Refs. 16, 3516.

Ref. 3725.

Spring, also sollataras at two
places. Rer. 3516.

Several fumaroles and sotreteree.

Several springs having small
flow. Water contains iodine
which Is extracted commer
cially. Also fumaroles and
solratares. Ref. 3516.

4 main springs supplying lake 0
milky water. Water Is sultu
roue. Much steam. Refs.
3513, 3514, 3727.

Several springs spouting to
maximum height of 5 ft;
supply pool 20 rt in diameter.
Water is sulfurous. Deposits
of sulfur. Rels. 3513, 3514.

Lake 300 yd long. Refs. 3513,
3514.

Bubbling pond. Refs. 3513,
3514.

Several fumaroles.
Deposits of sure, ocher, and sill"

ceous sinter.

Associated rocks

Quartz and hornstone _

Tertiary strata.,., •• _.

Principal chemical constituents
Total

dissolved
solids
(ppm)

2,1l5 C02 (305); SOt (870); NaCI+ .do., •• • __~.__._._
K01 (640).___• ••• _••_•••• • ._. •• __ • do•••_. •• __•• _

~: ~i~ ~~tl~KCr·(64ii)j--s-6~·-(87ij);- :::::~g:::::::::::::::::::::::
COl (305).

1,356 Na, 01; free C02 •__._. ._._.do_. ._._•••_
(hottest)___• •__•• __ Lava overlying Miocene

strata.____ • • ._ ._. •••••_•••• • • do • ._. _

DESCRIPTION OF THERMAL SPRINGS
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99.5 • •••__• ._._•••__•••_._. • • Lava • • ._._

111

98

Hot •__ ••• _. __•• _•••• • ._._ do__•• • •• __
Warm 1,867 SOt._ •••••••••__•• •• _ Lava overlying Tertiary

strata.Warm • ••••_._•• __• • ••• _•• _._._.__• do._._•• •• __•• _. •

Hot •• •• _•• • ._ •• • •• .do,•••_. • •• _. Several sollataras.

Warm

W'nn

Water is slightly saline and
bitter. Deposit of tufa.

Milky water in crater lake:
fumaroles on lake border. Refs.
16,3530.

Deposits of jarositeand iron oxide
Ref. 3516.

2 main springs.

Water is saline.

Severalsprings, Deposit of tufa
e.ontaining magnesium car.
bonate.

Large flow of strongly sulfurous
water.

Water is slightly saline.
Several springs. Water is slight.

ly bitter.
Water is astringent and strongly

sulfurous.

Warm • • •__•__._. • • do••••• •__• •• ._ Large deposit of sulfur.

Warm

Warm
Tepid

124.2 ._. • •• __• ••__._.__._•••__•• _•• _••• Tertiary strata •••_

Warm •• _. __• ._ •• _•• _•• __•__•• _._._ •• _•••__._. do••••• _•• __._._. _
112 __• • __•••__• • __•• _••• Quaternary lava__•••• •

81-123

Warm __•• •• • ._. ._. Tertiary strata__• •__._.__
Very hot _._•• •• _. __•• __•• •• •__do__•• •• •• _••

Illj1l6

105-178 • • __._.___ Quaternary lava•••• __• _

Warm __• • ._ •• •• _•• __• • •do., • • _

106.2 ._ •• ._••••• .do•••••••_•• _. _
Warm .______ _ ._.__• • do••••• _
Warm ••• • •__•• _. Tertiary limestone. _••• _. _
Warm • • Tertiary strata •
Warm ._ __ _ • _._ ___ _____ _ .do••• _. _

Hot •__.__ _ • •• _ Lava•• ._ •• _• _
Wann ._. ._ • •• do•••• ._ •• _
warm . . . _. _.. __do ._._

Hot •• ._.___________ _ ___ _ •do. _

Hot • •• __._. • •• •••__• •• • • .do • _

128 • • •••_•• _._ ••• _. • • • do,••• • ••••• ••

Bolling • ••.•_. do., ._

Warm ._._•• •__•••••_._••• __• • ••• __ ••• .dc••••• __• ._._._._•• __

115; 118 _. • ._.__• __._._•••••_•• do •• _. _

Warm __._.__••••__••• •__••••• • _.__• do••••_. ._.__•• _•• _. __

Warm ._ ••••_. _. ._do._. •

Hot • •• _. •••__• .do••••• ._. ._._

Warm __ __ ___• ._ •• • _. •••.do _

107. 5 • ••• Leva., •__•__
114.8 • Calcareous sandstone (Ter·

tiary).
100.4; 103.3 11,861 CaCh (6,097); NaCI (5,308) __•• _. Tertiary strata •••__._._._

Warm 19,500 CaCh (5,500); NaC! (12,700) •• do _
Warm __••• __•••••_. ~ • .do••••__•• _._._. ._

120 _._•• __•• _•••• • • __• __• • • .ac ..__. _
117.5-161.1 •• _•••_•• _•••• ._._. ••• • •• do••• _•• •• • _

Temperature
of water

(OF)

Tjonaro (Chondero) di Moeko, on
southwest slopeofDijeng (Dleng)
volcano.

South of 'I'[onam (Chondero) di
Moeko:

Tologo Warno•••__ • •• _._. _

In Kawa Kedung (xewe Ki·
wung) Valley.

Pekaraman••••• _. ••••••_. _
KaU Anget:

Near Wono Sobo _
On aereju Mountain_. _

Krakal, on bank of Look stream 2
km southeast of Alian.

10 k:m north of Poerworedjo _
Banjoeasin, 10 k:m northeast of

Poerworedjo.

Telaga Leri (Tologo Lin)l on upper
slope of Dijeng (Dieng) volcano.

87

89

88

90

91

92

9...



I

236 THERMAL SPRINGS OF THE UNITED STATES AND OTHER COUNTRIES OF THE WORLD

Thermal springs and wells in Java-Continued

No.
on
fig.
76.

Name or location
Temperature

of water
(OF)

Total
dissolved

solids
(ppm)

Principal chemical constituents Associated rocks Remarks and additional
references

Hot ..__ . ~~ . __ ..._. Lava .~ . . ... _ Solfataras. ReI. 3516.
146 ~ + __ • __ • __ • •• __ •• _. ••.do__. .. __ .. __ . 'Vater is saline.

Hot . . . __ .. ._. ~_~ ~__ Lava . __ . ~__ Several fumaroles and solfataras.
'Varm __ . __ .. . __ . . __ . __ . •__ _ do., .. __. •

Warm . __. . __. . ... _.. _.. Tertiary strata__ .. ~__ Water is saline.

Warm . . __ . ._. . __ .._..._. . . ~. . __ .cdc ~ •• . . __. Water is highly saline; salt pro~

duction.

Water is highly saline; salt pro
duction.

Do.
3 small springs. Water is highly

saline; salt production.
Water Is saline.

Fumaroles and sclfataras,
Water is saline.

Do.

Fumaroles and sctretares.

7 main and about 20 smaller
springs. Water is saline.
Contains I (116 ppm). Free
H2S.

Flow 30 liters per minute.

Large flow of saline water. Free
H2S. Slight amount oC petro
leum.

Several muddy pools of saline
water.

Issues lrom tufa mound. Water
is strongly saline. Ref. 3522.

Bolfataraa, Water is sulfurous.
Large deposits of sulfur. Ref.
3516.

Fumaroles and sotreteres.
Water is sulfurous.

2 springs, 20 paces apart, supply
Ing large tank beside ruins of
altar. Water is saline and
ferruginous. Deposit of ocher.
Ref. 3514.

4 springs. Water is strongly
saline.

Fumaroles and sclreteres.
Do.

Several springs.

Water used lor bathing.

Water is highly sulfurous. Freo
H2S.

Water is potable.
Several fumaroles and sotreteres.

Water rlsea in stone basin
at Hindu shrine.

Small fumaroles and solCataras.
Several fumaroles. RefS. 3516,

3527,3529.
Flows about 30 liters per minute.

Military hospital. Ref. 3519.

Water is saline.
Do.

Do.

Deposit of ocher.
2 springs. Terraces of tufa.
Water is sulfurous. Free H:S.

10,800- ~__~ ~_ Lava overlying Tertiary
19,400 strata.______________ ~ ~ ~ ~ . _ reva., _

_. ~ ~__~~ do_._. ~ _
3,300 CaCO! (205); Mg-C03 (788); do.__. ~ ~

MgCh (346); NaCI (738); C02
(1.192); AhO! (13); Fe203 (20)._ ~ . do, .._. ~ ~ _

. ~ ~ ~ do ~ _

_ . . __.. . . __~ _~ . ._dc.,.._. _
_ . _~ ~ ~ ~ do.. _. ~ _
~ ~ • ~ . _ do ~~~ _
___________ _ Tertiary strata__ ~ . _
____ . ~ ~ . . __ ___~_do . ~__ . _

19,518 NaCl (17,060)_._. . . __.. Tertiarystrata __ .. __ . __•
____ ~___ ___ . . __ . __ .._.. Lava ~ __ .. __ . __
• • ~_ • • _ ••• ~+ • __ •• __ • _ Tertiary strata . _._
. . __ . • . .. _•. ~ .. __ .. __ . ._do.... . ~ ~_. .
________ ... _ ~ . . __ . . __ . . do . . __ .. __ . ~_

___ + • • _. • __ • • • _ do . __ . . _

25,280 NaCl (23,025)~ __• ~ ••• __• __• __do.. _._._. ._~ .
_ . __... _ . __~ __~~ .. __. __~ . __... do, ...•. _._. __. . __

__ .. __ . __ .._.. . . __ .._ __ __ .. do . ..
___~_. . . ~ _. . Lava overlying Tertiary

limestone.
_ •• _ •• __ • • • __ • __ •• __ • • + •• Tertiary strata._. __ .._. _

Sand dunes overlying Ter-
tiary strata.

Tertiary lImestone . ._
Lava. . . . __
Tertiary strata ..

26,000 CaC03 (418); MgC03 (332); __~__do ~ ~ __
NaHC03 (900); NaCI (23,920);
Nat (12); NaBr (28)._____•__._ ~ . ~ __ ~ ~_._ do • ~ ._

_____ ~ _ ~__ . __ ~ ~ do.. _. . _

Lava __ • . __

_______________ .. _. . . . _. do, ..__.. __'. . _
________ . .. _.. __. _. .' _ de,.. . __. _.. __. .
_.__ . __ . . ~ . . __ .._.._.. ~___ Lava . .:_ .. _.

4,990 SI02 (147); Ca(HCO!h (595); Trachyte • .~~_~__ . __
Mg(HCO!h (499); NaHC03
(501); NaCl (3,125); Fe203(29).____ . . __ . __ . . ~. ~__ Tertiary strata., , __ . __ . __ . __

__ . _. . .. . . __ . . ~__ . do__. . . __ . ._

96 . __~ . __. . __. __.. ~ ~ _ ~do,.. . . __. •__

Hot _.__ ._. . __..__ . __ . __ . . __ . ._______ Quaternary lava .. . __ .. __
Hot . . __ . __ _ .. __ . __ . . __ . __ . do.,.. . __,'__ . . _

Hot . . . . _.. __ Lava. . • . __

10'
Hot

W m
W m

warm

Warm .._. .. _.__ . • . .. __ ...do, _.. .. __. . ~.

'Varm ~____ _.. . . __ .. •__do ..._. _

\VArm .. __ .. __ .._... __ . ~ . __ .. __ .. _.. dc., ~ ..
Warm __ . __ . __ . .. ~ .. _. . __do, ..._. . _. + _

111

Tepid

Warm
Warm
werm

110
98.8

(max)

93
90

125
W...m
Tepid

Warm • ~~ ~__~ ~ ~ do • ~ ~ . _
Warm ~__ ~__~__~ ~ ~ do._. __~_~~~ __~~_~~ _

W...m
Hot

Warm
Warm
W...m
warm

W...m
Tepid

93

127; 135

Warm
Hot

Tepid

Hot. . ~_~ do_._. ~ ~__ ~ ~ _

90.5; 111 • I •do . _

Hot
warm

warm

Hot
Hot

103.8-108.5

Poeloengan, 5 km east of Geden·
gan,

Koelang-anjar, 3 km Crom shore. _

Wellrang volcano ~ ~ _

Moeloedan ~_~ _
Goeng Lantoeng __ . _
Near Tjoepak _
Padjet, • • • _
Kedang-wame__. _

2 km north of Ngangtang__. _

Tengger-Bromo volcano . _
Semeroovolcano. ~ ~~_~_~ __
Near east base of Lemongan (La-

mongan) volcano.
Argopoerovolcano__ • _
Djedlng, on north slope of Idl~n

(Idgt'n) Mountain.
~anjOO Wedang No. 2 _

anjoe Wedang No. L _

Adjasmoro vorceno., .. _

SanggorIti (SingurIti), near north
east base of Kawl volcano.

Genoek.. ~ . __ ."

Soembing voiceno., •• • _
Kallbcnlng, on northeast slope of

Oijanti volcano.
Ajer Panas, near base of Andong

Mountain, 4 kIDwest of Gerabak.
Merbaboe volcano. •• __
West slope of Merapl volcano ._.

Pelantcengan (Platnngen), on
north slope ofPrau Mountain.

Near north base of Prau Meuntaln,
Near north-northeast base of Prau

Mountain.
North-northwest slope of Ungaran

volcano.
NorthenstslopeofUngaran volcano,
Bed of Kali-Ulo stream _
Oudh Gedong, on south slope of

Ungaran volcano.
Plain of Grobogan, southwest of

Pcerwcdadt.
Southeast of PoerwodadL _

Medang Ramsau, north of Koewoe.
Djati and Mendlkil, west and

southwest oC Koewoe.
Kesongo, southeast oC Koewoe _
'r'jercwek, Bandar-lor, and Banjar

Kldoel, near Koewoe.
3 km southwest oC Grabagan _
Lower northern slope oC Lawoe

Mountain.
Near southwest base oC Lawoe

Mountain.
Karang Panas, 12 km east oC Rali

Opak stream.
10 km southwest oCToeban _
Koekoesan volcano _
Oemboel, near west base oC Wills

Mountain.

Southwest slope ofWills Mountain,
Near southwest base or Wilis

Mountain.
Banjoe oemboet., ~~ ~ _
Reloet volcano ~ _
Tjltro, at north base or hills. . _
1 km south of Pasinan . __
Gesinglor, 10 km south or r'astnen..
Montroeng. 15km south-southwest

of Gesinglor spring.
Near Desa Molong stream,.. . __
Paras. on west slope oC Hugels Htlls,

141

142
143
144

145
146

147
148

13'
140

120
121

122
123
124
125
126
127

128
12'

136

130
131
132
13'
134

95
96

97

ss
99

100

101
102

103

104
105
106

107

103

109
110

111
112

"'"'
115

116

117
118

"'

136

137

'38



No. Temperature Total
Associatedrocks Remarks and additionalon Name or location 01water dissolved Principal chemicalconstituentsft,. (OF) solids references

76 (ppm)

149 Idj6n-Merapivolcano_____M._______ Hot ------------.- Ah03 (8,745); Fe203 (2,395): La VB _____ • _____ _____________ Fumaroles, sollatara~ acid
803 (40,asO). muddy springs, an crater

lake. Intermittent overflow
from lake diverted to ocean by
trenches. Analysis is forwater
in lake. Refs. 94, 3516, 3520,
3526.

150 Raoeng (Gunung Raung) volcano __ Hot --------.-.--- ----------------------------.----- _____do____________. ____. _.___ Fumaroles and sctreteres. Rets.
94, 3~26.

151 Lentoeng, Madoers Island _________ Warm .------------- ._ ._._.___________ ___~ .~~ ~~~~__~_M Tertiary strata _______M_M_~_M
Issues above level.152 Near Ajer Panas, Madcera rstend., 93 _______~_~ ___M__ ~ __ ~ - ____M~ MM~ .~. ___ ~ ___ ___~ _M __ Tertiary limestone_M~MMMMMMM 20 it sea

Water is sulfurous, Free H2S.
153 Near coast south of Pamekasan, Much gas evolved.

Madoera Island____________~~~ ___ warm ~M_MM_M_~_____ - ~~M_MMM~~~ ~~~_ ~_M _M~_M_____ ~ _____ Tertiary strata~_~~__ ~ _______ 2 or 3 springs.
154 Near northwest coast of Bawean 80 --_._~._~~---- -_._~--~ .-~--- ---~~-----~ --- --- --- Calcareous strata (Tert[ary)~

Island. (max)
~____do.__ . ___________________ Do.'55 Near southeast coeet of Bawean 80 ~---~----~-----~---- --- --- - ~--~-- ---~ --~- --- -~--

Island. (max)

DESCRIPTION OF THERMAL SPRINGS
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are covered by marine Pliocene deposits including
raised coral reefs, but most of this peninsula is of Ter
tiary and later volcanic rocks. One volcanic peakis on
the east side of the peninsula, and six others border its
west coast. This volcanic line is continued southward
by five other volcanic peaks in small islands of the
Ternate group. Bachian (Batjan) Island, off the west
coast of the south peninsula of Halmahera, is .also
partly of volcanic rocks.

Most of the other islands of the Moluccas are consid
ered to lie in three concentric arcs, the outer of which
includes the Xulla (Sula) Islands, Misol, and the Aru,
or Greater Kei, group. These groups and other islands
in the arc are chiefly of crystalline schist and limestone
overlain by Jurassic, Cretaceous, and Tertiary marine
sedimentary rocks. The middle arc includes Buru,
Ceram, the Lesser Kei Islands, and the Timor Lalit
group. These also are composed chiefly of crystalline
schist, ancient eruptive rocks, and Mesozoic and Ter
tiary sedimentary rocks. Ceram has no central range,
but steep hills border its north coast. The older rocks
of Ceram are largely eruptives and crystalline lime
stone overlain by marine Tertiary deposits.

The inner concentric arc forms an extension of the
volcanic belt through Sumatra and Java, east through
Bali, Flores, and Pantar, and northeast through several
small volcanic islands to Banda Api Island. Nearly
all the islands along this arc are largely or wholly vol
canic, or contain active or solfataric volcanoes. Am
boina, or Ambon, Island, near the southwest coast of
Ceram, is considered by some geologists to be on this
inner arc, as its principal mountains are of andesite;
but parts of its higher lands are of granite and serpen
tine, and most of the lower areas are underlain by
marine Tertiary beds. Thermal springs seem to be
present only in the volcanic islands of the inner are, as
noted in the table below.

KERMADEC ISLANDS

The Kermadec Islands, nearly 2,000 statute miles east
of Australia, form a group of five small islands, which
extend north-south for 200 miles, as indicated on figure
72. These islands were described by Smith (ref. 3534),
who found them to be composed almost entirely of
geologically Recent volcanic materials. They are on a
general volcanic line extending from the Bay of Plenty
in New Zealand northward to the Tonga Islands and
Samoa. Sunday Island, the northernmost and largest
of the Kermadec group, is about 20 miles in circumfer
ence. It has two craters, the older of which is partly
eroded to form Denham Bay, on whose east side Smith
found small fumaroles. Farther east the main crater
contains a lake which boiled in 1872 when there was an
eruption. Smith also noted hot springs below high
tide level on the north shore of Sunday Island. About
90 miles south of Sunday Island, the eastern of the two
small Curtis Islands had a crater in which were sol
fataras, fumaroles, and boiling mud holes; a strong
stream of hot water flowed from the crater to a nearby
cove in which the salt water Was thus warmed.

MOLUCC.A. ISLANDS

The Molucca Islands generally are considered to con
sist of the islands that lie between Celebes and New
Guinea, those which border the Molucca Passage ex:.
tending northward, and those to the south which form
bands curving westward to Java. (See fig. 74.)

Halmahera (Jilolo), largest of the Moluccas, is about
150 miles east of the northeast end of Celebes and
resembles that island in shape, as Halmahera also con
sists of four peninsulas formed by mountain ranges.
Verbeek (ref. 3540) noted that much of the island seems
to be of mafic eruptive rocks, probably of Mesozoic age.
The eastern and northern parts of the north peninsula
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Thermal springs on the Molmcca Islands
(Data chiefly from ref. 3MO]

No. on
fig. 74

Name or location Temperature of water Assoclated rocks Remarks and additional references

Hot do Fumaroles and solfataras.

Warm do _

Free H2S. Deposit of siliceous sinter.
Water used for cooking.

Do.
Moderately large flow. Pebbles of

alunite (probably formed by decom
position of lava).

Fumaroles and solfataras. Deposits of
sulfur. Ref. 3486.

Fumaroles and solfataras.
Several small springs.

Small springs in two places.

Fumaroles and solfataras.
Several small springs.

Several springs, chiefly near shore at
base of Djaiolo volcano. Also solfa
taras.

Vapor vents. Small deposits of sulfur.

Steam and acid vapor from cracks in
lava. Small deposits of sulfur. Ref.
3486.

Spring on east shore and vapor vents in
crater. Small deposits of sulfur.
Ref. 3486.

Vapor vents. Small deposits of sulfur.
Do.

Several springs, the largest being Atoe
Ri. Refs. 74, 3486, 3513.

Several springs.

Free H2S. Refs.Several springs.
3486, 3536.

Water is sulfurous. Deposit of siliceous
sinter. Ref. 3539.

Free H,S. Ref. 3539.
Small flow. Free H,S. Ref. 3539.
3 springs. Water from the largest

contains 29,700 ppm of dissolved
solids, chiefly NaCl (23,740 ppm).
Ref. 3539.

Free H,S. Ref. 3539.
Springs and solfataras. Ref. 3535.

Small flow. Water is ferruginous.
Used for bathing.

Several springs.
Jets of hot steam from many fissures.

Fumaroles and solfataras.
Sulfurous vapor. Deposit of sulfur.

Solfataras.

Fumaroles and solfataras.
Do.

Solfataras. Deposits of sulfur.

West slope of Volcano on Gunung do Recent lava _
(Goenoeng) Api (Gunongapi).

Near summit of Api volcano on Pantar do do _
Northern slope of Iljasi Volcano on do do _

Pantar.
N ear base of Kedang Volcano on north

coast of Lomblen.
Near summit of small Volcano on

Batoe Taroe (Komba).

Amboina (Amboyna, Ambon) :
West of Telaga Biroe Quaternary deposits;

Hitou______ ____ ___ __ Warm _
Bank of Lila River near LarikL Hot _
Beach near Toelehoe _

Near Wai Wasia _
Mount Wawani and Mount Sal- Hot _

hutu.
South coast of Horuka (Oma) Warm _

Nossa (Nusa) Laut About 70°F Lava _
Volcano on Banda ApL Hot Recent lava _

Southeast flank of volcano on Manoek do do _
(Manouk).

Near summit of volcano on Seroea do do _
(Seroe).

East slope of volcano On Nila do do _
Near summit of volcano on Teon do do _
Northern volcanic cone on Damar do Lava _

(Dammer, Daam).
Eest coast of Damar (Dammer,

Daam):
Woeloer do do _

Keli do do _
South flank of volcano on Roma do do _

Craters on Api Siaoe (Siau) Hot Recent lave _
South base of Mamou volcano on Hal- do do _

mahera.
Volcanoes near west coast of Halma- do Recent basalt _

hera.

Crater of volcano on HirL do Recent basalt and
andesite.

Crater of volcano on Ternate__~ do do _

East shore and crater of volcano on do do _
Tidore (Tidor).

Crater of volcano on MotL do do _
Crater of volcano on Makian do do _
North base of small volcanic cone on Boiling Lava _

Bachian (Batjan) .
Beach near mouth of Wai Mantana Hot _

and in basin of Made River, Xulla
(Sula) Islands.

Northeast side of Ceram do Tertiary strata over-
lying fractured
Jurassic or Tri
assic strata.

6

I
2

3

23

24
25

26

27

4

5

II

12

22

7
8
9

10

13

14
15

16

17

18
19
20

21
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Remarksand additionalreferences

Do.
Do.

Mud springs. Also mud volcanoes,
some ejecting fragments of fossilifer
ous rock.

Many mud Volcanoes. Refs. 3537, 3541.
Mud Volcanoes ejecting fragments of

fossiliferous limestone and sandstone.
3 groups of mud volcanoes, several of

which have large mounds. Frag
ments of schist and sedimentary rocks
of Permian to Quaternary age are
ejected.

Associated rocks

Thermal spring on the New Hebrides
[Data chiefly from refs. 3543-3546]

NEW ZEALAND

The northern part of North Island in New Zea
land fnrms the Auckland Peninsula, in which the hilly
areas are of Paleozoic and Mesozoicrocks and the lower
lands are of Tertiary volcanic rocks and marine Tertiary
sedimentary deposits. (See fig. 77.) The main moun
tain ranges are in the eastern part of North Island
parallel with the coast. They are formed chiefly of
Paleozoic and early Mesozoic rocks and partly of gneiss

No. Tempera-
on Name or location ture of Remarks and additional

flg.72 water references
(OC)

1 Volcano on venue Lava (Great ~_._-------- Vapor vents on north stde of
B....). main crater, bolling sulfur

springs in pool in minor
crater on east slope ormetn
mountain, and solfataras
in two places. Deposits
or suirur.

2 Volcano on Santa Maria_________ ------------ Solfataras and fumaroles.
3 Ambrym:

Bat-in and on northwest 37-41 Several springs.
coast.

Crater of volcano____________ ._---------- Soliataras and fumaroles.
4 volcano on Lopevi_____. ________ --_.-------- Fumaroles.
5 Elate:

Shore of Mell Bay___________ Hot
Swamp near coast, 0.25 mile 54

north of Quoin Hill.
6 Yasowa volcano on Tana Bolling Numerous springs near

(Tanna). crater; also fumaroles.

Warm _

Temperature of water

DESCRIPTION OF THERMAL SPRINGS

Thermal springs on the Molucca Islands-Continued

Name or location

East coast of Samou do _
Poulou Kambing, between Timor and do - _

Samou.Rote (Roti) do _

37

38
39

40

35
36

:: _~~~~o;f~_~O_I::~~__~~~__~~:__e_~~_~:_ }HOL Recent lava Solfutaras.

;~ =~~~i~~:~~~~~;=~=e~~=~~~~~=~~~~t=;~= } ae.. do Small flow. Ref. 3725.

33 Near summit of volcano on Sanjean do do Fumaroles and solfataras.
34 Near summit of 'I'ambora volcano on do do_____________ Do.

Sumbawa.
Near summit of volcano on Lombok do do _
Slopes of 2 volcanoes in northeastern do do _

part of Bali.
Slope of Mount Atlas near southeast

coast of Timor.

NEW HEBRIDES

NEW CALEDONIA

The New Hebrides form a chain of half a dozen prin
cipal islands and numerous smaller ones abnut 300 to
500 statute miles east to northeast of New Caledonia,
as shown on figure 72. This group or chain includes
the Torres Islands in the north and extends south
southeast from them for about 800 miles. The small
Torres group is low and bordered by coral reefs, but
nearly all the other islands are of considerable height
and are composed chiefly of basalt and Recent eruptive
materials. They include several active craters and
numerous sulfur deposits.

Information cnncerning thermal springs on several of
the islands is given in the table below.

No. on
fig. 74

Thermal springs at two localities in New Caledonia,
as indicated on figure 72, were described by Avias (ref.
3542). The springs at the northern locality issue in
three groups, at temperature of about 40°C, from sedi
mentary strata, probably of Liassic age, overlying pe
ridotite or serpentine, and probably faulted. The wa
ter is lightly sulfureted and has been developed with
bath establishment. Other warm springs, not devel
oped, issue from peridotite or serpentine near the south
end of the island, at two places near the shore.
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FIGURE 77.-New Zealand showing location of geysers, thermal sprfngs, and main lava areas. Springs from refs. 3565 and 3596. Lava
areas from ref. 3653.
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and schist. These mountains are bordered by marine
Cretaceous and Tertiary strata, especially in the south
eastern part of the island. The southwestern projec
tion and the greater part of the central and northern
portions form hilly areas and plateaus that are under
lain by volcanic rocks, largely pumice and tuff. A
range of volcanic mountains and volcanoes, three or four
of which are still active or in the solfataric stage, extend
through the north-central part of North Island.

The mountains in the northeastern part of South
Island, also those in the southern part, seem to be a
southward extension of the eastern mountain chain
of North Island. In both parts of South Island the
mountains are bordered on the east by a broad band
of Paleozoic, Triassic, and Jurassic marine strata and
on the west by a band of schist. The Southern Alps,
a range in the west-central part of South Island, have
a core of schist. The principal peaks of the Southern
Alps are snowcapped, and there are many glaciers.
The western coast, in the vicinity of the Southern Alps,
is deeply indented by fiords. East of the Southern Alps

is a wide band of marine strata of Tertiary age. The
Banks Peninsula and a smaller peninsula near Dune
din, both extending out from the east coast of South
Island, consist of Tertiary basalt and andesite. These
and a few other small areas of volcanic rocks are the
only evidences of volcanism in South Island.

The famous geysers and hot springs of New Zealand
are concentrated chiefly in a band within the main vol
canic areas of North Island, as indicated on figure 77.
Two of the most noted areas of thermal activity are
shown in detail on figures 78 and 79.

Outside the main belt of geysers and thermal springs,
numerous springs issue chiefly in groups farther north
west, near the borders of lava areas and apparently
along fault fractures. In South Island several mod
erately thermal springs are in the eastern and central
ranges, and others have been noted in the western
mountains.

Information on the principal groups of springs and
geysers is given in the table below.

Thermal springs and,wells in New Zealand,
{Data chiefly from refs. 3583, 3596. 3614. Principal chemical constituents in parts per million]

No.
on flg,

77
Name or location

Temper
ature of,
water
(°0)

Total
dissolved

solids
(ppm)

Principal chemical
constituents

Associated rocks Remarksand additional references

Several small springs and gas vents. Free H2S.
Ref. 3592.

3 groups of springs (shore of Tuwhakino Pond,
pools at wettetere Pond, and along Tuwha
kino stream). Analytical data for water
having temperature of 43°0. Nearby cin
nabar deposits formerly mined. Refs. 3551,
3576, 3594, 3612.

2 sprlnga Issutng from low mounds of sinter on
sanatorium grounds. Flow' varies, maxi
mum 30 imperial gpm. Water used for
bathing. Ref. 3575.

Several small springs. Nearby cinnabar de
posits mined. Refs. 3567,3575,3612,3646.

Several flowing wells. Springs in same locality
stopped flowing when wells were drilled.
Bathing resort.' Ref. 3638.

Several springs end drilled wells. Bathing
resort. Ref. 3626.

2 groups of springs. Water is saline and sul
furous. Refs. 3626, 3676.

Small flow Issuing between tide limits. Not
contaminated by sea water.

Water is brackish. Ref. 3651.

2 springs, each flowing 140 imperial gpm.
Temperature of water varies with the season.
Small deposits of sulfur and slllceous sinter.
Refs. 3577, 3611, 3625, 3626, 3651.

Several springs rising In a small lake. Much
free H2S. Refs. 3591, 3651.

Small flow. Water temperature probably
much higher at source of water.

Several small springs.

Flow 0.5 imperial gpm.

Several springs; combined flow is 75 Imperial
gpm. Ref. 3611.

Many small springs. Analytical data for
water having temperature of 40.5°0. Ref.
3613.

Several springs and drilled wells. Bathing
resort. Refs. 3608, 3613, 3634-, 3642, 3655, 3678.

2 groups of springs 5 miles apart. Analytical
data for water from main spring. Refs. 3613,
3651.

Dacite : _

Lake beds near Quaternary
lava.

Rhyolite _

Tertiary andesite and Qua
ternary rhyolite.

Faulted Tertiary.strata _

Tertiary strata _

Faulted Quaternary and
Tertiary strata.

Faulted Miocene sandstone,

2665 NaHC03 (370); Na2S04 (73);
NaCl (351); free H2S.

5,oY2 Na (689); HOO~ (470); SO~
(332); CI (929); NH~ (129);
H2SiO~ (154); HBO, (2,739).

3, 710 Ca(HOO~h (322); OaOh (309);
NaO. (2,871); KCI (103).

Andesttc _

Faulted Tertiary strata _

400 NaHOOs (46); NaCl (205); Tertiary strata, probably
free 002, HIS. faulted.____ __ _ do _

1,051 SlO, (65); Na (185); H003 do, •• _
(540); 01 (39).

t 8, 150 Na (3,162); H003 (6,660);003 Faulted Tertiary strata _
(1,9:ID); SO~ (388); 01 (581);
HB02 (535).

221 Oa(HC03h (49); Na:HOOa Pleistocene deposits and
(38); NaOl (21); AhO~ (16). rhyolite breccia.

7,673 Na (309); HC03 (620); Cl (28)_ Tertiary strata near andesite,

21,992 Ca(HCOah (56); eaCh (137);
NaC! (1,510); NS2B.07 (82).

3,140 Ca(HCOah (153): NaHOOa
(1,252); NaCl (1,669).

__________ Ca, Na, OL. Andesite(?} _

_______________________________________________do _

54

54

'76.6

'35

16.6

W",m

30-85

'43

21-45

34; 36

1 3 miles southwest of Kaikohe __

2 Ngawha (Ohaewai) _

{

Kam O•• ~._______________ 125. 5 2 2,025 810, (105); Oa (216); Na (206): Basalt overlying Tertiary

3 PuhlpuhL____________________ ___~~~~::::::~~:~ __., ~~:~ ::::~o_~:_~~_:~:::~_~__
4 Helensville, on shore of Kai- 4&-65.5

pam Harbor.

18 Te -Aroha, at west base of Te
Aroba Mountain.

19 Katikati, near Tauranga
Harbor.

12 Motukanae, in Lake Waikare__

13 Purlrt, _

14 Near north and west shores of
Mayor Island.

15 Near tributary of Waikorea
stream.

16 Banks of Walngaro stream _

17 Banks of WaitoaRiver _

5 wetwere,on sea coasL_________ 40

6 Great Barrier Island; 61; 85. 5

7 Taputapu, in stream bed near 49
. shore.

8 Near Wigmore stream, 0.25 Hot
mile from shore.

9 orua, on beach_________________ Warm

10 Miranda, on west border of Warm
Haurakl Plain.

11 Te Maire,S miles west of Lake 65-93
Wbangape (Wangape).

See footnotes at end of table.
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FIGURE 78.-Rotorua-Taupo area, New Zealand, showing location of thermal spring groups. From ref. 3583.
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o
o
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•

GEYSERS:

A, Waikite Rotorua

a, Malfroy
C, Whakamanu
D. Houriri
E, Paddlewheel

F, Prince of Wales

G, Pohutu
H. Waikorohihi
I, Wairoa

J. Puarenga
K, Papakura

L. Waikite
M, Parela

400
I

20
I

•
Hot spring

e
Geyser

o
Mud volcano

o

R

•
Boiling mud pool
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Tar~:a spring~ •.- ~ .
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•
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o
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FIGURE 79.-Rotorua and Whakarewarewa dretercta, New Zealand, showing main springs
and geysers. From ref. 3583.
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Thermal springs and wells in New Zealand-Continued

No.
onne.

77
Name or location

Temper
ature of
water
(°0)

Total
dissolved

solids
(ppm)

Principal chemical
constituents

Associated rocks Remarks and additional references

26 'I'aheke, at bead of two ravines. 42-100 1,241 S102 (322); Al (46); Oa; Na; Rhyolite (Pliocene to Re-
SO~. cent).

Z1 Tikitere, near Lake RotoitL ___ 54-90 962 S101 (110); Na (27); SOl (691); _____dc.,_________________•___
NH~ (55).

I

28 wereenat, between Rotoma 49 1,117 Si02 (182); Na (304); HOO~
_____do.__•___________________

and Rotoehu Lakes. 3 (278); SOl (49); 01 (365).

29 Near Tarewere Btver•• ________ 50-02 --_._----- -------------------_._---------- Faulted rhfolite (Pliocene
to Recent.

30 Awakeri, near north base of 58 888 Na (155); SO~ (253); Cl (112);
_____do _______________________

Mount Edgecumbc. H2 S103 (437).
31 whekerewerewe, near south 5<>-100 1,309 S102 (319); Na (256); HOO3 _.___do _________________•_____

end of Lake Rctorua.e (317); SO~ (55); 01 (337).

198 • • de __
r

_

Several springs; largest flows 20 imperial gpm,
.Ref. 3613.

Several springs. Ref. 3651.

Largest spring (temperature 36.6°0) news 750
imperial gpm.

Many springs of hot acid water; also steam
jets, mud geysers, and many acid fumaroles.
Water from 1 spring contains 10 percent
mixed hydrochloric and sulfuric acids.
Fumarole gases include HOI and SO2. Large
deposit of sulfur. Refs. 20, 3554, 3559, 3569,
3572, 3581, 3594, 3601, 3603, 3611, 3632, 3633,
3656,3662,3354,3666.

1 small spring; also several sulfurous fumaroles.
Deposit of siliceous sinter. Refs. 3594, 3635.

Several springs between tide limits. Water is
strongly saline; probably mixed with sea
water.

Several springs and small fumaroles. Analyti
cal data for water having temperature of
50°0. Bathing resort.

Several groups of springs and boiling mud
pots in area 1.5 by 2 miles. Analytical data
for water from Devil's Bath (temperature
54°0). Water from one spring contains
16,340ppm of SO~. Deposit of sulfur. Refs.
3642,3655,3668.

Flows 500 imperial gpm. Also several smaller
springs; water temperature 4Q-50°C. Ref.
2888.

Several groups of springs issuing along line 5
miles long. Water from springs near river
is alkaline, that from springs on higher ground
is acidic. Ref. 3668.

2 small springs. Analytical data- for water
from Pukaabu spring. Ref. 3635.

Several geysers, including Pehuta, Waikiti, and
Wairoa, and many other springs; also many
wells and mud pots. Analytical data. for
water from WaUdti geyser. Water from
Rachel spring (:flow, 70 imperial gpm, tem
perature 85°_93°0) Is alkaline; water from
many springs near lake shore is acid. Water
from wells is used for heating and other
domestic purposes, but it corrodes pipes and
plumbing fixtures. Bathing resort. De
posit of siliceous sinter. Refs. 20, 3547. 3550,
35M, 3555, 3557, 3558, 3560, 3561, 3570, 3579,
3582, 3585, 3586, 3600, 3601, 3610, 3621, 3623,
3634, 3639, 3642, 3643, 3647, 3648, 3655, 3660,
3668,3675,3677.

Many hot springs, hot pools, and steam vents.
Combined :flow,- exceeding 1,000 Imperial
gpm, maintains Lake Rotomabana in crater
of 'I'arawere volcano. Eruption occurred on
June 10, 1886, when opening fissure Inter
sected former Lake Rotomabara. Famous
Pink and White Terraces and the geysers
which formed them were destroyed by erup
tion. Violent hydrothermal activity con
tinued for several months after eruption.
Waimangu geyser appeared in 1900 and
erupted intermittently until 1908,sometimes
throwing column of mud and water to height
of 1,200ft. In 1929, gas at site of geyser was
92 percent 002 and 8 percent N 2. Refs.
3546, 3549, 3570, 3573, 3585, 3611, 3621, 3624,
3627, 3642-3645, 3650, 3652,.3655-3657, 3663,
3665-3668,3673.

Several springs along a fault. Water from
each is of ehlorlde type.

Several mud pots and fumaroles along same
fault as Northern group. Te Kopia fumo;role
is large steam vent. Water from each 15 of
acid sulfate type.

Several springs. Analytical data for water of
Champagne Pool (temperature 73°0). Refs.
3587,3611,3642. .

Several springs and fumaroles. One sprmg,
the Terrace geyser, boils continuously,
throwing water to height of 12 ft. Analysis
is for water in Blue Pool. Refs. 3582, 3621,
3640, 3542,3655,3672.

Several alkaline springs in area 0.25mile square.
Analytical data for water from boiling pool.
Small deposits of siliceous sinter.

Faulted rhyolite (Pliocene
to Recent).

Rhyolite tuff and breccia _

Volcanic tuff • _

.encestte., _

Faulted Tertiary strata•• _

Si02 (741); Na (737); SOt do •• _
(297); 01 (1,250).

S102 (448); Na (1,215); SO~
(119); 01 (1,990).

S102 (428); Na (366); HOO~
(289); SOt (97); 01 (358).

S101 (305); Na (926); H003 do • _
(769); 01 (1,049); B20~ (94).

3,240

4,156

3,309

1,606

26M 8i02 (127); Na (179); 'HC03 Tertiary strata, probably
(600); Cl (26). faulted._________________________• do • _

2753 S102 (115); Na (169); H003 .cdc _
(288); C1 (103)._______ _ ._. do • _

'45

Hot

67-91

6O-10D

Okeula, on banks of small 40-41
stream.

Matamats, on banks of small 41-43
stream.

Okoroire, on banks of weniou
River.WhIte Island.• • •__

West part of Whale Island _

Beach west of Kawbia _

Orakei Korako, on banks of 60-100
Waikato River.3

Ohaki, near Waikato River 60-100

Peeroa area: 3
Northern group _

Southern group _

Waiotapu Valley 3__• .______ 41-100

24

26

so
21

22

23

32

35

33

24

ae

See footnotes at end of table.
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Wann _~ ~~ ••_ ___~_~ ~~_~_~~ __•• ~~_~_~ do., ~ ~_. _~ ~

38 640 Ca, Na, S04, 01; free H,s ~ ~_~_~do~~~~_. ~__~~_~~~__._
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Remarks and additional references

Geyser, several other springs. and test wells.
Analytical data for geyser. Bathing resort.
Refs. 3559, 3566, 3593, 3594,3621, 3642.

Several springs and rumeroles In an area of
steaming ground. Ref. 3584.

Hot springs, boiling pools, and fumaroles in
area about SOO It square. Analytical data for
water having temperature of 70°C. Refs.
3570,35M,3611.3621.

Several small springs, Water contains constd
erable 1. Refs. 3586,3643,3666.

Water is strongly saline. Gas is 84 percent
CH4, 16 percent Nt. Refs. 3573, 3616.

Several springs having combined Ilcw of 10
imperial gpm. Refs. 3609,3611,3651.

Ref. 3565.
8 main springs and 1 well 300 ct deep. com

bined flow, 50 imperial gpm. Anal~tical data
for water from' well. Bathing resort. Refs.
3573.35f:9, 3690,36M, 3611,3626.3642.

Ref. 3565.

Large:flow. Rcf.3627.

Several springs. Ref. 3651.
Small flow. Ref. 3565.

Do.
Small deposits of sulfur and siliceous sinter.

Ref. 3651.
Large flow. Strong odor of H2S. Refs. 3565,

3649.
Several springs for several miles along the river

valley. Small deposits of sulfur and siliceous
sinter. Ref.3651.

3 springs having combined flow of 3 imperial
gpm. Refs. 3565,3649.

Several small springs. Free H,S. Refs. 3565,
3649.

2 main springs having combined flow of 100Im
perial gpm. Free H,S. Small deposit of
silica. Ref. 3649.

Several small springs; temperature and :flow
vary with the season. Ref. 3649.

Large flow. Free H2S. Refs. 3565,3659.

Also other small springs.

Several springs. Analytical data for spring
having largest flow.

Small flow.
Large flow.

Small springs at Lyttelton tunnel, cess Bay,
Rapaki, Motukahara, and in Heathcote
Valley. Refs. 3565,3629.

Shallow well. Used for domestic purposes and
irrigation. Ref. 3565.

Water is sulfurous. Used for bathing. Ref.
3570.

Many geysers, one called "Lightning, It and
boiling springs for nearly 0.5 mile along a
stream and along fault near Mokai. Deposits
of snteeoue sinter. Bathing resort. Refs•
3552, 3582, 3585, 3586, 3598, 3599, 3623, 3668,
3669 3670,3675.

Severoisprings In area of1 square mile. Analyt~
ical data for boiling spring. Deposit of
sulfur. Bathing resort. Refs. 3592, 3611,
3675.

Several springs and fumaroles. Karapiti
fumarole is large steam vent. AnalytIcal
data for boiling spring. Refs. 3582.3621,3642,
3661,3675.

Many springs. Analytical data for Crew's
Nest geyser. Deposits of sntcecus sinter.
Bathing resort. Refs. 3552,3582, 3623,3641,
3643,3655.

Several springs. Bathing resort. Rers. 3636,
36M.

Associated rocks

Rhyolite (Pliocene to Re
cent), probably faulted.

Principal chemical
constituents

S102 (3M); Na. (1,244); 01
(2,003).

SiO, (53); Ca(HC03h (104); Faulted shale and limestone
CaCb(2,194); NaC! (11,522)." (Upper Cretaceous).

Na (2,182); 01 (3,410); B203 'I'ertinry andeslte, _
(31$).

Na, SO~_~_. ~_~~~~_~__ Faulted Tertiary andesite;__

Oa (SO); No. (60); S04 (l,MS); Andesite, ~~~~~~_~~_

NH (276); H2Si03 (373);
HB02 (612).

Na, CL_~~__~ ~~~ Andesite near fault __~~~_~~~~

___________________~~~_~ __~.~_~~ _~~_~do~~~~~~~ ~_~ ~_~ ~~~~

~:: ~gg~: g~::::::::::::::::: :::::~~:::::::::::::::::::::::

6.623

2,816 SlO2 (398); Na (555); SOi do ~_

\ (962);or(729);much gas.

I, 746 Sig~9)~3b8h71~~ (428); S04 do~_ ~~ ~_•• _

2,329 SiOt (176); Na (820);01 (1,256) ~ do, _~~ ¥ _

800
1,560
1,130

High

2,805

Pleistocene(?) lava ~_~_~

340-600 Ca, Na, S04, CL ~__~~~_~~ ~~~~~do__~~~~_~ • ~_.__

214,000

3,856

Total
dissolved

solids
(ppm)

Thermal springs and wells in New Zealand-Continued

___~~_.__~ ~~~._ ~~~. ~.~•• _~.__~ • ~_~_~do_~~~.~. ~_~_~_~._

2,033 SiO, (52)/' Ca (47); Na (237); ~_._.do~~~ ~_~_~~~__~ _
HC03 566); 01 (81).

150 Ca (HCOa)t (87); NaHC03 Upper Tertiary volcanic
(73); Na01 (260). rock.

__~_~ ~~ ~_ ~~ ~_~ _~_. ~~_~~~ .~~~__~~. ~. do__ ~ ~_~__~~._. _

___~~ __ ~ _~ _~~ ~ _~~._~~~~ _~ ~ ~ ~_do ~__~~~_~~ ~

265 Na, CL __~~__~ ~ Triassic strata, probably
faulted.

_____ ~__• ~__~~_~ ~ ~~__~~_._____ .~ ~__do~~_~ ~~_~~~_.~ ~ __
•__ ~ _~~___ ~~~_~ ._. ~_~ _~~~ ~__ ___~_do ~~ ~

180 Na, CL •__.~~_~. ~~_do ~~.__~_~ •
330 810, (91)iNa; K; SOl; Cl; dis- Triassic(?) strata ~~_

solved H,s (34).
440 SiO, (104); Naj K; 01; S04 _•• ~__~~. _

(295); dissolved H2S (27).
__• ._ Na, CL ~~ ~.~.__~~__~__~ Mesozoic or Paleozolc strata;

65

Hot

49

'60

._________ Shale and sandstone (Ore-
taeeoust, probably faulted.

598 Sl02 (51); Na (161i); ReGa Faulted graywacke (Trias-
(139); S04 (51); 01 (152); sic).
free HaS._____• .___________________ _ _ _ do _

21,185 Na (379); RCGa (196); SO. do _
(19); 01 (483); HBO) (200);
gas se.n percent CHt_

Warm __• • • .do__• ~~_~~_~~__~_~~

"Hot
Wann

30.5
82

71

'71

Warm
Hot

21-28

21

51-68

38

65

Wann
Wann
.werm

Warm
40-55

Hot

60-100

Temper
ature of
water
(°0)

Name or location

67 Mungo River Valley near
, mouth of Brunswick 6reek.

58 Near Wanganui River ferry. _

59 Banks of Wanganui River__~_~_

60 Along Hot Spring Creek n~ar

junction with Wanganui
River.

61 Bed of Wataroa RIver ~__~_
62 Near upper Waiho RIver:

Hans spring ~_~_~._.__ ~__
Drilled well_~_~~_. ~~_~_

63 Along upper Fox River_~_. _

64 Along upper Oopelend River:
Several sm.allsprlngs ~._

Welcome Flat_.~~__~~__•__~

65 Banks Peninsula, from Heath
cote Valley (3 miles north of
Lyttelton) to 10miles south
west of Lyttelton.

66 TImaru__• ~_~._~_.__~~~__

67 50 miles southwest of Timaru~_

49 Huruni River (Hot Spring
Creek).

50 Bank of Hnruni River, near
Lake Sumner.

51 Upper Haupiri River Valley__
52 Near Otehaka River~._~~_~. _
53 Near Otira River ~_.__• ~~

M Frazer, on east bank of Taipo
RIver.

55 Cedar Flat, near 'roerobe
River.

56 Near KokatahI River ~~~_

40 Taupo, beside wetketo River3~ 3S-100

41 Te Pula________________________ 165.5

42 South end of Lake Taupo: 3
Near end at 'I'okaauu 60-100

Waihi, 2 miles west of To
kaanu.

43 Ketetahl, on north flank of
Tongariro volcano.

37 WaIrak%' 6 miles north or "HOD
Lake aupo.e

. "

.

38 Rctokawa (Rctokaua), near 60-100
north shore of smeuiese.a

39 Walora, near head ofvalley~~ __ IIO-IOD

« Tarawcra, on east margin of
volcanic plateau.

45 Morera (Nuhaka), in stream
valley.

46 Maruia, on gravel plain of
Maruia River.

47 Near Lewis RIver __ ~ _
48 Hanmer; near south base of

Kaikoura Mountains.

No.
onns.

77

1 Maximum. 2 Hottest. 3See also fig. 78. 4See also figs. 78, 79.
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PHILIPPINE REPUBLIC

The Philippine Republic includes 11 main islands,
which form about 92 percent of the total area of the
group; 20 others of about 100 to 700 square miles each;
and more than 3,000 smaller islands, most of them less
than 1 square mile in area. Nearly all the larger is
lands are mountainous, and the principal ranges trend
north-south to northeast-southwest.

Part of the Eastern Cordillera of Luzon Island is of
crystalline rocks and schist flanked by intensely folded
Tertiary sedimentary strata. The Central Cordillera
in the northern part of Luzon forms a belt of granite
and diorite with some andesite and dacite. Farther
west is a range of pre-Tertiary volcanic flows and in
trusive rocks flanked by folded sedimentary strata.
The Cagayan Valley is a region of folded Tertiary
sandstone and shale, and Miocene coral limestone is
present in some places at an altitude of as much as
4,000 feet. Basalt and andesite of Tertiary to Recent
age cover large areas, especially in southern Luzon.

Schist is exposed in the northern part of Mindoro
Island, but the principal mountain is of andesite. The
long, narrow island of Palawan, farther southwest, has
a core chiefly of schist with some plutonic and extrusive
rocks. Several prominent peaks are probably volcanic.

In the central part of the Philippine group, Mas
bate Island consists of pre-Tertiary sedimentary strata,
with diorite intrusives and later mafic volcanic rocks,
and extensive areas of marine Miocene deposits. Samar
is underlain largely by Tertiary sedimentary strata.

Leyte also is composed chiefly of Tertiary strata, but
it has a central volcanic range. Panay has a main range
that is chiefly andesitic, with some pre-Tertiary sills of
diorite; but most of the island is covered by marine Ter
tiary beds. The axial range of Negros is largely of
sedimentary and metamorphic rocks, bnt there are some
volcanic areas in the north and the extreme south. On
Cebu and Bohol, pre-Tertiary schist is overlain by
folded marine Tertiary strata.

Mindanao Island has ranges and plateaus of andesite
and basalt, and several volcanic cones. The sonthwest
ern part of the island is largely of marine Tertiary
strata covered in places by lava flows.

Abont 20 volcanoes in the Philippines are classed as
sol£ataric, and nearly 30 other volcanic cones seem to be
extinct (ref. 3689). The volcanoes of northern Luzon,
and of Babuyan Claro and other small islands off the
north coast, are in nearly straight alinement. Other
volcanoes are in southern Luzon, Negros, Mindanao, the
small island of Camiguin off the north coast of Min
danao, Basilian (extinct), and J010 in the far
southwest.

Most of the thermal springs in the Philippines issue
from lava on or near volcanic cones, some <ifwhich are
still sol£ataric; but a few springs issue from granite or
other types of rock, probably along faults.

Little detailed information on the thermal springs
seems to be available. Their locations are shown on
figure 80, and published information is summarized
in the table below.

ThermaZ springs in the Philippine Republic

{Data chiefly from refs. 3689,3698,3703,3714. Principal chemical constituents are expressed in parts per million]

No. on Temperature Flow Total
fig. 80 N arneor location of water (liters per dissolved Principal chemical constituents Remarks and additional references

(DC) minute) solids (ppm)

1 Babuyan Claro Island _________________ -------------- -------------- -------------- ------ - --- ---- -------------------- Steam vents and steam explosions near two

2 Dldlcas Island_________________________
volcanic craters. Refs. 3700,3709.

-------------- -------------- -------------- ---------------------------------- aotretenc volcano in main part of island.

3 Camiguin de Babuyanes_______________

~~8~ablY some fumaroles. Refs. 3687,

-------------- -------------- -------------- ---------------------------------- Hot springs and sotreteres on west flank of
volcano. Deposits or.sutrur. Refs. 83,

4 Mount Oague__________________________
3689,3699,3708.

-------------- -------------- -------------- -------- - -- ---- --- ---- -------- ---- Fumaroles on flank of volcano. Refs. 3699,

5 Dangles (nocos Sur)___________________
3708.

Hot -------------- 2,114 ---- ------------------------------ Several springs. Ref. 3701.
5 ¥~deng, near Villa Vieja________________ ss -------------- -------------- ----------------------------------
7

C~~~-near-Le:Paiito~~~=~==============
Hot ----.--------- -------------- - --- ---- ------- -------- - --- ---- --- Several springs.

8 56.2 -------------- -------------- ----------------------------------, Quentiang, near Amamasan ____________ 56.2 -------------- -------------- ----------------------------------
10 DUong, near MadUeg__________________ .. -------------- -------------- ----------------------------------
11A 15km north of Lubuagan:

Crater of Ambalatungan votcenc;___ Hot -------------- -------------- -------- -------------- ---- ---- ---- Many springs and not gas jets. Deposits

Craters of Bumbag volcano _________
ot sulrur. Ref. 3688.

Hot -------------- -------------- ---------------- ------- --- - --- ---- Many springs and hot gas jets. Ref. 3688.
Crater of Podakan volcano __________ Hot -------Large- -------------- -SlO2--(195)i--CaO-"(i2S);-Nri20-

Strong jet of steam. Ref. 3688.
11 Balotoc, or Mainit (Mayinlt), 10 km Boning 2,113 Salt workings. Refs. 3696,3702.

east of Lubuagan. ~457); COa (208);SOt (295);Cl

12 Cervantes, on Rio Abra________________
760)... -------------- 1,700 Issues from andesite. Refs. 3702,3717.

13

~~~~~=====:=======================:=
50 -------------- -Hco~-{iO)-;-sO;"(200);-Cr"(800)== Do.

l< 45-50 200 --~----10~800- HCOa (708);SO. (270);Cl (5,000)_ 4 springs. Analytical data for spring hav-
ing temperature of 600 C and flowing 40
liters per minute. Water from other
springs is less higbly mineralized. Ref.
3702.
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Thermal springs in the PMlippine Republic-Continued

No. on
fig. 80 Name or location

Temperature
cr weter

COO)

Flow
(liters per
minute)

Total
dissolved Principal chemical constituents

solids (ppm)
Remarks and additional references

cefucac, on west side of Gulnon ~ ._. • __~ ~ • . • .
volcano.

59 {~~::teo~ri~_~~~~~~~~~~-_~========::: ~6~ ~~:H :::::::::::::: ::::::::::::::::::::::::::::::::::60 Mount Htmalacagan (Manacagan), 37.5 ~ • • ••. __
near Burauen.

3680, 3689,

Ref. 3690_

2 springs.

Several springs near sulfur mines. Refs.
3679,3689.

aotreteres and fumaroles. Deposit of sul
fur. Refs. 3679, 3683,3689.

Water is suhurous. Ref. 3683.
Do.

Flows of several springs combine to make
stream 12ft wide. Deposits ofsulfur and
siliceous sinter. Also Kasiboi (Casiboy)
solfatara. Refs. 3683,3689.

severer springs. Also 'I'o-od and pengu
jaan solfataras and several fumaroles.

Ref. 3683.

Solfataras and fumaroles.
Do.

Water is strongly saline.
Several springs. Water is saUne.
Water used for bathing.

Rels. 3680,3717.

Water is radioactive. Refs.
3690,3705,3708,3717.

Water is radioactive. Resort.

Refs. 3702, 3717.

Water is ferruginous. Mueh
Resort. Ref. 3684.

Several springs. Ref. 3684.
Do.

Several springs.

Free R2S. Water used for bathing. Refs.
3684, 3689,3701.

Maintains pool20meterstn diameter. Free
H2S. Deposit of siliceous sinter. Refs.
3684,3689.

Also solfataras. Refs. 3689, 3708.

Free 002.

Water is ferruginous. Alsosolfataras. R~f
3708.

Several hot springs. Resort. Ref. 3701.

Several springs and solfataras. Ref. 3712.

Lake 1 km in diameter. Site of Yellow
and Green Lakes before eruption in 1911.
Refs. 20, 3685.. 3689,3693,3705, 3708, 3712.

Also several otner springs nearby. Water
is radioactive. Ref. 3717.

Sollataric volcano. Probably some rume
roles.

Several springs.

Several springs.

Water used for bathing.

2 springs.

Several springs Issuing from andesite.
Analytical data for hottest water. Refs.
3702,3717.

Water very saline. Salt workings. Ref.
3696.

Oa(HOOahi NaCl ._ Several springs.

ROOa, OL ~ _

Na, HOOa, SOI ~ _

69'

129 ~~ M

5,878

1.800 ~ ~ _

Small H003 (378):SOt (78):01 (4,700) __

:::::::::::::: ~~- -----i;i7S- -Ca;Na~-:iiO-O;=:::::::::: :::::::
_~____________ 450;750 __~ M ~~--------~--M----

::::::::: ::::: --- ~~-- --~505 ~ ::::::: :::::::::::::::::::::::::::

____________________________ Fe (450);SOt (3,000); 01 (420) _

Water strongly saline; highly radioactive.
Rel.3702.

Several springs.

SoUatara. Temperature and analytical
data are for condensed vapor. Water Is
highly radioactive. Ref, 3702.

--~----SmalC ~==~~~=~~=~~~~ ::=:::::===~=~~=~~~=~~=~~~::::=~== Water is very saline.

.;::::::::~::~ ---- --- -4;200- :=::=::~~:::::: ::=::::::::::~:::::
~~____________ 1,900 _
______________ 680: 2,200 ~ ~ _

1,520 S102 (41): Oa (134): Na (388);
S04 (349):01 (588).

:::::~=: ~===== :~=:.:::~::::-HCCla-(il0);-E16~ (350);-6T(650Y:

42

44.'

Hot

Hot
Hot

Hot

40

63
(max)

Hot

Warm

66

70
(max)

70

Hot

Warm

48430
Warm

60.5
52
Hot
60

ss
(max)

86
4<HlO

31.3

4'
43

55-58..
W"m
W"m

48
Hot

40-51
35
31
39

43-47

44.'
70

36
37.5

Boiling

Hot
41-.56

37
40-100

52

100

Mount nanefao ~ _ _ • _ ___ _ _ . • ._~~ ~

San Emilio • .~ _
Lanot, on west shore of San Miguel

Bay.Manito (Maniti) ~ _
Punta Mainlt. _
Lalo ~ ~~_

Jigabo _
North of Mayon volcano:

Tiui, in bed of Naga stream,__ ~ _

N aglagbong ~ ~

Asln, near Daklan _

Salvadora _

Badukbuk _

Daklan__~ __~~ _
Asin sttro (TnkUkan?) ~ _
Orioung _
Balongabcng; on west bank of Bued

River.
Klondike, 25km northwest of Lubang__

Meabe, near Rio SlIi _
Itogon _

Salinas, 25 km southwest of Bayam-
bang.Napundut, Ballngao _

Sapang Mainlt ._~ _
Canan, near O'DoneIL. _
Balong Anlto ~~~ _
Dinalupihan _
Tibio • _
San Jose MainiL _
Cardone ~ _
Lubo • _
Galas _
Bumbungan ~ _
Apasan _
Pansol:No. 1 ~~ _

No. 2 • ~ _
Los Banos: At base of Mount Maqulling

Agues Santas _
Binobusan .~ _
Orater of Taal volcano in Bombon

Lake.
Anos, near San Pablo _

66

63
lMount Danan, near Kasiboi {Oasaboy)

61 volcano.
East slope of Mount OabaUan _
Palawan Island:Alivancia volcano ~ ~ ~ ~ ~_ ~__._. ~~ •• _

'I'alasqufn volcano, ~_ ~ _
63 Near Apdo, on Panay Island___________ 48.9 10,500 ~ ~ _
64 PalimpinO:!J.____________________________ Hot ~_ 6,025 ~ ~~_

es l~~~n~~~kI~y~gf~~~~f:~~~ of Can- 39 ---- ~___ 460 -----------------~----------------
Mambajao, on southwest slope of Can- Hot ~~__~~ _

leon, or Malaspina, volcano.Gufgulngan__; ~ _

sa
fill

54

53

'I'ancalao, near east base of Mayon vol
cano.

52 Irosin, or Monbon, 5 km north-north
west of Jrostn.

Bujan, or BuIusan, near east base of
Bulusan volcano.

Puerta (Punta?) Galera, northwest of
Calapan.

East border of Lake Neujeun (Naujan);
Near Gasang, on southwest coast of

Marlnduque Island.
Villa Hermosa, on west coast of Samar

Island.
Bf'lllran Island:

East side of Guinon volcano ._~__
ss

42

43

44
45

46
47
48
49
50

39

40
41

25

26
27
28
29
30
31
32
33

"35
36
37
36

18
19
20
21

22

23
24

"is
17

735.....1U40-65-17
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Thermal springs in the Philippine Republic-Continued

No. on Temperature Flow Total
fig. 80 Name or location or water (litera per dissolved Principal chemical constituents Remarks and additional rererences

(QO) minute) solids (ppm)

67 Near Isabella___________________________ Warm Small
-~------4~600----------------------------------- Water is sulfurous.

68 {~=~~g~_~~~!~_~~~~~~_~_i~_e_r_-~:== Hot -------------- ----------------------.- ----------
-------------- -------------- ----.-.-.----- --------------.----- -------------- Smallscrretere.

69 Canleon volcano, or Mount Silay______ .------------- -------------- -------------- --------.- -_.- -------------------- Fumaroles ond solfataras. Deposits of
sulfur. Ref. 3689.

70 Tahogon_______________________________ Hot -------------- -------------- ---------------------------------, Several springs. Water is sulfurous.
71 Aguas Calientes________________________ Wann -------------- -------------- ---------------------------------- Several springs on shore between high and

low tides.
72 Candaguit_____________________________

"5 -------------- -------------- ----------------------------------
73 Naga MainiL _________________________ 34.5 -------------- -------------- ---------------------------------- 2 main springs.

(max)

" Tagbai' or Bolocboloc__________________ 83 -------------- -------------- ----------------------------------
75

~~~~~o~f~~======== ======== === === === ===
34.2

--------2~OOO- -------------- ---------------------------------- 1 main and several small springs.
76 Wann -------------- --------------------------------.- Several springs.
77 Alegria, near Casipitan_________________ 47.5-63.5 -------------- -------------- ---------------------------------- Do.
78 Oslob Mainit __________________________ 35; 35.8 -------------- -------------- ---------------------------------- 2 main springs.

"
Tanon Mainit________________________._ 36.2 ----_.-------- -------------- ----------------------------------

80 Southwest base of Catarman volcano on 63 -------------- 5,720 ---------------------------------- Several springs near shore. Water
"Camiguin Island. (max) strongly saline. Refs. 3686,3708-3710.

81 Near north border of Lake Mainit______ W",m 1,700 -------------- ---------------------------------- Refs. 3691,3706,3712.
82 Balian, near coast 8 km north of mouth W",m -------------- -------------- ---------------- ------------------ Several sprIngs. Ref. 3691.

or Sibugeuy River.
8' Near coast 16 km south of mouth of Warm -------------- -------------- ---------------------------------- Do.

Sibuguey River.
S< Ragang, or Macaturin, volcano_________ -------------- -------------- -------------- ---------------------------------- soretaras ond probably fumaroles. Ref.

3708.
85 Ooteteto _______________________________ 38 -------------- -------------- ----------------------------------
86 Apo volcano:

East side 300meter below summlt., , --------Ii:oi-- -------------- -------------- ---------------------------------- Several large solfataras. Refs. 3689, 3708.
Southeast slope ____________________ -------------- -------------- ---------------------------------- Jetting sprin~ and fumaroles. Water is

sulfurous. er, 3689.
87 Near extmct volcano on Basilan Island; Hot -------------- -------------- ._-------------------------------- Several springs.
88 Near Candasubig on Jolo Island________ 34 ------------.- -------------- ---------------------------------- Several SErings issuing from volcanic rock.

(max) Also so reteres.

" Balut Island:Northwest coast,___________________ Hot -------------- -------------- ._----_._--¥_¥-------------------- 2 springs. Ref. 3715.
Crater of Sanguil volcano__________ -------------- ¥¥_----------- -------------- -----------------------------¥__¥- Steam vents? Ref. 3715.

SAMOA

The main islands of the Samoan group lie about 500
to 700 statute miles northeast of the eastern part of the
Fiji group, as indicated on figure 72. The islands are
composed almost entirely of volcanic materials,
although they are partly surrounded by coral reefs.
The main islands are recognized to be on a great
fracture zone. Hot springs do not seem to be specifi
cally mentioned in the literature concerning the islands,
but according to Jensen (ref. 3718), large fumaroles
emitting steam and acid vapors have accompanied vol
canic eruptions on Savaii Island, the largest of the
group. It seems probable that at some periods between
the eruptions, hot springs, solfataras, and other mani
festations of thermal activity may be present.

SOLOMON ISLANDS

The Solomon Islands form a double chain of about
a dozen main islands and many smaller ones, which
extend from 100 to 600 statute miles southeastward
from the Bismarck Archipelago, as shown on figure 72.
Bougainville, near the northwest end of the group, is

the largest island. Its highest mountain rises above
10,000 feet altitude. All the large and some of the
smaller islands of the Solomons seem to be of volcanic
rock coated with uplifted coral reefs along the coast.
Other small islands seem to be entirely of coral lime
stone, but this rock probably overlies volcanic rock.

Data on hot springs and other thermal activity on
several of the islands are given in the following table.

Thermal springs in the Solomon Islands

[Data from refs. 3719,3720]

No. 'I'empnra-
on fig. Name or location ture of Remarks

72 water (OC)

1 Mount Bogana, on Bougainville ------------ Probably soUataras and Iu-
Island. maroles.

2 SImbo (Zimboa?) Island:
Crater of volcano____________ 70-98 Several springs.
Side of crater________________ 70-92 Fumaroles exhaling HtS and

SO!. Heat used fo,
cooking.

Border of lagoon in south 78 Several springs and rume-
part of island. roles.Near eest coast. _____________ Hot Issue below low-tide level.

a Vella Lavella Island_____________ ------------ Fumaroles. Deposits of sul-
fur,, Narovo (Bddlatone) Island__¥___ _¥_--------- golrateras ond many ru-
merotes.

5 Savo Island, near northwest end Hot Several springs near shore
of Guadalcanal Island. and on beach.
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8 A volcano on Guguan Island, farther south, was reported to emt
vapor from many openings Fuchs, ref. 43).

Thermal springs in Sumatra
[Locations of unnumbered springs not identified. All, or nearly all, springs Issue

from lava}

VOLCANO ISLANDS

The Volcano Islands form a group of four small is
lands about 4,000 statute miles west of Honolulu, as
shown on figure 72.

Iwo Jima (Io-sima, or Sulphur Island) is the largest
in the group. It is 5.2 miles long and is formed of two
volcanic mountains connected by an isthmus of lowland
It was well known during World War II as a Japanese
stronghold. The geology and petrography of the is
land were studied by Tsuya (ref. 3731), and the geology
and water resources were described by Swenson (ref
3730). The northern highland is almost entirely of
volcanic tuff. Mount Suribachi at the south end is of
andesite overlain by cinders and scoria.. The interven
ing lowland is of loose volcanic ash and cinders.

There are many fumaroles on I wo Jima. According
to Swenson (ref. 3730), they are especially numerous
in the crater of Suribachi, on the west beach, and in a
belt extending northeasterly across the center of Moto
Mountain. Swenson also reports that military-supply
wells drilled to sea level in the central lowland yielded
warm to hot water.'

14 Near Opn (Yepu) River _

Remarksand references

Several springs along a line.
Much evolved CO" H~S.
Ref. 3728.

Fumaroles aud soltataras.
Intermittent steam vents in

SIIUloU Islands. Refs. 3721,
3726.

Springs bubbling up at sev
eral places. Ref. 3723.

Ref. 3524.

Several springs called Pan
ehoran Tujuh. Water
used for bathing. Ref.
3723.

Low mineral content.

Fumaroles and soljataras,
Do.

1 main spring. Free H~S.

Fumaroles and solfataras.
RefSS.

Do.
Do.

Fumaroles and solreteras.
Do •..
Do. .

Several springs in marsh area
55 meters in diameter.
Water is bitter, astringent.
Much freeH,S. Ref. 3723.

Several springs, combined
flow fairly large. ReI.
3723.

Fumaroles and solfataras.
Several springs. Much

vapor.
Fumaroles and solfataras.

Hot

Hot
Hot

Hot

Hot

Hot
Hot

Hot
Hot

W"'"

Hot
170

Hot
127

100

102.5

Hot

Hot
Hot
Hot

120-170

Tempera
ture of
watar
(OF)

Name or location

1 Beteekeubeue volcano _
2 Boer-in-Telong volcano _
3 Base of Goenoeng Rate (RaU),

near Natal.
4 Sorlk-meraplvolcano _

li Tandikat volcano _
6 Gcenoeng Merapi (Gunung-

berapi) volcano.
7 Near Buklt-slptnang, between

OoenoengMerapi and the sea.
S Prtangsn, near Goenoeng

Merapt,

Near small river Ayer Grau
(Abu).

Near Padang-baru, 1 kID south
of BOndjoI.

15 Kaba volcano _
16 East base of Kaba volcano _
17 Dempo volcano ~~ _
18 Lake Ranan, in ancient crateron

north slopeofSiminung Moun
tain.

19 Margin of Pilomasin Basin,
northeast of Siminung Moun
tain.

20 Goenoeng Radjnbasa volcano _
21 Near Krakatoa volcano _

9 Flank of Manlnyu volcano be
tween Goenoeng Merapi and
the sea.

10 Talang volcano ~ ~~~_~~~~

11 Goenoeng Kerintji volcano__~~_~
12 Goenoeng Soembing volcano _
13 Near Tanjong village, northeast

ofOpu.

No.
on
ftg.
74

TONGA ISLANDS

The Tonga Islands (Friendly Islands) consist of a
north-south-trending chain of many small islands about
200 to 600 miles south of the Samoan group, as indicated
on figure 72. Most of these islands are low and of coral
formation, but in the northern half of the chain are
several high islands of volcanic origin. Some of the is
lands are of submarine volcanic tuff penetrated by dikes
of andesite and diabase. Several of the islands have
active volcanoes, and a zone of volcanic activity is rec
ognized as passing along the west side of the northern
part of the chain.

Niuafoou Island [Good Hope Island on some early
maps] is the northernmost in the chain. It was de
scribed by J aggar (ref. 3729) as being a volcanic crater
about 3 miles in diameter, with a central lake of fresh
water whose surface was 70 feet above sea level. The
crater erupted lava in 1853, and had a great steam-blast
eruption in 1886. There were eruptions also in 1912
and 1929. J aggar does not specifically mention hot
springs, but at Niuafoou and other active volcanoes in
the Tonga Islands there may be hot springs and fuma
roles. [The crater of Niuafoou erupted again in 1946,
after which it was reported that all native residents
moved to other islands.]

SUMATRA

A chain of high mountains that rise steeply from the
southwest coast extends throughout the length of Suma
tra. Their northeastern slopes descend more gradu
ally to broad alluvial plains that border the coast on
the north. Ancient gneiss, schist, quartzite, and granite
intrusives form the cores of the main ranges. In the
northwest these rocks are overlain by Upper Cretaceous
slate and limestone; in the southeast they are overlain
by steeply dipping beds of Triassic clay and sandstone
and some Cretaceous sedimentary rocks. Eocene beds
that have commercial coal seams are present in the
central part of the island. Marine Tertiary beds cover
most of the lower lands, and there are oil-bearing de
posits near the east coast. In this region are also Plio
cene deposits, largely covered by alluvium.

Bands of eruptive andesite extend along the lower
slopes of the mountains near the southwest coast, and
along the crests of the ranges are numerous volcanic
cones, some of which contain lakes. About 11 moun
tains are considered to be active volcanoes, which occa
sionally throw out ash and scoria. Several others are
in the solfataric stage. Although there seems to be
little information available on thermal activity at and
near the main volcanoes, the recorded thermal springs
seem to be associated with volcanoes. Their location
is shown on figure 74, and data concerning them are
presented in the table below.
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NEW ZEALAND

ANTARCTIC REGION
(Banany Islands, Ross fstand, and South Shetland Islands)

The Balleny Islands, about 1,500 statute miles south'
of New Zealand, are a volcanic group. (See figs. 1, 81.)
According to Fuchs (ref. 43), the volcano on Bukle Is-

o
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0 1000 2000 KILOMETERS, ! ,
Bllse from Encyclopedia Britannica. 11th ed.•v:21.Polar Regions

o
!

FIGURE 82.-RoS9 Island area, Antarctica, showing location of vol
canic mountains. From ref. 8733.

FIGunE 81.-Part of the South Polar region showing location of
Balleny Islands and Ross Island.

land was emitting vapor from many openings when the
islands were discovered in 1839.

Ross Island, in the Ross Sea about 2,200 miles south
of New Zealand, is volcanic. (See figs. 81, 82.) Sir
Ernest Shackleton (ref. 3733) states that Ross Island
is formed of four large volcanic cones, those of Mounts
Bird, Erebus, Terra Nova, and Terror. The last three
seem to be on an west-east fault, and probably another
fault passes through Mount Bird and Mount Erebus.
The latter stands as a seutinel at the base of the Great
Ice Barrier. From the side of its main crater rises an
active cone, generally giving off steam and other vapors.
Ice mounds are formed by the freezing of vapor from
many fumaroles. The greatest steam eruptions come
from a locality between the cones of Mount Bird and
Mount Erebus.

The South Shetland Islands, about 500 miles south
southeast of Cape Horn, are volcanic. (See fig. 1.)
Fuchs (ref. 43) states that a volcano on Deception Is
land often emits steam and other vapors from many
openings.
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Washington Acad. Sci. Jour., v. 26, no. 9, p. 393.

3. Anatolik, Karl, 1891, Pbysikalische Schulverseiche. IV,
Versuche ueber Licht, Warme, und Electrizitiit: Zeitschr.
phys. chem. Unterricht, v. 4, no. 6, p. 273-289, figs. 68-94.

4. Andreae, Achilles, 1893a, Ueber die kiinstliche Nachahmung
des Geysirphiinomens: Neues Jahrb. Mineralogie, Geologie
u. Paliiontologie, 1893, v. 2, p. 1-18,1 pl., 1 fig.

5. 1893b, Nachtrag intermittirende Springquellen obne Dampf
oder Gasgeysire: Neues Jahrb. Mtneralogte, Geologie u.
Palhontologie, 1893. v. 2. p. 19-25, 1 pI.

6. 1893c, Ueber die Nachahmung verschiedener Geysirtypen
und ueber Gasgeysirs: Naturh.-med. Ver. Heidelberg, new
ser., v. 5, no. 1, p. 83-88.

7. Arago, Dominique' Francois Jean, 1835, Observations a. faire
sur Ies sources thermales: Annuaire Bur. Longitudes, p.
265-272.



252 THERMAL SPRINGS OF THE UNITED STATES AND OTHER COUNTRIES OF THE WORLD

S. Arago, Dominique Francois Jean, 1838, Instructions con
cernant In meteorologte et In physique du globe: Acad.
sci. [Paris] Comptes rendus, v. 7, p. 206--224.

Postulates that the temperature of the earth at BOne in
Algeria could not have changed more than 4°0 in about
2,000 years because the springs that supplied ancient baths
still had a water temperature of 96.3°0 in 1785.

9. Barth, Thomas Fredrik Weihy, 1940, Pristine and contamt
nated rock magma and thermal water: Bull. volcanol., ser.
2, v. 6, p. 84-87, 1 pl., 1 fig.; 1950, abs., Bibliography and
Index of Geology Exclusive of North America: v. 14, 1949,
p.15.

10. Beetz, W., 1862, Ueber die Farbe des Waasers ; Annalen
Physik u. Chemle (Poggendorff) , v. 115, p. 137-147, 1 pI.;
English translation, in London, Edinburgh, and Dublin
Phtlcs. Mag. and Jour. Scl., ser. 4, v. 24, no. 160, p. 218-224,
I pl.

11. Behre, Charles Henry, Jr., and Garrels, Robert Minard,
1943, Ground water and hydrothermal deposits (discus
sion) : ECOll. Geology, v. 38, no. 1, p. 65-69.

12. Bischof, Karl Gustav Christoph, 1836-38, On the cause of
temperature of hot and thermal springs, and on the bear
ings of this subject as connected with the general question
regarding the internal temperature of the earth: Edin
burgh New Phllos. Jour., v. 20, p. 329-376, 1836; v. 23,
p. 33<Hl98, 1837; v. 24, p. 132-164, 252-300, 1838.
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Discusses the origin, chemical composition, tempera
ture, and physical properties of 'thermal waters, also the
factors affecting rate of discharge. Summarizes data on
thermal springs in various parts of Europe, the Caucasus,
and Algeria, and presents maps showing the locations of
the springs. Mentions numerous thermal springs in other
parts of the world.
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spring water and heat: Pacific Sci. Cong., 7th, New
Zealand 1949, Proc., v. 2, p.490-499.

114. Wiedemann, Gustave, 1882, Ueber elnen Apparat zur
Darstellung der Erscheinungen des Geysirs: Annalen
Physik u. Chemie (Poggendorff), new ser., v. 15, p.173
175, 1 fig.

115. Wilson, J. F., 1910, Earthquakes and volcanoes-hot
springs; supplementary edition including the theory of
gravitation: Knoxville, Tenn., S. B. Newman & Oo., 173
p., 19 figs.

116. Wolff, F. von, 1914, Die Geyser-c-oder Sfedequellen : stutt
gart, Germany, Vulkanismus, v.l, p. 606-622.

117. 1930, Plutonismus und Vulkanismus, in Gutenberg, B., ed.,
Handb. Geophysik: v. 3, p. 32-348, Berlin.

118. Ziegler, J. M., 187.2, Geyslr- Theorien: Vortr. phys. Ver.,
Frankfort am Main.

119. Zies, Emanuel George, 1941, Temperature of volcanoes,
fumaroles, and hot springs, in Temperature, its measure
ment and control in science and industry: Am. Inst.
Physics [New York], p. 372-380; repr., Carnegie Inat.
Washington Geophys. Lab. Paper 1032, 19 p.

UNITED STATES

GENERAL REFERENCES

120. Allen, Eugene Thomas, 1934, Neglected factors in the de
velopment of thermal springs: [U.S.] Nat!. Acad. Sci.
Proc., v. 20, p. 345-349.

121. Armstrong, Samuel T., 1897, List of mineral springs in
the United States, in Foster, Frank Pierce, Reference
book of practical therapeutics: New York, D. Appleton
& Co., 2 v., p. 362-385.

Includes a number of thermal springs.
122. Bell, Agrippa Nelson, 1885, Climatology and mineral wa

ters of the United States: New York, W. Wood & Oo.,
386 p.

Contains information on thermal springs in 30 local
ities.

123. Bell, John, 1831, On baths and mineral waters: Phila
delphia, Pa., Henry H. Porter, 532 p., in 2 parts.

Mentions several thermal-spring localities in the
United States and Europe.

124. 1855, The mineral and thermal springs of the United
States and Canada: Philadelphia, Pa., Parry & McMil
lan, p. 13-394.

Describes 32 thermal springs.

125. Brues, Charles Thomas, 1928, Studies on the fauna of hot
springs in the western United States and the biology of
thermophilous animals: Am. Acad. Arts and Sci. Proc.,
v. 63, no. 4, p. 139-228, 6 pls., 7 figs. ; 1929, abs., Internat.
Congo Enbiology, 1928, Rept., p. 237-240.

Contains information on 34 thermal springs and the
animal and plant life in their water. Includes an exten
sive bibliography.

126. 1932, Further studies on the fauna of North American
hot springs: Am. Acad. Arts and Sci. Proc., V. 67, no. 7,
p. 185-303, 8 figs.
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126. Braes, Charles Thomas-Continued
Describes 154 thermal springs (including the 34 de

scribed in reference 125) and the plant and animal life
in their water.

127. Bryan, Kirk, 1919, Classification of springs: Jour. Geology,
v. 27, no. 7, p. 522-561, 23 figs.

128. Clarke, Frank Wigglesworth, 1914, Water analyses from
the laboratory of the United States Geological Survey:
U.S. Geol. Survey Water-Supply Paper 364, 40 p.

Includes. chemical analyses of water from 45 thermal
springs.

129. Collins, William Dennis; Lamar, William Luther; and
Lohr, Edwin Wallace, 1934, The industrial utility of
public water supplies in the United States, 1932: U.S.
Geol. Survey Water-Supply Paper 658, 135 p., 1 pl., 1 fig.

130. Craig, Harmon, 1953, Isotopic geochemistry of hot springs
[abs.]: GeoL Soc. America Bull., v. 64, no. 12, pt. 2,
p. 1410; 1954, Am. Mineralogist, v. 39, nos. 3-4, p. 322.

Discusses results of studies in the Yellowstone Na
tional Park, at Steamboat Springs, Nev., and at Lassen
Volcanic National Park and "The Geysers" in California;
also at Lardarello, Italy.

131. Craig, Harmon; Boato, Giovanni; and White, Donald Ed
ward, 1954, Isotopic geochemistry of thermal waters
[abs.]: Geol. Soc. America Bull., Y. 65, no. 12, pt. 2, p.
1243; 1956, Natl. Research Council Pub. 400, p. 29-38.

132. 1956, Isotopic geochemistry of thermal waters, chap. 5
01 Nuclear processes in geologic settings: Natl. Research
Council, Oomm. Nuclear Sct., Nuclear Sci. Ser. Rept. 19,
p. 29-38, table.

133. Crook, James King, 1899, The mineral waters of the United
States and their therapeutic uses. With an account of
the various mineral spring localities, their advantages as
health resorts, means of access, etc., to which is added
an appendix on potable waters: New York and Phila
delphia, Pa., Lea Bros. & Co., 588 p.

Includes short descriptions of 85 thermal springs de
veloped as resorts, also of 69 geysers and hot springs in
Yellowstone National Park. Contains chemical analyses
of the water from many thermal springs.

134. Daland, Judson, 1890, Mineral springs of the United States,
in Gould, George Milbry, A new medical dictionary: Phil
adelphia, Pa., P. Blakiston & co., 519 p.; Blakiston's
New Gould medical dictionary: 1st ed., Philadelphia, Pa.,
P. Blakiston & Co., 1294 p.

Includes information On many thermal springs.
135. Daubeny, Charles, 1839, 'Notice of the thermal springs of

North America: Am. Jour. Sci. and Arts, 1st ser., v. 36,
no. I, p. 8&-93.

Contains data on a thermal spring at Lebanon, N.Y.,
and on hot springs in Virginia and Arkansas. Mentions
slightly thermal springs at Williamstown, Mass., and
Canaan, Vt.

136. Dole, Richard Bryant, 1910, The chemical character of the
waters, in The underground waters of north-central In
diana: U.S. Geol. Survey Water-Supply Paper 254, p.
230-267.

137. Fitch, William Edward, 1927, Mineral waters of the United
States and American spas: Philadelphia, Pa., and New
York, Lea & Febiger, 799 P., 37 figs.

Includes information On about 75 thermal springs de
veloped as resorts.

138. Gilbert, Grove Karl, 1875, Report on the geology of por
tions of California, Nevada, Utah, Colorado, New Mexico,

and Arizona, examined in the years 1871, 1872, and 1873,
in Wheeler, George M., U.S. Geog. and Geol. Surveys 'V.
100th Mer., Rept., v. 3, Geology, pt. 1: p. 19-187, 82 figs.,
map.

Lists 136 thermal springs and shows their locations
on a map.

139. Haywood, John Kerfoot, and Smith, Bernard Howard,
1905, Mineral waters of the United States: U.S. Dept.
Agr-lculture Bur. Chemistry Bull. 91, 100 p.

Includes chemical analyses of the water from Rubino
Healing springs and Rockbridge Alum springs in
Virginia.

140. Lindgren, Waldemar, 1933, Mineral deposits: 4th ed., New
York and London, McGraw-Hill Book Co., 930 p., 333
figs.

Describes the mineral deposits of thermal springs.
Mentions the deposits of Mammoth Hot springs and other
springs in Yellowstone National Park, of Steamboat
springs in Nevada, and of Idaho springs in Colorado.

141. Meinzer, Oscar Edward, 1927, Large springs in the United
States: U.S. Geol. Survey Water-Supply Paper 557, 94 p.,
17 pls., 23 figs.

Includes descriptions of springs near Double-O ranch
and Ana River springs, both in Oregon; Warm spring
near Lewistown, Mont.; and Big spring near east border
of Nevada.

142. Moorman, John Jennings, 1867, Mineral waters of the
United States and Canada: Baltimore, Md., Kelly &
Piet, 507 p.

Includes short descriptions of the principal developed
thermal springs.

143. 1871, Mineral springs of North America; How to reach
and how to use them: Philadelphia, Pa., J. B. Lippincott
& Oo., 294 p. Later eda., 1873, 1877.

Contains information on 29 thermal springs.
144. Peale, Albert Charles, 1886, Lists and analyses of the

mineral springs of the United States (a preliminary
study) : U.S. Geol. Survey Bull. 32, 235 p.

Contains information on 2,822 mineral and thermal
springs, also chemical analyses of the water from 819
springs.

145. 1894, Natural mineral waters of the United States: U.S.
Geol. Survey 14th Ann. Rept., 1892-93, pt. 2, p. 49-88,
maps.

Describes 128 springs having a discharge of 1,000
gallons per hour, Or greater. The temperature of the
water from many of the springs exceeds 70°F. In
cludes a map showing the locations of mineral-spring
resorts and of other mineral springs used commercially.

146. Pepper, William; Bowditch, Henry L.; Bell, Agrippa Nel
son; Challle, Stanford E.; and Denison, Charles, 1880,
Report of committee on sanitaria and on mineral sprlngs : ,
Am. Med. Assoc. Trans., v. 81, p. 537-565.

Contains data on 500 mineral springs, some of Which
are thermal.

147. Schweitzer, Paul, 1892, A report on the mineral waters of
Missouri: Missouri Geol. Survey, v. 3, 256 p., 33 pls., 11
flgs., map.

Classifies mineral waters and discusses the medicinal
effect of the principal chemical constituents.

148. Stearns, Norah Dowell; Stearns, Harold Thornton; and
Waring, Gerald Ashley, 1937, Thermal springs in the
United States: U.S. Geol. Survey Water-Supply Paper
679-B, p. 59-206, 10 pls., 12 figs.
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Contains information on 1,060 thermal springs and
shows their location on maps.

149. Walton, George Edward, 1873, The mineral springs of the
United States and Canada, with analyses and notes on
the prominent spas of Europe, and a list of seaside
resorts: New York, D. Appleton & Oo., 390 p., map.

Describes 24 thermal-spring localities in the United
States and several in France, Germany. Austria, and
Switzerland.

150. White, Donald Edward; Sandberg, Clarence Harold; and
Brannock, Walter Wallace, 1949, Geochemical and geo
physical approaches to the problem of utilization of hot
spring water and heat: Nevada Water Conf., 3d, Carson

City. Nev. 1948, Prcc., p. 112-125, 3 tables.

ALASKA

151. Allen, Eugene Thomas, and Zies, Emanuel George, 1923,
A chemical study of the fumaroles of the Katmai region:
Natl. Geog. soe., Contributed Tech. Papers, Katmai
Ber., No.2; Carnegie Inst. Washington, Geophys. Lab.,

Paper 485, p. 79--155, 26 photographs, 3 maps, 3 dia
grams, 9 tables.

152. Byers, Frank Milton, Jr., .and Barth, Thomas Fredrik
Weiby, 1953, Volcanic activity on Akun and Akutan
Islands: Pacific Sci. Cong., 7th, New Zealand 1949, Proc.,
v.2, Geology, p. 382-397, 9 figs.

Mentions hot lake, hot springs, and fumaroles in crater
of Akutan volcano. Contains chemical analyses of water
from one of the hot springs; also of a hot spring on
Umnak Island.

153~ Byers, Frank Milton, Jr., and Brannock, Walter Wallace,
1949, Volcanic activity on Unmak and Great Sitkin
Islands, 1946-1948: Am. Geophys. Union Trans., Y. 30,
no. 5, p. 719-734, 8 figs.

Includes information on the fumaroles and hot springs.
154. Collier, Arthur James, 1902, A reconnaissance of the north

western portion of Seward Peninsula, Alaska: U.S. Geol.
Survey Prof. Paper 2, 70 p., 12 pls.

Mentions hot sulfur springs along Sprlng creek.
155. Dall, William Healey, 1870, Alaska and its resources: Bos

ton, Mass., Lee & Shepard, 627 p., 13 pls., figs., map; repr.,
1897.

Describes several thermal-spring localities.
156. 1884, The new Bogosloff volcano: Science, v. 4, no. 80

(llug.),p.138-139.
Mentions that a cloud of sulfurous steam, derived from

vapor" jets at many points, obscured the summit of the
volcano.

157. Davidson, George, 1884, The new Bogosloff volcano in
Bering Sea: Science, v. 3, no. 57 (Mar.), p. 282-286, 3
figs.

Contains information similar to that in reference 156.

158. Fenner, Clarence Norman, 1920, The Katmai region,
Alaska, and the great eruption of 1912: Jour. Geology,
v, 28, no. 7, p. 569-606, 17 figs.

Mentions fumaroles and steam vents.

159. Finch, Ruy Herbert, 1935, Akutan Volcano: Zeitschr. Vul
kanologie, v. 6, no. 3, p. 155-160, 4"pls., 2 figs.

Contains information on hot springs and vapor vents
in several localities.

160. Grewingk, Constantin, 1850, Beitrag zur Kenntniss del'
orographtsehen und geognostischen Beschaffenheit del'
Nordwest-Ktlsta Amerikas mit den anllegenden In-

seln: Mineralog. Gesell. St. Petersburg Verh. Russische
k. mlnerulog.. Gesell. St. Petersburg, Verh., 1848-49,
351 p., 5 maps.

Mentions hot springs at several localities on the Alaska
Peninsula and in the Aleutian Islands.

161. Griggs, Robert Fiske, 1917, The Valley of Ten Thousand
Smokes: Natl. Geog. Mag., v. 31, no. 1, p. 13-68, 50
photographs, diagram-map.

Mentions fumaroles in Katmai crater, hot springs near
Katmai Pass, and steam jets in the Valley of Ten Thou
sand Smokes.

162. 1918a, The Valley of Ten Thousand Smokes: Natl. Geog.
Mag., v. 33, no. 2, p. 115-:169, 45 photographs, diagram,
map.

Describes some of the fumaroles.

163. 1918b, The eruption of Katmai: Nature [London], v. 101,
no. 2547, p. 497-499, 4 figs.

Mentions fumaroles in the Valley of Ten Thousand
Smokes.

164. 1922, The Valley of Ten Thousand Smokes: wnehlugton,
Natl. Geog. Soc., 341 p., 16 pls., 217 flgs., 9 maps.

Describes fumaroles in the Valley of Ten Thousand
Smokes. Also mentions fumaroles between Mount Cer
berus and Mount Magelk and 23 localities of hot springs
in the Alaska Peninsula and the Aleutian Islands.

165. Hopkins, J. P., and Hopkins, David Moody, 1958, Seward
Peninsula, p. 104-110, in Williams, Howel, ed., Land
scapes of Alaska, their geologic evolution: Berkeley and
Los Angeles, Univ. California Press, 148 p., 23 pls., 6 maps,
3 figs.

Mentions Serpentine (Arctic) and Pilgrim (Kruz
gamepa) hot springs.

166. Jackson, Sheldon, 1880, Alaska, and missions on the north
Pacific 'coast: New York, Dodd, Mead, & Co., 13-327 p.,
85 illus., map.

Mentions several thermal-spring localities.

167. Langsdorff, Georg Heinrich von, 1814, Voyages and travels
in various parts of the world during the years 1803, 1804,
1805, 1806, and 1807: London, H. Colburn, 2 pts. : 1813,
pt. 1, 368 p., 16 pIs.; 1814, pt. 2, 392 p-, 5 pls.

Describes thermal activity on an islet 30 miles west of
Oonalaahka (Unalaska?) in the Aleutians, also hot
springs near the village of Malka and at Paratunka,
both in Kamchatka.

168. Lawton, N. Oliver, 1909, Makushin sulphur deposits, Una
laska: Mining and Sci. Press, v. 98, p. 259-260, 2 figs.

Mentions vapor vents at Makushln volcano.

169. Merriam, Clinton Hart, 1910, Bogoslof, our newest vol
cano: Smithsonian Inst., Harriman Alaska Ser., v. 2, p.
291-336,6 pis., 39 figs.

Mentions steam vents in both Old and New Bogoalof
Islands.

170. Moffit, Fred Howard, 1905, The Fairhaven gold placers,
Seward Peninsula, Alaslm: U.S. Geol. Survey Bull. 247,
85 p., 14 pla., 2 figs.

Contains photograph of hot springs on upper Inma
chuck River.

171. Petrov (Petroff), Ivan, 1884, Alaska, its population, indus
tries, and resources: U.S. Dept. Interior, Census Office,
10th Census of the U.S., v. 8, p.19-93.

Mentions several areas of hydrothermal activity.
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172. Robinson, Gershon DuVall, and others, 1947, Objectives,
methods, and progress of Alaskan [Aleutian Islands]
volcano investigations of the U.S. Geological Survey:
U.S. Geol. Survey, Alaskan Volcano Inv. Rept. 2, 105 p.

Consists of the following: Pt. 1, Objectives, methods,
and progress of Alaskan volcano investigations of the
U.S. Geological Survey, by G. D. Robinson; Pt. 2, Geology
of Pavlof Volcano and vicinity, by G. O. Kennedy and
H. H. Waldron; Pt. 3, Volcano investigations on Umnak
Island, by F. 1\1:. Byers, Jr., D. 1\1. Hopkins, K. L. Wier,
and Bernard Fisher; Pt. 4, Geology of Great Sitkin
Island, by F. S. Simons and D. E. Mathewson; Pt. 5,
Geology of northern Adak Island, by R. R. Coats; Pt. 6,
Geology of northern Kauaga Island, by R. R. Coats; and
Part 7, Reconnaissance geology of some western Aleutian
Islands, by R. R. Coats. Pts. 2 to 4 and 6 describe sev
eral areas of fumaroles and hot springs.

173. Simons, Frank Stanton, and Mathewson, Donald Edward,
1955, Geology of Great Sitkin Island, Alaska: U.S. Geol.
Survey BUll. 102S-B, p. 21-43, illus., map.

Describes a group of hot springs, mud pots, and fuma
roles near head of the west fork of Big Fox Creek.

174.··Spurr, Josiah Edward, 1900, A reconnaissance in south
western Alaska in 1898: U.S. oeoi. Survey 20th Ann.
Rept., pt. 7, p. 31-264, 7 pls., 15 flgs., 12 maps.

Mentions hot springs near the pass between two vol
canoes on the route from Naknek Lake to Katmai vol
cano.

175. Stoney, George M., 1884, 'I'he new volcano of the Bering
Sea (communicated by U.S. Hydrographic Office):
Science, v. 4, no. 92 (Bept.) , p. 432-434,1 fig.

Describes formation of a volcanic island (New Bogo
slof) near Old Bogoslof Island.

176.· 1900, Naval explorations in Alaslm; an account of
two naval expeditions in northern Alaska, with official
maps of the country explored: Annapolis, Md., U.S.
Naval Inst.,105 p., illus., pls., maps.

Mentions hot springs on Reed River.
177. Underwood, John Jasper, 1913, Alaslm; an empire in the

making: New York, Dodd, Mead, & Co., 440 p., 55 illus.
Mentions a large spout of scalding water near center

of New Bogosloff Island.
178. Waring, Gerald Ashley, 1917, Mineral springs of Alaska,

with a chapter on the chemical character of some sur
face waters of Alaska, by Richard B. Dole and .Alfred
A. Chambers: U.S. Geol. Survey Water-Supply Paper
418,114 p-, 9 pls., 16 flgs., map.

Contains information on 75 thermal-spring localities
in Alaska. Also describes a group of 18 springs on the
east side of the Stikine River in Canada.

179. Whymper, Frederick, 1868, A journey from Norton Sound,
Bering Sea, to Fort Youkon (Junction of Porcupine and
Youkon Rivers) : Royal Geog. Soc. [London] Jour., v. 38,
p. 219-237, maps.

Mentions a group of warm springs near the Yukon
River.

180. Wright, Charles Will, 1906, Nonmetallic deposits of south
eastern Alaska, in Brooks, Alfred, and others, Report on
progress of investigations of mineral resources of Alaska:
U.S. Geo\. Survey Bull. 284, p. 55-e0.

Mentions Tenakee hot springs on Chichagof Island;
Sitka hot springs and thermal springs at Warm Spring
Bay and Cook Bay on Baranof Island; and thermal
springs near Bailey Bay, on Bell Island, and on the

Stiklne River a short distance upstream from the In
ternational boundary.

181. Wright, Fred Eugene, and Wright, Charles Will, 1908, The
Ketchikan and Wrangell mining districts, Alaska : U.S.
Geo!. Survey Bull. 347, 210 p., 12 pls., 23 figs.

Contains the same information as reference 180.
182. Zies, Emanuel George, 1924, Hot springs of the Valley of

Ten Thousand Smokes: Jour. Geology, v. 32, no. 4, p.
303-310, I fig.

183. 1929, The Valley of Ten Thousand Smokes: Natl. Geog.
Soc., Contributed Tech. Papers, Katmai Ser., v, 1, no. 4,
Carnegie Inst. Washington Geophys. Lab. Paper 693,
79 p., map.

Contains a map showing the locations of fumaroles.
See also refs. 119, 161-164.

ARIZONA

184. Barragua, Manuel, 1857, Translation of an archive from
Tucson [a petition for additional land, signed by Manuel
Barragua and two others, San Augustin de Tucson, Nov.
24,1777], in U.S. War Dept., Reports of explorations and
surveys * * * for a railroad from the Mississippi River
to the Pacific Ocean: 33d Oong., 2d sess., S. Doc. 78, Y. 7,
app. 0, p. 29-;l0.

Contains a reference to Agua Caliente about 40 miles
south of Tucson.

185. Boving, Adam Giede, 1914, Notes on the larva of hydro
scapha and .some other aquatic larvae from Arizona:
Entomol. Soc. Washington Proc., v. 16, no. 4, p. 169-174,
2 pls., 2 figs.

Consists of technical descriptions of larvae in the water
of Hot Springs.

186. Bryan, Kirk, 1925, The Papagc country, Arizona, a geo
graphic, geologic, and hydrologic reconnaissance with a
guide to desert watering places: U.S. Geol. Survey
Water-Supply Paper 499, 436 p., 27 pls., 41 figs.

Describes Quitobaquito springs near the Mexican
boundary.

187. Buehrer, Theophil Frederic, 1927, The radioactivity of the
thermal waters of Castle Hot Springs, Arizona: Am.
Jour. Sci., 5th ser., v.13; p.445-449.

188. Everit, R. S., 1925, Hot spring water from Clifton, Ariz.:
Econ. Geology, v. 20, no. 3, p. 291-292.

189. Knechtel, Maxwell M., 1935, Indian hot springs, 'Graham
County, Ariz.: washtngton Acad. Sci. Jour., v. 25, no.
9, p. 409--413, 2 figs.

190. 1938,' Geology and ground-water resources of the valley
of Gila River and San Simon Creek, Graham County,
Ariz.: U.S. Gecl. Survey Water-Supply Paper 796-F, p.
181-222, pls., figs.

Contains the same information as reference -189. In
addition, gives chemical analyses of the water from five
thermal springs.

191. Lindgren, Waldemar, 1905, Description of the Clifton
quadrangle, Ariz.: U.S. Gecl. Survey Geol. Atlas, Folio
129, 14 p., 3 flgs., 4 maps.

Includes a chemical analysis of water from thermal
spring near the-railroad station.

192. Ross, Clyde Polhemus, 1923, The lower Gila region, Ari
zona, a geographic, geologic, and hydrologic reconnais
sance, with a guide to desert watering places: U.S. Gecl.
'Vater--Supply Paper 498, 237 p., 23 pla., 16 figs.

Describes the hot spring at Agua Caliente.
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193. Schrader, Frank Charles, with contributions by James
Madison Hill, 1915, Mineral deposits of the Santa Rita
and Patagonia Mountains, Arizona: U.S. Geol. Survey
Bull. 582, 373 p., 25 pls., 46 figs.

Contains information on the hot spring at Agua
Caliente.

194. Schwarz, E. A., 1914, Aquatic beetles, especially hydro
scapha, in hot springs, in Arizona: Entomol. Soc. Wash
ington Proc., v.IG, no. 4, p.163-168.

Describes beetles in the flow from the hot springs on
Castle Creek.

See also references 138, 144, 328, and 667.

ARKANSAS

195. Boltwood, Bertram Borden, 1905, On the radio-active prop
erties of the waters of the springs on the Hot Springs
Reservation, Hot Springs, Ark.: Am. Jour. SeL, 4th ser.•
v. 20, no. 116, p. 128-132; 1905, U.S. Dept. Interior, Ann.
Rept. "Secretary, 1904.

196. Branner, John Casper, 1892, The mineral waters of Ar
kansas: Arkansas Geol. Survey Ann. Bept. for 1891, v, '1,
p.6-23.

Describes the springs of Hot Springs in Garland
County.

197. Bryan, Kirk, 1922, The hot water supply of the Hot Springs,
Arkansas: Jour. Geology, v. 30, no. 6, p. 425-449, 5
figs.

198. 1924, The Hot Springs of Arkansas: Jour. Geology, v.
32, no. 6, p. 44~59, 2 flgs., 1 table.

199. Cron, Frederick W., 1939, Mineral water at Hot Springs,
Ark.: Mil. Engineer, v. 31, no. 176, p. 133-137 j Chern.
Abs., v, 33, no. 11, col. 4355.

200. Cutter, Charles, 1891, Cutter's guide to the Hot Springs of
Arkansas: 28th ed., St. Louis, Mo., Slauson Printing Oo.,
63 p., 24 iUus. j 1st ed., 1876 (1).

201. Haywood, John Kerfoot, and Weed, Walter Harvey, 1902.
The hot springs of Arkansas: U.S. 57th Oong., 1st sess.,
S. Doc. 282, 94 p., 10 pls., 2 figs.

202. 1912, Analyses of the waters of the Hot Springs of Arkan
sas, and geological sketch of Hot Springs, Arkansas:
Washington. Govt. Printing Office, U.s. Dept Interior,
56 p., 2 figs.

203. Kuroda, Paul Kazuo; Damon, Paul Edward; and Hyde,
H. I., 1954, Radio-activity of the spring waters of Hot
Springs National Park and vicinity in Arkansas: Am.
Jour. ScL, v. 252, no. 2. p. 76--86, 2 flgs., 10 tables.

204. Owen, David Dale, 1860. Second report of a geological re
connaissance of the middle and southern counties of
Arkansas, made during the years 1859 and 1860. assisted
by Robert Peter, Leo Lesquereux, and Edward Cox:
Philadelphia, Pa., C. Sherman & Son, 433 p., 14 pls., figs.

Contains information on the principal springs at Hot
'Springs.

205. Purdue, Albert Homer, 1910, The collecting area of the
waters of the hot springs, Hot Springs, Arkansas: Jour.
Geology, v. 18, no. 3. p. 279-285, 3 figs.

206. Purdue, A. H., and Miser, H. D., 1923, Description of Hot
Springs district (Arkansas): U.S. Geol. Survey Geol.
Atlas, Folio 215, 12 p., 3 maps.

207. Schlundt, Herman, 1935, The radioactivity of the spring
waters on the Hot Springs Reservation, Hot Springs,
Ark.: Am. Jour. ScL, 5th ser., v. 30, no. 175, p. 45-50,
3 tables.

208. U.S. Dept. Interior, National Park Service, 1950, Circular
of general information regarding Hot Springs National
Park, Arkansas, 16 p., 7 views, maps.

209. Weed, Walter Harvey, 1905, Notes on certain hot springs
of the southern United States: U.S. Geol. Survey Water
Supply Paper 145, p. 185-206. 3 figs.

Contains information on the history, management, and
geology of the springs at Hot Springs, Ark. Also men
tions the thermal springs at Warm Springs, Ga., and
Hot Springs, N.C.

210. Wood-Seys, Roland Alexander, 1903. Hot Springs, Arkan
sas j an impressionist sketch : Chicago, Rock Island and
Pacific Railroad ce., 48 p., 19 Illus.

See also references 144 and 148.

CALIFORNIA

211. Allen, Eugene Thomas, 1926, Further evidence of the na
ture of hot springs [abs.] : Washington Acad. ScL Jour.,
v. 16, no. 3, p. 74, Washington, D.C.

Contains information on "The Geysers" in Sonoma
County.

212. Allen, Eugene Thomas, and Day, Arthur Louis, 1927, Steam
wells and other thermal activity at "The Geysers." Cali
fornia: Carnegie Inst. washington Pub. 378, 106 p., 34

. figs., map.

213. Anderson, Charles Alfred, 1935, Alteration of the lavas sur
rounding the hot springs in Lassen Volcanic National
Park : Am. Mineralogist, v. 20, p. 240-252.

214. 1936, Volcanic history of the Clear Lake area, Cali
fornia: Geol. Soc. America Bull., v, 47, p. 629-664. 6 pls.,
8 figs.

Mentions the solfataric activity at Sulphur Bank.

215. Ailderson, Robert van Vleck, and Pack, Robert Wallace,
1915. Geology and oil resources of the west border of the
San Joaquin Valley north of Coalinga, Calif.: U.S. Geol.
Survey Bull. 603, 220 p., 14 pls., 5 figs.

Contains information on the Mereey hot springs.

216. Anderson, Winslow, 1892, Mineral springs and health re
sorts of California: San Francisco, Calif., Bancroft Oo.,
384 p., 71 illus.

Describes or mentions 196 thermal- or mineral-spring
localities in California. Includes chemical analyses of
water from many of the California springs and from 168
mineral springs in other States, Canada, and Europe.

217. Angel, Myron, 1890, San Luis Obispo County: California
State Mining Bur. 10th Ann. Rept., p. 567-585, 2 pls.

Mentions Pecha hot sulfur springs and Sycamore
springs.

218. Antisell, Thomas, 1856, Geological report on routes in Cali
fornia and New Mexico, ·in U.S. War Dept., Reports of
explorations and surveys * * * for a railroad from the
Mississippi River to the Pacific Ocean: 33d Cong., 2d
sess., S. Doc. 78. v. 7, pt. 2, 204 p.• 14 pls., 2 maps.

Contains information on a hot spring near Warner's
Ranch in California and on Agua Caliente springs 5 miles
from the Mimbres River in New Mexico.

219. Arnold, Ralph, 1907, Geology and oil resources of the Sum
merland district, Santa Barbara County. Calif.: U.S.
Geol. Survey Bull. 321, 93 p., 17 pls., 8 figs.

Mentions the hot springs in Hot Spring Canyon 4 miles
northeast of Santa Barbara. The geology of the vicinitY
of Mentecito hot springs is shown on a map.
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220. Auchincloss, Henry B., 1864, The Devil's Canon [at The
Geysers] in Oalifornia: Continental Monthly, v. 6, no. 3,
p.280-289.

Describes the wtecnes' Caldron and other hot springs
in Devil's Canon. Also quotes descriptions of geysers in
Iceland and hot springs in Central America and on White
Island, New Zealand.

221. Bailey, Edgar Herbert, 1946, Quicksilver deposits of the
western Mayacmas district, Sonoma County, Calif.:
California Jour. Mines and Geology, v. 42, no. 3, p. 199
230, 3 ftgs., 2 tables.

Describes liThe Geysers."
222. Blake, William Phipps, 1857. Geological report on routes

in California, in U.S. War Dept., Reports of explorations
and surveys >I< *. • for a railroad from the Mississippi
River to the Pacific Ocean: 33d Cong., 2d sess., H. Doc.
91, v. 5, pt. 2, 370 p., 14 sees., 14 views, 87 wood engrav
ings, 5 maps.

Contains information on thermal springs on the flanks
of the San Bernardino Mountains, between the San Ber
nardino Mountains and EI Cajon Pass, 10 miles south
of San Gorgonio Pass, in Warner's Valley; also on mud
volcanoes, near Salton Sea and in the northern part of
Baja California.

223. 1872, Algae at the Geysers, California: California Acad.
Sci. Proc., Oct. 7, il371, Mtg., v. 4, pt. 4, p. 19a-194.

Describes algae growing in the warm water of springs
at "The Geysers" in Sonoma County. Mentions the
abundance of algae in .the water of Calistoga spring and
in the water of thermal springs in Nevada.

224. Boddam-whetham, John whetham, 1874, western wander
ings; a record of travel in the evening land: London,
R. Bentley & Son, 364 p., 12 illus.

Describes a visit to "The Geysers" in Sonoma County.
225. Bradley, Walter Wadsworth, 1918, Quicksilver resources of

California: California Mining Bur. Bull. 78, 389 p.,
42 pls., 77 figs.

Mentions the thermal 'Springs at Sulphur Bank.
226. 1922, Radioactivity in thermal gases at The Geysers,

Sonoma County, Calif.: California Mining Bur. Rept.,
v. 18, no. 10, p. 545-550, 4 figs.

227. 1946, Observations at "The Geysers," Sonoma County,
Calif.: California Jour. Mines and Geology, v. 42, no. 3,
p. 295-298, 2 pis.

228. Brewer, William Henry, 1866a, On the presence of living
species in hot and saline waters in California: Am. Jour.
Sci. and Arts, 2d ser., v. 41, no. 123, p. 391-394.

Describes plant and animal life in water of "The
Geysers." Also mentions algae in water of the Little
Geysers and of springs in Owens Valley, both in Cali
fornia, and of Steamboat Springs in Nevada.

229. 1866b, Note on the organisms of the Geysers of Cali
fornia: Am. Jour. Sci. and Arts, 2d ser., v. 41, no. 126,
p.429.

230. 1868, Notice of plants found growing in hot sprdngs in
California: California Acad. Nat. Sci. Proc., v. 3. p. 120
12l.

Describes algal life in water of "The Geysers," of the
Little Geysers, and of hot springs and around steam jets
near Lassen Peak.

231. Brown, John Stafford, 1922, Fault features of Salton Basin,
Oalifornia: Jour. Geology, v. 30, no. 3, p. 217-226,
1 pl., map.

Mentions Palm springs and Agaa Caliente springs.

232. Brown, John Stafford, 1923, The Salton Sea region, Cali
fornia, a geographic, geologic, and hydrologic recon
naissance, with a guide to desert watering places: U.S.
Geol. Survey Water-Supply Paper 497, 292 p., 19 pls.,
18 figs.

Contains data on Palm springs, Fish springs, Jacumba
springs, and Agua Caliente springs.

233. Chamberlin, Blair, 1952, Plutonlan power plant ["The Gey
sers," Calif.]: Nature Mag., v. 45, no. 1, p. 13-16, 50,
4 views.

234. Clarke, Frank Wigglesworth, 1890, Report of work done
in the division of chemistry and physics, mainly during
the fiscal year 1887-88: U.S. Geol. Survey Bull. 60, 174 p.,
9 figs.

Includes a chemical analysis of water from l\fatilija
hot springs.

235. Crawford, John Jones, 1894, Report of State Mineralogist:
California Mining Bur. 12th Rept, (2d Blenn.) , 541 p.,
pls., figs.

Contains short descriptions of several thermal springs
and chemical analyses of the water from 14 thermal
springs.

236. 1896, Report of State Mineralogist: California Mining
Bur. 13th Rept. (3d Bienn.) , 726 p., pls., figs.

Oontains information on 15 thermal springs and chem
ical analyses of the water from 5 springs at Highland
Sprtngs.

237. Day, Arthur Louis, 1924, Hot springs and fumaroles of
"The Geysers" region, California: Jour. Geology, v. 32,
no. 6, p. 459-560.

238. Day, Arthur Louis, and Allen, Eugene Thomas, 1924, The
sources of the heat and the source of the water in the
hot springs of the Lassen National Park: Jour. Geology,
v. 32, no. 3, p. 178-190.

239. 1925, The volcanic activity and hot springs of Lassen
Peak: Carnegie Inst. Washington Pub. 360, 190 p., 13
dllus., 81 figs. .

240. Diller, "Joseph Silas, 1916, The volcanic history of Lassen
Peak: Science, new ser., v. 43, no. 1117, p. 727-733, 2
figs.; repr., 1918, U.S. Dept. Interior, Natl. Park Service
Pamph., 14 p.

Mentions the fumaroles and solfataras at Bumpass
Hell, the Devil's Kitchen, and Tartarus (Boiling) Lake.

241. Dun, H. H., 1923,. Geysers harnessed to furnish power:
Pop. Mechanics Mag., v. 39, no. 5, p. 705-706, 2 illus.

States that one of the steam vents at "The Geysers"
bas been connected to a steam engine yielding 150 horse
power.

242. Edwards, Arthur Mead, 1868, On the occurrence of living
forms in the hot waters of California: Am. Jour. Sci. and
Arts, 2d ser., v.45, no. 134, p. 23_9-241.

States that diatoms were found in a sample of water
from "The Geysers."

243. Ellis, Arthur Jackson, and Lee, Charles Hamilton, 1919,
Geology and ground 'waters of the western part of San
Diego County, Calif.: U.S. Geol. Survey Water-Supply
Paper 446,321 p., 47 pls., 18 figs.

Describes the hot springs on Warner's ranch.

244. Everhart, Donald Lough, 1946a, Quicksilver deposits at the
Sulphur Bank mine, Lake County, Calif.: California
Jour. Mines and Geology, v. 42, no. 2, p. 125-153, 8 flgs.,
2 tables.

Mentions the hot springs and fumaroles along faults
in the vicinity of the mine.
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245. Everhart, Donald Lough, 1946b, New geologic data at Sul
phur Bank, Lake County, Calif. [abs.I : Geol. Soc. America
Bull., v. 57, no. 12, pt. 2, p.1251.

Mentions the hot springs and fumaroles in the
vicinity of the mine.

246. Fairbanks, Harold Wellman, 1894, Some remarkable hot
springs and associated mineral deposits in Colusa
County. Calif.: Bclence. v. 23, no. 578, p. 120-121.

247. 1896, Stratigraphy at Slate's Springs with some further
notes on the relation of the Golden Gate series to the
Knoxville [Calif.] : Am. Geologist, v. 18, no. 6, p. 350-356.

248. Fraser, Horace John; Wilson, Harry David Bruce; and
Hendry, N. W., 1942, Hot springs deposits of the Coso
Mountains: California Jour. Mines and Geology, v. 38,
nos. 3-4, p, 223-242, 3 pls., 17 figs.

249. Gist, Evalyn Slack, 1952, Where the earth burps [Calif.]:
Nature Mag., v. 45, no. 5, p. 245-247, 5 views.

Mentions mud pots, steam vents, and thermal wells on
the east side of Salton Sea.

250. Goldstone, L. P., 1890, Fresno County: California Mining
Bur. 10th Anu. Rept., p. 183-2<»,1 pI.

Describes the Fresno hot springs.

251. Hamilton, Fletcher, 1919, Mono County: California Mining
Bur. 15th Rept., 1915-16, maps, Jllus.

Mentions hot springs at the travertine deposit 1 mile
southeast of Bridgeport in Mono County.

252. Hanks, Henry Garber, 1886, Mineral springs in California:
California Mining Bur. 6th Ann. Rept., pt. I, p. 58-76.

Includes short descriptions of 31 thermal-spring local
ities, 28 of which have been developed as resorts.

253. Ireland, William, Jr., 1888, Lake County: California Mining
Bur. 8th Ann Rept., p. 324--1l29.

Briefly describes Anderson, Harbin, Highland, Howard
Mills (Castle), Siegler, and Soda Bay springs. Contains
5 chemical analyses of water from Highland springs.

254. Ives, Ronald Lorenz, 1951, Mud volcanoes of the Salton
depresstcn : Rocks and Minerals, v. 26, nos. 5-6, p. 227
235,5 figs.

255. James, George Wharton, 1911, The wonders of the Colo
rado Desert (Southern California): Boston, Mass.,
Little, Brown & Oo., 547 p., 32 Jllus., 3 diagrams, 4 maps.

Contains information on Palm spring, Warner's
ranch hot spring, and mud volcanoes at the south end
of Salton Sea, all in California; also mud volcanoes near
Volcano Lake in Baja California.

256. Kellicott, D. S., 1897, An odonate nymph from a thermal
spring: Cincinnati Soc. Nat. History Jour., v. 19, no. 2, p.
63--65.

Describes dragonfly nymphs in water of Amedee ( ?)
springs.

257. Kelly, V. C., and Soske, Joshua Lawrence, 1936, Origin of
the Salton volcanic domes, Salton Sea, California: Jour.
Geology, v. 44, no. 4, p. 496-509, 9 figs.

Suggests that the mud volcanoes near the south end
of Salton Sea are on a buried extension of the San
Andreas fault. Mentions that carbon dioxide from
buried fumaroles northeast of the mud volcanoes is used
for the manufacture of dry ice.

258. Killinger, Paul E., 1947, Notes of Lassen Volcanic Na
tional Park: Rocks and Minerals, v. 22, no. 10, p. 912-913,
1 fig.

Describes fumaroles, boiling pools, and mud volcanoes
in Bumpass Hell, also fumaroles near the top of Lassen
Peak.

259. LeConte, John Lawrence, 1855, Account of some volcanic
springs in the desert of the Colorado, in southern Califor
nia: Am. Jour. Sci. and Arts, 2d ser., v. 19, p. 1-6.

Describes the mud volcanoes near the south end of
Salton Sea.

260. LeConte, Joseph, and Rising, W. B., 1882, The phenomena
of metalliferous vein-formation now in progress at
Sulphur Bank, California: Am. Jour. Sci., 3d ser., v. 24,
no. 139, p. 23-33.

Mentions hot springs and aolfataraa near Clear Lake,
also hot springs in the Sulphur Bank mine.

261. Loew, Oscar, 1876, Report on the geological and mineralogi
cal character of southeastern California and adjacent
regions, in Wheeler, George lVL, U.S. Geog. and Geol.
Surveys W. 100th Mer., Ann. REIDt. Chief of Engineers,
app. JJ: p.173-188, 5 figs.

Mentions a hot spring near Montan's ranch and
thermal springs in Death and Panamint Valleys, in the
Coso Range, and near the Blind Spring mining district,
all in California. Also mentions thermal springs be
tween Carson City and Virginia City in Nevada.

262. 1876b, Report on the alkaline lakes, thermal springs,
mineral springs, and brackish waters of southern Cali
fornia and adjacent country, in Wheeler, George M., U.S.
Geog. and Geol. Surveys W.100th Mer., Ann. Rept. Chief
of Engineers, app. J.T: p.188-199.

Includes information on 11 thermal springs.
263. McGregor, Alexander, 1890, Mendocino County: California

Mining Bur. 10th Ann. Rept., p. 311--314.
Describes Vichy and Orr's hot springs.

264. McLeod, Edith Rutenic, 1951a, Mud gusher: Nat. History,
V. 60, no. 8, p. 379-381, 6 illus.

Describes an eruption, in 1951, of mud and hot water
in Surprise Valley.

265. 1951b. Hot spring erupts in farmer's meadow: Mineral
ogist, v.19, no. 10, p. 431-433.

Contains. information similar to that in reference 264.

266. McNutt, William Fletcher, 1888, Notes on the mineral and
thermal springs of Oatifomta : Internet. Med. Congo 9th,
San Francisco 1887, Trans., v. 5, p.117-125.

'Contains short descriptions 'of 20 thermal springs and
mentions 15 others. Also contains' chemical analyses of
6 thermal 'springs.

267. Manning, J. F., 1870, The Geysers of California: Lippin
cott's Mag., v, 6, p. 633-639.

Mentions Calistoga sulfur springs and springs at "The
Geysers."

268. Mendenhall, Walter Curran, 1905, The hydrology of San
Bernardino Valley, Oallfornia : U.S. Geol. Survey Water
Supply Paper 142, 124 p.,12 pIs., 16 figs.

Mentions Arrowhead, Eden, Relief, Ritcbie, and Har
lem hot springs, also the Urbita thermal well.

269. 1909a, Some desert watering places in southeastern
Oalifornia and southwestern Nevada: U.S. Geol. Sur
vey Water-Supply Paper 224, 98 p., 4 pls.

Contains short descriptions of Agua .Caliente spring in
San Diego County, Figtree John's springs in Riverside
County, Fish springs in Imperial County, Hot springs
in Inyo County, and Paradise springs in San Bernardino
County, all in California. Also mentions Manse springs
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269. Mendenhall, Walter Curran-Continued
in Nye County, Nev., and Las Vegas springs in Lincoln
County, Nev.

270. 1909b, Ground waters of the Indio region, California,
with a sketch of the Colorado Desert: U.S. Geol. Survey
Water-Supply Paper 225, 56 p., 12 pls., 5 figs.

Describes mud volcanoes Dear the south end of Salton
Sea. Also mentions mud volcanoes near volcano Lake
in 'Baja California.

271. Noble, Levi F., Mansfield, Georg'e Rogers, and others, 1922,
Nitrate deposits in the Amargosa region, southeastern
'California: U.S. Geol. 'Survey Bull. 724, 99 p., 35 pls., 7
figs.

Mentions Saratoga springs.
272. Nomland, Jorgen 0., and Schenck, Hubert Gregory, 1932,

'Cretaceous 'beds 'at Slate's hot springs, California: Cali
fornia Univ., Dept. Geol. Sci. Bull., v. 21, no. 4, p. 37-49,
4 figs.

273. Phillips, J. Arthur, 1868, Notes on the chemical geology of
the goldfields of California: London, Edinburgh, and
Dublin Philos. Mag. and Jour. Sci., 4th ser., v. 36, no.
244, p. 321-336.

Mentions Sulphur springs 10 miles northeast of Borax
Lake.

274. 1871, On the connexion of certain phenomena with the
origin of mineral veins: London, Edinburgh, and Dublin
Philos. Mag. and Jour. Sct., 4th ser., v. 42, no. 282, p. 401
413,1 pl.

Describes Sulphur Bank in California as a solfatara.
Also contains information on springs at Steamboat
Springs, Nev.

275. 1877, The alkaline and boracic lakes of California: Pop.
Sci. Review [London], new ser., v. I, no. 2, p. 153-164.

Describes hydrothermal activity in several localities
in California. Also states that boronatrocalcite is de
posited 'by a hot spring in northwestern Nevada.

276. 1879, A contribution to the history of mineral veins:
Geol. Soc. London Quart. Jour., v. 35, p. 390-396.

Describes hydrothermal activity at Sulphur Bank,
Calif., and at Steamboat Springs, Nev.

277. Posepny, Franz, 1902, The Genesis of ore deposits': 2d ed.,
New York, Am. Inst. Mining Engineers, 806 p.; repro in
part from Am. Inst. Mining Engineers 'r'rans., v. 23, p,
197-368, 1893.

Describes the mineral deposits associated with ther
mal springs at Sulphur Bank.

278. Price, Thomas, 1888, The California geysers: Tech. Soc.
Pacific Coast Trans.•v, 5, no. 2. p. 46-48.

279. Rogers, Lloyd A., ed., 1951, Hot springs blow top; Lake
City awakened by roaring eruption: [Alturas, Calif.]
Alturas Plalndealer, v. 56, no. 9, Mar. 8, p. 1, 12.

280. Ross, Clyde Polhemus, and Yates, Robert G., 1948. The
Coso quicksilver district, Inyo County, Calif.: U.S. Geol.
Survey Bull. 936-Q, p. 395-416, 4 pIs.; 1942, abs., Wash
ington Acad. Sci. Jour., v. 32, no. 9, p. 280.

Mentions the hot springs in the Coso Range.
281. Russell, Israel Cook, 1884, A geological reconnaissance in

southern Oregon: U.S. Geol. Survey 4th Ann. Rept., 1882
83, p. 431-464, 3 pis., 10 figs.

Mentions the hot springs in -Surprlse Valley in north
eastern California.

282. 1889, Quaternary history of Mono Valley, California:
U.S. Geol. Survey Sth Anu. Rept., 1886-S7, pt. 1, p. 261
394, 29 pls., 12 figs.

Contains information on Casa de Diablo hot springs,
a spring on the northeast shore of Mono Lake, and
springs on Paoha Island in Mono Lake.

283. Russell, Richard Joel, 1928, Basin range structure and
stratigraphy of the Warner Range, northeastern Cali
fornia: California Unlv., Dept. Geol. Sci. Bull., v. 17, no.
11, p. 387-496, 32 flga., map.

Mentions the thermal springs in Surprise Valley.
284. Sanders, F. C. S., 1916, California as a health resort: San

Francisco, Calif., Bolte & Braden Co., 300 p., 80 illus.
Contains descriptions of 28 thermal-sprmg resorts. In

cludes chemical analyses of the water from the springs
in 8 of the localities.

285. Shepherd, Forest, 1851, Observations of the Pluton gey
sers [The Geysers] of California: Am. Jour. Sci. and
Arts, 2d ser., v.12, p.153-158.

286. Simoons, Frederick J., 1954, Nineteenth century mines and
mineral spring resorts of Lake County, Calif.: California
Jour. Mines and Geology, V. 50, no. 2, p. 295-319, 12 figs.

Mentions the resort developed at Harbin warm springs.
287. South, Marshall, 1947, Healing waters of Agua Caliente

[San Diego County, Calif.] : Desert Mag., v. 10, no. 9, p.
4-8,4 Illus. EI Centro, Calif.

288. Switzer, George S., 1951, "The Geysers," Sonoma County,
Calif.: Rocks and Minerals, v. 26, nos. 9-10, p. 504--509,
2 illus.

289. Thompson, David Grosh, 1921, Routes to desert watering
places in the Mohave Desert region, California: U.S.
Geol. Survey Water-Supply Paper 49G-B, p. 1-4, 87-269,
16 pls., 3 figs.

Includes mention of Newberry, Paradise, Saratoga, and
Yeoman thermal springs. .

290. 1929, The Mohave Desert region, California: U.S. Geol.
Survey Water·Supply Paper 578, 759 p., 34 pla., 20 figs.

Contains data on Paradise, Newberry, and Saratoga
springs, also two springs near the railway station at
Soda.

291. Tucker, W. Burling, and Sampson, R. 1., 1945, Mineral re
sources of Riverside County: California Jour. Mines and
Geology, V. 41, no. 3, p.121-182.

Includes descriptions of and chemical analyses for 10
thermal springs.

292. Turner, Henry Ward, 1891, Mohawk Lake beds: Philos. Soc.
Washington BulL, v.U, p. 385-409.

Mentions McLear Sulphur springs.
293. Van Winkle, Walton, and Eaton, Frederick M., 1910, The

quality of the surface waters of California: U.S. Geol.
Survey Water-Supply Paper 237, 142 p., 1 pl.

Includes chemical analyses of water from springs in
the Sulphur Bank mine.

294. Veatch, John A., 1857, Notes of a visit to the "mud vol
canoes" in the Colorado Desert in the month of July,
1857: California Acad. Nat. Sci. Proc., V. 1, p. 104--108;
2d ed., 1873, p. 116-121; 1858, Am. Jour. Sci. 2d ser., v.
26, p. 288--295.

295. vonsen, Magnus, 1941, Preliminary report on minerals of
geysers of Sonoma County, California: Mineralogist, v.
9, no. 7, p. 245-248.

296. 1946, Minerals at "The Geysers," Sonoma County, Cali
fornia: California Jour. Mines and Geology, v. 42, no. 3,
p. 287-293, 1 pI.

297. Waring, Gerald Ashley, 1915, Springs of California: U.S.
Geol. Survey Water-Supply Paper 338, 410 p., 13 pls., 4
figs.
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Contains detailed information on 163 thermal-sprtng
and 9 thermal-well Iocalttiea.

298. Waring, Gerald Ashley, 1919, Ground water in the San
Jacinto and Temecula basins, California: U.S. Geol.
Survey Water-Supply Paper 429, 113 p., 14 pla., 15 figs.

Contains data on eight thermal springs.
299. Watts, William Lord, 1893, Marin County: California Min

ing Bur. 11th Rept., 1892 (1st Bienn.}, p. 249-254.
Mentions hot sulfur springs on the shore west of Rocky

Point.
300. Weight, Harold 0., 1948, Nature's freaks on Salton shore:

Desert Mag., v. 11, no. 6, p. 5-8, 7 illus.
Describes the mud pots and mud volcanoes near the

south end of Salton Sea.
301. White, Donald Edward, 1940, Antimony deposits of the

Wildrose Canyon area, Inyo County. Calif.: U.S. Geol.
Survey Bull. 922-K, p. 807-325, 2 pls., 2 figs.

Describes five hot-spring deposits.
302. 1954, Notes on certain thermal springs in California:

Unpublished field notes.
Includes information on thermal springs or vapor vents

in 16 places.
808. 1955a, Sulphur Bank, California, a hot-spring quicksilver

deposit [abs.]: Geol. Soc. America Bull., v. 66, no. 12,
pt. 2, p. 1669.

304. 1955b, Violent mud-volcano eruption of Lake City hot
springs, northeastern California: Geol. Soc. America
Bull., v. 66, no. 9, p.ll09-1180, 4 pla., 3 figs.

In addition to describing the mud-volcano eruption,
mention is made of mud volcanoes in the Lassen Peak
and Coso hot-springs areas in California, near Gerlach
hot springs in Nevada, in Yellowstone National Park in
Wyoming, at Volcano Lake in Baja California, and in the
hot-spring districts of Iceland and New Zealand.

305. Whiting, H. A., 1888, Mono County: California Mining Bur.
8th Ann. Rept., p. 352-401, 2 pis.

Contains information on the thermal springs on Paoha
Island in Mono Lake, the Casa Diablo hot springs, and
the thermal springs at Benton. Also mentions deposits
of travertine 1 mile southeast of Bridgeport.

306. Whitney, Josiah Dwight, 1865, Geological survey of Cali
fornia; Geology, v. 1, Report of progress and synopsis of
the field work from 1860 to 1864: 498 p., 10 pls., 81 figs.

Contains information on several thermal-spring locali
ties in California.

307. Williams, Bowel, 1932, Geology of the Lassen Volcanic Na
tional Park, Calif.: California tjntv., Dept. Geol. Sci.
Bull., v. 21, no. 8, p. 195-385, 64 figs., map.

Discusses the hydrothermal activity in the park area.
308. Wilson, Harry David Bruce, and Hendry, N. W., 1940,

, Geology and quicksilver deposi-ts of Coso hot springs area
Iebs-I : Geol. Soc. America Bull., v. 51, no. 12, pt. 2. p.
1965.

309. Wood. Horatio Charles, Jr., 1867 [Remarks made by Dr.
Wood]: Acad. Nat. Sci. Philadelphia Proc., Oct., 15,
1867, Mtg., p. 125.

Mentions that algae have been found in water of ther
mal springs in Mono County, Calif.

310. 1868, Notes on some algae from a California hot spring:
Am. Jour. Sci. and Arts, 2d ser., v. 46, p. 31-34.

311. Yates, Robert G., and Hilpert, Lowell Sinclair, 1946, Quick
silver deposits of Eastern Mayacmas district, Lake and
Napa Counties, Calif.: California Jour. Mines and Geol
ogy, v.42, no. 3, p. 231-286, 811gs.

l'135-914~5---1S

Mentions deposits related to hydrothermal activity at
the Aetna Mine and Anderson springs areas.

See also references 19, 20, 62, 75, 108, 109, 125, 126, 128, 130,
137, 144, 399, 400, 401, 409, 413, 418, 426, 441, 442,
526,660,667,746, and 784.

COLORADO

312. Bastin, Edson Sunderland, 1923, Silver enrichment in the
San Juan Mountains, Colo.: U.S. Geol, Survey Bull.
735-D, p..65--129, figs. 14--32.

Contains a chemical analysis of the water from the
Ouray hot springs.

313. Campbell, Marius Robinson, 1923, Th~ Twentymile Park
district of the Yampa coal field, Routt County, coro.: D.S.
Geol. Survey Bull. 748. 82 p., 13 pla., 11 figs.

Mentions the Steamboat springs.
314. Comstock, Theodore Bryant, 1889, Hot-spring formations

in Red Mountain district, Colorado; a reply to the criti
cisms of Mr. Emmons: Am. Inst, Mining Engineers
Trans., v.17, p. 261-264.

Reiterates the author's conclusion that the mounds
or ridges of ore-bearing siliceous sinter are the chimneys
of extinct geysers. Denies that he had expressed the
idea that the ore itself was the result of geyser action.

315. Cox, Doak Carey, 1945, General features of Colorado fluor
spar deposits: Colorado Sci. Soc. Prcc., v. 14, no. 6. p.
263--285, 7 figs.

Discusses the occurrence of fluoride in the deposits
of the hot springs at Wagon Wheel Gap and of the Poncha
hot springs southwest of Salida.

316. Cross, Whitman; Howe, Emest.; and Irving, John Duer,
1907, Description of the Ouray quadrangle, Colorado:
D.S. Geol. Survey Geol. Atlas, Folio 153, 20 p., 1 sheet of
illus.•4 flga., 3 maps.

Contains a chemical analysis of the water from the
Ouray hot springs. Mentions the hot springs near
Ridgway.

317. Denison, Charles, 1880, Rocky Mountain health resorts;
an analytical study of high altitudes in relation to the
arrest of chronic pulmonary disease: Boston, Mass.,
Houghton, Osgood & Co., 192 p-, map; 2d ed., 1881, Boston,
Mass., Houghton, MitDin & Oo.,192 p., map.

Includes information on 10 thermal springs in Colo
rado. Also mentions Ojos Cnlientes and Las Vegas
springs in New Mexico.

318. Emmons, William Harvey, and Larsen, Esper Signius, Jr.,
1913, The hot springs and the mineral deposits of Wagon
Wheel Gap, Oolo.: Econ. Geology, v. 8, no. 3, p. 235-246,
3 flga., 1 table.

319. Endlich, Frederick Miller, 1877, Geological report on the
southeastern district [Colorado] in Hayden, Ferdinand
V., U.S. Geol. and Geog. Survey ':Ferr. 9th Ann. Rept.,
1875, p. 103--235,25 pis.

Contains information on the chemical quality of the
water and on the deposits of three springs near Hot
Springs Creek 1 mile upstream from its mouth. Also
includes diagr-ams of Pagosa Sprtnga.

320. Frazer, Persifor, Jr., 1873, Mines and minerals of Colo
rado, in Hayden, Ferdinand V., U.S. Geol. and Geog.
Survey Terr. 3d Ann. Rept., 1869: p. 201-228.

Describes a group of springs in Homan's Park between
Sawatch and Homan's Creek. Mentions orcs Calientes
in New Mexico.
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321. George, Russell D., 1927, Geology and natural. resources of
Colorado: Unlv. Colorado Semicentennial Pubs., v. 1, 228
p., 25 pla.

Discusses natural mineral waters and their chemical
classification.

322. George, Russell D.; Curtis, Harry Alfred; Lester, Oliver
Clarence; Crook, James King; Yeo, J. B.; and others,
1920, Mineral waters of Colorado: Colorado Geol. Survey
Bull. 11,474 p., 2 pls., 40 figs.

Contains information, including chemical-quality and
radioactivity data on thermal springs in 86 localities.
Also 'contains information, for purposes of comparison,
on several European thermal springs.

323. Hancock, Eugene Thomas, 1925, Geology and coal resources
of the Axial and Monument Butte quadrangles, Moffat
County, Colo.: U.S. Geo!. Survey Bull. 757, 134 p., 19
pls., 6 figs.

Page 77: Water of Juniper Hot Springs probably
comes from Dakota sandstone.

324. Hayden, Ferdinand Vandiveer, 1876, Colorado and parts of
adjacent territories: U.S. Geol. and Geog. Survey Terr.
8th Ann. Rept., 1874, 515 p., maps.

Mentions warm springs on Rock Creek in the Elk
Range.

325. Lakes, Arthur, 1905a, Geology of the hot springs of Colo
rado and speculations as to their origin and heat: Colo
rado Sci. Soc. Proc., v. 8, p. 31-38.

326. 1905b, The hot and mineral springs of Routt Oounty
and Middle Park, 0010.: Mining Reporter, v. 52, no. 18,
p.438-439.

327. 1906, Mineral and hot springs in Colorado: Mining
World, v. 24, p. 35lHl60.

328. Loew, Oscar, 1875, Report upon mlneralogtcal, agricultural,
and chemical conditions observed in portions of Colo
rado, New Mexico, and Arizona, in Wheeler, George M.,
U.S. Geog. and Geol. Surveys W. looth Mer. Rept., v. 3,
Geology: p. 569-661, quarto.

Contains information on Canon City, Parnaesue, Wag
on Wheel Gap, and Pagosa Springs in Colorado j also on
Rio San Francisco (Clifton) springs in Arizona, and Ojos
Calientes, San Ysidro, Abiquiu, Las Vegas, and Rio Pa
jarito springs in New Mexico.

329. Packard, Alphens Spring, Jr., 1882, Larvae of a :fly in a
hot spring in [Gunnison County] Colorado: Am. Natural
ist, v. 16, p. 599-600.

330. Peale, Albert Charles, 1877, Geological report on the Grand
River district, in Hayden, Ferdinand V., U.S. Geol. and
Geog. Survey Terr., 9th Ann. Rept., 1875: p. 31-101, pls.
1-8.

Mentions two groups of warm springs in the White
Earth River valley, also the Uncompahgre warm springs.

331. Russell, Robert Thayer, 1948, Fluorine hot springs of
Poncha Springs, Colo. [abs.]: Geol. Soc. America Bull.,
v. 59, no. 12, pt. 2, p.1400.

332. Siebenthal, Claude Ellsworth, 1910, Geology and water re
sources of the San Luis Valley, Oolo.: U.S. Gecl. Sur
vey Water-Supply Paper 240, 128 p-, 13 pla., 15 figs.

Contains information on Dexter warm springs, Oham
berlaln hot springs, Valley View hot springs, and hot
springs near Capulin.

333. Spurr, Josiah Edward, and Garrey, George H., 1906, The
Idaho Springs mining district, Colo.: U.S. Geol. Survey
BUll. 285-A, p. 35-40.

334. Spurr, Joslah-Ea Garrey, George H.; and Ball, Sydney
Hobart, 1908, Economic geology of the Georgetown
quadrangle, Colo.: U.S. Gecl. Survey Prof. Paper 63,
422 p., 87 pls., 155 figs.

335. Stevenson, John James, 1875, Report on the geology of
a portion of Colorado explored and surveyed in 1873, in
Wheeler, George 1\1., U.S. Geog. and Geol. 'Surveys W.
100th Mer. Rept., v. 3, Geology, pt. 4: p. 303-501,
9 figs.

Contains data on thermal springs in several localities
in Colorado.

336. Washburne, H. D., 1872 [Data on hot springs], Vn Statistics'
of mines and mining in the States and Territories west
of the Rocky Mountains, for the year 1870: Washington,
cove, Printing Office, p. 213-216.

See also references 109, 128, 137-140, 144, 459, 513, 526, 641,
and 666.

FLORIDA

337. Ferguson, George Ernest; Lingham, C. W.; Love, Samuel
Kenneth; and Vernon, Robert Orion, 1947, Springs of
Florida: Florida Geo!. Survey Bull. 31, 196 p., rront.,
37 figs., 4 tables, map.

Describes Warm Salt spring 8 miles northwest of
Murdock. Also states that the Panasoffkee River is
formed in part by the flow of Warm Spring.

338. Parker, Garald Gordon, and Cooke, Charles Wythe, 1944,
Late Cenozoic geology of southern Florida, with a dis
cussion of the ground water: Florida Geol. Survey Bull.
27, 119 p-, 26 pls., 4 figs.

Contains a chemical analysis of water from Warm
Salt (Big Salt) spring.

GEORGIA

339. Duggan, J. R., 1881, The mineral springs of Georgia: Ma
con, Ga., J. W. Burke & Oo., 56 p.

340. Hall, B. M., and Hall, M. R., 1907, Water resources of
Georgia: U.S. Geol. Survey Water-Supply Paper 197, 342
p., 1 pl.

Includes data on the discharge of the springs at Warm
Springs.

341. Hewett, Donnel Foster, and Crickmay, Geoffrey William,
1937, The warm Springs of Georgia, their geologic rela
tions and origin j summary report: U.S. Geol. Survey
Water-Supply Paper 819, 40 p., 8 pls., 1 fig.

342. McCallie, Samuel Washington, 1904, Notes on wells,
springs, and water resources, Georgia: U.S. Geol. Survey
'Vater-Supply Paper 102, p, 207-237.

Includes information on the springs at warm Springs.
343. 1908, A preliminary report on the underground waters of

Georgia: Georgia Geol. Survey Bull. 15, 370 p., 29 pls.,
5 figs.

Contains chemical analyses of water from the springs
at Warm Springs.

344. 1913, A preliminary report 011 mineral springs of Georgia:
Georgia Geol. Survey Bull. 20, 190 p., 24 pla., map.

Contains data on Warm, Thundering, and Lifsey
springs.

See also references 137 and 543. .

HAWAII

345. Ballard, Stanley S.,_ and Payne, John H., 1940, A chemical
study of Kilauea solfataric gases, 1938-1940: U.S. Dept.
Interior, Natl. Park Service Volcano Letter 469, p. 1-3,
3 figs.
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846. Boddam-whetham, John Whetham, 1876, Pearls of. the Pa

cific: London, Hurst & Blackett, 362·p., 8 iIlus.
Mentions that steam is condensed for sulfur baths at

Solfatara on the Kilauea volcano.
347. Dana, James Dwight, 1849, Report on geology; United

States Exploring Expedition during the years 1838-1842,
under the command of Charles Wilkes, U.S.N.: Phila
delphia, Pa., C. Sherman, v. 10, Geology, 756 p., 21 pIs.,
109 flga., 4 maps.

Mentions a hot spring in a small crater between
Kilauea volcano and Kapoho Point, a warm cavern on
the shore at Kailua, and warm springs at Kawaihae,
all on the Island of Hawaii. .Also describes hot springs
along the shore of Savu Savu Bay on Vanna Levu Island
(Fiji), hydrothermal activity in several localities in
New Zealand, and Los Banos on Luzon Island in the
Philippines.

348. 1890, Characteristics of volcanoes, with contributions of
facts and principles from the Hawaiian Islands: New
York, Dodd, Mead & Co., 399 p., 16 pls., 55 figs.

Mentions the water vapors associated with volcanic
activity on the Island of Hawaii.

349. Fagerlund, Gunnar 0., 1944, Output changes in Kilauea
steam vents: U.S. Dept. Interior, Natl. Park Service Vo}:
cane Letter 485, p. 1-2, 2 figs.

350. Finch, Ruy Herbert, and Macdonald, Gordon A., 1950,
Thermal water on Kilauea Volcano: U.S. Dept. Interior,
Natl. Park Service Volcano Letter 507, p. 1.

351. Gordon-Cumming, Constance Frederica, 1883, Fire foun:
tains: The kingdom of Hawaii, its volcanoes, and the
history of its missions: Edinburgh, W. Blackwood &
Sons, 2 v.; v. 1, 297 p., rront., 3 iUus., map; v. 2, 279 p.,
rrout., 3 Illus., map.

Describes use of hot vapors for sulfur steam baths
near crater of Kilauea volcano.

852. Macdonald, Gordon A., 1955, Hawaiian Islands, pt. 3 of
Catalogue of active volcanoes of the world including
solfatara fields: Naples, Italy, Internat. Volcanol. Assoc.,
37 p., 6 figs., map.

Contains data on Haleakala, Hualalai, Mauna Loa,
and Kilauea volcanoes and associated hydrothermal
activity.

353. Macdonald, J. W., 1899, The great volcano of Kilauea.
Oontains data on the vapor vents.

394.: Olson, Gunder Einer, 1941, The story of the Volcano
House: 4th ed., nuo, Hawaii, Hila Tribune Herald, 91 p.,
31 iUus., maps.

Describes the use of steam for sulfur vapor baths.

355. Palmer, Harold Sehidth, 1950, Steam vents on Kilauea vel
cane, Hawaii: Personal commun. to G. A. Waring.

356. Stearns, Harold Thornton, and Clark, William Otterbein,
1930, Geology and water resources of the Kau district,
Hawaii (including parts of Kilauea and Mauna Loa
volcanoes), with a chapter on ground water in the Ha
waiian Islands, by Oscar E. Meinzer: U.S. Geol. Survey
Water-Supply Paper 616, 194 p., 33 pls., 9 figs.

)Mentions warm water in a crack near Waiwelawela
Point, 12 miles southeast of Pahala.

357. Stearns, Harold Thornton, and Macdonald, Gordon A.,
1942, Geology and ground-water resources of the island

of Maui, Hawaii: Hawaii Div. Hydrography Bull. 7,
344 p., 44 pls., 46 figs.

Mentions warm-water well at the mouth of Ukume
hame Oanyon.

358. 1946, Geology and ground-water resources of the island
of Hawaii: Hawaii Div. Hydrography Bull. 9, 363 p., 54
pls., 60 figs.

Mentions that steam issues from cracks in and near
the craters of Kilauea and Mauna Loa, also that a crack
at Waiwelawela Point contains warm water.

359. 1947, Geology and ground-water resources of the island
of Molokai, Hawaii: Hawaii Div. Hydrography Bull. 11,
113 p., 15 pis., 18 figs.

Describes a warm-water well on the northwest slope of
'Vest Molokal.

See also references 22, 660, and 1077.

IDAHO

360. Fremont, John Charles, 1845, Report of the exploring ex
pedition to the Rocky Mountains in the year 1842, and to
Oregon and northern California in the years 1843-44:
U.S. 28th Cong., 2d sess., H. Doc. 166, 583 p., 9 pls., 9 other
Hlus.

Describes Bear River Soda (Beer) springs and White
Arrow hot springs and mentions Hot Spring Gate, all in
Idaho. Also mentions hot springs and a basin of saline
water near Mary's Lake in Nevada, hot springs near
Las Vegas camp ground in Nevada, and several hot
springs in California.

361. Gairdner, M., 1835, Letter from Dr. M. Gairdner, Fort Van
couver: Edinburgh New Philos. Jour., v. 20, p. 206-207.

States that springs are numerous between the Colum
bia River and the Rocky Mountains. Mentions the exist
ence of six hot springs not prevloualy described.

362. 1836, Thermal spring in the Columbia 'I'errltory : Edin
burgh New Philos. Jour., v. 21, p. 371-372.

Contains a chemical analysis of water from a thermal
spring on the Bear River.

363. Lindgren, Waldemar, 1898, Description of the Boise quad
rangle, Idaho: U.S. Geol. Survey Geol. Atlas, Folio 45,
7 p., 4 maps.

Mentions the Boise hot springs, a tepid spring on Cot
tonwood Greek, and a hot spring on Squaw Creek.

364. Lindgren, Waldemar, and Drake, Noah Fields, 1904, De
scription of the Silver City quadrangle, Idaho: U.S. Geol.
Survey Geol. Atlas, Folio 1M, 6 p., 3 maps.

Mentions a warm spring near Walters Butte and a hot
spring near Enterprise. States that wells near Enter
prise and Guffey yield warm water.

365. Meinzer, Oscar Edward, 1924, Ground water in Pahshnerct
Valley, Idaho: Idaho Bur. Mines and Geology Pamph. 9,
36 sheets, 3 pls., 5 figs. [mimeo.].

Mentions two slightly thermal springs in Pahsimeroi
Valley; also a warm spring in Little Lost River Valley.

366. Peale, Albert Charles, 1879, Report on the geology of the
Green River district, in Hayden, Ferdinand V., U.S. Geol.
and Geog. Survey Terr. 11th Ann. Rept., 1877: p. 511
646,30 pis.

Describes Bear River Soda (Beer) springs and men
tions a slightly thermal spring in the canyon of Blackfoot
River.
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367. Piper, Arthur Maine, 1923, Geology and water resources of
the Goose Creek basin, Cassia County, Idaho : Idaho
Bur. Mines and Geology Bull. 6, 78 p., 6 pls.

Contains information on eight thermal springs.
368. [1924 1], Geology and water resources of the Bruneau

River basin, Owyhee County, Idaho: Idaho Bur. Mines
and Geology Pamph. 11, 56 P., 2 pls., 12 tables [mimeo.].

Describes nine thermal springs.
369. Rhodenbaugh, Edward F., 1953, Is Boise [Idaho] sitting

on a volcano?: Earth Sci. Digest, v. 7, no. 2, p. 7-11, 27,
3 figs.

States that two wells near Boise yield water having a
temperature of 178°F.

370. Russell, Israel Cook, 1902, Geology and water resources of
the Snake River Plains of Idaho: U.S. Geol. Survey
Bull. 199, 192 p., 25 pls., 6 figs.

Mentions 10 thermal-spring localities.
371. 1903, Preliminary report on artesian basins in south

western Idaho and southeastern Oregon: U.S. Geol. sur
vey Water-Supply Paper 78, 53 p., 2 pls., 3 figs.

Describes eight hydrothermal localities in Idaho and
four in Oregon, all in the Lewis artesian basin. Also de
scribes hydrothermal localities in the Otis, Harney, and
Whitehorse artesian basins, all in Oregon.

372. St. John, Orestes, 1879, Report of the geological field work
of the Teton Division, in Hayden, Ferdinand V., U.S.
Geol. and Geog. Survey Terr. 11th Ann. Rept., 1877: p.
323-508, 40 pls.

Mentions thermal springs on the west side of the
Snake River valley between The Narrows and McCoy
Creek.

373. Schultz, Alfred Reginald, 1918, A geologic reconnaissance
for phosphate and coal in southeastern Idaho and west
ern Wyoming: U.S. Geol. Survey Bull. 680, 84 p., 2 pls.,
8 figs.

Mentions the warm springs at Heise and two other
thermal-spring localities in Idaho. Also mentions a
thermal spring in western Wyoming.

374. Tillman, Samuel E., 1878, Executive and descriptive report
m U.S. Geog. and Geol. Surveys West of l00th Mer.,
G. M. Wheeler, Ann. Rept. Chief of Engineers, 1878, app.
NN: p. 107-112.

Mentions several thermal-spring localities" in south
eastern Idaho.

375. Ifmpleby, Joseph Bertram, 1915, Ore deposits in the Saw
tooth quadrangle, Blaine and Custer Counties, Idaho:
U.S. Geol. Survey Bull. 5So-K, p. 221-249, 2 pls., 1 fig.

Mentions Pierson, Wasewick, and Russian John
springs.

376. Umpleby, Joseph Bertram; Westgate, Louis Gardner; and
Ross, Clyde Polhemus, 1930, Geology and ore deposits of
the Wood River region, Idaho, with a description of the
Minnie Moore and nearby mines, by Donnel F. Hewett:
U.S. Goo!. Survey Bull. 814, 250 p., 38 pla., 20 figs.

Contains chemical analyses of the water from Claren
don, Guyer, and Hailey hot springs. Also mentions a
thermal spring near the west edge of the area.

377. Waring, Gerald Ashley, 1936, Two thermal springs in
Idaho and Oregon [abs.]: Geol Soc. America Proc. 1935,
p.115-116.

Contains information on Indian spring in Idaho and on
a spring in the Owyhee River canyon in Oregon.

See" also references 1'13, 124, 126, 133, 137, 138, 144,148, 150,
383, 413, 433, 482, 505, 525, 526, 625, 666, and 667.

MA.SSA.CHUSETTS

378. Fitch, William Edward, 1927, Mineral waters of the United
States and American spas: Philadelphia, Pa., and New
York, Lea & Febdger, 799, p., 37 figs.

Describes Sand spring near Williamstown.
See also references 135,137, and 144.

MONTANA

379. Calvert, William R., 1909, Geology of the Lewistown coal
field, Montana: U.S. Geol. Survey Bull. 390, 83 p., 5 pls.,
1 fig.

Describes the warm. springs near Lewistown.
380. Clarke, Frank Wigglesworth, and others, 1886, Report of

work done in the division of chemistry and physics,
mainly during the flscal. year 1884-85: U.S. Geol. Survey
BUll. 27, 80 p.

Includes chemical analyses of water from Matthews
spring near Bozeman and of White Sulphur springs.

381. De Lacy, Walter W., 1876, A trip up the south Snake River
in 1863: Helena, Mont., Contributions to the Historical
Society of Montana, v.l.

Mentions thermal springs.
382. Lewis, Meriwether, and Clark, William, 1814, History of

the expedition of Captains Lewis and Clark 1804-5-6,
with introduction and index by James K. Hosmer:
Chicago, Ill., A. C. McClurg & Co., 2 v.; v. 1, 500 p.,
front., 3 maps j v, 2, 583 p., front., 3 maps j 2d ed., 1903,
Cambridge, Mass., Univ. Press.

Describes Traveller's Rest (Medicine Rock) springs
and springs in Hot Spring Valley near the Wisdom River.

383. Lindgren, Waldemar, 1904, A geological reconnaissance
across the Bitterroot Range and Clearwater Mountains
in Montana and Idaho: U.S. Geol. Survey Prof. Paper 27,
123 p., 15 pla., 8 figs.

Mentions several thermal-spring localities.
384. Lorenz, H.·W., and McMurtrey, R. G., 1956, Geology and

occurrence of ground water in the Townsend Valley,
Mont.: U.S. Geol. Survey Water-Supply Paper 1360-C,
p. 171-290, 2 pls., 12 figs.

Contains information on Big, Plunket (Mockel), Bed
ford, and Kimpton springs.

385. Meinzer, Oscar Edward, 1917, Artesian water for irriga
tion in Little Bitterroot Valley, Mont.: U.S. Geol. Survey
Water-Supply Paper 400-B, p. 9-37, 4 pls., 4 figs.

Contains Information on Camas hot sprdnga ; mentions
a warm spring 1 mile west of the Camas hot springs.

386. Mullan, John, Jr., 1855, Report of a reconnaissance from
the Bitter Root Valley to Fort Hall, thence to the' head
of Hell Gate River, thence to the Bitter Root Valley:
U.S. War Dept., Reports of explorations and surveys
* * * for a railroad from the Mississippi River to the
Pacific Ocean: U.S. 33d Oong., 2d sess., S. Doc. 78, v. 1,
pt. I, Reports from the field, p. 322-349.

Mentions the numerous thermal springs near Big Hole
prairie and the Anaconda (?) hot springs near Deer
Lodge Creek.

387. Pardee, Joseph Thomas, 1925, Geology and ground-water
resources of Townsend Valley, Mont.: U.S. Geol. Survey
Water-Supply Paper 539, 61 p., 2 pls., 7 figs.

Contains information on Big, Mackel (Plunket), Bed
ford, and Kimpton springs.

388. Peale, Albert Charles, 1872, Report on minerals, rocks,
thermal springs, etc., in Hayden, Ferdinand V., U.S.
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Geol. Survey of Montana and portions of adjacent Ter
ritories: 5th Ann. Prog. Rept., p. 165--204.

Describes Hapgood springs near Virginia City; also
contains data on the principal geysers and hot springs in
Yellowstone National Park.

389. 1896, Description of the Three Forks quadrangle, Mont. :
U.S. Geel. Survey Gool. Atlas, Folio 24, 6 p., 4 maps.

Mentions the hot springs on the West Gallatin River,
the warm springs east of Red Bluff, Hapgood springs on
the South Branch of Willow Creek, and a small spring in
the lower canyon of the Jefferson River.

390. Sobotka, Harry, and Reiner, Miriam, 1941, Chemical com
position of a lithia spring near McLeod, Mont.: Am. Jour.
Sct., v. 239, no. 5, p. 383-385.

Describes Anderson's springs 8 miles south of McLeod.
391. Stout, Tom, 1921, Montana; its story and biography: Chi

cago and New York, Am. Hlst. Soc., 3 v.
Lists 19 principal hot-spring resorts' in Montana,

among them those at Hunter's, Chico, Corwin, and Camas
hot springs.

392. Weed, Walter Harvey, 1899, Description of the Little Belt
Mountains quadrangle, Mont.: U.S. Geol. Survey Geol.
Atlas, Folio 56, 10 p.

Contains information on White Sulphur springs.
393. 1900, Mineral vein formation at Boulder Hot Springs,

Mont.: U.S. Geol. Survey 21st Ann. Rept., pt. 2, p. 227
255, 3 pls., 8 figs.

394. 1904, Gypsum deposits in Montana: U.S. Geol. Survey
Bull. 223, p. 74-75.

Contains information on Hunter's hot springs.
395. 1905, Economic value of hot springs and hot-spring de

posits: U.S. Geol. Survey Bull. 260, p. 598-604.
Contains information on the mineral deposits of Sun

River, Boulder, Anaconda, and Hunter's hot springs.
396. Weed, Walter Harvey, and Ptrsson, Louis Valentine, 1896,

Geology of the Castle Mountain mining district, Montana:
U.S. Goo!. Survey Bull. 139, 164 p., 17 pls., 11 figs.

Describes White Sulphur hot springs.
397. 1898, Geology and mineral resources of the Judith Moun

tains of Montana: U.S. Geol. Survey 18th- Ann. Rept.,
pt. 3, p. 437--616, 18 pls., 23 figs.

Mentions Warm Spring Creek near Maiden.
See also references 109, 128, 133, 137, 138, 141, 144, 148, 409,

652,667, and 679.

NEVADA

398. Bain, Harry Foster, 1906, A Nevada zinc deposit: U.S.
Geol. Survey Bull. 285, p.166--169.

Mentions Indian spring and warm spring at 'White's
ranch.

399. Ball, Sydney Hobart, 1907, A geological reconnaissance in
southwestern Nevada and eastern California: U.S. Geol.
Survey Bull. 308, 218 p., 3 pls., 17 figs.

Contains information on Alkali spring 11 miles north
west of Goldfield. Mentions Hicks, Staininger ranch,
and Grapevine springs, also springs in Ash Meadows.

400. Becker, George Ferdinand, 1888, Geology of the quicksilver
deposits of the Pacific slope: U.S. Geol. Survey Mon. 13,
486 p., 7 pls., 20 figs.

Describes Steamboat springs.
401. 1889, Summary of the geology of the quicksilver deposits

of the Pacific slope: U.S. Geol. Survey 8th Ann. Rept.,
pt. 2, p. 961-985, 2 pIs.

Mentions Steamboat springs in Nevada and the hot
springs at Sulphur Bank and Oathill mines in California.

402. Beckwith, Edward Griffin, 1855, Report of explorations for
a route for the Pacific railroad, on the line of the forty
first parallel of North Latitude: U.S. War Dept., Re
ports of explorations and surveys * * * for a railroad
from the Mississippi River to the Pacific Ocean: U.S.
33d Cong., 2d sess., S. Doc. 78, v. 2, 114 p. [Geol. Report,
by James Schiel, p. 96-114, 4 pls.I

Contains data on a group of hot springs near the east
base of the Humboldt Mountains.

403. Blake, William Phipps, 1873, Diatoms in a hot spring in
[Pueblo Valley, Humboldt County] Nevada: California
Acad. Sci. Mtg. Aug. 21, 1871, Proc., v. 4, pt. 4, p. 183.

404. Brannock, Walter Wallace; Fix, Philip Forsyth; Gianella,
Vincent Paul; and White, Donald Edward, 1948, Pre
liminary geochemical results at Steamboat springs,
Nevada: Am. Geophys. Union Trans., v. 29, no. 2, p. 211
226, 12 figs., 6 tables.

405. Browne, John Ross, 1867, A report upon the mineral re
sources of the States and Territories west of the Rocky
Mountains: U.S. 39th Cong., 2d sese., Ex. Doc. 29, 321 p.

Comments on the numerous thermal springs in Nevada.

.406. 1868, Resources of the Pacific slope. A statistical and
descriptive summary of the mines and minerals, climate,
topography, agriculture, commerce, manufactures, and
miscellaneous productions of the States and Territories
west of the Rocky Mountains, with a sketch of the settle
ment and exploration of Lower California: New York,
D. Appleton Oo., 674 and 200 p. (2 parts, paged sepa
rately) ; 1869 ed., 678 and 200 p.

States that there are many thermal springs in Nevada
and describes several. Also contains chemical analyses
of the water from six springs in Nevada and from Fish
springs in Utah.

407. Carpenter, Everett, 1915, Ground water in southeastern
Nevada : U.S. Geol. Survey Water-Supply Paper 365, 86
p.,5 pls., 3 figs.

Contains data on 10 thermal springs.
408. Clark, William Otterbein, and Riddell, C. W., 1920, Ex

ploratory drilling for water and use of ground water for
irrigation in Steptoe Valley, Nevada, with an introduc
tion by O. E. Meinzer; U.S. Geol. Survey Water-Supply
Paper 467, 70 p., 6 pla., 6 figs.

Describes Ely warm spring, McGill warm springs, Mel
yin hot springs, Cherry Creek hot springs, Collar and
Elbow spring, Murry springs, Borchert John spring, and
a large group of thermal springs 10 miles northwest of
McGill.

409. Clarke, Frank Wigglesworth, and Chatard, Thomas Ma
rean, 1884, A report of work done in the Washington
laboratory during the fiscal year 1883-84: U.S. Geol.
Survey Bull. 9, 40 p.

Includes chemical analyses of water from hot springs
on Ward's ranch and at Hot Spring railway station, both
in K evada : from a warm spring near Mono Lake and a
boiling spring near Honey Lake, both in California; from
hot springs 8 miles north of Ogden, Utah; from Living
ston, Emigrant Gulch, and Helena hot springs, all in
Montana; and from six thermal springs at Hot Springs,
Va.
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410. Darlington, Philip Jackson, Jr., 1928, New Ooleoptera from
western hot springs: Psyche, v. 35, no. 1, p. 1-6.

Contains technical descriptions of three new species of
Coleoptera, one from a spring 37 miles south of Battle
Mountain, one from Beowawe hot springs, and from a
spring near Opal Mine, all in Nevada.

411. Dole, Richard Bryant, 1913, Exploration of salines in Silver
Peak Marsh, Nev.: U.S. QeoI. Survey Bull. 530, p. 330-345,
3 figs.

States that there are hot springs at the edge of the
Marsh.

412. Dreyer, Robert Marx, 1940, Goldbanks mining district,
Pershing County, Nev.: Nevada Univ. Bull., v, 34, no. 1
(Geology and Mining Ser. 33), 38 p., 13 figs.

States that the cinnabar in the Goldbanks mining dls
'trict was deposited by circulating hot waters. Mentions
hot springs a few miles north of the mine.

413. Engelmann, Henry, 1876, Report on the geology of the
country between Fort Leavenworth, Kansas Territory,
and the Sierra Nevada near Carson Valley. in Simpson,
James Hervey, Report of explorations across the Great
Basin of the Territory of Utah * * * in 1859: Washing
ton, Govt, Printing Office, U.S. Engineer Dept., p. 243
336.

Mentions Steamboat and Hot Sulphur springs and hot
springs near bend of the Walker River, all in Nevada;
Bear River Soda (Beer) springs in Idaho; boiling springs
near Mud Lake and near Honey Lake in California; and
thermal springs in four localities in Utah.

414. Evans, Albert S., 1869, In Whirlwind Valley: Overland
Monthly [San Francisco, Calif.], v. 2, no. 2, p. 111-115.

Describes the Beowawe geysers.
415. Fall, Henry Clinton, 1928, A new coelambua from a ther

mal spring in [Ruby Valley] Nevada: Psyche, v. 35, no.
1, p. 64-65,

416. Gianella, Vincent Paul, 1939, Mineral deposition at Steam
boat springs, Nevada Iabs.] : Econ. Geology, v. 34, no. 4,
p.471-472.

417. Gianella, Vincent Paul, and White, Donald Edward, 1946,
Minerals of Steamboat springs, Nevada Iabs.j : Geol. Soc.
America Bull., v. 57, no. 12, pt. 2, p. 1196; 1947, Am.
Mineralogist, v. 32, nos. 3-4, p. 200-201.

418. Hague, Arnold, and Emmons, Samuel Franklin, 1877, Geo
logic reports: U.S. Geol. Explor. 40th Parallel (King),
v, 2, 890 p., front., 25 pls.

Mentions several thermal-spring localities in Nevada;
also warm springs at month of Ogden Canyon and north
of Salt Lake City in Utah; and a large hot spring near
Eagle Lake in Antelope Valley. Calif.

419. Hill, James Madison, 1915, Some mining districts in north
eastern California and northwestern Nevada: U.S. Geol.
Survey Bull. 594, 200 p-, 19 PiS., 4 figs.

Mentions the- hot mineral springs at Sodaville in Min
eral County, Nev. Also shows location of Hinds hot
springs on a map of the south end of the Pine Nut Range
in Douglas County, Nev.

420. Jones, J. Claude, 1914, Occurrence of stibnite and metastib
nite at Steamboat Springs, Nevada [abs.]: Geol. Soc.
America Bull., v. 25, no. 1, p. 126.

421. Kearney, W. M., 1913, Biennial report of State Engineer of
Nevada, for 1911-1912: 294 p., 8 views, 1 graph.

Includes measurements of the discharge of Warm
Creek in Elko County and Preston springs, Lund spring,

and springs at the head of Warm Creek, all in White
Pine County.

422. Kerr, Paul Francis, 1940, Tungsten-bearing manganese de
posit at Golconda, Nev.: Geol. Soc. America Bull., v. 51,
no. 9, p. 1359-1389, 5 pls., 6 figs.; abs., Geol. Soc.
America Bull., Y. 51, no. 12. pt. 2, p. 2026.

States that the rock overlying the ore deposit is of
hot-spring origin.

423. 1946, Tungsten mineralization in the United States: Geol.
Soc. America Mem. 15, 241 p., 23 pls., 34 figs.

States that tungsten-bearing manganese deposit near
Golconda, Nev., was formed by hot springs. Also men
tions hot springs near Sodaville, Nev.

424. King, Clarence, 1878, Systematic geology: U.S. Geol. Ex
plor. 40th Parallel (King), v. 1, 803 p., 26 pIs., 12 maps.

Contains information on the mineral deposits of Steam
boat springs and of hot springs in Ruby, Reese River,
and Grass Valleys, in the Humboldt Range, and at Geiger
Grade, all in Nevada. Mentions the hot springs at Salt
Lake City and north of Ogden, both in Utah.

425. Knopf, Adolph, 1917, Tin ore in northern Lander County,
Nev.: U.S. Geol. Survey Bull. 64o.-G, p. 125--138, 1 fig.

Mentions a warm spring 20 miles north of Battle
Mountain (town).

426. LeConte, Joseph, 1883, On mineral vein formation now in
progress at Steamboat Springs [Nev.] compared with the
same at Sulphur Bank [Calif.] : Am. Jour. ScL, 3d ser.,
v. 25, p. 424-428, 2 figs.

427. Lindgren, Waldemar, 1905, The occurrence of sttbntte at
Steamboat Springs, Nevada: Am. Inst. Mining Engineers
Bull. 2, p. 275--278; Trans., v. 36, p. 27-31.

Describes the Steamboat springs and gives a chemical
analysis of the water.

428. 1911, The Tertiary gravels of the Sierra Nevada of
California: U.S. Geol. Survey Prof. Paper 73, 226 p., 28
pis.• 16 figs.

Describes 'walleys hot springs and gives a chemical
analysis of the water.

429. Loeltz, O. J., and Eakin, T. E., 1953, Geology and water
resources of Smith Valley, Lyon and Douglas Counties,
Nev.: U.S. Geol. Survey "Tater-Supply Paper 1228, 89 p.,
3 pls., 6 flga., 8 tables.

Describes Hinds hot springs and mentions a few near
by warm springs.

430. Marshall, Ruth, 1928, A new species of water mite from
thermal springs: Psyche, v. 35, no. 2, p. 92-96, 1pL

Describes a mite from a warm spring 15 miles north
of Deeth and from Minden hot springs, both in Nevada.

431. Maxey, George Burke, and Eakin, T. E., 1950, Ground water
in _'Vhite River Valley, White Pine, Nye, and Lincoln
Counties. Nev.: Nevada, Office State Engineer, Water
Resources Bull. 8, 59 p., 2 pIs., 5 flgs., 10 tables.

Contains data on Moon River spring, Hot Creek spring,
Mormon spring, and William springs.

432. Meinzer, Oscar Edward, 1917, Geology and water resources
of Big Smoley, Clayton, and Alkali Spring Valleys, Ne
vada: U.S. Geol. Survey Water-Supply Paper 423, 167 p.,
15 pls., 11 figs.

Describes Spencer, Darrough, McLeod's ranch, Char
nock, and Gendron springs. Contains chemical analyses
of the water of Spencer, Alkali, Ohamock, and Darrough
springs.
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433. Meinzer, Oscar Edward, 1924, Origin of the thermal springs
of Nevada, Utah, and southern Idaho: Jour. Geology,
v. 32, no. 4, p.295-303,4 figs.

434. Murbarger, Nell, 1956, Geysers of Whirlwind Valley [Ne·
vada] : Desert Mag., v. 19, no. 1, p. 17-20, 7 figs.

Describes the Beowawe geysers.
435. Nolan, Thomas Brennan, and Anderson, George Harold,

1934, The geyser area near Beowawe, Eureka County,
Nev.: Am. Jour. Sei., 5th ser., Y. 27, no. 159, p. 21.5-229,
10 pls., 2 figs.

436. Overton, Theodore D., 1947, Mineral resources of Douglas,
Ormsby. and Washoe Counties: Nevada Univ. Bull., v.
41, no. 9 (Geology and Mining Ser. 46), 91 p., 5 pls., 14
figs.

Describes Steamboat springs and mentions Gerlach
hot springs.

437. Penrose, Richard Alexander Fullerton, Jr., 1893, A Pleisto
cene manganese deposit near Golconda, Nevada: Jour.
Geology, V.1, no. 3, p. 275-282, 2 figs.

Mentions the hot springs near Golconda and suggests
a hot-spring origin for the manganese ore.

438. Ransome, Frederick Leslie, 1909a, Notes On some mining
districts ill Humboldt County, Nev.: U.S. Geol. Survey
Bull. 414, 75 p., 1 pI., 7 figs.

Mentions the Sou hot springs.
439. 1909b, The geology and ore deposits of Goldfield,

Nev.: U.S. Geol. Survey Prof. Paper 66, 258 p., 35 pla.,
34 figs.

Contains data on the Alkali springs.
440. Reeds, Chester Albert, 1927, Desert landscapes of north

western Nevada: Nat. History, v. 27, no. 5, p. 448-461,
22 figs.

Mentions that large springs, some of which are thermal,
issue at the margins of desert basins and that many
of the springs deposit mineral matter.

441. Russell, Israel Cook, 1885, Geological history of Lake La
hontan, a Quaternary lake of northwestern Nevada: U.S.
Geol. Survey Mon. 11, 288 p., 46 pls., 36 figs.

Mentions the numerous hot springs in the Lahontan
basin and briefly describes the principal ones. Contains
chemical analyses of the water from a spring at Hot
Spring railway. station and from hot springs north of
Granite Mountain, both in Nevada; also, analyses of a
spring near Honey Lake in California.

442. St. John, Orestes, 1883, Report on the geology of the Wind
River district, in Hayden, Ferdinand V., U.S. Geol. and
Geog. Survey Terr. 12th Ann. Rept., 1878, pt. 1: p. 173
269,49 pis.

Mentions warm springs and tufa deposits 1 mile down
stream from the mouth of Warm Spring Creek and 0.5
mile from the Wind River, also warm springs at the
mouth of Jakes Creek Canyon, in Nevada. Includes
views of Sou hot springs and of hot-spring deposits in
Osobb Valley, both in Nevada. and of hot-spring deposits
in Provo Valley, Utah.

443. Spurr, Josiah Edward, 1903, Descriptive geology of Ne
vada south of the 40th parallel and adjacent portions of
California: U.S. Geol. Survey Bull. 208, 229 p., 8 pls.,
25 figs.

Mentions Indian springs and hot springs in white
River valley and on Hot Creek ranch.

444. 1905, Geology of the Tonopah mining district, Nevada:
U.S. Geol. Survey Prof. Paper 42, 295 p., 24 pls., 78 figs.

Describes the Devil's Punchbowl in Monitor Valley 45

miles northeast of Tonopah "and mentions a hot spring
and a nearby tepid spring 25 miles southwest of Tonopah.

445. Spurr, Josiah Edward, 1906, Ore deposits of the Silver
Peak quadrangle, Nevada: U.S. Geol. Survey Prof. Paper
55, 174 p., 24 pls., 40 figs.

Mentions hot springs at Silver Peak and on the east
side of Clayton Valley.

446. Waring, Gerald Ashley, 1918, Ground water in Reese River
basin and adjacent parts of Humboldt River basin, Nev.:
U.S. Geol. Survey Water-Supply Paper 425-D, p. 95
129, 6 pls., 1 fig.

Mentions Mound Spring, hot springs east of Fish Creek,
and hot springs in Buffalo Valley. Also contains chem
ical a-nalyses of water from the springs at Hot Springs
ranch, a spring 1 mile north of those springs, and a spring
in BUffalo Valley.

447. 1920, Ground water in Pahrump, Mesquite, and Ivanpah
valleys, Nevada and California: U.S. Geol. Survey
Water-Supply Paper 450--C, p. 51-81, 5 pls., 2 figs.

Describes warm springs at Manse and Pahrump
ranches in Pahrump Valley; also contains chemical anal
yses of water from both springs.

448. White, Donald Edward, 1947, Rock alteration associated
with thermal springs [abs.]: Gecl. Soc. America Bull.,
v. 58, no. 12, pt. 2, p. 1239; 1948, abs., Am. Mineralogist,
v.33,nos.3-4,p.21Q-211.

Contains observations of rock alteration in areas of
thermal springs; makes special reference to Steamboat
springs.

449. 1952a, 'I'hree-dlmenslonal picture of Steamboat springs,
Nevada [abs.] : Geol. Soc. America Bull., v. 63, pt. 2; no.
12, p. 1311-1312.

450. 1952b, Some recent results of investigations at Steamboat
springs, Nevada [abs.]: Geol. Soc. America Bulf., v. 63,
pt. 2, no. 12, p. 1374.

451. 1954, Observations on some thermal springs in Nevada:
Unpublished fieldnotes.

Contains data on 33 'thermal springs.

452. White, Donald Edward, and Brannock, Walter Wallace,
1950, The sources of heat and water supply of thermal
springs, with particular reference to Steamboat 'Springs,
Nevada: Am. Geophys. Union 'I'rans., v. 31, no. 4, p. 566
574, 3 flgs., 2 tables; abs., Geol. 'Soc. America Butl., v. 61,
no. 12, pt. 2, p. 1534.

453. 1951, Sources of 'heat, water supply, and mineral content
of Steamboat springs, Nevada: Intemat. Union 'Geodesy
and Geophysics; Assoc. Sci. Hydrology Gen. Aasem., Oslo
1948, 'I'rans., v. 3, p- 168-176, 3 figs., 1 table.

454. White, Donald Edward, and Craig, Harmon, 1959, Isotope
geology of the Steamboat springs area, Nevada [abs.]:
Geol. Soc. America Bull., v. 70, no. 12, pt. 2, p. 1696.

455. White, Donald Edward; Fix, Philip Forsyth; Gianella,
Vincent Paul; and Brannock, Walter Wallace, 1946,
Preliminary results at Steamboat springs, Washoe
County, Nev. [a'bs.]: Geol. Soc. America Bult., v. 57, no.
12, pt. 2, p. 1258-1259.

456. White, Donald Edward; Thompson, George Albert; and
Brannock, Walter Wallace, 1949, Thermal springs and
their possible significance in the future discovery of ore
deposits [abs.]: Econ. Geology, v. 44, no. 1, p. 83.

Mentions Steamboat springs.
See also references 20, 102, 108, 109, 125, 126, 128, 130, 137, 138,

140, 141, 144, 269, 274, 276, 304, 395, 520, 562, and 667.
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NEW MEXICO

457. Clark, John Dustin, 1929, The saline springs of the Rio
Salado, 'Sandoval County, N. Mex.: New Mexico Univ.
Bull., Chemistry Ser., v. 1, no. 3, 29 p., 17 figs.

Contains information on the sulfur springs near
Mount Pelado, Soda Dam springs, Jemez hot springs, and
Indian, San Ysidro, and Phillips springs, 'also on two
thermal wells.

458. Clarke, Frank Wigglesworth, 1893, Report on work done
in the division of chemistry during the fiscal years 1891
92 and 1892-93: U.S. Geol. Survey Bull. 113, 11,5 p.

Oontalns a chemical analysis of water from Ojo
Caliente spring in Taos County, N. Mex.

459. Hayden, Ferdinand Vandiveer, 1873, Geological report, em
'bracing Colorado and New Mexico: U.S. Geo1. 'Survey
Terr. Ann. Repts. for 1867, 1868, and 1869 [reprints],
261p.

Mentions hot springs 5 miles northwest of Las Vegas,
N. Mex., also warm sulfur springs on the rigbt bank of
the Grand River just. upstream from the 'head of its
canyon in Colorado.

460. Jones, Fayette Alexander, 1904, New Mexico mines and
minerals: Santa Fe., N. Mex., New Mexican 'Printing
Co., 349 p., 50 figs.

Contains data on seven important thermal springs and
mentions several minor thermal springs.

461. Kelly, Clyde, and Anspach, E. V., 1913, A preliminary study
of the waters of the Jemez Plateau, New Mexlco : New
Mexico Unlv. 'Bull., 'Chemistry Ser., v, 1, no. 1, 72 p.

Contains information on several thermal springs, in
cluding chemical analyses of the water.

462. Kintzinger, Paul R., 1956, Geothermal survey of hot ground
near Lordsburg, N. Mex.; Science, v. 124, no. 3223, p. 629-
630, 1 fig. .

463. Lindgren, Waldemar, 1910, The hot springs at Ojo Oalt
ente, Taos County, N. Mex., and their deposits: Econ.
Geology, v. 5, p. 22-27.

464. Lindgren, Waldemar, Graton, Louis Caryl, and Gordon,
Charles Henry, 1910, The ore deposits of New Mexico:
U.'S. 'Geol. Survey Prof. Paper 68, 361 p., 22 pls., 33 figs.

Mentions Las Vegas, Faywood, Jemez, and Socorro
thermal springs and describes hot-spring mineral de
posits at Ojo Caliente springs in Taos County.

465. Reagan, Albert B., 1903, Geology of the Jemez-Albuquerque
region, New Mexico: Am. Geologist, v. 31, no. 2, p. 67
111,7 pIs.

Contains information on several thermal-spring locali
ties.

466. Renick, Brink Coleman, 1931, Geology and ground-water
resources of western Sandoval County, N. Mex.: U.S.
Geol. Survey Water-Supply Paper 620, 117 p-, 10 pls.,
3 figs.

Contains chemical analyses of water from eight ther
mal springs and describes several of the springs.

467. Richardson, Harriet, 1898, Description of a new crustacean
of the genus 'Sphaeroma from a warm spring [Socorro?]
in New Mexico: U.S. Natl. Mus. Proc., v. 20, no. 1128, p.
465-466.

468. Theis, Charles Vernon, Taylor, George Carroll, Jr., and
Murray, C. Richard, 1942, Thermal waters of the Hot
'Springs artesian basin, Sierra County, N. Mex.: New
Mexico State Engineer 14th and 15th Bienn. Repts., July
193B-June 1942, p. 419-492, 1 pI., 7 figs.

See also references 125, 133. 137. 138, 144, 328, 335, and 526.

NEW YORK

469. Fitch, William Edward, 1921, Mineral waters of the United
States and American spas: Philadelphia, Pa., and New
York, Lea & Febiger, 799 p-, 37 figs.

Contains information on Lebanon warm spring, 27
miles southeast of Albany. Includes a chemical analysis
of the water.

470. Meade, William, 1817, An experimental inquiry into the
chemical properties and medicinal qualities of the prin
cipal mineral waters of Ballston and 'Saratoga, in the
State of New York * * * to which is added an appendix
containing a chemical analysis of the Lebanon spring in
the State of New York: Philadelphia, Pa., H. Hall, 195
p., HIus.

471. Peale, Albert Charles, 1886, Lists and analyses of the min
eral springs of the United 'States (a preliminary study) :
U.S. Geol. Survey Bull. 32, 285 p.

Contains a chemical analysis of water from Lebanon
warm spring.

472. Weeks, Fred Boughton, 1905, New York: U.S. Geo1. Sur
vey Water-Supply Paper 114, p. 82-92.

Contains information on Lebanon warm spring.
See also references 133, 135,137, 138, 144, and 145.

NORTH CAROLINA

473. Fitch, William Edward, 1927, Mineral waters of the United
States and American spas: Philadelphia, Pa., and New
York, Lea & Febiger, 799 p., 37 figs.

Contains chemical analyses of water from two of the
hot springs on the French Broad River.

474. Kain, John Henry, 1818, Remarks on the mineralogy and
geology of the northwestern part of the State of Virginia,
and the eastern part of the State of Tennessee: Am.
Jour. Sci. and Arts, 1st ser., v.l, p. 60-67.

Contains information on the hot springs on the French
Broad River.

475. Kerr, Washington Carruthers, 1875, Report of the Geo
logical Survey of North Carolina: Raleigh, N.C., v. 1, 325
p., 8 pls., map.

Contains information on the total dissolved solids in
water from one of the hot springs on the French Broad
River.

476. Smith, Edward D., 1821, An account of the warm springs
in Buncombe County, State of North Carolina: Am. Jour.
Sci. and Arts, 1st ser., v. 3, no. 1, p.117-125.

Describes the hot springs on the French Broad River.

477. Stose, George Willis, and Stose, Anna Jonas, 1947, Origin
of the hot springs at Hot Springs, N.C.: Am. Jour. Sci.,
v. 245, pt. 2, no. 10, p. 624-644, 4 figs.

478. Watson, Thomas L., 1924, Thermal springs of the southeast
Atlantic States: Jour. Geology, v. 32, no. 5, p. 373-384,
2 figs., 2 tables.

Contains a chemical analysis of water from one of the
hot springs on the French Broad River.

See also references 124, 133, 137, 138, 144, 145, and 543.

OREGON

479. Ayres, Fred Donald, and Creswell, A. E., 1951, The Mount
Hood fumaroles: Mazama [Portland, Oreg.], v. 33, no.
13, p. 33-40, 4 mus.
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480. Hewett, Donnel Foster; Shannon, Earl Victor; and Gon
yer, Forest A., 1928, Zeolites from Ritter hot spring,
Grant County, Oreg: U.S. NatI. Mus. Proc., v. 73, art. 16
(no. 2727),18 p., 2 pls., 1 fig.

481. Langille, H. Do; Plummer, Fred Gordon; and others, 1903,
Forest conditions in the Cascade Range Forest Reserve,
Oregon: U.S. Geol. Survey Prof. Paper 9, 298 p., 41 pls.

Contains information on hot sulfur spring and on
Breltenbuah and Belknap hot springs", all near the
Clackamas River.

482. Lindgren, Waldemar, 1901, The gold belt of the Blue Moun
tains of Oregon: U.S. Geol. Survey 22d Ann. Rept., pt. 2,
p. 551-776, 26 pIs., 10 figs.

Describes Medical springs and mentions several others,
including two on the Idaho side of the Snake River.

483. Newberry, John Strong, 1857, Report upon the geology of
the route [from Sacramento Valley to the Columbia
River], in U.S. War Dept., Reports of explorations and
surveys * * * for a railroad from the Mississippi River
to the Pacific Ocean: U.S. BBd Cong., 2d sess., S. Doc. 78,
v. 6, pt. 2, 85 p., 11 flga., 5 pIs.

Describes two hot springs in the Wam Chuck River
valley.

484. Phillips, Kenneth N., 1936, A chemical study of the fu
maroles of Mount Hood: Mazama, v. 18, no. 12, p. 44-46,
2 flga., Portland, Oreg.

485. Phillips, Kenneth N., and Collins, J. Russel, 1935, Fu~

maroles on Mount Hood: Mazama, v. 17, no. 12, p.l9-21,
2 figs., Portland, Oreg.

486. Piper, Arthur Maine; Robinson, Thomas William; and
Park, Charles Frederick, Jr., 194.0: Geology and ground
water resources of the Harney Basin, Oreg: U.S. Geol.
Survey Water~SupplyPaper 841, 189 p., 20 pls., 9 figs.

Contains data on several thermal springs and wells.
487. Russell, Israel Cook, 1905, Preliminary report on the ge

ology and water resources of central-Oregon: U.S. Geol.
Survey BUll. 252, 138 p-, 24 pIs., 4 figs.

Mentions several thermal-aprlng localities.

488. Stearns, Harold Thornton, 1929, Geology and water re
sources of the upper McKenzie Valley, Oreg.: U.S. Geol.
Survey water-Supply Paper 597-D, p. 171-188, 3 pla.,
2 figs.

Describes the Belknap hot springs.

489. Trauger, Frederick Dale, 1950, Basic ground-water data in
Lake County, Oreg.: U.S. Geol. Survey open-file rept.,
287 p., 26 pls. [dupl.].

Contains detailed information on several thermal
springs.

490. Waring, Gerald Ashley, 1908, Geology and water resources
of a portion of south-central Oregon: U.S. Geol. Survey
Water-Supply Paper 220, 86 p., 10 pls., 1 fig.

Contains information on several thermal springs.
491. 1909, Geology and water resources of the Harney Basin

region, Oregon: U.S. Geo!. Survey Water-Supply Paper
231, 93 p., 5 pis.

Contains information on several thermal springs in the
Harney, Catlow, and Alvord Valleys.

492. Washburne, Chester Wesley, 1911, Gas and oil prospects
near Vale, Oreg., and Payette, Idaho: U.S. Geol. Survey
BUll. 431-A, p. 26-55, 1 pl.

Mentions several springs in the vicinity of Vale, Oreg.
See also references 109, 113, 133, 137, 141, 144, 150,

371, 377, 386, and 2092.

PENNSYLVANIA.

493. Peale, Albert Charles, 1886, Lists and analyses of the
mineral springs of the United States (a preliminary
study) : U.S. Geo!. Survey Bull. 32, 235 p.

Contains data on a warm spring in Perry County, Pa.

SOUTH DAKOTA

494. Darton, Nelson Horatio, 1896, Preliminary report all' arte
sian waters of a portion of the Dakotas: U.S. Geo!. Sur
vey 17th Ann. Rept., pt. 2, p. 603-1;94, 39 pls., 16 figs.

495. 1897, New developments in well boring and irrigation in
eastern South Dakota, 1896: U.S. Geol. Survey 18th Ann.
Rept., pt. 4, p. 561-615, 10 pls.

Contains data on 49 deep wells and states that the
geothermal gradient is about 1°F for each 40- to 5O-foot
increase in depth.

496. 1901, Preliminary description of the geology and water
resources of the southern half of the Black Hills and ad
joining regions in South Dakota and Wyoming: U.S. Geol.
Survey 21st Ann. Rept., pt. 4, p. 489-599, 55 pls., 28 figs.

Mentions springs in Hot Springs (city), also Hot
Brook,3 miles west of the city.

497. 1909, Geology and underground waters of South Dakota:
U.S. Geol. Survey Water-Supply Paper 227,156 p., 15 pls.,
7 figs.

498. 1918, Artesian waters in the vicinity of the Black Hills,
South Dakota: U.S. Geol. Survey Water-Supply Paper
428, 64 p., 13 pts., 11 figs.

Discusses the source of the warm water issuing from
springs in and near Hot Springs (city).

499. Darton, Horatio Nelson, and Smith, William Sidney Tan
gier, 1904, Description of the Edgemont quadrangle,
South Dakota-Nebraska: U.S. Geol. Survey Geol. Atlas,
Folio 108, 10 p., 5 flga., 4 maps.

Includes data on the warm springs at Cascade.
500. O'Harra, Cleophas Cisney, and Todd, James Edward, 1902,

Mineral resources of South Dakota: South Dakota Geo!.
Survey Bull. 3,136 p., 31 pls., 4 figs.

Contains information on the Minnekahta hot springs.
501. Waring, Gerald Ashley, 1946, Thermal springs at and near

Hot Springs, S. Dak.: Unpublished field notes.
See also references 133, 137,145, 148.

TEXAS

502. Gordon, Charles Henry, 1913, Geology and underground
waters of the Wichita region, north-central Texas: U.S.
Geo!. Survey Water-Supply Paper 317, 88 p., 2 pis.

Mentions three slightly thermal springs in Montague
County.

503. Hill, Robert Thomas, and Vaughan, Thomas Wayland, 1898,
Geologly of the Edwards Plateau and Rio Grande Plain
adjacent to Austin and San Antonio, 'I'ex., with reference
to the occurrence of underground waters: U.S. Geo!.
Survey 18th Ann. Rept. (1896-97), pt. 2, p. 193-321, 34
pls., 24 figs.

Describes Comal springs near New Braunfels.
504. Rossler, A. R., 1876, Beschaffenhelt und geologtsehe Ver

hllltnisae des Bauersees im Hardin County, Tex.: K.-kgI.
geo!. Reichsanst. Wien Verh., 1876, p. 227-229.

Contains information on six thermal springs in the
Sour Lake area.

See also references 73, 138, and 144.
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UTAH

505. Bradley, Frank Howe, 1873, Report of geologist of the
Snake River Division, in Hayden, Ferdinand V., U.S.
Geol, and Geog. Survey Terr. 6th Ann. Rept., 1872: p.
I9a-271, 8 figs., maps.

Contains information on several thermal-spring locali
ties in Utah, 'Wyoming, and Idaho.

506. Bryan, Kirk, 1919, Classification of springs: Jour. Geology,
v. 27, p. 522-561, 23 figs.

Mentions Hot, Big, and Fish springs at and near the
northeast end of the Fish Springs Range.

507. Callaghan, Eugene, and Thomas, Harold Edgar, 1939,
Manganese in a thermal spring in west-central Utah:
Econ. Geology, v. 34, no. 8, p. 905-920, 6 figs., 3 tables.

Contains data on hot springs near the village of
Abraham.

508. Carpenter, Everett, 1913, Ground water in Boxelder and
Tooele Counties, Utah: U.S. Geol. Survey Water-Supply
Paper 333, 87 p., 2 pIs., 9 figs.

Contains information on thermal springs at Hot
Springs, at Honeyville, near Plymouth, at the south
end of Little Mountain, and in Park Valley.

509. Crittenden, Max: D., Jr., 1951, Manganese deposits of west
ern Utah: U.S. Geol. Survey Bull. 979-A, 62 p., 1 pl.,
2 figs., 22 tables.

Contains information on the hot springs near the
village of Abraham.

510. Emmons, Samuel Franklin, 1877, Western Uinta Range:
U.S. Geol. Explor. 40th Parallel (King), v. 2, p. 311-325.

Mentions warm 'Springs near Heber.
511. 1893, The Wasatch Mountains: Internat. Geol. Cong.,

5th, Washington 1891, Compte rendu, p. 381-391, 2 figs. i
Geol. Guide Book, Rocky Mountain Excursion, p. 253
487.

Mentions thermal springs at Hot Springs and between
Centerville and Salt Lake City.

512. Gilbert, Grove Karl, 1890, Lake Bonneville: U.S. Geol.
Survey Mon. 1, 438 p., 51 pls., 51 flgs., map.

Mentions the group of warm springs and vapor vents
at Fumarole Butte, warm springs north of Salt. Lake
City, and at North Ogden Canyon.

513. Hayden, Ferdinand Vandiveer, 1871, U.S. Geological Sur
vey of "Wyoming and portions of contiguous Territories,
4th Ann. Rept., 1870 (2d report of progress) : p. 85-188,
20 figs.

Includes information On thermal springs near Salt
Lake Olty.

514. Howell, Edwin Eugene, 1875, Report on the geology of por
tions of Utah, Nevada, Arizona, and New Mexico, ex
amined in the years 1872 and 1873, in Wheeler, George
M., U:S. Geog. and Geol. Surveys ·W. l00th Mer. Rept.,
v. 3, Geology, pt. 3: p. 227-301, 2 pls., 41 figs.

Describes warm springs near the town of Midway
and hot springs at the north end of Escalante Valley.

515. Ives, Ronald Lorenz, 1946, The Fish Springs area, Utah:
Rocks and Minerals, v. 21, no. 9, p. 555-560, 8 figs.

516. 1947, Fumarole Butte, Utah: Rocks and Minerals, Y. 22,
no. 10, p. 903-909, 7 figs.

Describes hydrothermal activity at Fumarole Butte.
517. King, Clarence, 1878, Systematic geology: U.S. Geo!. Ex~

plor. 40th Parallel (King), v. 1, 803 p., 26 pls., 12 maps.
Mentions the hot springs at Salt Lake City and

North of Ogden.

518. Lee, Willis Thomas, 1908, Water resources of Beaver Val
vey, Utah: U.S. Geol. Survey Water-Supply Paper 217,
57 p., 1 pl., 3 figs.

Contains information on xrcxean's (Roosevelt) hot
springs, Dotson's spring, and warm springs 8 miles
south of Thermo.

519. MarseIl, Ray E., 1951, Ground-water contamination by sa
line thermal waters [abs.]: Geo!. Soc. America Bull.,
v. 62, no. 12, pt. 2, 1506-1507.

Contains information on the hot springs northwest
of Salt Lake City.

520. Meinzer, Oscar Edward, 1911, Ground water in Juab, Mil
lard, and Iron Counties, Utah: U.S. Geol. Survey Water
Supply Paper 277, 162 p., 5 pls., 13 figs.

Contains data on several thermal springs in Utah,
also on a group of springs in Nevada near the Utah
border.

521. Pack, Frederick James, 1927, Structure of thermal springs
on the wasatch fault: Am. Jour. ScL, 5th ser., v. 14,
p. 409-418, 4 figs.

522. Pack, Frederick James, and Carrington, A. C., 1921, Geo
logic and economic resources, Weber County, Utah:
Utah Univ. Bull., v. 11, no. 19, 61 p.

Contains data on Utah hot springs and Ogden hot
springs.

523. Richardson, George Burr, 1906, Underground water in the
valleys of Utah Lake and Jordan River, Utah: U.S.
Geol. Survey Water-Supply Paper 157, 81 p., 9 pls.,
5 figs.

Contains information on several thermal-spring
localities.

524. 1907, Underground water in Sanpete and central Sevier
Valleys, Utah: U.S. Geol. Survey 'Vater-Supply Paper
199, 63 p., 6 pls., 5 figs.

Contains data on Joseph hot springs, springs 0.5 mile
east of Monroe, and Johnson spring.

525. Stansbury, Howard, 1852, Exploration and survey of the
valley of the Great Salt Lake of Utah, including a re
connoissance of a new route through the Rocky Moun
tains: U.S. 32d Oong., Spec. sess., Mar. 1851, S. Doc. 3,
487 p., 35 illus., 23 pls., maps; repr., 1853, S. Ex. Doc. 3,
495 p. i 1855, Lippincott, Grambo & Co., Philadelphia, Pa.,
under title, "An expedition to the valley of the Great
Salt Lake of Utah i including a description of its geogra
phy, natural history, and minerals, and an analysis of its
waters; with an authentic account of the Mormon
settlement."

Contains information on several thermal-spring locali
ties in Utah, also one in I~aho and one in Wyoming.

526. Wheeler, George Montague, 1889, Geographical report of
areas occupied, in Wheeler, George M., U.S. Geog. and
Geol. Surveys W. l00th Mer. Rept., v. 1, Geographical
report: p. 21-146.

Mentions several thermal-sprfng localities in Utah and
Idaho.

See also references 20, 109, 124, 125, 128, 133, 137, 138,
144,317,406-409,413,418,424,433,442,666,686.

VIRGINIA

527. Burke, William, 1842, The mineral springs of Virginia; with
remarks on their use, and the diseases to which they are
applicable: New York, 'Viley & Putnam, 394 p., map i
2d ed., 1846.
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528. Burke, William, 1853, The Virginia mineral springs: 2d ed.,
Richmond, Va.

529. DungIison, Robley, 1866, Medical lexicon j A dictionary of
medical science, thoroughly revised and very greatly
modified and augmented: Philadelphia, Pa., H. C. Lea,
1047 p. ; 1st ed., 1860.

Contains information on several thermal springs.
530. Froehling & Robertson, 1904, A hand-book on the min

erals and mineral resources of Virginia. Prepared for
the Virginia Commission to the St. Louis Exposition:
Richmond, va., 159 p.

Describes the mineral springs. Contains chemical
analyses of the water from many of them.

531. Hayden, Horace Henry, 1831, Notices of the geology of the
country near Bedford springs in Pennsylvania and the
Bath or Berkeley Spring in Virginia, with remarks upon
those waters: Am. JOUr. Sci. and Arts, 1st ser.• v. 19,
no. 1.

532. Hemmeter, John. and Zueblin. Ernest, ca. 1920, Report on
radioactivity of springs in Virginia: Baltimore, Md.,
16 p.

533. Moorman, John Jennings, 1847, The Virginia springs, with
their analyses and some remarks of their charac
ter * * *: Philadelphia, Pa., Lindsay & Blakiston, 219 p.

534. 1854, The Virginia springs, comprising an account of all
the principal mineral springs of Virginia, with remarks
on the nature and medical applicability of each: 2d ed.,
Richmond, va., J. W. Randolph, 319 p., pls., maps.

535. 1859, The Virginia springs and springs of the South arid
West: Philadelphia, Pa., J. B. Lippincott & Co., 403 p.,
front., pls., map.

536. 1869, Virginia whtte Sulphur Springs, with the analysis
of its waters * * *: Baltimore, Md., Kelly, Piet & Co.,
27 p.

537. 1876, White Sulphur Springs, with the analysis of U:s
waters, the diseases to which they are applicable, and
some account of society and its amusement at the springs:
Baltimore, Md., Sun Book & Job Printing Office, 31 p.

538. Reeves, Frank, 1932, Thermal springs of Virginia: Virginia
Geol. Survey Bull. 36, 56 p., 8 pls., 4 flga., 7 tables.

Contains data on 321 springs in Virginia and West
Virginia. Most are only slightly thermal.

539. Rogers, William Barton, 1836, Memoir on the connection of
thermal waters in Virginia with anticlinal axes and
faults: Virginia Geol. Rept., app.

540. 1843, On the connection of thermal springs in Virginia
with anticlinal axes and faults: Assoc. ArO.. Geologists
and Naturalists Repts., 184042, p. 323-347.

Contains information on the thermal springs in 29
localities.

541. 1884, A reprint of the annual reports and other papers
on the geology of the Virginias, by the late William
Barton Rogers: New York, D. Appleton & Oo., 832 p.,
8 pls., map, 8 charts.

Contains information on thermal springs in 29 locali
ties. Includes chemical analyses of the water from six
thermal springs in Virginia and White Sulphur springs
and Old Sweet springs lin West Virginia.

542. Watson, Thomas Leonard, 1907, Mineral resources of Vir
ginia: Lynchburg, Va., J. P. Bell Co., 618 p, 83 pls., 101
figs. (Virginia-Jamestown Exposition Oomm.}

Contains information on the mineral springs.

543. 1924, Thermal springs of the southeast Atlantic States:
Jour. Geology, v. 32, no. 5. p. 373-384, 2 figs, 2 tables.

Summarizes available data on Hot, Warm SUlphur,
and Healing springs in Virginia, Warm Springs in
Georgia; and Hot .Sprtngs in North Carolina.

See also references 20,126,133,137-139,144,409.

WASHINGTON

544. Calkins, Frank Cathcart, 1905, Geology and water resources
of a portion of east-central Washington: U.S. Geol. Sur
vey Water-Supply Paper 118, 96 p., 4 pls., 4 figs.

Mentions CIeri spring.

545. Fowler, Claude 8., 1936, The geology of the Mount Adams
country: Geol. Soc. Oregon Country News Letter, v. 2,
no. 1.

Mentions fumaroles and vapor vents on Mount Adams.

546. Landes, Henry, 1905, Preliminary report on the under
ground waters of Washington: U.S. Geol Survey Water
Supply Paper 111, 85 p., 1 pI.

Contains chemical analysis of the water from the
Great Northern. hot springs and Blockhouse spring.

547. Phillips, Kenneth N., 1941, Fumaroles of Mount St. Helens
and Mount Adams: Mazama [Portland, Oreg.], v. 23,
no. 12, p. 37-42, 3 figs.

548. Plummer, Fred Gordon, 1902, Forest conditions in the Cas
cade Range, wasn., between the Washington and Mount
Rainier forest reserves: U.S. Geol. Survey Prof. Paper 6,
42 p., 11 pls.

Contains information on the springS at Hot Springs
resort on the Northern Pacific Railway, on the warm
springs on Burnt Boot Creek, on the Hot Sulphur spring
at ,Madison, and on hot mineral springs On the North
Fork of Skykomish River.

549. Smith, George Otis, 1901, Geology and water resources of
a portion of Yakima County, Wash.: U.S. Geol. Survey
Water-Supply Paper 55, 68 p., 7 pls., 8 figs.

Describes CIeri spring.
550. 1903, Description of the Ellensburg quadrangle, Wash.:

U.S. Geol. Survey oeoi. Atlas, Folio 86, 7 p., 3 maps.
Contains information on CIeri spring.

551. Waring, Gerald Ashley, 1913, Geology and water resources
of a portion of south-central Washington: U.S. Geol.
Survey Water-Supply Paper 316, 46 p., 1 pl., 1 fig.

Describes Nlcolal spring.
See also references 133,137,660.

WEST VIRGINIA

552. Erskine, Harlan Mercer, 1948, Principal springs of West
Virginia; a report on the location, discharge, and tem
perature 'Of the principal springs of West Virginia:
West Virginia Conserv. Oomm., 50 p.,l pl., 5 flga., 2 tables.

Contains information on 27 springs yielding water
having temperature higher than 60°F.

553. Macforkle, William Alexander, 1916, The White Sulphur
Springs: New York, Neale Pub. Co.

554. Price, Paul Holland; McCue, John Bruce; and Hoskins,
Homer Arthur, 1936, Springs of West Virginia: West
Virginia Univ. Tech. Bull. 8, n. 90-125.

Contains data, including chemical analyses, 9D 11
springs having water temperature exceeding 60°F.
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555. Stose, George Willis, and Martin, George Curtis, 1905,
Water resources of the Pawpaw and Hancock quad
rangles, West Virginia, Maryland, and Pennsylvania:
U.S. Geol. Survey Water-Supply Paper 145, p, 5&-63.

.Contains data, including a chemical analysis, on Berke
ley springs.

See also references 133, 137, 144, 538, 541.

WYOMING

556. Allen, Eugene Thomas, 1928, The classification of the hot
areas in the Yellowstone Park and the causes of their de
velopment [abs.]: Washington Acad. Sci. Jour., v. 18,
no. 19, p. 511.

557. 1933, Hot springs of Yellowstone Park: Internat. Geol.
Cong., 16th, Washington, 1933 j Guidebook 24, Excursion
C-2, Yellowstone--Beartooth-Big Horn Region: 64 p.,
8 pls., 14 figs. •

558. 1934, The agency of algae in the deposition of travertine
and silica from thermal waters: Am. Jour. Sci., 5th ser.,
v, 28, no. 167, p. 37&--389.

States that algae are a factor in the precipitation of
travertine from the water of Mammoth Hot springs in
Yellowstone National Park.

559. 1935, Geyser basins and igneous emanations: Been.
Geology, v. 30, no, 1, p. 1-13; abs., Am. Geophys. Union
Trans., 15th Ann. Mtg., pt. I, p. 240, Jnne 1934.

Contains much information on hydrothermal activity
in Yellowstone National Park.

560. 1936, The hot springs of the Yellowstone National Park:
Carnegie Inst. Washington News Service Bull. (School
ed.) , v. 4, no. I, p. 1-20, maps; 1941, abs., Annot. Bibli
ography Econ. Geology, 1940, v. 12, no. 1, p. 114.

561. Allen, Eugene Thomas, and Day, Arthur Louis, 1934, Hot
springs of the Yellowstone National Park: Pacific Sci.
Cong., 5th, Toronto, Canada, 1933, Proc., v. 3, p. 2275
2283.

562. 1935, Hot springs of the Yellowstone National Park. Mi
croscopic examinations by H. E. Merwin: Carnegie Inat.
Washington Pub. 466, 525 p., front., 215 flgs., 109 tables,
map.

563. Barlow, John Whitney, and Heap, David Porter, 1872, Re
port of a reconnaissance of the basin of the upper Yellow
stone in 1871: U.S. 42d Cong., 2d sess., S. Doc. 66,43 p.,
map.

Describes the Great Geyser Basin and the group of hot
springs near the shore of Yellowstone Lake, both in Yel
lowstone National Park.

564. Bartlett, Albert B., 1926, The mineral hot springs of Wyo
ming: Wyoming Geologist's Office, Bull. 16, 15 p., 5 Illua.

565. Bauer, Clyde Max, 1946, Physical character of hot-spring
and geyser deposits [abs.]: GeoL Soc. America BulL, v.
57,no. 12,pt. 2,p. 1249.

States that the sinter in Yellowstone National Park
reveals the history of the spring or geyser depositing it.

566. 1947, Yellowstone geysers: revised ed., Yellowstone Park,
Haynes, Inc., 125 p-, rront., 98 views, 2 ftgs., map; 1st ed.,
1937.

Lists 107 geysers and 4 spouting springs in Yellowstone
National Park.

567. 1948, Yellowstone-its underworld: Geology and histori
cal anecdotes of our oldest National Park: Albuquer
que, N. Mex., Untv. New Mexico Press, 122 p., 9 pls., 13
flga., map.

Contains much information on hydrothermal activity
in Yellowstone National Park.

568. Bloss, Fred Donald, and Barth, Thomas Fredrik Weiby,
1949, Observations on some Yellowstone geysers: Geol.
Soc. America Bull., v. 60, no. 5, p. 861-886, 14 figs.

569. Brockett, L. P., 1881, Yellowstone National Park in Our
Western Empire: Philadelphia, Pa., chap. 22.

Quotes data from references 625-635, 665, and 669.
570. Brown, Robert, ca. 1876, The wonderland of America, in

The countries of the world: London, Paris, and New
York, v.4 ; 6 v., 1876-92.

Includes a general description of Yellowstone National
Park.

571. Brues, Charles Thomas, 1924a, Observations on animal life
in the thermal waters of Yellowstone Park, with a Con
sideration of the thermal environment: Am. Acad. Arts
and Sci. Proc., v. 59, no. 15, p. 369-437, 1 pl., 5 figs.

Contains information on animal life in the thermal
waters of Yellowstone National Park, also in the water
of thermal springs at three localities in France and one
locality in each of Germany, Italy, Austria, and Switzer
land.

572. 1924b, Observations on the fauna of thermal waters:
Natl. Acad. Sci Proc., v. 10, p. 484-486.

Contains information on plant and animal life in the
thermal waters of Yellowstone National Park.

573. 1927, Animal life in hot springs: Quart. Rev. Biology, v.
2, p. 181-203, 19 figs.

Contains information on the fauna in thermal waters
in Yellowstone National Park; mentions arachnids in
thermal springs at Luxeuil, France.

574. Bunce, Oliver Bell, 1872, Our great National Park, in
Bryant, William Cullen, ed., Picturesque America, or the
land we live in; a delineation by pen and pencil of
the * * * picturesque features of our country, with il
lustrations on steel and wood, by eminent American
artists: New York, D. Appleton & Oo., v. I, 568 p., front.,
23 steel engravings, iUus.

Contains a general description of the geysers and hot
springs in Yellowstone National Park.

575. Burk, Creighton A., 1952, The Big Horn hot springs at
Thermopolis, Wyo., in Wyoming Geol. Assoc. Guidebook
7th Ann. Field ooar.: p. 93-95.

576. Chittenden, Hiram Martin, 1949, Yellowstone National
Park j historical and descriptive: 5th ed., revised by
Eleanor Chittenden Cress and Isabelle F. Story, Stanford,
Calif., Stanford Univ. Press, 286 p., front., 21 Illua., map.

Contains data On the mean height, duration, and in
terval of the eruptions of 58 geysers.

577. Collier, Arthur James, 1920, Oil in the Warm Springs and
Hamilton domes, near Thermopolis, Wyo.: U.S. Geol.
Survey Bull. 711-D, p. 61-73, 4 pIs., 1 fig.

578. Comstock, Theodore Bryant, 1873, On the geology of west
ern Wyoming: Am. Jour. Science and Arts, 3d ser., v. 6,
no. 36, p. 426-432.

Briefly describes hydrothermal activity in Yellowstone
National Park.

579. 1874, The Yellowstone National Park: Am. Naturalist, v.
8, no. 2, p. 65-79 ; no. 3, p. 155-166.

Contains information on the eruptions of 10 geysers.
580. 1876, Remarks on the hot springs and geysers and other

topics illustrating the scientific value of the Yellowstone
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Park [abs.]: Am. Assoc. Adv. SeL, 24th Mtg., 1875, Proc.
v.24,pt.2,p.97-99.

581. 1877, On some unexplained phenomena in the geyser
basins of the Yellowstone Park: Am. Assoc. Adv. SeL,
25th Mtg, 1876, Proc., p. 235-239.

582. Cook, C. W., 1870, The valley of the upper Yellowstone:
Western Monthly v. 4, no. 19, p. 60-67, Chicago [IlL]

Describes one of the earliest, if not the first, recorded
visits to the hot-spring and geyser localities of Yellow
stone National Park.

583. Copeland, Joseph John, 1936, Yellowstone thermal Myxo
phyceae: New York Acad. Sci. Annals, v. 36, p. 1-32, 13
Illus. map.

584. Daly, Reginald Aldworth, 1911, The nature of volcanic ac
tion: Am. Acad. Arts and Sciences Proc., v. 47, no. 3, p.
48-122, 5 pls., 15 figs.

Discusses the relation of the geysers in Yellowstone
National Park to rhyolite of Pliocene age.

585. Darton, Nelson Horatio, 1906a, The hot springs at Ther
mopolis, Wyo.: Jour. Geology, v. 14, no. 3, p. 194-200, 5
figs.

586. 1906b, Geology of the Owl Creek Mountains, with notes
on resources of adjoining regions in the ceded portion of
the Shoshone Indian Reservation, Wyoming: U.S. 59th
Oong., 1st sess., S. Doc. 219, 48 p., 19 pls., 1 fig.

Describes the thermal springs near Thermopolis.
587. 1920, Geysers of Yellowstone National Park: Berlin,

Geol. Oharakterbtlder founded by H. Stille, published
by Dr. K. Andree j no. 23, 8 p., 6 pls., 1 fig.

588. Davis, Bradley Moore, 1897, The vegetation of the hot
springs of Yellowstone Park: Science, new ser., v. 6, no.
135, p.145-157, 7 flgs., Bfllns.

589. Day, Arthur Louis, 1939, The hot-spring problem: Geol.
Soc. America Bull., v. 50, no. 3, p. 317-336.

Classifies the hot springs of Yellowstone National Park
according to the chemical character of their water.

590. Doane, Gustavus C., 1871, Report upon the so-called Yel
lowstone Expedition of 1870: U.S. Congo41st, 3d sess., S.
Doc. 51, 40 p.

Mentions various hot springs and describes the erup
tions of two geysers in Yellowstone National Park.

591. Dunraven (Windham Thomas Wyndham-Quin, 4th Earl of),
1876, The Great divide j travels in the Upper Yellowstone
in the summer of 1874: London, Chatto & Windus, 377 p.,
15 illus., map.

Includes notes and comments on the hot springs and
geysers of Yellowstone National Park.

592. Eldridge, George Homans, 1894, A geologic reconnaissance
in northwest Wyoming: U.S. Geol. Survey Bull. 119,
72 p-, 4 pla., 1 fig.

Describes the DeMaris, Big Horn (?-,hermopolis), and
Fort Washakie hot springs.

593. Ellsworth, Spencer, 1883, A pilgrimage to geyser land, or
Montana on muleback * * *: Lacon, Ill., Home Journal

Printing Establishment.
594. Endlich, Frederick Miller, 1879, Report on the geology of

the Sweetwater district, in Hayden, Ferdinand V., U.S.
Geol. and Geog. Survey Terr. 11th Ann. Rept., 1877: p.
8-158, 6 pls.

Briefly describes springs 2 miles west of Camp Brown
and On Beaver Creek near Beaver Canyon.

595. Everts, Truman C., 1871, Thirty-seven days of peril: Scrib
ner's Monthly Mag., v. 3, no. 1, p.1-17, 9illus.

Describes the use of hot springs for cooking and

warmth 'by a member of the Washburn expedition (1870)
who became lost in the Yellowstone area.

596. Fenner, Clarence Norman, 1936, Bore-hole investigations
in Yellowstone Park: Jour. Geology, V. 44, no. 2, pt. 2,
p. 225-315, 15 flgs., 13 tables; Carnegie Inst. Washington
Geophys. Lab. Paper 895.

Discusses the mechanism of geyser action as revealed
by information gained 'by boring to a depth of 406 ft in
the Upper Geyser Basin and to a depth of 265 ft in the
Norris Geyser Basin.

597. Fisher, Cassius Asa, 1906a, Geology and water resources of
the Bighorn Basin, Wyo.: U.S. Geol. Survey Prof. Paper
53, 72 p., 16 pls., 1 fig.

Describes Cody hot springs and mentions Several
others j also includes a chemical analysis of water from
the Thermopolis hot springs.

598. 1906b, Mineral resources of the Bighorn Basin [Wyo.] :
U.S. Geo!. Survey Bull. 285-F, P. 311-815.

Contains information on the Cody and Thermoplis hot
springs.

599. Fix, Philip Forsyth, 1949, Regularity of Old B'althful Gey
ser, Yellowstone National Park, Wyoming: Am. Jour.
ScL, V. 247, p. 246-256, 1 pl., 3 tables.

600. Folsom, David E., 1894, The Folsom-Cook exploration of
the Upper Yellowstone in the year 1869: St Paul, Minn.,
H. L. Collins Co., Printers, 23 p.

Mentions the hot springs and geysers in Yellowstone
National Park.

601. Forbes, Stephen Alfred, 1893, A preliminary report on the
aquatic invertebrate fauna of the Yellowstone National
Park, Wyoming, and of the Flathead region of Montana:
U.S. Fish Comm. Bull, V. 11, for 1891, p. 207--258, 6 pls.

Describes the fauna of a warm stream near Lewis
Lake and in the water of a warm spring near the shore
of Yellowstone Lake.

602. Geikie, Archibald, 1881a, The geysers of the Yellowstone:
Macmillan's Mag., v. 44, no. 264, Oct., p. 421-435.

603. 1881h, The geysers of the Yellowstone: Appleton's Jour
nal, new ser., v. 11, Dec., p. 538-547.

604. 1882, Geological sketches at home and abroad:
London, Macmillan & Oo., 382 p. j 1889 ed., New York,
Macmillan & Co., 382 p., 29 figs.

Describes the geysers of Yellowstone National Park.

605. Gooch, Frank Austin, and Whitfield, James Edward, 1888,
Analyses of waters of the Yellowstone National Park,
with an account of the methods of analysis employed:
U.S. Geol. Survey Bull. 47, 84 p., 2 figs.

606. Guptill, Albert Brewer, ca. 1898, Haynes' Guide to Yellow
stone Park: St. Paul, Minn., F. Jay, Haynes, 139 p., 45
illus., maps.

Contains short descriptions of some of the principal
geysers and hot springs.

607. Hagne, Arnold, 1884, Yellowstone National Park: Science,
v. 3, no. 52, p.135-136.

Contains information on the hot springs and geysers
in Yellowstone National Park.

608. 1885, Report of operations in the Division of the
Yellowstone National Park during the year ending June
30, 1885: U.S. Geo!. Survey 6th Ann. Rept., 1884-85, p.
54-59. .

Contains information on hydrothermal activity in YeI·
lowstone National Park.
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609. Hague, Arnold, 1887, Notes on the deposition of scorodite
from arsenical waters in the Yellowstone National Park:
Am. Jour. SeL, Sd ser., v. 34, no. 201, p. 171-175.

Describes the deposits of Joseph's Coat springs.
610. 1888, Geological history of the Yellowstone National

Park: Am. just. Mining Engineers Trans" 1887, v. 16,
p. 783-803, map j repr. 1893, Smithsonian lust. Ann.
Rept. to July 1892, p.133-151.

States that there are more than 3,500 geysers, hot
springs, mud pots and paint pots in the Park. Mentions
the role of algae in the deposition of geyserite.

611. 1889a, Report of operations in the Division of the Yel
lowstone National Park during the year ending June 30,
1888: U.S. Geo\. Survey 9th Ann. Rept., 1887-88, p. 91-96.

Describes Excelsior geyser j also mentions the deposi
tion of scorodite by Joseph's Coat springs and Constant
geyser.

612. 1889b, Soaping geysers: Am. Inst. Mining Engineers
Trans. for 1888, v, 17, p. 546-555; 1893, repr.,
Smithsonian Inst. Ann. Rept. to July 1892, p.153-161.

Recounts experiments on several geysers in venow
stone National Park.

613. 1893a, The Yellowstone Park: Internat. Geol. Cong., 5th,
Washington 1891, Rept., p. 33&-345,1 fig.

Describes hydrothermal activity in the Park.
614. 1893b, Itinerary of the Yellowstone Park: Internat. Geol.

Cong., 5th, Washington 1891, Rept., p. 346-359, 3 pls.
Includes information on the geysers and hot springs

in the Park.
615. 1900a, Thermal springs: New York, Appleton's Universal

Cyclopaedia, v.11, p. 396-397.
616. 1900b, Yellowstone National Park: New York, Appleton's

Universal Cyclopaedia, v.12, p. 549-550.
617. 1904, The Yellowstone National Park: Scribner's Mag.,

v. 35, no. 5, p. 513-527, 8 pis.. 8 mus.
Contains information on the hot springs and geysers,

also on their deposits.
618. 1911a, Origin of the thermal springs in the Yellowstone

National Park: Geol. Soc. America Bull., v. 22 (Mar. 31),
p. 103--122.

619. 1911b, The origin of the thermal waters in the Yellow
stone National Park: Science, new ser., v. 33, no. 850
(Apr. 14) , p. 553-568.

620. 1928, Geological history of the Yellowstone National
Park: U.S. Dept. Interior. xau. Park Service, 23 p., 9
illus., map.

Discusses hydrothermal activity in Yellowstone Na
tional P.ark; mentions the deposition of scorodite by
Joseph's Coat springs.

621. Hague, Arnold; Iddings, Joseph Paxon; Weed, Walter Har
vey; and others, 1899, Geology of the Yellowstone Na
tional Park: U.S. Geol. Survey Mon. 32, pt. 2, 893 p.,
121 pls., 4 flga., atlas.

Describes the Snake River springs.

622. Hague, Arnold; Weed, Walter Harvey; and Iddings, J 0

seph Paxon, 1896, Description of Yellowstone National
Park quadrangles, Wyo.: U.S. Geol. Survey Geol. Atlas,
Folio 30, 6 p., illus., 8 maps.

Describes the hot springs and geysers 'and their
deposits.

623. Hares, Charles Joseph, 1917, Anticlines in central wro
ming: U.S. Geol. Survey Bull. 641-1, p. 233-279, 1 pl., 19
figs.

Mentions the hot mineral springs near Alcova, warm
springs in Beaver Gorge near Hailey, and thermal springs
in two other localities.

624. Harshberger, J. W., 1897, The vegetation of the Yellow
stone hot springs: Am. Jour. Pharmacy, v. 69, p. 625
634.

625. Hayden, Ferdinand Vandiveer, 1872a, Preliminary report
of the U.S. Geological Survey of Montana and portions
of adjacent Territories, 5th Ann. Rept. of progress:
Washington, Govt. Printing Office, 538 p.

Describes hot springs along the Gardiner River and
in the Yellowstone area. Also mentions the Bear River
Soda springs in Idaho.

626. 1872b, Die neu entdeckten Geyser-Gebtete ani oberen Yel
lowstone und Madison River: Petermanns Geog. Mitt.,
v.18,no.7, p.241-253,321-326,map.

627. 1872c, Wonders of the West, II. More about the Yel
lowstone: Scribner's Monthly Mag., V. 3, no. 4 (Feb.),
p. 388-396, 111Uus.

Describes some of the principal geysers and hot springs
in YeUowstone National Park.

628. 1872d, The hot springs and geysers of the Yellowstone
and Firehole Rivers: Am. Jour. Sci. and Arts, 3d ser.,
v. 3, no. 14 (Feh.), p.105-115; no. 15 (Mar.), p. 161-176, 3
pls., 7 figs.

629. 1873, Sixth annual report of the U.S. Geological and
Geographic Survey of the Territories f.or the year 1872:
p. 12--85,24 figs.

Contains data on the hot springs and geysers in Yel
lowstone National Park.

630. 1874, Our great West and the scenery of our natural
parks: Am. Geog. Soc. BUll" v. 6, p. 196--211.

631. 1876a The Yellowstone Park and mountain regions of
portions of Idaho, Nevada, Colorado, and Utah: Boston,
Mass., L. Prang & Co., 48 p., 15 pls., 2 maps.

632. 1876b, The Grotto geyser of the Yellowstone National
Park, with a descriptive note and map, and an illustra
tion by the Albert-type process: Washington, Govt. Print
ing Office,2 leaves [2 p.] of text, 1 pl.

633. 1877, Pacific tourist; wonders of the Rocky Mountains.
'Dhe Yellowstone Park, how to reach it, in Williams, R. T.,
Illustrated Guide to the Pacific Railroad, California, etc. :
New York.

634. 1878, Yellowstone National Park: Johnson's New Illus
trated Universal Cyclopaedia, v. 4, p.1526--1530.

Describes the hot springs and geysers.
635. 1880, The great West; its attractions and resources.

Containing * * * recent explorations in the Yellowstone
Park, "The W-onderland of America": Philadelphia, Pa.,
and Bloomington, Hl., 528 p., 25 pls., 3 maps.

636. Hayden, Ferdinand Vandiveer; Doane, Gustavus C. j and
Langford, Nathaniel Pitt, 1874, Le Pare National des
1!Jtats-Unis: Tour du Monde, v. 28, p. 289--352,52 illus.,13
views.

Contains information on the hot springs and geysers in
Yellowstone National Park.

637. Haynes, Jack Ellis, 1951, Haynes Guide j Handbook of
Yellowstone National Park: 52d revised ed., Bozeman.
Mont., Haynes -Studlos, Ine., 190 p., rront., 122 Illus., 18
maps.

Describes the geysers and other thermal springs.

638. Hewett, Donnel Foster, and Lupton, Charles Thomas,
1917, Anticlines in the southern part of the Big Horn
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Basin, ·WyO.: U.S. Geol, 'Survey Bull. 656, 192 p., 32 pls.,
12 figs.

Mentions the Thermopolis hot springs.
639. Hoeppli, Reinhard J. C., 1926, Studies of free-living nema

todes from the thermal waters of Yellowstone Park:
Am. Micros. Soc. Trans., v. 45, p. 234-249, 3 pls.

640. Holmes, William Henry, 1876, Report on the geology of
the northwestern portion of the Elk Range, in Hayden,
Ferdinand V., U.S. Geol. and Geog. Survey Terr. 8th Ann.
Rept., 1874: p. 59-71, 1'1flgs., map.

Mentions the warm sulfur springs in the valley of
the West Fork of Rock Creek.

641. Howard, Leland Ossian, 1895, Animal life ill' thermal
springs: U.S. Dept. Agriculture, Div. Entomology, Insect
Life,v,7,p.413-414.

Mentions insect larvae in the water of a hot spring in
Uinta County, Wyo., near hot water in Yellowstone
National Park, and in water of a hot spring fn Gunnison
County, Colo.

642. Hubbard, H. Go, 1891, Insect life in the hot springs of the
Yellowstone National Park: Canadian Entomologist, v.
23, p. 226-230.

643. Jones, William A., 1875, Report upon the reconnaissance of
northwestern Wyoming, including Yellowstone National
Park, made in the summer of 1873: U.S. Engineer Dept.
Rept. 331 p., maps.

Describes the thermal waters or Yellowstone National
Park.

644. Jordan, David Starr, 1893, Yellowstone Park: Geog. Soc.
California Bull., v.1, Pt. I, p. 31-39, 4 figs.

645. Kiplfng; Rudyard, 1899, Travel sketches, in Works of Rud
yard Kipling: authorized ed., New York, Doubleday &
McClure Co., v. 2, chaps. 30-31, p. 73-105. (Probably
first pub. in the Pioneer, Allahabad, India, 1889.)

Contains picturesque descriptions of some of the hot
springs and geysers in Yellowstone National Park.

646. Knight, Wilbur Clinton, 1893, Notes on the mineral re
sources of Wyoming: Wyoming Univ. Agr. Ooll. Expt.
Sta. Bull. 14, p. 119-21l.

Mentions thermal springs in several places in wvomtng.
647. Langford, Nathaniel Pitt, 1871, The wonders of the Yel

lowstone: Scribner's Monthly Mag., v. 2, no. 1 (May),
p. 1-17, 12 illus.; no. 2 (June), p. 113-128.20 illus.

Contains descriptions of some of the geysers and hot
springs and their deposits in Yellowstone National Park.

648. ca. 1905, Diary of the Washburn expedition to the Yel
lowstone and Firehole Rivers in the year 1870: St. Paul,
Minn., 122 p., 42 illus., map.

Contains mention of some of the geysers and hot
springs.

649. LeConte, Joseph, 1878, Geysers and how they are ex
plained: Pop. Sci. Monthly, v. 12, no. 4 (Feb.}, p.407
417, 11 figs.

Mentions geysers in Yellowstone National Park, Ice
land, and New Zealand. States that the so-called geysers
in California are fumaroles.

650. Leffmann, Henry, 1881, Analyses of some geyser deposits:
Chern. News [London], v. 43, no. 1112 (Mar. 18), p. 124.

Contains analyses of seven samples of geyser and hot
spring deposits in Yellowstone National Park.

651. Leffmann, Henry, and Beam, William, 1883, Contributions
to the geological chemistry of Yellowstone National
Park: Am. Jour. Sci., 3d ser., v. 25, no. 146, p. 104-106.
Includes foul' analyses of hot-spring deposits.

652. Ludlow, William, 1876, Report of a reconnaissance from
Carroll, Montana Territory, on the upper Missouri, to
the Yellowstone National Park and return, made in the
summer of 1875: Washington, U.S. Engineer Dept., 155
p., 2 pls., map.

Contains descriptions 0.:1; geysers and hot springs in
Yellowstone National Park.

653.• Lutz, Frank Eugene, 1931, Notes on the animal life of
thermal waters in the Yellowstone National Park: Am.
Mus. Novltates 498,10 p.

654. Lystrup, H. T., 1933, Winds-their effect on geyser activ
ity: Yellowstone Nature Notes, v.l0, p. 26.

655. Maguire, Henry No, 1877, The Black Hills and the Ameri
can Wonderland: Chicago, Ill., Donnelley, Loyd & Co.,
Lakeside Library, v. 4, no. 82, p. 277-306, 33 Illus., map.

Contains information on several of the geysers and hot
springs in Yellowstone National Park.

656. Majors, Forest H, 1946, Exploration of the Brutch sulfur
deposits, Hot Springs County, 1Nyo.: U.S. Bur. Mines
Rept. Inv. 3964,15 p., 5 figs.

Mentions hot water in one of the sulfur mines 3.5 miles
northwest of Thermopolis.

657. Marler, George Do, 1951, Exchange of function as a cause
of geyser irregularity: Am. Jour. SeL, v. 249, no. 5, p.
329-342.

658. 1954, Does the cold of winter affect the thermal intensity
of the hot springs in Yellowstone Pnrkj : Am. Jour. ScL,
v. 252, no. 1, p. 38-54, 1 pI.

659. 1956, How old is Old Faithful geyser [Wyoming] 1: Am.
Jour. Sci., v. 254, no. 10, p. 615-622, 1 fig.

660. Melbo, Irving Robert, 1950, Our country's National Parks:
Indianapolis, Ind., Babbs-Merrill, 2 v., v. 1, 284 p., illus.,
map; v, 2, 244 p., illus., map.

Contains a general description of the geysers and hot
springs in Yellowstone National Park and, mentions
hydrothermal activity at Lassen Volcanic National. Park
in California, at Mount Rainier in Washington, and at
Kilauea volcano in Hawaii.

661. Mitchel), Silas Weir, 1880, Through the Yellowstone Park
to Fovt Ouster: Lippincott's Mag., v. 25, no. 12 (June),
p. 688--704; v, 26, no. 1 (July). p. 29-41.

Describes some of the more important geysers in Yel
lowstone National Park.

662. Muench, Joyce Rockwood, and Muench, Josef, 1949, Ther
mal wonders of Yellowstone: Nat. History, v. 58, no. 7,
p. 312-315, 8 views.

663. Nichols, Robert Leslie, 1934, Pebbles rounded in geyser
tubes: J'ourvGeology, v. 42, no. 4, p. 430-432.

Refers to rounded fragments of rhyolite in the vents
of Grand and Turban geysers in Yellowstone National
Park.

664. Norris, Philatus Wo, 1883, The Calumet of the Coteau, and
other poetical legends of the border '* '* * together with
a guide-book of Yellowstone National Park: Phlladeplrla,
Pa., J. B. Lippincott & ce., 275 p.

Mentions the principal hot springs and geysers in
Yellowstone National Park.

665. Norton, Harry J., 1874, Wonder-land illustrated; or horse
back rides through the Yellowstone National Park: Vir
ginia City, MOIlt., H. J. Norton, 132 p., front., 17 ntus.,
maps.

Contains information on the geysers and hot springs.
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666. Peale, Albert Charles, 1873, Report of examinations in
Colorado, Utah, and the Yellowstone region, in Hayden,
Ferdinand V., U.S. Geol. and Geog. Survey Terr. 6th
Ann. Rept., 1872: p. 99-187, 19 figs.

Contains a general description of hot springs and
geysers in Yellowstone National Park and a list of
thermal springs in Colorado, Utah, and the Yellowstone
Natlonaj Park.

667. 1883, The thermal springs of Yellowstone National Park:
Description of springs and geysers of Yellowstone Na
tional Park, in Hayden, F. V., Report on progress of the
exploration in Wyoming and Idaho for the year 1878:
U.S. GeoI. and Geog. Survey Terr. 12th Ann. Rept., 1878,
pt. 2: p. 63-454, 45 pls., 32 figs., 11 maps.

668. Porter, Robert Percival; Gannet, Henry; and Jones, Wil
liam A., 1882, The Yellowstone National Park, in The
West, from Census of 1880: Chicago, Ill., Rand, McNally &
Oo., 630 p., pls., map.

Contains information on the geysers and hot springs.
669. Raymond, Rossiter Worthington, 1880, Camp and cabin;

Sketches of life and travel in the West: New York,
Fords, Howard, & Hulbert, 243 p.

Includes descriptions of the hot springs and geysers in
Yellowstone National Park.

670. 1889, Soaping geysers: Am. Inst. Mining Engineers
Trans., 1888, v.17, p. 449-454.

Describes experiments made in Yellowstone National
Park.

671. Reynolds, Sidney Hugh, 1941, Fumaroles, hot springs, and
geysers: Bristol [England], Naturalists Soc. Proc., 1940,
4th ser., v. 9, pt. 2, p. 251-263.

Includes a general description of the geysers in Yellow
stone National Park.

672. Richardson, James, 1873, wonders of the Yellowstone:
New York, Scribner, Armstrong & Oo., 256 p., 19 illus.,
map.

Contains detailed descriptions of the principal hot
springs and geysers in Yellowstone National Park. Also
discusses geysers in Iceland and New Zealand.

673. 1874, Wonders of the Yellowstone region: Chambers'
Jour. Pop. Ltt., ScL, and Arts, v. 51 p, 315-317.

674. Riley, William C., 1889, Grand tour guide to the Yellow
stone National Park; a manual for tourists: St. Paul,
Minn., Northern News Co., 135 p., iUus.; revised by
John Hyde.

675. Rolfe, Mary A" 1927-28, Our National Parks: Chicago,
Ill., and New York, B. H. Sanborn & Co., 2 v., pls., illus.;
2d. ed., 1935-36; 3d ed., 1937.

676. Rubey, William Walden, and Murata, Kiguma Jack; 1941,
Chemical evidence bearing on origin of group of hot
springs Iabs.] : washington Acad. ScL Jour., v. 31, no. 4,
p.169-170.

F Describes a group of hot springs 2.5 miles north of
AUburn, Wyo.

677. Sehlundt, Herman, and Moore, Richard Bishop, 1909,
Radioactivity of the thermal waters of Yellowstone Na
tional Park: U.S. Geol. Survey Bull. 395, 35 p., 4 pls.,
7 figs.

678. Setchell, William Albert, 1903, The upper temperature
limits of life: Science, new ser., v.17, no. 441, p. 934-937.

Discusses observations of living organisms in thermal
waters in Yellowstone National Park.

679. Stanley, Edwin James, 1878, Rambles in wonderland, or
Up the Yellowstone and among the .geysers and other

curiosities of the National Park: New York, D. Appleton
& Oo., 179 p., 12 iUus., map.

680. Strahorn, Robert Edmund, 1878, To the Rockies and be
yond, or a summer on the Union Pacific Railroad and its
branches: Omaha, Nebr., Omaha Republican Printers, 141
p.; 2d ed., 1879, 216 p., illus., pls., maps; 3d ed., 1881,
Chicago, Hl., Belford, Clarke & 00., 213 p.

Includes data on principal hot springs and geysers in
Yellowstone National Park.

681. 1879, The resources of Montana Territory and attractions
of Yellowstone National Park: Helena, Mont., published
by direction of 'the Montana Legislature, 77 p., Illus.

682. 1881a, The enchanted land, or an October ramble among
the geysers, hot springs, lakes, falls, and canyons of the
Yellowstone National Park: Omaha, Nebr., Omaha Re
publican Printers, 48 p., illus.

683. 1881b, Montana and Yellowstone National Park: Kansas
City, Mo., Ramsey, Mi'llett & Hudson, 191 p.

684. Strong, William E., 1876, A trip to Yellowstone National
Park in July, August, and September, 187'5; from the
journal of General W. E. Strong:' Washington, 143 p.,
pls., maps.

685. Tilden, Josephine Elizabeth, 1897, On some algal stalactites
of the Yellowstone National Park: Bot. Gazette, v. 24,
p. 194--199, 1 pl.

686. 1898, Observations on some west American thermal algae:
But. Gazette, v. 25, p. 89-105, 3 pls.

'Contains technical descriptions of algae found in ther
mal waters in Yellowstone National Park, in Beck's 'hot
springs near Salt Lake City in Utah, in Crater Rock
hot springs in Oregon, and in hot springs at Banff,
'Canada.

687. Toula, Franz, 1887, Del' Yellowstone-National Park, del'
vtrlkanische Ausbrueh auf Neu Seeland und das
Geyslrphilnomen : Vel'. Verbreicung naturw. Kenntnisse
Wien.

688. Trager, Martelle W., 1939, National Parks of the North
west: New York, Dodd, Mead, & -00., 216 p, 15 tllus.,
7 maps.

Includes information on the principal geysers and hot
springs in Yellowstone National Park.

689. Trumbull, Walter, 1871, The Washburn Yellowstone expe
dition: Overland Monthly Mag. [San Francisco, Calif.],
v. 6, no. 5, p. 431-437; no. 6, p. 489-496.

Describes and assigns names to some of the prominent
geysers in Yellowstone National Park.

690. Turner, Daniel Stoughton, 1946, The Norris parking area
mud pool: Yellowstone Nature Notes, .Y. 20, no. 6, p. 5-6.

691. 1949, Development of a new thermal feature in Yellow
stone National Park: Am. Geophys. Union Trans., v. 30,
no. 4, p. 526-527.

692. U.S. Department of the Interior, National Park Service,
1938, Yellowstone National Park, Wyoming: 37 p., 10
views, map.

Contains a list of the principal geysers and hot springs,
including Inronnanon on the temperature of the water.

693. Van Orstrdnd, Charles Edwin, 1924, Temperatures in some
springs and geysers in Yellowstone National Park: Jour.
Geology, v. 32, no. 3, p. 194-225, 5 flgs., 9 tables.

694. Weed, Walter Harvey, 1889a, The diatom marshes and
diatom 'beds of the Yellowstone National Park: Bot.
Gazette, v.14, p.117-120.

Describes extensive deposits of diatoms in marshes
supplied by hot-spring waters and discusses the efficiency
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with which diatoms separate silica from the water in
which they live.

695. Weed, Walter Harvey, 1889b, 'I'he vegetation of hot springs:
.Am. Naturalist, v. 23, p. 394-400.

Mentions algae in the thermal waters in Yellowstone
National Park.

696. l88ge, On the formation of siliceous sinter 'by the vegeta
tion of thermal sprlngs : Am. Jour. Set, 3d ser., v. 37
(no. 221), p. 351--359.

Refers to deposits of siliceous sinter in Yellowstone
National Park.

697. 1889d, Formation of travertine and siliceous sinter by the
vegetation of hot springs: U.S. Geol. Survey 9th Ann.
Rept., 1887-88, p. 613--676, 10 pls., 5 figs.

"Discusses the deposition of travertine at Mammoth
Hot springs.

698. 1893, The formation of 'hot spring deposits: Internat.
Geol. Oong., 5th, Washington 1891, Compte rendu, p.
36<Hl63.

Describes the iravertlne deposits of Mammoth Hot
springs.

699. 1912, Geysers: U.'S. Dept. Interior, 29 p., 18 views, 1
flg., 4 maps.

Contains special reference to the geysers in Yell.ow
stone National Park.

700. 1921, Geysers of the Yellowstone National Park: U.S.
Dept. Interior, Natl. Park Service, 29 p., 18 views, map.

Contains general descriptions of geysers in Iceland
and New Zealand in addition to more detailed informa
tion on the geysers in Yellowstone National Park.

701. weed, Walter Harvey, and Pirsson, Louis Valentine, 1891,
Occurrence of euphur, orpdment, and realgar in the
Yellowstone National Park: Am. Jour. Sci., 3d ser., v.
42, p. 401-405.

States that the sinter deposited by Chrome spring con
tains orpiment and realgar, also that sulfur is deposited
by many hot springs, fumaroles, and solfataras.

702. Whitfield, James Edward, 1889, Scorodite from the Yel
lowstone Park [Wyo.]: U.S. -Geol. Survey Bull. 55, p.
65-66.

Describes scorodite in the deposita of Joseph's Coat
spring.

703. Woodruff, Elmer Grant, 1908, SUlphur deposits at Cody,
Wyo.: U.S. Geol. Snrvey Bnll. 34o-L, 451-456, I pl.

Describes the Cody Hot springs and their deposits.
704. 1909, Sulphur deposits near Thermopolis, Wyo.: U.S.

Geol. Survey nun. 380-M, p. 373--380, I fig.
Describes the Thermopolis Hot springs.

See also references 59, 106, 108, 124, 126, 136, 140, 144, 148,
373,388, 442, 505, 514, 525.

OTHER NORTH AMERICAN COUNTRIES

CANADA

705. Boyle, R. W., and McIntosh, D., 1914, On the amount of
radium and radium emanation present in the waters of
several western springs: Royal Soc. Canada Proc. and
Trans., 3d ser., v. 7, sec. 3, p.1GB.

Contains information on radioactivity of warm springs
at Sinclair, Fairmont, and Banff.

706. Clapp, C. R, 1914, Sharp Point hot spring, Vancouver
Island, B.C.: Canada Geol. Survey Summ. Rept., 1913,
p.80-83.
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707. DoImage, Victor, 1922, Coast and islands of British C0
Iumbla between Burke and Douglas Channels: Canada
Geol. Survey Summ. Rept., 1921, pt. A, p- 22-49, 4 figs.

Contains information on thermal springs at six widely
separated localities.

708. Dowling, D. B., 1911, Coal fields of Jasper Park, Alberta:
Canada Geol. Survey Summ. Rept., 1910, p. 150-169, figs.
5-6.

Describes a group of hot springs on SUlphur Creek.
709. 1912, Geology or the Roche Miette map-area, Jasper Park,

Alberta: Canada Geol. Survey Bumm. Rept., 1911, p. 201
219.

Mentions the Jasper hot springs.
710. EIworthy, R. T., 1917, Examination of the hot springs at

Banff, Alberta: Royal Soc. Canada Proc. and 'I'rana., 3d
ser., v. 11, sec. 3, p. 27-33.

711. 1918, Mineral springs of Canada, Part II, The chemical
character of some Canadian mineral springs: Canada
Dept. Mines Bull. 20 (Mines Br. No. 472), 173 p., 10 pls.,
2 figs.

. Contains information on the hot springs near Banff,
including chemical analyses of the water.

712. 1926, Hot springs in western Canada-their radioactive
and chemical properties: Canada Dept. Mines, Mines
Br., Inv. Mineral Resources and Mining Industry, 1925,
Bull. 669, 33 p.

713. Hoffmann, George Christian, 1902, Report of the section
of chemistry and mineralogy: Canada Geol, Survey Ann.
Rept.1899, new ser., v.12, 64p.

Contains information on a spring on Sharp Point be
tween Sydney Inlet and Refuge Cove on the west coast
of Vancouver Island.

714. Kerr, Forest Alexander (compiled by Harold Caswell
Cooke), 1948, Lower Stikine and western Iskut River
areas, British Columbia: Canada Geol. Survey Mem. 246
(PUb. 2482), v, 94 p., 5 pls., 3 maps.

Describes the group of springs near the Stikine River.
715. Leech, Geoffrey B., 1954, Canal Flats, British Columbia

(Map and preliminary account) : Geol. Survey Canada
Paper 54-7, 32 p., map.

Describes the warm mineral springs on the Lussier
River and Ram Creek.

716. LeRoy, O. E., 1913, West Kootenay and Boundary districts;
Geology of the region between Proctor and Midway:
Internat. Geol. Cong., 12th, Toronto, Canada, 1913, Guide
book 9, Transcontinental excursion C2, p. 61-102, 3 pIs.,
map.

Describes the Halcyon hot springs along the east side
of Upper Arrow Lake.

717. McLeam, F. D., and Kindle, E. D., 1950, Geology of north
eastern British Columbia: Canada Geol. Survey Mem.
259, 236p., 8 pls., 16 figs., map.

Mentions several thermal-spring localities.
718. Marshall, J. R., 1927, Lakelae Lake map area, Coast dis

trict, British Columbia: Canada Geol. Survey Bumm.
Rept., 1926, pt. A, p. 35-44, I fig.

Describes a group of hot springs near Lakelse Lake.
719. Pickering, B. J., 1954, Principal hot springs of the south

ern Rocky Mountains of Canada, in Alberta Soc. Petro
leum Geologists, Guidebook 4th Ann. Field Conf., Banff
Golden-Radium, Aug. [1954]: 182 p., 27 pla., 5 maps.
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720. Rand, A. L., 1~, The southern half of the Alaska High
way and its mammals: Nat!. Mus. Canada Bull. 98 (BioI.
Ser. no. 27).

Mentions thermal springs along Toad River.
721. Rice, Harington Molesworth Anthony, 1944. Notes on geol

ogy and mineral deposits at Ainsworth, British Columbia:
Canada Qeol. Survey Paper 44-13, 5 p., 2 maps; Western
Miner, v.17, no. 9, p- 42-45, 3 figs.

Mentions the Ainsworth hot springs.
722. Satterly, John, and Elworthy, R. T., 1917, Mineral springs

of Canada, Part I, The radioactivity of some Canadian
mineral springs: Canada, Dept. Mines Bull. 16 (Mines
Br. no. 435), 60p. 23 pls., 5 figs.

Includes information on five thermal springs at Banff.
723. Warren, P. S., 1927, Banff area, Alberta: Canada Qeo!. Sur

vey Mem. 153 (Geol. see, no. 134), 94 p-, 7 pis., 1 fig.
Describes the principal springs.

724. Williams, Merton Yarwood, 1944a, Geological reconnais
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British Columbia, to Watson Lake, Yukon: Canada Geol.
Survey Paper 44--28,33 p-, map.

Describes several thermal-spring localities.
725. 1944b, The Fort Nelson-Watson Lake area (British

Columbia) : Western Miner, v. 17, no. 9, p. 54-60, 2 figs.
See also references 178, 180, and 686.

MEXICO
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roles del Popocateptl : Soc. Cient. "Antonio Arzate" Mem.,
v.10, no. 24,p. 185-13S.

727. Burkart, Joseph von, 1836, Aufenthalt und Reisen in Mex
ico in den Jahren 1825 bis 1834: Stuttgart, Germany, E.
Schweizerbart, 2 v. (in one) ; v. 1, 395 p. j v. 2, 288 p., 9
pls., map.

Contains information on nine thermal-spring areas.

728. Caballero, J. de G., 1905, La regi6n gelsseriana al N. del
estado de Mlchcacan : Soc. Otent. "Antonio AIzate" Mem.,
v. 22, p. 203-208.

729. 1906, Los hervideros de la sierra de Oeumanan : Soc.
Geol. Mexicana Bol., v. 2, p. 35-41.

Describes solfataras, fumaroles, cauldrons of boiling
mud, and a geyser. One of the fumaroles noisily emits
water vapor and sulfurous gas with such force that
stones are east out.

730. Carpenter, William W., 1851, Travels and adventure in
Mexico; in the course of journeys of upward of 2,500
miles, performed 'On foot j giving an account of the man
ners and customs of the peoples, and the agricultural and
mineral resources of -that country: New York, Harper &
Bros.,300p.

Describes a hot spring near Amatlan.

731. Cochelet, 1845, Souvenirs d'un voyage de Mexico a New
Yorck: Soc. Geog. Paris Bull., ser. 3, v. 3, no. 16, p. 2090
250.

Mentions a hot ferruginous spring at Mount Penon
near Mexico City.

732. Diaz de Leon, Jesus, 1894,· Estudio sobre la constituci6n
geo16gica de una parte del suelo en que descansa la
eluded de Aguascalientes, Capital del estado del mismo
nombre: Soc. Geog. Mexicana Bol., 4th ser., v. 3, no. 1,
p. 74-94, 1 pl.

Describes Ofo Caliente springs issuing at the southwest
base of Cerro Ojo Caliente.

733. Dollfus, Auguste, and Montserrat, Eugene de, 1861, Eaux
minerales des environs de Puebla : Mexique Archives
Oomm., Sci. v. 2, p. 390-403.

734. Foshag, William Frederick, 1945, Las fumaroles del "Parf
cutin," in Mexico, Univ. Nac. Inst. Geologia, El Paricutin,
p.95-100.

735. 1948, Aqueous emanation from Parfcutln volcano Iabs.l :
Am. Mineralogist, v. 33, nos. 3-4, p. 195.

736. 1950, The aqueous emanation from Parlcutin volcano:
Am. Mineralogist, v. 35, nos. 90-10, p. 749-755,4 figs.

737. Foshag, William Frederick, and Henderson, Edward Por
ter, 1946, Primary sublimates at Paricutin volcano: Am.
Geophys. Union Trans., v. 27, no. 5, p. 685--686.

Discusses the origin of the salts deposited around the
vents of low-temperature fumaroles.

738. Gallagher, David, 1954, San Alto spring, State of Zaca
tecas, Mex.: Unpublished notes.

739. Gilliam, Albert M., 1846, Travels over the table lands and
cordilleras of Mexico during the years 1843 and 1844:
Philadelphia, Pa., J. W. Moore, 455 p., 8 Illus., maps.

Mentions a hot spring on the plain of Pueblo. Includes
a map showing the locations of hot springs near Mexico
City.

740. Hardy, Robert William Hale, 1829, Travels in the interior
of Mexico: London, H. Colburn and R. Bentley, 540 p.,
5 iUus.

Mentions a hot spring between Tepustetes and Piedras
Verdes, also a hot spring on the road to a gold mine about
180 miles north of Llanos.

741. Hermesdorf, M. G., 1862, On the Isthmus of Tehuantepec:
Royal Geog. Soc. [London] Jour., v. 32, p. 536--554.

Mentions hot springs on western and southern slopes of
Cerro Prieto.

742. Hernandez, Apolinar, 1938, Estudio hidrogeologico de
Ucareo, Estado de Michoadin: Soc. Geol. Mexican Bol.,
v. 10, nos. 5-6, p. 147-178, 23 flgs., 3 photomicrographs,
map.

Mentions thermal springs and solfataras of Sierra
uca~eo.

743. Hovey, Edmund Otis, 1907, Volcanoes of Colima, Toluca,
and Popocatepetl : Science, new ser., v. 25, no. 646, p. 764.

States that a vigorous column of steam rises from the
central crater of Colima volcano.

744. Instituto Medico Nacional, 1895, Datos par el estudio de
las aguas minerales de los Estados Unidos Mexicanos,
apendlce a la Primera Parte de la Materia Medica Mexi
cana: Mexico City, Oficina Tipograffa Secretaria Fo
mento, 84 p-, map.

Contains information On 3 thermal springs in Neuvo
Le6n, 44 in Mlchoacan, 20 in Zacatecas, 14 in Puebla, 46
in Jalisco, 4 in Morelos, and 4 in Distrito Federal.

745. King Clarence R., 1947, Finding and mining optical calcite
crystals [Mexico]: Eng. Mining Jour., v. 148, no 6,
p.94-96.

States that all the deposits of Iceland spar in Mexico
are in areas of thermal springs.

746. MacDougal, Daniel Trembly, 1907, The desert basins of
the Colorado Delta.: Am. Geog. Soc. New York Bull., v.
39, no. 12, p. 705-729, 11 figs.

Describes warm springs on the east side of Laguna
l\Iaquata. Map shows the locations of these springs, also
of mud Volcanoes near Volcano Lake. Mentions mud
volcanoes near Salton Sea in California.
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747. Mancera, 0., 1943, Obtenci6n de sal en Ixtapan de In Sal:
Ciencia, v, 4, nos. 2-3, p. 70--71.

Contains information on thermal springs between
Ixtapan and Tonatico in the State of Mexico.

748. Mooser, Federico, 1958, Active volcanoes of Mexico. in
Central Ameotca, Catalogue of active volcanoes of the
world including solfatara fields: Naples, Italy, Internat.
Volcanol. Assoc., pt. 6, p. 1-36, 7 flgs., maps.

Includes information on hydrothermal activity in some
of the volcanic localities in Mexico.

749. Ober, Frederick Albion, 1884a, Travels in Mexico and life
among the Mexicans: Boston, Mass., Estes' and Lauriat,
672 p., 190 illus., maps.

Describes eolfataras in crater of Mount Popocatapetl,
Topa Ohico hot springs near Monterrey, and Santa
Rosalia hot springs near Santa Rosalia.

750. 1884b, Mexican resources; a guide to and through Mex
ico: Boston, Mass., Estes and Lauriat, 57 [3], 37 p.,
maps, Illus., plan.

Mentions the hot springs in the vicinity of Aguas
calientes, also the baths of El Penon and Grand Paseo
near Mexico City.

751. Ordonez, Ezequiel, 1945, El volean de Paricutin: Mexico,
Comisi6n Impulsora y Coordinadora de Ia Investigaci6n
cientifica, 138 p., iUus.; 1947 ed., Mexico City, Editorial
Fantasia, 181 p., 56 pls., 8 flgs., maps. [Spanish, Eng
lish, and French.]

Mentions the formation of fumaroles at Paricutin.
752. Oswald, Felix Leopold, 1880, Summerland sketches, or ram

bles in the backwoods of Mexico and Central America:
Philadelphia, Pa., J. B. Lippincott & Co., 425 p., 76 illus.

Describes Aguaa Oaltentes near Los Banos village 40
miles south of San Luis Potosi and hot springs near- Casa
Morena in Mlchoacan State.

753. Quevedo, 1893, Les eaux rnlneralaa au Mexique; Iea bains
du-t'Pefion" pres de Mexico: Nature [Paris], v. 21, pt. 2,
p. 357-358, 1 fig.

754. Richards, Adrian F., and Dietz, Robert S., 1956, Eruption
of Bareena volcano, San Benedicto Island, Mexico: Pa
cific Sci. Cong., 8th, Quezon City, Philippines, 1953, Proc.,
v. 2, p. 157-176, 10 pis.; Contr. from Scripps Inst. Ocean
ography, new ser., no. 793; 1953, abs., Geol. Soc. America
Bull., v. 64, p. 1503 j 1952, Volcano Letter 517, p. 7; 1953,
Volcano Letter 519, p. 7.

Mentions steam vents associated with volcanic eruption.
755. Salazar, Salinas Leopoldo, 1931, Los geysers de Ixtlan :

Mexico Univ., Rev. Mensual, v. I, no. 5, p. 422-423.
756. Saussure, Henry de, 1860, Excursion to an ancient volcano

in Mexico: Royal Geog. Soc. [London] Jour., v. 30, p.
5&-58.

Mentions hydrothermal activity in the vicinity of
Sierra San Andres.

757. Shufeldt, Robert W., 1872, Reports of explorations and
surveys to ascertain the practicability of a ship-canal
between the Atlantic and Pacific oceans, by the way of
the Isthmus of 'I'ehuantepee, made under the direction
of the Secretary of the Navy: U.S. 42 Cong., 2d sess., S.
Doc. 6, 151 p., 20 maps.

Describes thermal springs on the Pacific plains mid
way between the passes of Tarifa and Chivela, also at
La Chivela Pass.

758. Singletary, Coyle E., 1952, The hot springs, geysers, and
sclfataras of the northern part of the state of Mlchoaedn,
Mexico: Texas Jour. ScL, v. 4, no. 4, p, 413-420, 10 figs.

759. Sykes, Godfrey Glenton, 1937, The Colorado Delta: Car
negie Inst. Washington Pub. 460 (joint publication, Car
negie lust. Washington [and] Am. Geog. Soc. New York),
193 p., 1 pl., 74 figs.

Mentions the group of hot springs at the eastern base
of Cerro Prieto.

760. Tamayo, Jorge L., 1946, Datos para la hidrologia de la
Republica Mexicana: Mexico Inst. Panamericano Geo-'
gratia y Historia Pub. 84, 448 p-, illus.

761. Trask, Parker Davies, 1943, The Mexican volcano Pari
cutin: Science, new ser., v. 98 (no. 2254), p. 501-505.

Describes fumaroles at Parfcutln.
762. Villada, Manuel M., 1891, Apuntes de geologia y de bo

tantca relativos Ji Mexico: Naturaleza, ser. 2, v. I, p. 419
433; 493-498, 3 pis.

Describes vapor vents, mud pots, and hot springs in
several localities.

763. Villafana, Andres, 1908, Fuente termal en Cuitzeo de Aba
solo, Estado de Guanajuato, Mexico: Mexico Inst. Geol.
Parergones, v. 2, no. 7, p. 277-287, 2 pls., maps.

764. Villarella, Juan de D., 1909, Htdrologla subterrrinea de los
alrededores de Montenegro: Soc. Geol. Mexicano Bol., v.
5, p.37--65.

Describes the thermal springs at EI. Salto.
765. Waitz, Paul, 1906a, Phenomenes postparoxysmiques du San

Andres, Mtehoacan : Internat. Geo!. Cong., 10th, Mexico
City, 1906, Guide 10, Excursion du San Andres et Colima,
29 p., 3 pls., 3 maps.

Describes several areas of hydrothermal activity.
766. 1906b, Algunos expertmentos en geysers artificiales: Soc.

Geol. Mexicana Bol., v. 2, p. 71-85, 1 pl.
Describes geysers and other hot springs, boiling pools,

and fumaroles near village of Ixtlan.

767. 1906c, Les geysers d'Jxtlan : Internat. Geol. Cong., 10th,
Mexico City 1906, Guide 12, Excursions de I'Quest, 22 p.,
3 pls., 5 figs., 1 map.

768. Walker, Lewis W., 1947, Nature's onyx factory: Desert
Mag., v. II, no. 2, p. 13-15, 3 Inus.

Describes Volcan and six smaller springs in a ravine
5 miles from El Marmol quarries.

769. Williams, Howel, 1952, Recent eruption on San Benedicto
Island, Revilla Gigedo Group, Mexico: Volcano Letter
517, p. 7.

States that the eruption was accompanied by the emis
sion of much steam and water. Mentions that nearby
Socorro Island, which erupted in 1848, is still solfataric.

770. Winship, George Parker, 1904, The journey of Coronado
1540-1542 from the city of Mexico to the Grand Canon
of the Colorado and the buffalo plains of Texas, Kansas,
and Nebraska; translated and edited with an introduc
tion, by George Parker Winship: New York, A. S. Barnes
& Co., front., map.

Describes a visit to an area of mud votcanoes-c-prob
ably near Volcano Lake in Baja California.

771. Wittich, Ernesto, 1910, Geysers y mantiales thermales de
Comanjilla (Guanajuato): Soc. Geol. Mexicana Bol., v.
6, p. 183-188, 2 pis.

772. 1925, Los pozos de aguas termomlneralea y radioactivas
perforadas en la cuenca Zavala-Gogorron, S. L. P. [San
Luis Potosi]: Soc. Otent, "Antonio Alzate" Mem., v. 44,
p. 377-391, 1 pI.

See also references 14, 22, 43, 79, 222, 224, 255, 270, 304, and 784.
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CENTRAL AMERICA

(Costa Rica, El Salvador, Guatemala, Nicaragua, and
Panama)

773. Belcher, Edward, 1843, Narrative of a voyage round the
world, performed in her Majesty's ship SUlphur during
the years 1836-1842, including details of the naval opera
tions in China from Dec. 1840 to Nov. 1841: London,
H. Colburn, 2 v. j v. 1, 887 p., front., 7 engravings, 11
vignettes, maps; v. 2, 475 p., front., 10 engravings, 9
vignettes.

Mentions bot vapors rising from the craters of Volcan
de Viejo near Lake Managua j also mentions a thermal
saline spring on the shore of a bay on the easternmost
island of the Admiralty Group.

774. Biolley, Pablo, 1889, Costa Rica and her future: Washing
ton, Judd & Detweiler, 96 p.; translated from the French
by Cecil Charles, 1890, Costa-Rica und seine zukunft:
Berlin, Thormann u. Goetsch, 90 p.

Mentions fumaroles and hot springs on the north slope
of lrazu volcano and boiling springs on the slopes of
Poas Volcano.

775. Boddam-Whetham, John Whetham, 1877, Across Central
America: London, Hurst & Blackett, 353 p., 2 illus.

Mentions the hot springs near Lake Amatitlan, the
Atmotonga hot spring near Quezaltenango, and hot sul
fur springs near the village of La Oanoa.

776. Castro, Esteban, 1878, Estadfetlca de la jurisdicci6n mu
nicipal de San Vicente: 'San Salvador EGovt. pub.I.

Describes Ausol EI Obrajueto near San Vicente, La
J ora, and three other springs about 10 miles southeast
of San Vicente.

777. Deger, Erwin Conradin, 1937, Die geochemische SteHung
und bafneologlsche Bedeutung elnlger 'I'hermalquellen
Mittelamerikas: Chemie Erde, v. 11, no. 2, p, 249-255,
2 figs.

778. Dollfus, Auguste, and Mont-Serrat [MontserratJ, Eugene
de, 1868, Voyage geologique dans Ies republtques de
Guatemala et de Salvador. Mission Sclen'tlflque au
Mexique et· dans L'Amertque Centrale: Paris, Imprl
merie Imperiale, 539 p., 18 'Ills.

Contains information on fumaroles, mud volcanoes,
and thermal springs.

779. D6ndoli B., Cesar, 1941, Nota geo16gica; Ojo de Agua y sus
alrededores : Costa Rica Dept. Nac. Agr. Bol. Tee. 36,
Ber, Geol. 3, 10 'p., 3 figs.

780. Dunlop, Robert Glasgow, 1847, Travels in Central America,
being a journal of nearly three years' residence in the
country; together with a sketch of the history of the
Republic and an account of its climate, productions, com
merce, etc.: London, Longman, Brown, Green, & Long
mans, 358 p. map.

Mentions the boiling springs on the shore of Lake
Amatitlan and thermal wells in the town of Amatitlan,
also several areas of mud volcanoes and fumaroles.

781. Dunn, Henry, 1828, Guatemala, or the united provinces of
Central America, in 1827-8; being sketches and memo
randums made during a twelve months' residence in that
republic: New York, G. & C. Carvill, 318 p.; 1829 ed.,
London. "

Mentions a hot sulfur spring about 3 miles from San
JOBe, Guatemala.

782. Frantzius, A. von, 1862, Die warmen Mineralquellen in
Ocstartca : Preussiche Medizinal-Zeitung, new ser., v. 5,
no. 14-16, 16 p.

783. 1873, Die warmen Mineralquellen in Costarica: Neues
J ahrb, Mineralogie, Geologie u. Palaontologte, no. 5, p.
496--510.

784. Frobel, Julius, 1859, Seven years' travel in Central Amer
ica, Nonthern Mexico, and the far West of the United
'States: London, R. Bentley, 587 p., 8 Hlus.

Describes a hot spring near 'Ifpltapa village and mud
volcanoes of San Jacinto and Tisate, aU in Nicaragua;
also Ojo Oaliente in northern Mexico "and Warner's ranch
springs in California.

785. Grebe, Willi Herbert, 1955, La mineria en El Salvador
[centro America]: EI Salvador Servicio Geol. Nac,
Anales Bol., no. I, 62 p., 3 pls., 12 figs.

Mentions fumaroles on the fianks of Tecapa and Ouya
nausul volcanoes; also mentions solfataras.

786. 1956, Las fumaroles y fuentes -termales en las montatias
voicanrcas de mayor edad de El Salvador: El Salvador
Servicio Geol. Nac. Anaies Bol., no. 2, p. 34-43, 2 pla.,
7 figs.

787. 1957a, DampfqueI:len in El Salvasor und Ihre wirtschaft
liche Bedeutung: Umschau, 1957, no. 6, p. 176-179, 4 figs,
1 map.

788. 1957b, Fumarolen and ThermalqueHen in den Hlteren
vulkaniachen Gebirgen von El Salvador: Petermanns
Geog. Mitt., v. 101, p. 31-35, map, 3 tables.

789. Guzman, D. J., 1883, Apuntamientos sobre la topograffa
fisica de la Republica de El Salvador: San Salvador.

Mentions several thermal springs.
790. Hale, J., 1826, Six months' residence and travels in Cen

tral America, through the free states of Nicaragua and
particularly Costa Rica: New York, 32 p.; 1827, abs.,
Geog, Soc. France Bull., v.B, no. 53, p. 99-111.

Mentions a hot spring 1 mile south of Cartage and
another near San Jose, both in Costa Rica.

791. Hustedt, Friedrich, 1953, .A:lgunas observaciones sobre la
vida de mtcroorgantsmos en los arroyos termales de los
ausoles de El Salvador: El Salvador Univ. Inst. Tropical
Inv. Cient. eomun., v. 2, nos. 3-4, p.l03-108.

792. International Bureau of American Republics, 1892, Ntca
ragua : Bull. 51, 183 p.

Mentions hot springs.
793. 1S92, El Salvador: Bull. 58,169 p.

Mentions geysers and hot springs.
794. Larde, Jorge, 1924, Geologia general de centro America y

especial de El Salvador: San Salvador.
Mentions several warm springs in El Salvador.

795. Ldtsehert, Wilhelm, 1956, Temperatur- und pH-Studien in
salvadorenlschen Solfataren und Thermen: Deutchen
Bot. Gesell. Ber., v. 69, p. 21-31, 4 flgs., 3 tables.

796. McBirney, Alexander R., 1955, Aspecto quimico de Ia ac
tlvldad de fumaroles en Nicaragua y El Salvador: EI
Salvador Univ. Inat. Tropical Inv. Cient. Comun., v. 4,
nos. 3-4, p, 95-100, 5 tables.

797. 1956, An appraisal of the fumarolic activity near Abua
chapan, El Salvador: El Salvador Servicio Geol. Nac.
Anales Bol., no. 2, p. 19-32 [English], 3 graphs, 3 maps j

1958, abs., Annot. Bibliography Econ. Geology, 1956,
v, 29. no. 2, p. 307.

798. Meyer-Abich, Helmut, 1953, Los ausoles de El Salvador,
con un sumario geol6gico-tect6nico de la zona volcanica
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occidental: El Salvador uutv, Inst, Tropical Inv. Cient
Oomun., v. 2, nos. 3-4, p. 55-102, 8 pls., 8 flgs., 3 tables,
map.

799. Meyer-Abich, Helmut, 1956, Los volcanes activos de Guate
mala y El 'Salvador (America Central): El Salvador
Servtcto Geol. Nac. Anales Bol., no. 3, 102 p., 26 pla., 20
figs.

Mentions fumaroles, solrataras, and thermal springs
in several localities.

800. Meyer-Abich, Helmut, and McBirney, Alexander R., 1958,
Active volcanoes of Guatemala and El Salvador, in Oen
tral America, pt. 6 of Catalogue of active volcanoes of
the world including solfatara fields: Naples, Italy,
Internat. Volcanol. Assoc., p. 38-146, 29 figs.

Contains information on hydrothermal activity in
Guatemala, El Salvador, Nicaragua, and Costa Rica.

801. Montgomery, George Washington, 1839, Narrative of a
journey to Guatemala in Central America in 1838: New
York, Wiley & Putnam,195 p.

Describes boiling ponds near .ahuacbapan and hot
springs near the town of Salama.

802. Penta, Francesco, 1953, Sulle posaibllbta offerte dal terri
torio della repubblica di El Salvador nell'America Cen
trale nel campo delle "forze endogene" : Annali Geoflstca,
v. 6, no. 3, p. 309-314.

803. Penta, Francesco, and Perozzi, A., 1953, Dictaman sobre el
valor industrial del las manifestaciones fumar6licas y
exhalativas voicantcas en general de Ia region salva
dorena: Inf. Mining Bcon. San Salvador.

804. Pittier, Henri Francels, 1910, Costa Rica-Vulcan's smithy:
Natl. Geog. Mag., v. 21, no. 6, p. 494--525, 30 views, 2 maps.

Mentions solfataras and hot springs on the slopes of
Irasu and Peas volcanoes.

805. Renson, C., and Puente, J., 1889, Informe sobre Ia expe
dici6n cientffica a los ausoles de Ahuachapan : San
Salvador Univ. No.2, ser. 1; repr., 1929, in Garcia, M.A.,
Diccionario Histdrico-Encielopedlco de Ia Republica de
EI Salvador, v. 3, p. 73.

806. Sapper, Karl 'I'heodor, 1896, Dampfquellen und Schlammvul
kane in S. Salvador: Deutsche geol. Gesell. Zeitschr., v.
48, no. 2, p.14-26, 4 figs.

807. 1897, Ueber die Infiernellos von Chinameca: Deutsche
geol, Gesell. Zeitschr., v. 49, p. 906-908, 1 fig.

Mentions fumaroles, mud volcanoes, and hot springs
in several localities.

808. 1913, Die Mittelamerikanischen Vulkane: Petermanns
Geog. Mitt. Ergiinzungsheft 178, 173 p., 1 pl., 5 figs.

Describes the hot sprtngs associated with individual
volcanoes in Guatemala, El Salvador, Nicaragua, and
Costa Rica.

809. 1925, Los volcanes de Ia America Central: Halle, Germany,
Max Niemeyer, Studien ueber Amerika und Spanien
(Estudios sobre America y Espana) ; Extra-Serie 1, 116
p., 4 pis. [Spanish.]

Describes fumaroles, solfataras, and hot springs in
Guatemala, EI Salvador, Nicaragua, and Costa Rica.

810. Schaufelberger, Paul, 1931, El origen de las mentes ter
males y minerales de la Meseta Central [Costa Rica] :
Apuntes de geologia NO.2, 8 p. ; repro from El Maestro, V.

5, no. 9.
811. 1932, Ueber einige Mineral- und 'I'hermalquellan von

Costa Rica: Eclogue geol. Helvetlae, v. 25, no. 1, p.
139-162.

812. 1933, Ueber etnlge Mineral- und Thermalquellen von Costa
Rica, 2: Eclogae geol. Helvetlae, v. 26, no. 2. p. 281-294;:.

813. Seebach, Karl von, 1865, Reise durch Guanaeaste [Costa
Rica], 1864 und 1865: Peter-manns Geog. Mitt., no. 2, p.
241-249, map.

Mentions vapor vents at the Homtllos de Miravalles,
a hot spring near Salttral, and fumaroles and eolfataras
near Guachipilin.

814. 1892, Ueber Vulkane 0entralamerikas: K. Gesell. Wiss.
Gottingen abh, 38, 251 p., 14 pls.

Contains information on hot springs in Costa Rica,
Nicaragua, El Salvador, and Guatemala.

815. Seeman, Berthold, 1853, Narrative of the voyage of H. M. S.
Herald during the years 1845-51, under the command of
Captain Henry Kellett, R. N., C.B., being a clrcumnavt
gatlon of the globe, and three cruises to the Arctic re
gions in search of Sir John Franklin: London, Reeve &
Oo., 2 v.; V. 1, 322 p., front., map; v. 2, 302 p., front.,
p. 297-302.

Mentions hot springs in Panama and Colombia.
816. Segura Paguaga, Alfonso, and Arguedas, Jorge Leon, 1940,

EI valle de Oartago y Coris: Costa Rica Dept. Agricul
ture Rev., V. 5, nos. 9-12, p. 438-449, 7 figs.

Mentions hot springs.
817. Sonnenstern, Maximilian von, 1858, Carta topographica de

Ia Republica de El Salvador, con una descripci6n de cada
uno de los Departamentos del Estado de EI Salvador;
repr., 1950, Mus. Nac. "David J. Guzman" Annates, v. 1,
no. 3, p. 37-67.

Describes several areas of hydrothermal activity.
818. Squier, Ephraim George, 1852, Nicaragua; its people,

scenery, monuments, and the proposed interoceanic
canal: New York, D. Appleton & Co., 2 v.; v. 1. 424 p.,
13 pls., 35 engravings, 2 figs.; v. 2, 452 p., 12 pIs., 25 en
gravings, 7 figs.

Describes hot springs and vapor vents in several
localities.

819. 1855, Notes on Central America, particularly the States
of Honduras and San Salvador; their geography, topog
raphy, climate, population, resources, production, etc.,
and the proposed Honduras interoceanic railway: New
York, Harper & Bros., 397 p., 11 illus., 3 topog. sections,
3 charts, maps.

Mentions hydrothermal activity in the vicinities of
.ehuacbapan and San Vicente and Tecapa volcanoes.

820. 1858, The States of Central America, their geography,
topography, climate, population, resources, productions,
commerce, political organizations, aborigines, etc., etc.,
comprising chapters on Honduras, San Salvador, Nica
ragua, Costa Rica. Guatemala, Belize, the Bay ISlands,
the Mosquito Shore, and the Honduras interoceanic rail
way: New York, Harper & Bros., 782 p., 8 pIs., 57 wood
cuts, 5 maps.

Mentions vapor vents on the slopes of San Vicente and
Tecapa volcanoes and hot springs near Ahuachapan.

821. Stephens, John Lloyd, 1858, Incidents of travel in Central
America, Chiapas, and Yucatan: 12th ed., New York,
Harper & Bros., 2 v.; v.l, 424 p., 32 Illua., map; v. 2. 474
p., 46 Illus. ; 1st ed., 1841.

Describes hydrothermal activity in EI Salvador and
Guatemala.

822. Villafranca, Richard, 1895, Costa Rica-the gem of Ameri
can republics; the land, its resources, and its people:
New York, Sacket & Wilhelms Litho. Oo., 139 p.

Mentions Agua Caliente (5 miles from Cartage) and
thermal springs at Orosi and Salitral.
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823. Williams, Howel, 1953, Geology of southern El Salvador,
Central America [abs.]: Geol. Soc. America Bull., v. 64,
no. 12, p. 1517.

See also references 21, 78, 83, and 220.

WEST INDIES

GREATER ANTILLES

824. Aenlle, Joaquin Fabian, 1866, Apuntos para el estudio de
las aguaa minero-medicinales de Ia Isla de CUba: 2d ed.,
Royal Univ. Habana Fac. Pharmacy, 108 p.

825. Beato y Dolz, Jose, 1882, Informe sobre las aguas minero
medicinales de la isla de Cuba: Acad. orenc. [Habana]
Anates, v. 18, no. 210, p. 325-336.

826. Blanquet, Lucienne, and Morette Andre, 1957a, Sur la
composition des eaux et des gaz spontanea de quelques
sources thermornlneralea de Haiti: Acad. sci. [Paris]
Comptes rendus, v. 245 p, 1556-1559.

827. 1957b [Composition of water from some thermo-mineral
sources in Haiti]: Annales pharm. traneatses, v. 15,
p.611-616.

828. Broderman, Jorge, 1942, Investigaci6n geo16gica de las
aguas mlnero-medlclnales de la Provincia de la Habana:
Soc. Oubana Ingenieroa Rev., v. 37. no. 4, p, 195-219.

829. Brown, John Stafford, 1924a, 'I'he- hot springs of the Re
public of Haiti: Jour. GeolOgy, v. 32, no. 5, p. 384-399,
8 flgs., 3 tables.

830. 1942b, Water Resources, in Woodring, Wendell Phillips j

Brown, John Stafford j and Burbank, Wilbur Swett,
Geology of the Republic of Haiti: Haiti Dept. Public
Works, 631 p. [French ed., 710 p.] j Baltimore, Md.,
Lord Baltimore Press (both eds.).

Describes four groups of thermal springs.
831. Cabarrouy Llodia, AnibaI, 1942, Banos sulfuroses termales

radioactivos de San Diego de los Banos: Havana, Obra
pia. [Pamph.]

83-2. Coseulluela y Barreras, Juan A., 1945, Aspectos fundamen
tales relaelonados can Ia hidrologfa mineral de Cuba:
Habana Acad. Cienc. Med., Fis. y Nat. Anates, v. 83,
no. 5, p. 228-254. Discurso de Contestaci6n, by Jose I.
Corral, p. 255--278.

Includes data on thermal springs in nine localities.
Summarizes earlier publications on springs in Cuba.

833. De la Beche, H. T., 1829, Remarks on the geology of Ja
maica: Geol. Soc. London Trans., ser. 2, v. 2, p. 143-194.

Describes St. Thomas Bath mineral spring.

834. Fernandez y Benitez, Jose A., 1907, Estudio qutmlco, ml
crograflco y bacterio16gico de las aguas mlnerc-medlcl
nales de San Diego, en la provincia dePinar del Rio j

Santa Rita, Santa Maria del Rosario, y Madrugada, en
la provincia de la Habana j con algunos datos sabre las
aguas de San Vicente (vtnales) , Fuente de Obispo
(Guanabacoa}, San Miguel de Guamacaro (Matanzas)
y Delicias de San Antonio (Santiago de Cuba) : Habana
Acad. Olenc. Med., Fis., y Nat. Anales, v. 44, p. 64-72,
181-196, 297--336, 369-397, 451-475, 18 figs.

Describes seven groups of thermal springs.
835. Hazard, Samuel, 1871, CUba with pen and pencil: Hartford,

Oonn., Hartford Publishing Co., 584 p., rrout., 17 Illus.,
vignettes j Spanish ed., 1928, in. cotecoto» de libros
Oubanos : Habana Cultural S. A. Chicago, ID., Pitkin &
Parker.

Contains information on five thermal-spring localities.

836. Hill, Robert Thomas, 1899, Cuba and Porto Rico j with the
other islands of the West Indies j their topography.
climate, flora. products, industries, cities, people, politi
cal conditions, etc.: 2d ed., New York, "Century Oo.,
447 p., rront., 86 inus., map.

Mentions San Antonio de los Banos in Cuba; warm
springs at Coamo, Quintana, Ponce. and elsewhere in
Puerto Rico; St. Thomas and Milk River Baths in
Jamaica j sulfur baths in Nevis Island j and thermal
springs and soutrteres in Guadeloupe, Dominica, and
St. Lucia.

837. Hodge, Edwin Thomas, 1920, The geology of the Ooamo
Guayama district, Porto Rico: New York Acad. Sci.
'Survey of Porto Rico and the Virgin Islands, v. 1,
p.111-228, 50 flgs., map.

Describes Banos de Coamo and Quintana and Virella
springs.

838. Martin, R. Montgomery, 1837, The British colonies, their
history, extent, condition, and resources: 2d ed.,
London, J. Cochran & Co. (6 v. in 3) j v.4, Book I, West
India Islands. 188 p., 5 pls., maps.

Contains information on thermal activity in Jamaica,
St Lucia, St. Vincent, Grenada, Trinidad, Dominica,
Nevis, and St. Christopher (St. Kitts).

839. Phillippo, James Cecil, 1883, Mineral springs of Jamaica,
in. Sinclair, A. C., and Fyfe, Laurence R., Handb. of
Jamaica for 1883: London, Jamaica, Govt. Printing Es
tablishment, p. 461-471.

840. 1891. The mineral springs of Jamaica: Kingston, lust.
Jamaica, 37 p.

841. Sawkins, James Gay, 1869, Reports on the geology of Ja
maica, or Part II of the West Indian Survey: London
Longmans, Green & Oo., v., 339 p., map.

Describes St. Thomas and Milk River Baths, also
thermal springs in several other localities.

842. Stuart, R., 1878, Haiti, or Hispaniola: Royal Geog. Soc.
[London] Jour., v. 48, p. 234--274.

Mentions nine mineral spring localities.
843. Tippenhauer, Louis GentiI, 1893, Die Insel Haiti: Leipzig,

Germany, Jr. A. Brockhaus, 693 p., 33 pls., 12 figs.
Describes several thermal springs.

844. Turnbull, David, 1840, Travels in the west, Cuba; with
notices of Porto Rico, and the slave trade: London,
Longman, Orme, Brown, Green & Longmans, 574 p.,
front., map.

Includes information on Banos de San Diego and
springs at Madruga and Guanabacoa.

845. Zans, V. S., 1951, Economic geology and mineral resources
of Jamaica: Jamaica Geol. 'Survey Dept. Bull. I, p.
1-61.

LESSER ANTILLES

846. Anderson, Tempest, 1903, Report on the eruptions of the
Soufrtere in St. Vincent, in 1902, and on a Visit to
Montagne Pelee, Martinique. Part II, The changes in
the districts and the subsequent history of the volcanoes:
Royal Soc. London Philos. Trans., Ser. A, v. 208, p
275--332,17 pis.

Mentions two vapor vents.
847. Anderson, Tempest, and Flett, John S., 1902, Preliminary

report on the. recent eruption of the Soufrlere in St.
Vincent, and of a visit to Montagne Pelee in Martinique:
Royal Soc. London Proc., v. 70, no. 465, p. 423-445,
3 pls.
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Describes hydrothermal activity on St. Vincent and
Martinique Islands; also mentions the: Grande gourrtere
and Boiling Lake in Dominica.

848. Anonymous, 1952, Use of power from volcanic energy being
explored in West Indies by UN expert: Chern. and
Eng. News, v. 30, no. 10, p.l012.

Refers to the possibility of utilizing volcanic energy
to produce electricity on St. Lucia as has been done
at Lardarellc, Italy.

849. Breen, Henry Hegart, 1844, St. Lucia-IDstorical, statts
tical, and descriptive: London, Longman, Brown, Green,
& Longmans, 423 p., map.

Describes the 'boiling cauldrons in the Soufrtere.
850. Deville, Charles, 1843, Observations sur le tremblemerrt

de terre eprove nux Antilles, Ie 8 Fevrier 1843: Aced.
sci. [Paris] Comptes rendua, v. 17, p. 1283-1288.

Mentions the thermal springs and vapor jets in
Guadeloupe.

851. Dickson, H. No, 1902, The eruptions in Martinique and St.
Vincent: Royal Geog. Soc. [London] Jour., v. 20, no.
1, p. 49-60, maps.

States that a boiling lake in Dominica disappeared and
that hot springs in Jamaica were disturbed during vol
canic eruptions (1902) in Martinique and St. Vincent.

852. Dupuget, M., 1796, Ooup-d'oell. rapide sur la physique
generate et Ia Mineralogi des Antilles: Jour. mines, v. 2,
2, no. 18, p.43-57.

Contains anta on the springs in Guadeloupe.

853. Elliott, Stuart E., 1951, The Mouth of Hell [Dominica]:
Nat. History, v. 60, no. 10, p. 440-445, 476, 11 mus.

Describes the Boiling Lake, also steam vents, in
Dominica.

854. Ferguson, William, 1823, Extract from inspection report
of the Island of Trinidad made in the year 1816, by the
Inspector of Hospitals • • .: Royal Soc. Edinburgh
Trans., v. 9, p. 93-96.

Describes mud volcanoes near Point Icaque.
855. Heilprin, Angelo, 1903, Mont Pelee and the tragedy of

Martinique:' Philadelphia, Pa., and London, J. B. Lip
pincott, 335 p., rront., 36 pls., 29 figs.

Describes an eruption, in 1902, of the Soufrtere on St.
Vincent Island and the resulting formation of a new
crater containing a shallow boiling lake. A map of
Martinique shows "Fountaine chaude" 5 km west-south
west of the volcano's crest.

856. Hill, Robert Thomas, 1902, The volcanic disturbances in
the West Indes; Natl. Geog. Mag., v. 13, no. 7, p. 223
267, 15 Illus.

Describes hydrothermal activity related to volcanic
disturbances (1902) in Guadeloupe. St. Lucia, St.
Christopher (St. Kitts), Dominica, and Martinique.

857. Hovey, Edmund Otis, 1902, Martinique and St. Vincent j a
preliminary report upon the eruptions of 1902: Am.
Mus. Nat. History Bull., v. 16, p. 333--872, 19 pls., fig.

Describes a small lake of boiling water in the Volcanic
crater in St. Vincent and the fumaroles in Martinique.

858. Kennan, George, 1902a, The tragedy of Pelee : Outlook
. Mag. [New York], v. 71, June 28-Aug. 16, p. 539-542;
583-588; 689-687; 721>-732; 769-777; 822-826; 929-925;
966-974, 4 Illus.

Describes the disastrous eruptions, in 1902, of boiling
water and boiling mud in Martinique.

859. Kennan, George, 1902b, The tragedy of Pelee ; A narrative
of personal experience and observation in Martinique:
New York, Outlook Co., 257 p., front., 13 Inus., maps.

Postulates that the hot water and hot mud resulting
from the eruption, in 1902, of Mount Pelee on M-artinique
were ejected in the form of steam and dust.

860. Kugler, Hans G., 1950, Plaisance hot springs, Trinidad,
British West Indies: Personal commun. to Q. A. Waring.

861. Lacroix, Alfred, 1904, La montagne Pelee et ses eruptions:
Paris, Masson et Oie., 662 p-, 30 pls., 238 figs.

Includes data on the fumaroles produced by the erup
tions, in 1902, of Mount Pelee in Martinique.

862. Nugent, Nicholas, 1811, An account of the "Sulphur" or
"Soufrlere" of the Island of Montserrat: Geol. Soc. Lon
don Trans., sec.L v.1, p.185-190.

Mentions that a stream flowing down the mountainside
turns to boiling water when it comes in contact with
hot sulfurous exhalations.

863. Ober, Frederick Albion, 1880, Camps in the Caribees-The
adventures of a naturalist in the Lesser Antilles: New
York, C. T. Dillingham, 366 p .• 34 Illus.

Describes hot springs and the Boiling Lake in Domin
ica, the crater lake and a crater pool in St. Vincent, and a
warm spring and fumaroles in Guadeloupe.

864. Palgrave, W. Gifford, 1877, West Indian Memories-The
Lesser Antilles and the "Boiling Lake": Macmillan's
Mag., v.-35, no. 209, p. 361-374. London.

Describes the boiling pools in the crater of the soufri
ere in St. Lucia, also the boiling springs, steam vents,
and Boiling Lake in the Grande Bourrtere in Dominica.

865. Perret, Frank Alvord, 1935, The eruption of Mt. Peree
1929--1932: Carnegie Inst. Washington Pub. 458, 126 p.,
front., 72 figs., diagram, chart.

Describes fumaroles that were formed at the time of
the eruption of Mount Pelee.

866. 1939, The volcano-seismic crisis. at Montserrat 1933
1937: Carnegie Inst. Washington PUb. 512, 76 p., rront.,
51 figs.

Describes sourrleres, hot springs, and a hot pond.

867. Robson, G. R., and Willmore, P. L., 1955, Some heat meas
urements in West Indian soufrteres : Bull. volcanol., ser.
2, v.17, p.13-39, 6 figs., 3 tables.

Contains data on the rate of flow in hot streams and
measurements of steam emission from fumaroles and of
heat loss from the surface of hot pools in several of the
islands in the West Indies. Maps show distribution of
hot springs and fumaroles in St. Lucia, Dominica, and
Montserrat.

868. Russell, Israel Cook, 1902, Volcanic eruptions on Marti
nique and St. Vincent: Natl. Geog. Mag., v. 13, no. 12,
p. 415-436, 10 illns.

Describes hydrothermal activity during and after the
eruptions.

869. Sapper, Karl Theodor, 1903a, Ein Besuch del' Insel Gren
ada: Centralbl. Mtneralogte, Geologie u. Paliiontologie,
1903, Abt. A, p.182--186, map.

Describes thermal springs Dear Peggy's Whim, near
Lake Antoine, and near Tufton Hall.

870. 1903b, Berlcht ueber elnen Besuch von St. Vincent:
Centralbl. Mlneralogte, Geologie u. Paliiontologie, 1903,
Abt. A, p. 248-258, 5 figs.

Mentions fumaroles in three localities.
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871. Sapper, Karl Theodor, lOOSe, Zur Kenntniss der Jnsel S.
Lucia in Westindien: Centralbl. Mineralogie, Geologie
u. Paldontologle, 1903, Abt. A, p. 271-278, 2 figs.

Describes hot clear-water and mud springs near the
south end of the island.

872. 1903d, Ein Besuch der rnset Montserrat (Westindien):
Centralbl. Mineralogie, Geologie u. PaUiontologie, 1903,
Abt. A. p. 27(l...283. 1 fig.

Describes fumaroles and thermal springs in several
localities.

873. 1903e, Ein Besuch der Inseln Nevis und S. Kitts (S.
Christopher) : Centralbl. Mineralogie, Geologie u. PaUl
ontologie, 1903. Abt. A, p. 284-287. 2 figs.

Describes the warm springs and fumaroles near
Charlestown in Nevis and the hot sulfur springs and
fumaroles near Mount Misery in St. Christopher (St.
Kitts).

874. 1903f, Ein Besuch von Dominica: Centralbl. Mineralo
gte, Geologie u. PaHiontologie, 1903, Abt. A, p. 305-314,
3 figs.

Describes the Boiling Lake, also hot springs, mud
springs, and vapor vents in several places.

875. 1903g, Ein Besuch von S. Eustatius und Saba: Centralbl.
Mineralogie, Geologie u. Paljlontologle, 1903, Abt. A,
p. 3H-318. 3 figs.

Mentions two warm springs on Saba but none on St.
Eustatius.

876. 1903h, Ein Besuch von Guadeloupe: Centralbl. Minera
logle, Geologie u. Palaontologte, 1903, Abt, A, p. 319-323,
2 figs.

Describes fumaroles, mud pools, and hot springs in
several localities.

877. 1903i, Ein Besuch von Martinique: Centralbl. Minera
Iogte, Geologie u. Paltlontologte, 1903, Abt. A, p. 337-358,
8 figs.

Describes fumaroles near the head of the Riviere
Blanche.

878. 1903j, Der Krater der sonrrtere von St. Vincent: Oen
tralbl. Mineralogie, Geologie u. Palllontologte, 1903, Abt.
A. p. 36(l...373. 2 figs.

Mentions the lake in the old crater, the pond in the new
crater, and fumaroles in three valleys.

879. Wall, George Parks, and Sawkins, James Glay, 1860, Re
port on the geology of Trinidad j or, Part I of the
West Indian Survey: London, Longman, Green, Long
man, & Roberts, 211 p., 5 pls., 58 figs.

Mentions the springs at Pointe-a-Pierre.

880. West, William, assisted by G. S. West, 1895. On some fresh
water algae from the West Indies: Linnean Soc. Lon
don Jour. (Botany). v. 30. p. 264-280. 4 pis.

Contains descriptions of 14 species of algae from
warm or hot streams in the crater of the Grande Soufri
ere in Dominica.

See also references 74,75,836, and 838.

SOUTH AMERICA

ARGENTINA

881. Alvarez, Antenor, 1928, Las termas de Rio Hondo (Santi
ago del Estero) : Buenos Aires, J. Peuser, 110 p., 10 figs.,
maps.

882. Alvarez, Hector H., 1918, Aguas termominerales de Villa
vicencio (Provincia de Mendoza) : Argentina, Direcci6n

Gen. Minas, Geologia, Htdrologla, ser. D. Bull. 10. 30 p.,
9 ntua., 3 maps.

883. Alvarez, Hector H., and others, 1938, Contribuci6n al es
tudio fisicoquimico del agua mineral Villavicencio; Indi
cactones terapeuticas: Buenos Aires, 112 p., 24 views,
map.

884. Arata, P. N., 1897, El Puente del Inca y sus termas: La
Biblioteca, v. 3, p. 210-232, Buenos Aires.

885. Bandoni, A. ~., Celsi, S. A., and Cignoli, F., 1950 [Mineral
waters of Argentina]: Rev. rermeceuttca [Buenos Aires],
v. 92, p. ,69-81; 1951, Chern. Abs., v. 45, col. 6324.

886. Brand, Charles, 1828, Journal of a voyage to Peru; a pas
sage across the Cordillera of the Andes in the winter of
1827, performed on foot in the snow; and a journey
across the pampas: London, H. Colburn, 346 p., front.,
3 mus.

Contains a description of the hot springs at Puente del
Inca.

887. Canton, Eliseo, 1894, Estudios de las aguas minerales del
norte de la Republica Argentina (Salta, Jujuy, Santiago
del Estero, y Tucuman). [Govt. pub.I

888. Castillo, Manuel, 1940, Reumatismo y aguas minerales ar
gentinas: Buenos Aires, "El Ateneo," 233 p.

Contains chemical analyses of the water from 15
thermal springs.

889. Cetrdngelo, Zulema Ch, de, 1938, Opalos y ealeedonlas del
Agua de Dionisio (Dept. Belen, Provincia de Catamarca) :
TucumAn Untv. Nac. Pub. 231, lust. Mineralogia y Geo
logia, Ouadernos, V. 1, no. 2, p, 10-12.

890. Claren, Federico, 1891, Plano y descripci6n topograflca de
las aguas termales del Rio Hondo: Acad. Nac. Cienc.
Cordoba Bol., v.12, pt. 2, p.121-130.

891. Conway, William Martin, 1902, .aconcagua and Tierra del
Fuego, a book of climbing, travel and exploration: Lon
don and New York, Cassell & Co. 252 p., 18 pls.

Describes the hot springs at Puente del Inca. Men
tions the baths of Chillan in Chile.

892. Corti, Hercules, 1918a, Las aguas de las termas de Rio
Hondo (Provincia de Santiago del Estero) : Argentina,
Direcci6n Gen. Minas, Geologia, y Hidrologia ser. D, Bull.
9, 34 p., 3 pls., maps, 1 table.

893. 1918b, Las termas de Rio Hondo: Asoc. Quim. Argentina
Anales, v. 6. p. 21S--229; 1919. Ohem. Abs. v. 13. p. 353.

894. 1923, Las fuentes termo-minerales de Cacheuta: Argen
tina, Direcci6n Gen. Mtrras, Geologia, y Htdrologfa, ser.
D, Bull. 14, 36 p., 5 ple., 5 diagrams, tables.

895. 1924, Contribuci6n al estudio de las aguas termo-mine
rales de Puente del Inca: Argentina, Direcci6n Gen.
Minas, Geologia, y Hidrologia Pub. 1, 22 p., 1 pl. j Asoc.
Qulm. Argentina Anates, v. 12. p. 90-102. 186-198; 1925.
Chern. Aba., v. 19, p. 550.

896. 1925, Contri'buci6n al estudio de las fuentes termo-mlne
rales de Itosarto de la Frontera: Argentina, Direcci6n
Gen. Minas, Geologia, y Hidrologia PUb. 14, 21 p., 1 pl.

897. 1929, Contribuci6n al estudio de las termas sulfurosas
del Sosneado (Provincia de Mendoza) : Argentina, Dlrec
ci6n Gen. Minas, Geologia, y BidrologIa Pub. 66, 18 p.,
4 pis.

898. Corti, Hercules, and Camps, Jose, 1930, Contribuci6n al
estudio de las aguae de Ia Republica Argentina: Argen
tina, meeccten Gen. Mtnas, Geologia, y Hldrologfa Pub.
84.400 p.
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899. Darwin, Charles Robert, 1844, Geological observations on
the volcanic islands and parts of South America visited
during the voyage of H. M. S. "Beagle": New York, D.
Appleton & Co. 648 p., 5 pls., 40 flgs., maps [3d ed.,
1891].

Describes the hot springs at Puente del Inca j also men
tions thermal springs of Cauquenes and Villa Vicencio.

900. Del Area, E. E., 1910, Aguas minerales especialmente de la
Republica Argentina: Congo Intemac. 'Americano Medi
cina e Higtene, Buenos Aires 1910: 856 p.

901. Doering, Adolfo, 1891, Las aguas termales del Rio Hondo
(Provincia de SaDJtiago del Estero) : Acad. Nac. Clenc.
Cordoba Bol., v.12, pt. 2, p.107-120.

902. Espeche, Federico, 1894, Aguas termales y minerales de Ia
Provincia de Catamarca: Argentina, Dept. Nae. Higiene
Anales, v. 4, p.1145-1148, Buenos Aires.

903. Groeber, Pablo, and Corti, Hercules, 1920, Estudio geo
16gico de las termas de Copahue, por el Doctor Pablo
Groeber, y estudio qulmtco preliminar de las muestras
de aguas recogidas en el terreno por el Doctor Hercules
Corti: Argentina, Direcci6n Gen. Minas, Geologia, y
Htdrologia, ser. F, Bull. 3, 17 p., 3 pls. Maps and part
of text ere also in Sussini, Miguel, and others, 1936-41, v.
13, 1938.

904. Herrero Ducloux, Enrique, 1907, Aguas minerales alcalinas
de la Republica Argentina: Rev. Mus. La Plata, v. 14 (2d
ser., v. 1), p. 9-52.

905. 1916, Nota sobre el Agua Hedlonda de la Quebrada de
Huaco (Provincia de San Juan) : Rev. Mus. La Plata, v.
23 (2<1. ser., v. 10), no. 2, p. 206--230.

906. 1918, Termas de Inti (Agua Caliente) en la Provincia de
Salta.: Acad. Nac. Cienc. Cordoba Bol., v. 23, pt. 2, p, 263
286, flga., map.

907. 1932, Nota sobre el agua ferruginosa de El Chocoy (La
Rioja) : Rev. farmaceuttca [Buenos Aires], v. 74, no. 9.

908. Herrero Ducloux, Enrique, and Herrero Ducloux, Leopoldo,
1909, Las aguas minerales de los valles de Hualfin y
otros de la Provincia de Catamarca: Rev. Mus. La Plata,
v. '16 (2d ser., v. 3), p. '51-120, 21 flga., map.

909. Lozano, N., 1935, C<>ntribuci6n al estudio de los nuevas
fuentes de aguaa termo-minerales (Luracatac, Provincia
de Salta) : Anales Biotipologta, Eugenesla y Medicina
Social [Buenos Aires].

910. Lozano, N.; Zanalda, D.; and Gaibrois, R., 1934 [New.A:r
gentine mineral hot springs (Salta)]: Nac. Congo
MediciD'a, 5th, Aetas y 'I'raoajos, v. 4, p. 316; 1934, Asoc.
Quim. Argentina Anales, v. 24, p. 58; 1936, Ohern. Abs.,
v. 30, col. 8448.

911. MacRae, Archibald, 1856, Report of a journey across the
Andes and pampas of the Argentine Provinces, in Gillis,
James Melville, The U.S. Naval astronomical expedition
to the southern hemisphere during the years 1849-52:
U.S. 33d Cong., 1st sess., H. Doc. 121, v. 2, p.1-68, 37 illus.,
11 woodcuts.

Descrtbesthe hot springs at Puente del Inca.
912. Mazza, F. Aurelio, 1922, Datos sobre el agua termal de

Pismauta (Provincia de San Juan) : Nac. Congo Quimica,
1st, Aetas y Trabajos, v. 2, p. 435-437.

913. Meaurio, V. L., and Magnin, Jorge, 1915, Estudio de las
aguas termo-minerales de Cacheuta (Mendoza) : Buenos
Aires, 29 p.

914. Miers, John, 1826, Travels in Chile and La Plata, including
accounts respecting the geography, geology, statistics,
government, finances, agriculture, manners, and customs,
and the mining operations in Chile: London, Baldwin
Cradoek, &: Joy, 2 v.; v. 1, 494 p., 12 pis., map; V. 2:
532 p-, 8 pls., map.

Describes hot, springs near Villa Vicencio and at
Puente del Inca.

915. Murua y Perez, Demetrio, 1877, Estudio sobre las agnes ter
males denominadas Banos del Inca: Santiago de Chile,
Annales Universidad 49, p. 763-787.

916. Musters, George Chaworth, 1873, At home with the Pata
gonians-A year's wanderings over untrodden ground
from the Straits of Magellan to the RIo Negro: 2d ed .•
London, J. Murray, 340 p., front., 9 Illus., map; trans
lated into Spanish by Arturo Costa Alvarez, with title,
Vida entre los Patagones: Univ. Nac. La Plata, Biblio
teca Centenaria, V. 1, p. 127-392, with reproductions of
original illustrations and map.

Mentions a hot spring in an area of smoking ground
between Geylum and Patagones.

917. Peirano, A., 1943 [Geological study of Remate fill (San
tiago del Estero) ] : Cuademos mineral, gaol. Univ. Nac.,
'I'ucuman (Argenttna) , v. 3, p. 7-31; 1944, Ohern. Abs., v.
38, col. 1187.

Contains a chemical analysis of water from a thermal
spring.

918. Proctor, Robert, 1825, Narrative of a journey across the
Cordillera of the Andes, and of a residence in Lima, and
other parts of Peru, in the years 1823 and 1824: London,
Hurst, Robinson & Co.; Edinburgh, A. Constable & Co.,
374p.

Describes hot springs at Puente del Inca.

919. Rassmuss, Juan, 1920, observectones geol6gicas en Salta;
las termas de Rosario de la Frontera: Argentina, Dtrec
ci6n Gen. Minas, Geologfa, y Hidrologia, ser. F, Bun. 2,
p. 15--16.

920. 1925, Las termas de Rosario de la Frontera: Argentina,
Direccilin Gen. Minas, Geologta, y fidrologia Pub. 13,
16 p., map.

921. Sa Adolfo M., 1946, [The presence of uranium in water from
Cacheuta hot springs and from Mendoza Province; pre
liminary note] : .esoc. Quim. Argentina Anales, V. 34, p.
205-206; 1948, Chern. Abs., V. 42, col. 2172.

922. Stappenheek, Friedrich Angnst Richard, 1915, Estodio gee
. l6gico e hidrol6gico de Ia zona subandina : Buenos Aires,

Nac. Ministerio Agrtcultura.
'923. 1921, Estudios geol6gicos y bidr6geologicos en Ia zona

subandlna de las Provlnclaa de Salta y 'I'ucuman : Argen
tina, Ministerio Agricultura, Sec. Geologia, Mineralogia,
y Mineria, v.14, no. 5,135 p.

Contains information on the thermal springs of Galpon
and Rosario de la Frontera.

924. 1926, Geologie und Grundwasserkunde der Pampa: Stutt
gart, Germany, E. Sehwedzerbart'sctie (E. Nagele), 409 p.,
80 figs, 13 tables.

925. 1937, mer OnyxmarmorlagersUttten und damit susam
menhangende Quellen bel San Rafael, Argentinien [Men
doza] : Zeitschr. prakt. Geologie, v. 45, no. 12, p. 203-210,
4 figs.
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926. gusslnf, Miguoel, and others, 1936-41, Aguns minerales de
In Repliblica Argentina: Buenos Aires, Ministerio In
terior, Comisi6n Nac. Climatologia y Aguas Mtneralea, 14
v.; 1936, v. I, Parte General. Introdueclon al estudio de
las agung mlnerales de In Republica Argentina, 182 p., 13
pls. ; 1937, v. 2, Provincia de Buenos Aires, 341 p., 93 pls.,
95 flgs.j 1941, v. 3, Provincia de Catamarca, 235 p., illus. ;
1938, v. 4, Provincia de C6rdoba, 235 p., 65 pls., 24 figs.,
map j 1939, v. 5, Provincia de Jujuy, 280 p., 106 pls., 37
figs. ; 1940. v. 6, Provincia de la Rioja, 131 p., mus. ; 1937,
v. 7, Provincia de Mendoza, 472 p., illus.; v. 8, Provincia
de Salta (unpub.v) j v. 9, Provincia de San Juan
(unpub.1) ; v.lO, Provincia de San Luis (unpub.j) j v.lt,
Provincia de Santiago del Estero (:unpub.?) j v. 12,
Provincia de Tucuman (unpub.?) ; 1938, v. 13, Territorio
Nacional de Neuquen, 173 p., tnus.: v. 14, Territorios
Nacionales (unpub.) j 1947, abs., Bibliography and Index
of Geology Exclusive of North America, v. 11, 1945-46,
p.319.

A series of comprehensive studies on mineral and ther
mal springs in Argentina. The springs are classified ac
cording to their characteristics and geologic environment.
Many are described in detail.

927. Thierry, Mauricio de, 1913, Aguas termo-minerales de la
Provincia de Salta, fuentes de HIDI Sauce" y "Aguas Cali
entes" j con una resena de las mismas por Eduardo de
Miri-bel: Argentina, DirecciOn Minas, Geologia, y Hidro
Iogfa, Anales, v. 9, no. 2, 48 p., 11 flgs., map.

928. 1914, Aguas minerales de la Provincia de San Juan:
Argentina, Direcci6n Gen. Minas, Geologia, y Hidrologfa,
ser. D, Bull. 1, 20 p.

929. 1915, Ensayo de clasltlcacjon de las aguae mlneralea de
la Republica Argentina j precedido de un estudio de con
junto sobre las aguas minerales y las crenoterapia:
Argentina, Ministerio Agricultura, Sec. Geologia, Mine
ralogfa, y Mineria, v. 10, no. 3, 150 p.

930. White, Ernest William, 1881-82, Cameos from the Silver
land, or the experiences of a young naturalist in the
Argentine Republic: London, J. van Voorst, 2 v., map.

Mentions thermal springs.
See also references 1077 and 1003.

BOLIVIA.

931. Ahlfeld, Friedrich (Federico), 1941, Los vactmlentoa
mlnerales de Bolivia: La Paz, Litograflas e imprensas
unldas, Argentina, Direcci6n Gen. Minas y Petr61eo, 282
p-, 54 figs., maps, 14 tables.

Discusses the distribution of thermal springs in Bolivia
and lists data on 64 principal springs.

932. 1946a, Geologia de Bolivia: Ministerio Economia Nac.•
Direcci6n Gen. Minas y Petr61eo. Extracto de Revista
Mus. La Plata (nueva aer.) , Sec. Geologia, v. 3, p. 5-370,
rront., 8 pla., 115 flga., maps.

Discusses the distribution of thermal-spring localities
in Bolivia and the spring-deposited minerals in several of
them. Contains chemical analyses of the water frour
Toua spring and two springs of Caite.

933. 1946b, Geologia de los yacimientos de antimonic en Bo
livia: Mineria Boliviana, v. 3, no. 30 (Aug-Oct.) , p. 9
14; no. 31 (Nov.-Dec.), p. 13-14, 5 figs.

Discusses the relation of thermal springs to mineral
deposits and geologic structure.

934. Bingham, Hiram, 1911, Across South America: Boston,
Mass., and New York, Houghton Mifflin Oo.,405 p., front.,
75 illus., 7 maps.

Describes hot springs north of Cotagaita and between
Potosi and Bartolo, both localities in southern Bolivia.

935. Castelnau, Francis (Comte de), 1850--51, Expedition dans
les partes centrales de I'Amerlque du SUd, de Rio de
Janeiro a Lima, et de Lima a Para; executes par ordre
du gouvernement francais pendant des annees 1843 a
1847 j Paris, P. Bertrand, 7 parts j pt. 1, Histoire du
voyage, 1850-51, maps.

Contains information on the thermal springs of San
Tomas between Potosi and La Paz.

936. Hoek, H., 1905, Exploration in Bolivia: Royal Geog. Soc.
[London] Jour., v. 25, no. 5, p. 49&-513,6 illns.

Mentions hot springs at Miraflores.
937. Lindgren, Waldemar, 1922, A recent deposit of a thermal

spring in Bolivia: Been. Geology, v.17, p. 201-206.
Describes thermal-spring deposits 2 miles downstream

from the Uncia tin mines.

BRAZIL

938. Alvim, Paulo Araujo, 1940, Fontes minerals de Avar~,

Sao Paulo: Mineracao e Metalurgla, v. 4 (whole no. 24),
p, 289-292, map.

Contains information on the thermal springs at and 5
km south of Santa Barbara do Rio Pardo.

939. Andrade, Paulo de, 1934, Emtorno dos processos de analises
radioactivas de agua [Estimation of the radioactivity of
water] : Chimica e Industria [Sao Paulo], v. 2, p. 161
163; 1935, Chern. Abs., v. 29, col. 2839.

Reviews method of determining radioactivity of the
hot springs at Idndoya.

940. Andrade Junior, Jose Ferreira de, 1925, Reconhecimento
geol6gico do arredores de Araxa e outros pontos de oc
correncia de aguas rnlnerales : Brasil, Service geol6gico e
mineral6gico Bol. 9, p. 65-77.

Mentions the warm springs of AraxR and Serra Negra
and the mineral deposited by their water.

941. 1926, Aguas'thermo-mineraes do valle do Rio Itaplcuru,
Estado da Bahia: Brasil, Servlgo geol6gico e mineral6gico
Bo!. 17, p. 1~2, map.

942. 1927, Radioactividade das aguas mineraes do barreiro de
Araxa e de outras fontes do estado de Minas Geraes:
Brasil, Servtco geol6gico e mineral6gico BoL 22, 26 p., 3
figs.

943. 1928, Aguas thermaes radioactivas de Oaldas de Impera
triz (Estado de Santa Catharina) : Brasil, Servtco gee
16gico e mineral6gico Bol. 28, 54 p.

944. 1930, Radioactividade das aguaa mineraes de Imperatrtz :
e estudos sobre os niobo-tantalatos: Brasil, Servtco gao
16gico e mineral6gico Bol. 48, 65 p.

945. 1932, Esta~ao hydro-mineral de Sao Lourenco, Fonte
Vichy: Acad. Brasileria Selene. Annaes, v. 4, no. 2, p.
41-55.

946. 1936. Radioactividade das aguas mineraes do Araxii.
[The radioactivity of the mineral springs of Araxa;
occurrence of thorium emanation in the radioactive
water] : Acad. Brasileria Scienc. Annaes, v. 8, p. 61-74;
Ohern. Abs., v. 30, col. 4756.

947. 1937. Aguas mineraes Brasileiras: Minera~ao e Meta~

lurgia, v. 2 (whole no. 9), p. 163-168.

948. 1942, Oaptacllc das fontes de Sao Lourenco: Brasil,
Ministerio Agricultura, Dept. Nac. Produ~ao mineral,
Lab. Producno Mineral Bol. 4, 41 p., 13 pls.
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949. Andrade Junior, Jose Ferreira de, 1945, Fontes do Girau,
Muutctpto de Presidente Vargas, Minas Gerais: Min
era~ao e Metalurgia, v. 9 (whole no. 52). p.l6S; 1949, abs.,
Bibliography and Index of Geology Exclusive of North
America, v.lS, 1949. p. 8.

Describes a newly found thermal spring? km from
Pires do Rio.

950. Anonymous, 1937a, Descoberta nova fonte termal en Goiaz
(nota) : Minera(;iio e Metalurgia, v. 2, no. 11, p. 297.

951. 1937b, Agua quente de Itabirito, Minas Gerais (nota):
Mineracao e Metalurgia, v. 2. no. 11 (whole no. 12). p.
888-889.

952. 1938, Aguns minerals de Guarapuava, Parana (nota):
Minera'Ciio e Metalurgia, v. 3 (Whole no. 14), p. 72.

953. 1940, Brejo das Freiras, Paralba (nota): Mtneraeno e
Metalurgia, v. 5 (whole no. 25), p. 38.

954. 1944, Fonte termal de Brejo das Freiras, Parafba (nota) :
Mineracao e Metalurgia, v. 7 (whole no. 42), p. 331.

955. Barros, Diogenes Cupertino de, 1934, .Agua de Santa
Barbara [Goyaz]: Escola Minas, Ouro Preto, Annaes,
no. 25, p. 97-108.

956. Bello, Josaphat (Fide Yori, pseudonym), 1904. Estudos
As nossas aguas mlneraea Pogoa de Caldas: Belo Horl
zonte, Minas Gerais, p. 23-68.

957. Boa Nova, Francisco de Paulo, 1940, Aguas termais de
Brejo das Freiras lparatbaj : Minera~ao e Metalurgia,
v.5 (whole no. 28). p.176--177.

958. Brandao, Thome, 1922, Cambuquira estancia htdrc-mine
ral: Belo Horlzonte, Minas Gerais, 146 p.

959. Burton, Richard Francis, 1869, Explorations of the High
lands of the Brazil; with a full account of the gold and
diamond mines: London, Tinsley Bros., 2 v. ; v. 1, 443 p.,
front. ; v. 2, 478 p-, front.

Mentions the Caldas or Thermae de Sao Jose, the
mineral water of Oaxambu, and Agua Quente (a hot
spring, now buried beneath an earth slip, near Morro
d'Agua Quente).

960. Correa Netto, Orozimbo, 1917, Aguas thermaes Brasileiras:
196 p., illus.

"961. 1918, As aguaa thermaes de caldas Novas, Goyaz: 188 p.,
25 illus., 4 maps.

962. 1919-~0, Aguas thermaes de Matto Grosso: Com. de
Linhas Telegraphicas Estrategicas de Matto~Grosso ao
Amazonas, pt. 1, Pub. 61, app. 5, 84 p. 1919; Pt. 2, Pub. 62,
app. 5, 84 p., 23 illus., 5 mnps., 1920.

963. Costa, Ribeiroda, and Diogo, Cesar, 1893, Relatorio da
analyse qualttlva e quantitive das aguas mtneraes de
oasambu: Acad. Nac. Medicina, Rio de Janeiro, 50 p.

964. Diniz Gonsalvez, Alpheu, 1936, Aguaa mineraes do Brasil:
Brasil, Ministerio Agricultura, Direcci6n Estatisticn
Produccilo, 164 p., 67 illus., 5 figs., map, 8 tables.

Contains data on 43 thermal~spring localities and
chemical analyses of the water from 29 mineral springs,
most of which are thermal.

965. Fernandes, Carlos Ferriera de Souza, 1877, As aguas
mineraes do Brasil: Rio de Ja~eiro, 78 p.

966. Ferraz, Luis Caetano, 1929, Compendia dos mineraes' do
Brasil-Aguas mineraes: Rio de Janeiro, Imprensa Nac.

967. Fleury, R. A. Curado, .1941, Noticias sobre n Fonte dn
Estiva, Municipo de Riachao, Estado do Maranhao:
Minera~ao e Metalurgia, v. 5 (whole no. 29), p. 230
232,map.

968. Florencio, Willer, and Castro, Celso de, 1942, Aguas Santas
de Tiradentes, Minas Gerais: Minera~ao e Metalurgia,
v.6 (whole no. 84). p.166--168, map.

969. 1943, Radioactividade da fonte de agua mineral Dom
Pedro Oasambu, Estado de Minas Gerais: Minera{;ao e
Metalurgia, v. 6 (whole no. 86), p. 285-286.

970. 1944, Aguas minerals de Tapira, Sacramento, Minas
Gerais: Minera~ao e Metalurgta, v. 8, no. 43, p. 49.

971. 1948, Aguas termais de Itau : Minas Gerais, Inst. trecno
Iogta Indus. Avulso 6, 20 p.; 1950, abs., Bibliography and
Index of Geology Exclusive of North America, 1949, v.
14, p. 83; 1951, abs., Annot. Bibliography Econ. Geology,
1950, v. 22, pt. 2, p. 219.

972. Furia, A., 1935 [Thermal springs at Campinas, Sao Paulo] :
Chimica e industria lSao Paulo], v. 3, no. 7, p. 83 j Ohem.
Abs., v. 29, col. 7533.

9~3. Gomes, C. T. de M., 1902, Analyse de agua mineral de Sao
Lourenco: Escola Minas, Ouro Preto, Annaes 5, p. 203.

974. Gulmarjies, Ranulpho Queiroz, 1923, As. aguas mineraes
medicinaes de Sao Paulo : Sao Paulo, Brasil, 170 p.,
ntus.

975. 1926, A ague de Java, in "Rlquezaa de Sao Paulo": p.l-10.

976. Leflo, Jostes, 1939. l\fines and minerals in Brazil: Brasil,
Centro Estudos Economicos, Dept. Nac. Produccno Pub.
80, 248p.

Contains information on 20 mineral springs, many of
which are thermal.

977. Lobo, J03.0 Bruno, 1938a, Estudo da fonte "Salus," Sarzedo,
Estado de Minas Gerais: Minera~ao e Metalurgia, v. 2
(whole no. 11) ,p. 335-339, maps.

978. 1938b, Fontes minerals do Sabn, Pernambuco: Minera{;ao
e Metalurgia, v. 3 (whole no. 13) ,p. 59--61.

979. 1938c, Aguas termais em Goiaz: Minera~aoe Metalurgta,
v.s (whole no. 15) ,p.187-145.

980. Lopes, Renata de Souza, 1956, Aguas minerais do Brastl :
compostcnq, valor, e Indtcacaes teraneuttcaa: Brasil,
Servtco Informa~ao Agr., Dept. Nae. producno Mineral,
Com. Permanente Crenologia Pub. 2 (2a ed., revista e
aumentada) , 148 p., Rio de Janeiro, Dept. Imprensa Nac. j

1st ed, 1930.
Contains chemical-quality data for 16 thermal springs.

981. Maack, Reinhard, and Spitzner, Reinaldo, 1946, Estudo
contributivo ao conhecimento de algumas aguas minerais
do estado do Parana: Arquivos Biologia e Technolo
gla, v. 1, p. 129-176, illus. [English and German sum
maries]; 1954, abs., Bibliography and Index of Geology
Exclusive of North America, 1953, v.18, p. 250.

982. Magalhaes, Octavio de, 1926, Estudo nas Aguas de Arax8.:
Sao Paulo, Brasil, 70 p., 11 views, 5 plans, 12 graphs.

983. May, 1879, Aguas sulphurosas alcalinas do Araxa, pro
vincia de Minas: Jomal Commercia Rio de Janeiro, Rev.
Indus.~rar.1879,v.4,p.78-79.

984. Mello, Brandao P. de, 1886, As aguas mineraes de Araxa:
Ri'O de Janeiro, 22 p.

985. Mileo, Jose Nicoliu, 1937, Aguas minerais do Brasil: Ar
chivos hygiene e sa(tde publica, v. 2, p. 271-277; 1939,
Chern. Aha. v. 88, col. 8885.

986. Morais,"Jose Jacques de,. 1938, Estancias hidro-minerais de
Minas Gerais: Minera~[o e Metalurgia, v. 3 (whole no.
18), p. 68.
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987. Nascimento, Theodureto do, 1929, As estancias hydro
mineraes de Minas Gerais: Brasil, Ministerio Agricul
tura (Service of Information, report to President of the
State), 14 p.

988. Padua Rezende, Antonio de, 1920, As aguas minerals do
Estado de Minas Gerais: Paris, 198 p-, 27 vtewe, map.

989. Pimental, Antonio, 1894, .!guas medicinaes do Planalto:
Com. Exploradora do Planalto Central do Brasil, Rela
torte, app. 5, p- 223-231. [Portuguese and French.]

990. Ponde, Adriano, 1925, Radioactividade das dguas minero
medicinaes do ltapicurli: Rio de Janeiro, Brasil-Medico,
18 p.

991. Ribera, Enrico Branco, 1927, As aguas medleamentosaa
naturaes: Sao Paulo, Brasil, 180 p.; Fac. Medicine Sao
Paulo Unlv. unpub. thesis.

Describes Guarapuava springs in Parana.
992. Salles, Benjamin da Rocha, 1930, Aguas thermo-radio

activas de Oaldergo de Cip6 no Estado da Bahia: 70 p.,
3 gravures and graphs.

993. Sanches de Lemos, Pedro, 19M, As aguaa thermaes de
Po~O$ de Caldas : Belo Horizonte, Minas Gerais, lmprenso.
Olicia!, 204 p., 20 pia.

994. Schaeffer, Alfred, 1928, Estudo analytico das aguas mt
neraes do estado de Minas Gerais: Official State publica-
tion, 54 p. .

995. Serzedello Maximiano, 1884, aguas mineraes de Oaxambu,
Caldas, Lembar-s, Contendas, e Cambuquira: Rio de Ja
neiro.

996. Sousa Lima, Agostinho Jose de, 1888, Relatorio sobre as
aguas mineraes de Pecos de Caldas, Oaxambu, Lembarj :
Rio de Janeiro.

997. Spitzner, Reinaldo, 1946. AgunS minerals do Parana: A
Retorta, v. 1, No. 2/3. p. 38-51 i Ohern. Abs., v. 40. col.
5857.

998. Teixeira, Antonio Salles, 1938 [Analytical data on the min
eral-water springs of the State of Santa Catarina (Bra
sil)] : Rev. Braslletra Chimica [Sao Paulo], v. 6, p. 302
~305 [Portuguese]; 1939, Chern. Abs., v. 33, CO!. 2631.

999. Wanderley, L. A., 1923, A radfoactlvtdade das aguas mi
neraes do Estado de Slio Paulo, in "Estado de Sao
Paulo": 28 p. j 2d ed., 1924, jnst, Engenharia Sao Paulo.

CHILE

1000. Boyd, John, 1876, The medica! society of Ohili: Edinburgh
Medical Jour., v. 22, pt. 1, p.Uo--116.

Contains information on several thermal-spzlng
resorts.

1001. Caldcleugh, Alexander, 1836, An account of the great
earthquake experienced in Chile on the 20th of Febru
ary, 1835 i with a map: Royal Soc. London Philos.
Trans. for 1836, pt. 1. p. 21-26 map.

'States that several thermal springs came into exist
ence as a result of the earthquake,' also that the tem
perature of the springs of Cauquenes was lowered 26°F
for a short time.

1002. Darapsky, Ludwig, 1890, Las nguaa minerales de Chile:
Valparaiso, G. Helfmann, 193 p-, rront., 5 ple., 1 fig.,
map.

Contains information on 39 thermal springs.
1003. Darwin, Charles Robert, 1845, Journal of researches into

the natural history and geology of the countries visited
during the voyage round the world of the H. M. S. "Bea
gle" under the command of Captain Fitz Roy, R. N.:

London J. Murray, ed., 1852, London, J. Murray, 519 p. j

new ed., 1890, New York, D. Appleton & Co., 551p., front.,
103 Illus., map.

Describes the springs of Oauquenes and the springs at
Puente del Incas in Argentina.

1004. Domeyko, Ignace, 1846, Memoire sur Ia constitution geo
logique du Chili: Annales mines, ser 4, v. 9, p. 365-540,
4p!s.

Describes the springs in the valley of Estero de los
Banos.

1005. Estaban, Ascension Lopez, 1951 [The Bafios Morales and
Panimlivida watersheds]: Chile Unlv. Tesis Qliim., v.
3, p. 65--75 j 1954, Chem. Abs.•v. 48, col. 4151.

1006. Miiller Hess, Roberto, 1942, Informe recmco geo16gico
sobre las aguaa minerales de Panimdvida: Oong, Pan
americano Ingenierfa Minas y Geologia. 1st, Chile 1942,
Anales, v. 3, Geologia, pt. 2, p. 1278-1309, 17 figs. i 1946,
abs., Bibliography and Index of Geology Exclusive of
North America i v.l0, 1943-1944, p. 90.

1007. Reichert, F" 1906, Aus dem Hochgebirge der wuete von
Atacama: Deutsche Ver. Osterreich, Alpenverein,
Zeitschr., p. 152-161.

Mentions hot springs in the Atacama desert.
1008. Rodriguez, S. Lucia, 1951 [Study and analysis of waters

of the hot springs of Oauquenesf : Chile Univ. Tesis
Quim., v. 3, p. 311-322 j 1954, Chem. Abs., v. 48, col. 4151.

1009. Smith, John Lawrence, 1856, Report on the minerals and
mineral waters of Chile, in Gilliss, James Melville, The
U..S. Naval astronomical expedition to the southern hem
isphere during the years 1849-1852: v. 2, 300 p. j U.S.
33d Cong., 1st sess., H. Doc. 121, app, D, p. 83-107.

See also references 43 and 891.
COLOMBIA. AND VENEZUELA

1010. Anonymous, 1956, Natural steam found in Venezuela:
Chern. Eng. News, v. 34, no. 52, p. 6311 (Dec. 24).

Describes steam vents 10 miles inland from Oarupano.
1011. 1958, Nature may yield power: Ohern. Eng. News, v. 36,

no. 13, p.104 (Mar. 31).
'States that steam vents near Oarupano may be util

ized to generate electricity. Cites power development
from natural steam at Lardarello, Italy.

1012. Boussingault, Jean Baptiste Joseph Dieudonne, 1883, con
siderations sur les eaux mlnerales des Oordllleres ;
Annales chimie et physique, ser. 2, v. 52, p, 181-190i
Edinburgh New Philos. Jour., v. 15, p. 151-153; 1834,
Annalen Physik (Poggendorff), v. 32, p. 262-269.

Contains information on Tricheras, Mariana, and
Qnoto springs in Venezuela; on San Juan, Quindh'i,
Agaa Tibia, Coconuco, and Pandiaco springs in Colom
bia i and Belermos and Los Baiios springs in Ecuador.

1013. 1874, Sur lea eaux acides qui prennent naissance dans
lea volcans des Oordllleres : Acad. sci [Paris] Comptes
rendus, v. 78, p. 453-461, 526-533, 593-599; Annales
chimie et physique, ser. 5, v. 2, p. 76--130.

Contains information on springs and fumaroles in
several localities. Includes mention of Tysco spring in
Ecuador.

1014. Comisten de Geografia Econdmiee de Caldas, 1937, Geo
graffa econ6mica de Colombia j IV, Caldas: Colombia,
Oontralorfa Gen. de la Republica, 601 p-, pls., figs. j 1939,
abs., Bibliography and Index of Geology Exclusive of
North America, v. 6, 1938, p. 53.

Includes information on thermal springs in Caldaa.
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1015. Fetzer, Wallace Garden, 1942, Comis16n geo16gica de Cal
das: Colombia, Mtnisterlo Minas y Petr61eos, Compi
[aci6n Estudios Geol. Oflciales en Oolombia, v. 5, p.
503-544, I pI., 5 figs.

Describes the Termales del Ruiz.
1016. 1945, Fuentes mineralea y yacimientos de carbonate de

calcio de Santa Rosa de Cabal (Rio San Ram6n): Co
Iombta, Servicio Geol. Nac., Compilaci6n Estudios Gool.
Oflclales en Colombia, v. 6, p. 433-454, 2 pls.

Describes the Termales, Acimaipa, and Oaleras groups
of springs. Mentions El Disparate, a fumarole east of
the Termales group.

1011. Holton, Isaac Farwell, 1857, New Granada j twenty months
in the Andes: New York, Harper & Broe.: London,
Sampson, Low, Son & Oo., 605 p., 33 Jllus., map.

Mentions several thermal-spring localities.
1018. Humboldt, Friedrich Wilhelm Heinrich Alexander (Baron

von), 1807, Voyage aux regions equtnoxtales, du Nou
veau Continent, fait en 1799-1804: Paris, 30 v. and at
las; 1822-29, translated into English by Belen Maria
Williams with title, Personal narrative of travels to the
equinoctial regions of the New Continent during the
years 1799-1804, with maps, plans, etc.: London, Long
man, Burst, Rees, Orme, & Brown, 7 v. ; 1907, translated
into English and edited by Tomasina Ross: London, G.
Bell & Sons, 3 v.

Mentions several thermal springs in Venezuela, also
vapor vents and fumaroles on peak of Teneriffe in the
Canary Islands.

L019. Lopez, Victor M.; Sarria, Jose Vo; and Davey, John Co,
1943, Fuentes termales de Santa Ana de los Banos
(Guanare-Estado Portuguesa) : Venezuela, Ministerio
Fomento, Rev. Fomento, v. 5-6, no. 53, p. 41-46, maps.

1020. Myers, Henry Morris, and Meyers, Philip Van Ness, 1871,
Life and nature under the tropics; or sketches of trav
els along the Andes, and on the Orinoco, Rio Negro, and
Amazons: New York, D. Appleton & co, 330 p., front.,
a illus., map.

Includes a description of the Trinchera springs.
1021. Otero, A. German; Prado, J. 1.., and Gimenes, C. Noel,

1939, Fuentes termo-minerales de Venezuela; Fuentes en
Agua Caliente, Estado 'rachtra : Venezuela, Ministerio
Fomento, Rev. Fomento, v. 2, no. 14, p. 117-128, 3 pls.,
4 tables, map.

1022. Palacios, G. Delgado, 1920, Fuente termomineral de San
Juan de los Morros; anotaciones medicas-anotaciones
quimicas-anotaciones geologtcas : Venezuela, Direccion
Sanidad Nac., Oftctna central, Caracas, 37 p-, 14 Illus.,
map.

1023. Royo y Gomez, Jose, 1942, La cuenca hidrografica del Jua
nambu, Departamento de Narino: Colombia, Ministerio
Minas y Petrcleos, Oomptlacton Estudios Geol. Oficiales
Colombia, v. 5, p. 213-252, 4 pIs.,ll figs.

Mentions thermal springs near Pasto, in Pandiaco, and
at El Tabl6n..

1024. Spence, James Mudie, 1878, The land of Bolivar; or War,
peace, and adventure in the Republic of Venezuela: 2d
ed., London, S. Low, Marston, Searle, & Rivington, 2 v.;
v. 1, 323 p., 37 Jllus., 4 maps; v. 2, 345 p., 25 illus., 3
maps.

Mentions several springs, including those of Oarupano,
La Cuiva, Tachira, and the submarine springs in the
Gulf of Cariaco.
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1025. Taylor, Edward Burnett, 1861, Anahuc; or, Mexico and
the Mexicans, ancient and modern: London, Longman,
Green, Longman & Roberts.

Includes mention of hot springs in New Granada
(Panama, Ecuador, Oolombia, and Venezuela).

1026. Wail, George Parke, 1860, On the geology of a part of
Venezuela and of Trinidad: Geol. Soc. London Quart.
Jour., v.16, p. 460-470, 1 pl.

Contains information on the thermal springs of
Trincheras and Chaguaramal and the vapor, vents at
Azufral Grande.

1027. Waring, Gerald Ashley, 1938, Thermal springs of San Juan
de los Morros, Venezuela: Unpublished field notes.

See also references 815 and 1022.

ECUADOR

1028. Andrade-Marin, Luciano, 1946, Una monografia de la Pro
vincia de Pichincha: Quito.

Contains mention of thermal springs.

1029. Dressel, Luis H., 1876, Estudlo sobre algunaa aguas
minerales de Ecuador: Quito.

Contains chemical analyses of water from 11 thermal
springs.

1030. Hidalgo, Cesar Leon, 1932, Estudio sobre la radioactividad
de las aguas de Ia fuente termal de Los Blenes:
Riobambo.

1031. Larenas, Arquidamo, 194-7-48, Analisis de nuestras aguas
minerales: Casa Cultura Ecuatortana Inf. Cient. Bol.,
v. 1, no. 3, p, 27-29; v. 1, no. 4, p. 38--39i v. 2, no. 5,
p. 20-22; and v. 2, nos. 6-7, p.17-19.

Includes data on several thermal springs.
1032. MatovelIe, Julio, 1921, Cuenca de Tomebamba, breve resefia

hist6rica de Ia provincia de este nombre en el antfguo
reino de Quito: Cuenca.

Contains description of Las Aguaa de Guapan in the
Province of Canar.

1033. Mestanza, Ernesto Alban, 1937, La radioactividad de las
aguas minerales en el Ecuador: Quito, Univ. Central
Anales 300, p. 519-552.

1034. 1943, Estudio de las aguas termales de San Vicente:
Quito, Univ. Central Asoc. Escuela Quimica y Farmacia
Rev., v.l, no. 2, p. 5-12 j 1944, Chern. Abs., v. 38, col. 2773.

1035. Meyer, Hans, 1938, En los altos Andes del Ecuador; Chim
boraso, Cotopaxi, etc. ; translated into Spanish from tbe
German ed., 1907, by Jonas Guerrero: Quito, Univ.
Central, 618 p., 93 flgs., 3 maps.

Describes thermal springs near Hacienda Cunuc-Yacu,
solfataras in the crater of Antisana volcano, and water
vapor rising from Bangay, ootopast, Guagua-Pichincha,
and Tungurahua volcanoes. ,

1036. Munoz, Jose E., 1949, Aguas minerales del Ecuador y
nociones de hidrologla general: Quito, Ministerio Edu
caci6n Publica, Talleres Graficos Nac., 299 p., 37 illus.

Contains data on 34 thermal springs.
1037. 1956, El agua sulfurosa de Guangopolo: Inf. Cient.

Nae. Bol. [Quito], v. 8, no. 76, p. 711>-722.
1038. Oppenheim, Victor, 1950, The volcano Purace : Am. Jour.

Sci., v. 248, no. 3, p.171-179, 1 pl., 2 figs.
Mentions several hot springs on the volcano slopes

and two fumaroles near the rim of the crater.
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1039. Sheppard, George, 1937, The geology of south-western
Ecuador: London, Thomas Murby & Co., 275 p., 195
iUus.

Mentions the thermal springs of San Vicente, also a
nearby saline spring and Volcancito (a cane of hardened
mud from which water, gas, and oil escape).

1040. Troys, Albornoz C. A., 1947, El balneario de San Pedro
del Tingo: Quito, Gaceta Municipal, no. itS.

1041. Vazquez de Espinosa, Antonio, 1929 [Compendium and
description of the West Indies]; 1942, translated into
English, by Charles Upson Clark: Smithsonian Inst.
Misc. CoUn., v.l02, 862 n.

Mentions hot springs near Loja, near Quito, and about
120 miles north of Quito (all ri.n Ecuador) ; near Son
senate and near San Salvador (both in EI Salvador) j

in La Matanza Valley (in Colombia) j near Oajamarca
and near Huancavelica (both in Peru) ; in the Cocha
bamba Valley (in Bolivia) ; and about 40 miles from
Valdivia (In Chile).

1042. ~andemberg, E., 1880, Agua mineral de Tesalia: Quito,
Anales Univ. Central.

1043. Whymper, Edward, 1892. Travels amongst the great Andes
of the Equator: New York, C. Scribner's SODS, 456 p.,
138 illus.•4 maps.

Describes spring near Machachi and steam explo
slons of Cotopaxi volcano, both in Ecuador.

1044. Wiggins, Ira Loren, 1950a, Beyond Cayambe : Pacific Dis
covery, v. 3. no. 1. p.lO-14. 3 views.

Mentions hot springs near the northeast outlet of
Laguna San Marcos.

1045. 1950b, Thermal springs near Oavambe volcano, Ecua
dor: Personal commun. to G. A. Waring.

1046. Wolf, Theodor (Teodoro), 1892, Geografia y geologia del
Ecuador: Leipzig, Germany, F. A. Brockhaus. 671 p.,
12 pls., 47 figs.•map.

Describes nine thermal-spring localities.
See also references 1012 and 1013.

PERU

1047. AhIfeld, Friedrich, 1926, Die Antimonitlagerstiitte von
Acora, Siidperu: Zeitschr. prakt. Geologie, v. 34, p.
190-192, 1 fig.

Mentions thermal springs near ACQra.
1048. Alayaza y Pes-Selden, Francisco, 1903, Informe sobre la

Provincia Litoral de Moquegua y el Departmento de
Tacna: Ouerpo Ingenleros Minas Peru BoL

States that there are five geysers in Quebrada de
Calientes near Yueumani volcano. also spouting
springs near Putina.

1049. Broggi, J. A., 1925, Los travertinos de los alrededores de
Oroya y el cauce subterraneo del Rio Yauli en el Pueblo
de Saeo: Soc. Geol. Peru Bel. 1, p.61-65, 5 pIs.

1050. Carmand, A. C. de, 1903, Perou, Departement d' .Ancachs.
Productions animales et vegetales; richesses mlnerales.
Etude fait d'apres I'oeuvre de Antonio Raimondi, par
ordre et sous Ies auspices du Ministere des A:ffaires
:Etrangeres: 383 p.• 8 illus., map.

Contains information on 12 thermal-spring localities
in the Ancash Department.

1051. Chase, Philip W., 1933, The geology along the Perene and
Tambo Rivers of eastern Peru: Jour. Geology, v.41, no.
5, p. 513-{)26, 3 figs.

States that hot springs issue from the Yurinaqui
sandstone in several places.

1052. Delgado A., Dora Luz, 1954 [Chemical and bacteriological
analysis of the thermal waters of Uyurmiri]: Univ.
Nae. Mayor San Marcos [Lima] Faeultad Farmacea y
Bioquimica Anales v. 5, p. 492-498; 1957, Chem. Abs.,
v. 51, col. 3064. •

1053. Escomel, Edmundo, 1929, Obras cientificas: Lima, Imp.
Torres Agirre, 2 v ; v.1

Contains data on Jesus springs near Arequipa.
1054. 1935, Algunos balnearios medicinales del Peru: Lima,

207 p., 23 Illua., map.
Describes the Terroas de Yura and the Bdos de

Jesus.
1055. [1936?], Principales fuentes medicinales del Peru : Lima,

Corp. Nac. 'I'ur-lsmo, 14 p-, map.
Briefly describes Los Banos del Inca, Chancos spring,

Churin springs, Yura springs. and Jesus springs.
1056. Freyre, Alejandro, 1950, Geologia y radioactividad en las

termas minero-medicinales des Arequipa: Soc. Quim.
Peru Bol., v. 16, no. 2. p. 105-122; Congo Quin. Peruano,
3d, Lima 1950, Aetas y Trabajos, v. 2, p. 737-754.

Describes the Yura-Socosani group of springs and the
springs of Jesus.

1057. Hill, S. 8., 1860, Travels in Peru and Mexico: London,
.Longman, Green, Longman, & Roberts, 2 v.; v. 1, 330 p.;
v.2,312p.

Describes the Baths of Yura.
1058. Hutchinson, Thomas Joseph, 1873, Two years in Peru,

With exploration of its antiquities: London S. Low,
Marston. Low & Searle, 2 v. ; v. 1, 343 p., 67 illus. ; v. 2,
334 p.• 45 illus.

Describes visits to Yura and Jesus springs.
1059. Maldonado, Angel, 1918. Trabajos cientlficos: Lima.

Contains information on Jesus springs near Arequipa.

1060. Maldonado, Angel, and Guevara, R. Juan de Dios (de Dios
Guevara, Juan R.), 1950, Determinaci6n del bore en
aguas y suelos del Peru: Soc. Quim. Peru Bol., v. 16.
no. 1, p. 5-31.

Includes information on the boron content of thermal
springs.

1061. Marquez, Victor Cdrcamo, 1937, .Amilisis qufmlco de
trelnta aguas mtnerales del Peru: Soc. Quim. Peru. Bol.,
v. 3, no. 1, p. 15-45.

Contains chemical analyses of water from thermal
springs in nine localities.

1062. Pozzi-Escot, 1936, El acido yodico, nuevo eomponente qui
mico en las aguas de Ia terma de Jesus, en Arequipa:
Rev. Cienc. [Peru], v. 40, June.

1063. Prazak, Ladisloa J., 1949, Crenologia Peruana : Lima
Corp. Nac. Turismo.

1064. 1950, Presentaci6n de los am'i.lisis qutmtcos de las aguas
mfnero-medlclnalea : Soc. Quim. Peru Bol., V. 16, no. 2,
p. 123--142.

Includes a chemical analysis of the water from El
Tigre spring at Yura.

1065. Raimondi, D. Antonio, 1882, Aguas minerales del Peru :
Escuela de Construcciones Civiles y de Minas del Perri
Anales, v. 2, 210 p.

1066. 1874-1902. El Peru : Lima, Geographic Soc. Lima, 4 v.;
V. 1, Preliminary part, 444 p. ; repr.,1940, under auspices
of Rotary Club of Lima. commemorating 50th anniver
sary of author's death. 341 p.; v. 2 and 3, History of
the geography of Peru, 475 p., and 614 p.; v. 4, Mineral
ogic and geologic studies, 515 p.

Contain data on many thermal springs.
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1067. Ramos, Ignacio A., 1943, Termalismo en el Peru: Escuela
Nae. Jngenteros Bol., ser. 3, v. 16, July-Sept., p. 3--97,
6 figs.

Mentions several thermal springs. Contains chemical
analyses of water from Bafios del Inca and Aguns de
Chancos.

1068. Rich, John Lyon, 1945, Oil possibilities of South America
in the light of regional geology: Am. Assoc. Petroleum
Geologists Bull., v. 29, no. 5, p. 495-563, 23 figs.

1069. Saldana, Luis Alva, 1941, Am'ilisis quimico de algunas
aguas minera1es de Ancash: Soc. Quim. Peru Bcl., v. 7,
no. 2, p. 76-84.

Contains chemical analyses of the water from five
thermal springs.

1070. Squier, Ephraim George, 1877, Peru: Incidents of travel
and exploration in the land of the Incas: London, Mac
millan & Oo.,599 p., 250 Illus., map.

Mentions a visit to the hot springs of Aguas Oaltentes.
1071. Steinmann, Gustav, 1930, Geologie del Peru: Heidelberg,.

Germany, Carl Winters, 448 p., 9 pls., 271 flgs., map.
Mentions several thermal-spring localities.

1072. Tschudi, Johann Jacob von, 1854, Travels in Peru, on the
coast, in the sierra, across the cordilleras and the Andes
Into the primeval forests: New York, A. S. Barnes &
Co., 354 p., 2 illus.; translated from the German, by
Tomasina Ross; new edition complete in one volume;
1st ed., 1846, Peru, Reiskizzen aus den jahren 1838-1842.
2 v., St. Gallen, Switzerland, Scheitlin u. Zollikofer;
English ed., 1847, London, D. Bogue; New York, Wiley
& Putnam, 506 p,

Contains a description of a group of springs, one
called the Hervidero, about 1.5 miles from Yauli.

1073. Valdez de la Torre, Carlos, 1911, Aguas termominerales
de Acaya, en Jauja : Lima.

ATLANTIC REGION

AZORES

1074. Archer, W., 1875, Notes on some collections made from
Furnas Lake, Azores, containing algae and a few other
organisms: Linnean Soc. of London Jour., Botany, v.
14, p. 32&-340.

1075. Borges, F. Henriques de, 1867, A trip to the Azores: Bos
ton, Mass.

Includes description of the hot springs on Sao Miguel
Island.

1076. Bullar, Joseph, and Bullar, Henry, 1841, A winter jn the
Azores, and a summer at the baths of the Furnas: Lon
don, J. Van Voorst, 2 v j v. 1, 375 p., front., 18 iUus.;
v. 2, 391 p., front., 9 Illua.

1077. Campbell, George Granville, 1876, Log letters from "The
Challenger": London, Macmillan & Co., 448 p., map;
1881, ed., with additional notes, 512 p.

Describes the hot springs on Sao Miguel Island in
the Azores, at Kilauea crater in Hawaii, and at the
bridge of the Incas in Argentina. Also mentions min
eral springs on Kerguelen Island in the Indian Ocean.

1078. Fcuque, Ferdinand Andre, 1873a, Resultats generaux de
l'analyse des sources geysertennes de l'Ile de San Miguel
(A~ores): Acad .: sci. [Paris] Comptes rendus, v. 76,

p. 1361-1364.

1079. 1873b, Les eaux thermales de l'Ile de San Miguel
(A~ores) : Paris, 150 p.
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1080. Fouque, Ferdinand Andre, 1873e, Volage geolcglque aux

A~ores: Revue Deux Mondes, v. 103, I, L'Ile de Terceira,
p. 40-65; II, Graciosa, Pica, et Fayal, p. 615-644.

1081. Hartung, Georg, 1860, Die Azoren in ihrer ausserere
Ershednung und nach ihrer geognostiechen Natur ges
ehlldert; von G. Hartung: Leipzig, Germany.

1082. Hunt, Carew, 1845, A description of the Island of St.
Michael (Azores): Royal Geog. Soc. [London] Jour.,
v. 15, p. 268-296, map.

1083. Masson, Francis, 1778, An account of the Island of St.
Miguel: Royal Soc. London Philos. Trans., v. 68, pt. 2,
p. 601-610; abridged ed., 1809, v. 14, 1776-80, p. 392-394.

1084. Morais, J. Custodio de, 1953 [Boiling springs of Furnas,
Azores] : Oolmbra Univ. Museo e lab. Min. GeoI. e centro
eatud. geol. Mem. e notreta, no. 35, p. 48-75 [Portu
guese, English summary] ; 1954, Chern. Abs., v. 48, col.
6336.

1085. Moseley, Henry Nottidge, 1875, Notes on fresh-water algae
obtained at the botllng springs at Furnas, St. Michaels,
Azores, and their neighbourhood: Linnean Soc. of Lon
don Jour., Botany, v.14, p. 321-325.

1086. 1879, Notes by a naturalist on the "Challenger," being
an account of various observations made during the
voyage of H.M.S. "Challenger" round the world in
the years 1872-1876: London, Macmillan & Oo., 620 p.,
2 pls.

Describes the hot springs on Sao Miguel Island in
the Azores, on Great Banda Island and Ternate Island
in the South Seas, and on Camiguin Island of the Philip
pines. Also mentions fumaroles on Bird Island in the
South Seas and hot springs on Kerguelen Island in the
Indian Ocean.

1087. Thomson, Charles Wyville, 1878, The voyage of the "Chal
lenger"-The Atlantic j a preliminary account of the
general results of the exploring voyage of H.M.S. "Ohal
Ienger" during the year 1873 and the early part of the
year 1876: New York,/Harper & Bros., 2 v; v. 1, 391 p.,
pIs. 1-14, 106 figs.; v. 2, 340 p., pls. 15-42, 62 fig•.

Describes hot springs on Sao Miguel Island, Azores.
1088. Wallrer, Walter Frederick, 1886, The Azores, or Western

Islands j a political, commercial, and geographical ac
count: London, Trubner, 335 p., 11 illus., map.

1089. Webster, John White, 1821a, Siliceous sinter of the Azores:
Am. Jour. Sci. and Arts, v. 3, p. 391-392.

One variety of sinter from St. Michael Island differs
from that found elsewhere in having an unusually high
content of water, 16.35 percent; silica content, 83.65
percent. Suggests for it the name michaelite.

1090. 1821b, A description of the Island of St. Michael, com
prising an account of its geological structure; with re
marks on the other Azores or Western Islands: Boston,
Mass., R., P., & C. wtltlams, p, 9-244, front., pls., maps;
1822, rev., Am. Jour. Sci. and Arts, v, 4, no. 2, p. 251-266.

1091. 1822, Account of the hot-springs of Furnas, in the Is
land of St. Michael: Edinburgh Philos. Jour., v. 6, no.
12, p. 30&-313.

See also references 74, 2271, 2272, and 2290.

GREENLAND

1092. Gintl, Wilhelm, 1873, Resultate der Analyse des wussers
von Unartok : Akad. wtss. Wien, Math.-naturw. Kl.,
Sttzungsuer., v. 68, no. 1, p. 107-109, map.
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1093. Graah, 1830, Extrait du journal du Oapttatne Graah:
Soc. geog. France Bull., v. 14, p. 181-188.

Mentions seven springs on Unartok Island.
1094. Jessen, A.., 1896, Geologiske Iagttagelser: Mood. om

Greenland, v..16, p. 123-169, 1 pl., map.
Describes springs on Unartok Island.

1095. Koch, Lange, 1929, The geology of East Greenland: Medd.
om Groenland, v. 73, pt. 2, 320 p., 6 pls., 53 figs. [Eng
lish.]

Describes springs at several localities on eastern side
of Greenland.

1096. Pedersen, Alwin, 1926, De Varme kilder ved Scoresby
sund : Medd. om Groenland, v. 68, p. 251-257.

1097. Rosenkrantz, Alfred, 1942, The Mesozoic sediments of the
Kap Hope area, Southern Liverpool Land, the Lower
Jurassic rocks of east Greenland: Pt. 2 of Medd. om
Groenland, v, 110, no. 2, 56 p., 4 pls., 30 figs.

ICELAND

1098. Allan, Robert, 1856, On the condition of the Haukedalr
geysers of Iceland, July 1855: British Assoc. Adv. Sci.
Rept., 1855, Mathematics and Physics Sec., p. 75-78.

1099. Andersen, Svend, 1934, Et liUe Bidrag til Islands thermo
phile Flora: Bot. Tidsskr., v, 42, p. 409-415.

1100. Andreae, Achilles, 1893, "tiber die kiinstliche Nachahmung
des Geysirphiinomens: Neues Jahrb. Mlneralogte, Geolo-
gie u. Paliiontologie, v, 2, p. 1-18; condensed as, TIber
die Nachahmung verschiedener Geysirtypen und fiber
Gasgeysire: Naturh.-med. Ver., Heidelberg, new ser.,
v. 5, no. I, p. 83-88.

1101. Anonymous (editorial; News and views), 1935, Re-awalr
ening of Geysir- at Hawkdale, Iceland: Nature [Lon
don], v. 136, p. 366.

1102. Bachmann, Fritz, 1956, Heisse Quellen ala Gestaltungs
faktoren der islandischen Kulturlandschaft [Hot springs
as a factor of the Icelandic cultural landscape] : Geog.
Helvetica v. 11, no. 1, p. 59-68, iUus. [German, English
summary] ; 1958, abs., Bibliography and Index of Geol
ogy Exclusive of North America, v. 21, 1956, p. 29.

1103. Backstrom, H, 1891, Bettrtlge zur Kenntniss der Islfln
dlschen Liparite: Geol. Foren. Stockholm Forh., v. 13,
p.637-682.

1104. Bardarson, G. G., 1926, Die jiingsten Vulkanischen Aus
bruchsteUen in der Askja: Zeitschr. Vulcanologle, v. 10,
p.120-126.

1105. 1930, Vulkan-Ausbriiche in der Gegend der Hekla im
Jahre 1913: VfsindaftHag fslendinga, Rit 6.

1106. Baring-Gould, Sabine, 1863, Iceland; its scenes and sagas:
London, Smith, Elder, & Co., 447 p., 16 pls., 19 figs., map.

Describes .several areas of hydrothermal activity.
1107. Barrow, John, Jr., 1835, A visit to Iceland by way of

Tronyem, in the "Plower of Yarrow" yacht, in the sum
mer of 1834: London, J. Murray, 320 p., iUus.

Describes hot springs and geysers in southwestern
Iceland.

1108. Barth, Thomas Fredrtk Weiby, 1936a, St6ri Geysir pA.
Island vekket til nytt liv: Naturen Arg., v. 60, no. 1,
p.l-6.

1109. 1936b, Thermal activity in Iceland: Norsk geol. Tids
skr,. v.16, no. 2-4, p. 288-291.

1110. 1939, Varme kilder og vulkanisme pa Island: Naturen
Arg., v. 63, no. 1, p.11-27.

1111. Barth, Thomas Fredrik Weiby, 1940, Geysir in Iceland:
Am. Jour. Sci., v, 238, no. 6, p. 381-407, 7 flgs., 3 tables.

1112. 1941, Geysir og Geysirtheorier: Naturen Arg., v. 65, nos.
7-8, p. 193--209; abs., Norske Vidensk.-Akad. Oslo Arbok
1940, p. 21-23; 1951, Bibliography and Index of Geology
Exclusive of North America. v. 15, 1950, p. 18.

1113.· 1947, Geysers of Iceland: Am. Geophys. Union 'I'rans.,
v.28, no. 6, p. 882-887, 3 figs., 1 table.

1114. 1949, Den geokjemiske utvikling av de varme kilder pA
Island [abs.] : Norske Vidensk.-Akad. Oslo Arbok 1948,
p. 3-4; 1957, abs., Bibliography and Index of Geology
Exclusive of North America, v. 20, 1955, p. 31.

1115. 1950, Volcanic geology, hot springs, and geysers of Ice
land: Oarnegie Inst. Washington Pub. 587, 174 p., 31
pIs., 68 figs., 55 tables.

A comprehensive report on hydrothermal activity in
Iceland. Describes individual hot springs and geysers
and shows their locations on maps. Also includes many
photographs and extensive bibliographies on volcanism
and thermal springs in Iceland.

1116. 1953 [Volcanology and geochemistry of the geysers and
hot springs of Iceland]: Schweizerische naturf. Gesell.
verh., 132 Jahresvers.; Bern 1952, p. 51-60; 1954, Chem
Abs., v. 48, col. 4392.

1117. Bisiker, William, 1902, Across Iceland: London, Edward.
Arnold, 236 p., Jltua., maps.

1118. Black, Joseph, 1793, Analyse des eaux de quelques sources
chaudes d'Islande: Annales clrlmle, aer. I, v. 16, p. 40
62; v. 17, p. 113--140.

1119. 1794, An analysis of the waters of some hot springs in
Iceland: Royal Soc. Edinburgh 'I'rans., v. 3, pt. 2, p. 95
126.

1120. Bcdversson, Gunnar, 1948, On thermal activity in Iceland:
Iceland, Geothermal Dept., State Electricity Authority,
77 p., 3 pls., 3 graphs jmtmeo.j.

1121. 1950, Geofysiske metoder ved varmtvandtsprospektering
i Island: 'verkfraedlngafelag Islands, Timarit Arg. 35,
no. 5, p. 49-59, iUus.; 1958, abs., Bibliography and Index
of Geology Exclusive of North America, v. 21, 1956, p. 60.

1122. 1951, SkY'rsla urn. ranns6knir a jardhita i Hengli j

hveragerdl og nagrennl, arin 1947-1949, fyrri hlutl.
[Report on the Hengill thermal. area; investigations
carried out in the years 1947-49], Section I: Verkfraed
fugafelag Islands, Timarit argo 36, no. 1-2, p. 1-48, tuns.
[English summary] ; 1958, abs., Bibliography and Index
of Geology EXClusive of North America, v. 21, 1956, p.
61. See ref. 1153 for sec. 2 of this article.

1123. 1949, Drilling for heat in Iceland: Oil and Gas Jour., v.
48, p.191, 192, 196, 199, 3 figs.

1124. Boehmer, George Hans, 1886, Volcanic eruptions and
earthquakes in Iceland within historic times: Smith
sonian Inst. Ann. Rept. to July 1885, pt. I, p. 495--541.

1125. Boving, Adam Giede, 1925, A summer trip in Iceland
south of Vatna-JQkul: Entomol. Soc. Washington, v, 27,
no. 2, p.17-35.
Describes organisms living in a hot-water creek.
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OOd des Landphysici Biarne Povelsens, 1774-75, Reise
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Chern. Abs., v. 41, col. 1357.

1212. Pfeiffer (Madame), Ida, 1852, Visit to Iceland and the
'Scandinavian north: London, Ingram, Cooke, & Oo.,
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1221. 1853, Erliiuterungen zum geologischen Atlas von Island:

Gottingen, Germany, Dieterfschen Buchhandl., 59 p.
Describes palagonite tuff in vicinity of springs at

Krabla j also refers to geyser basins filled with water
and mud. Includes a chemical analysis of sinter.

1222. Schneider, Karl, 1907, Beitriige zur physikalischen Ge
ographte von Island: Petermann Geog. Mitt., v. 53, no.
8, p. 177-188.

Refers to geysers, hot springs, mud volcanoes, sol
fataras, fumaroles. and mofettes as the last phases of
volcanic activity.

1223. Schwabe, Gerhard Helmuth, 1933a, Beobachtungen iiber
thermische Schichtungen in Thermalgewassern auf
Island: Archiv Hydrobtologle, v. 26, p. 187-196.

1224. 1933b, Probleme der ThermalbilJlogie auf Island:
Naturwissenschaften v. 23, p.158-160.

1225. 1936, Beltrage zur Kenntnis isliindischer ThermalbioM
tope: Archiv Hydrobiologie, suppl. v. 6, p. 161-352.

1226. 1951. Karbonate des Bodens in Thermen: Internat.
Ver. theoret. u. angew. Limnologie verh., v. 11, p.
341-361, Illus. [German, Spanish summary]; aba, 1953,
Bibliography and Index of Geology Exclusive of North
America, v. 17. 1952. p. 389; 1953. abs., Annot. Bibli
ography Econ. Geology, 1952, v. 25, no. 1, p. 116.

1227. Scott, D. Hugh, 1906, Sportsman's and tourist's handbook
to Iceland: 8th ed., Leith, Scotland, G. V. Turnbull,
127p., map.

Includes description or excursion to vicinity of St6ri
Geysir and Hekla.

1228. Shepherd, Charles William, 1867, The north-west pen
insula of Iceland j being the journal of a tour in
Iceland in the spring and summer of 1862: London,
Longmans, Green & Oo., 162 p- front., pl., map.

Describes the alternating geyser and vents of boiling
water at Tungufljat.

1229. Sigurosson, Steinthor, 1946, Thermal activity in Iceland
and its utilization, in Thorsteinsson, Thorsteinn, ed.,
Iceland 1946; a handbook published on the 60th anni
versary or the National Bank of Iceland: 4th ed.,
Reykjavik, Iceland Rikisprentsinidjas Gutenberg, 295
p., map.

1230. Sonder, Richard A., 1941, Studien iiber heisse Quellen und
Tektonik in Island: Vulkaninstitut Immanuel Pried
liinder Pub. 2, 132 p., 13 pls., 2 figs.

1231. Stanley, John Thomas, 1794a, An account of the hot
springs near Rykum in Iceland (in a letter to Dr.
Black): Royal Soc. Edinburgh Trans., v, 3, pt. 2, p.
127-137.

1232. 1794b, An account of the hot springs near Haukadal in
Iceland (in a second letter to Dr. Black): Royal
Soc. Edinburgh Trans., v. 3, pt. 2, p. 138-153.

1233. Stefansson, ViIhjaImur, 1939, Iceland, the first American
republic: Garden City, N.Y., Doubleday Doran, 275 p.,
front., 15 illus.

Includes descriptions of visits to the main geyser
area and to the Laugar hot-spring area.

1234. Symington, Andrew James, 1862, Pen and pencil sketches
of Faroe and Iceland, with an appendix containing
translations from the Icelandic: London, Longman
& Roberts, 315 p., front., 50 Ulus.

Describes geysers and other hot springs in Hauka
dalur, also the boiling mud pools and solfataras in the
vicinity of Krisuvik.

1235. Taylor, Bayard, 1886, Egypt and Iceland in the year 1874:
New York, G. P. Putnam's Sons, 282 p.; pt. 1, Egypt,
p.ll--149; pt. 2, Iceland, p.153-282.

Describes eruptions of St6ri Geysir and Strokk.
1236. Taylor: D., 1856, Analyse des Wassers des grossen Geysirs

auf Island: AUg. Erdkunde Zeitschr.• new ser., v. 1,
p.457-459.

1237. Thorarinsson, Sigurdur, 1949, Um aldur Geysis: Natturu
Fraedhingurinn, Arg. 19, no. 1, p. 34-41.



BIBLIOGRAPHIC REFERENCES

1249.

1250.

1238. Thorkelsson, Thorkell, 1910 [The hot springs of Iceland] :
Kgl. Danske Vidensk. Selsk. Skr., ser 7, no. 8, p. 181-264,
13 pts., figs.

1289. 1920, Undersdgelse af nogel varme Kilder paa Nordis
land: Kgl. Danske Vidensk. Selsk, Math.-fys. Medd.,
ser 3, no. 1.

1240. 1928, On thermal activity in Reykjanes, Iceland: Visind
afl!Iag fslendinga (Soc. Sci. Islandica) Rit 3, 52 p.
[English] ; 1929, abs., Annat. Bibliography Econ. Geol
ogy, 1928, v. 1, p. 255-256.

1241. 1930, Some additional notes on thermal activity in
Iceland: Vfsindafelag fslendinga (Soc. Sci. Islandica),
Rit 5, p. 1-81, map [English]; 1931, abs., ADnot. Bibli
ography Econ. Geology, 1930, v. 3, pt. 2, p. 417-418.

1242. 1940, On thermal activity in Iceland and geyser action:
VisindaftHag Ielendlnga (Soc. Sci. Islandica), Rit 25,
139 p.,10 figs., 14 tables [English.]

1243. Thoroddsen, Thorvaldur, 1889a, De varme KUder paa
Bveravellir: Ymer (Svenska sallskapet antropolgi och
geografi),v.9,p.4~

1244. 1889b, Neue Solfataren und Schlammvulkane in Island:
Ausland, v. 62, no. 9, p. 161-164, Stuttgart, Germany.

1245. 1901, Geological map of Iceland '(scale 1 :600,000) :
Copenhagen, Carlsberg fund.

1246. 1904, Landfraedissaga Islands [Icelandic] : Copenhagen.
Discusses the geysers of Iceland.

1247. 1910a, De varme Kilder paa Island deres fysisk
geologiske og geografiske Udbredelse: Overs. KgI. Dan
ske Vidensk. Selsk. Forh. 2, p. 97-153.

1248. 1910b, De varme KiIder paa Island, deres fysisk
geologiske Forhold og geograftske Udbredelse : Overs.
Kg!. Danske Vidensk. Selsk. FQrh. 3, p. 183-257.
1911, LysiD;gIslands: Copenhagen, 2 v.

1913-15, Ferdab6k. SkY'rslur urn Ranns6knir a Island
1882-1898 Kaupmannahofn, Bid Islenska Fraedafelag:
4 v., 1913, v. 1, 380 p. j 1914, v. 2, 293 p. j v. 3, 360 p. j

1915, v.4, 356 p.
Contains data on several spring localities.

1251. 1915, Ueber heisse Quellen in Island: Internat. Geog.
Cong.1oth, Roma 1913, Atti, p.l188-1191.

1252. 1925, Die Gescbichte der Isldndfschen Vulkane (nach
einem hinterlassenen manuskript): KgI. Danske
Vidensk. Selsk. Skr., Naturv. og mat., Afd. 8, Raekke 9
(Acad. Royal. Soc. Lettres Danemark Mem.) , 458 p., 47
figs., 10 maps, 3 tables.

1253. Thuesen, S. E., 1933, Lidt om islandske varme KUder og
deres Plantevaekst: Bot. Tidsskr., v, 42, p, 325-333.

1254. Troil, Uno von, 1780, Letters on Iceland j containing ob
servations on the civil, literary, ecclesiastical, and nat
ural history j antiquities, volcanoes, basaltes, hot
springs; customs, dress, manners of the inhabitants, &c.,
made during a voyage undertaken in the year 1772 by
Joseph Banks, Esq., assisted by Dr. Solander, Dr. J.
Lind, Dr. Uno von Troil, and several other literary in
genious gentlemen: in Pinkerton, John, 1808, A general
collection of the best and most interesting voyages and
travels in all part of the world: London, v. 1, p. 621-734.

1255. 'Iuxen, S. L.• 1936a, Faunaen i og Ted de varme Kilder
paa Island: Nord, Naturf-mdte, Helsingfors, Bar. 19,
p.510-512.

299

1256. Tuxen, S. L., 1936b, Die Arten der Gattung Scatella (})phy
d,rldae) in heissen Quellen: Opuse. Ent. Lund I, p, 105
111.

1257. 1938a, Bemerkungen tiber die erneuerte Activitiit des
grossen Geysir in Haukaldalur :Visindafelag fslendinga
(Soc. Sci. Islandlca) , Rit 23, 25 p. 5 figs.; 1943, aba,
Bibliography and Index of Geology Exclusive of North
America, v, 9, 1941-42, p. 302.

1258. 1988b, St6ri Geysir paa Island samt om Geysirtheorier:
Naturens Verden, v. 22, p- 11&-142, Copenhagen.

1259. 1942, Islands varme Kilder og deres Dyreliv: Dyr. i
Nat. og Mus. 1941, p. 45-61.

1260. 1944, The hot springs of Iceland j their animal com
munities and their zoogeographical significance, in C0
penhagen, Akad. afh., The zoology of Iceland: v. 1, pt, 2,
216 p., 7 pIs., 63 flgs., 13 tables. [Englisb.]

Includes a map showing 37 spring localities, also 45
chemical analyses of water from hot springs.

1261. Tyndall, John. 1854, On some of the eruptive phenomena
of Iceland: Royal Inst. Great Britain Proc., v, 1, 1851
54, p. 329-835.

1262. Walker, Robert, 1875, Note of temperature measurements
in the Great Geyser of Iceland-August, 1874: Royal

Soc. Edinburgh Proe., v. 8, p- 514-521.
1263. Watts. William Lord, 1875, Sntoland [Snowland] j or Ice

land, its jijkulls and fjalls: London, Longmans & Co.,
183 p., 12 pls., map.

1264. 1876a, On Iceland, its physical aspects, characteristics,
ctc.: Brighton Nat. Bist. Soc. Proe., v. 23, p. 78-89.

Includes mention of some of the hot springs.

1265. 1876b, Across the Vatna .Tokull j or, Scenes in Iceland j

being a description of hitherto unknown regions: Lon
don, Longmans & Co., 202 p., front., 1 pl., map.

Describes hydrothermal activity in several localities.

1266. West, G. S., 1902, On some algae from hot springs: Jour.
Botany, British and Foreign [London], v, 40, p. 241-248,
1 pl.

Describes 56 specimens of algae from hot springs and
geysers in Iceland and 3 from a spring at Btra Rimau
on the Malay Peninsula.

1267. Winkler, Gustav Georg, 1863, Island. Der Bau seiner
Gebirge und dessen geologische Bedeutung: Munich,
Germany.

1268. Wright. Frederick Eugene, 1924, The hot springs of Ice
land: Jour. Geology, v. 32, no. 6, p. 462-464.

See also references 65, 73, 106, 649, 672, 700, 2092, and 3554.

MINOR ISLAND8--CANARY, CA.PE VERDE, FAROE
(FAEROE), JAN MAYEN. AND SPITSBERGEN
(SVALBARD)

1269. Encyclopaedia Britannica: 11th ed., New York, Ency
clopaedia Britannica, v. 5, p. 253-255.

1270. 1911, Jan Mayen: 11th ed., New York, Encyclopaedia
Britannica, v.15, p.152.

1271. Buch, Christian Leopold von. 1825, Einige Bemerkungen
ueber Quellen-Temperatur: Berlin, Abh., p. 93-106;
Annalen Physik (Poggendcrff) , v. 12, p. 403-418, 1828;
1829, Some remarks on the temperature of springs
[abs.] : Philos. Mag., new ser., v. 6, p. 166-169.

Includes data on the temperature of springs in the
Canary Islands.



300 THERMAL SPRINGS OF THE UNITED STATES AND OTHER COUNTRIES OF THE WORLD

1272. Buch, Christian Leopold von, 1826-27, Observations made
during a visit to Madeira and a residence in the Canary
Islands: Phtlos. Mag., new ser., v. 1, p. 380-383, 1826;
v. 2, p. 73-86, 1S27.
. Mentions warm springs on Teneriffe Island.

1273. Hoel, Adolph, and Holtedahl, 0., 1911, Les nappes de lave,
les vclcans et Ies sources thermales dans les environs de
In Bale wood au Spltsberg : Danske Vidensk. Selsk. SkI'.,
Krlstdauta, I. Mat.-Naturv. Kl., v. 1, no. 8, 38 p., 8 pIs.,
6 figs., map.

1274. Nee-Nygaard, A., 1942, Varmakelda paa Ostero i Naturens
Verden, p. 39-42.

1275. Strom, Kaare Miinster, 1921, Some algae from hot springs
in Spitzbergen: Bot. Notiser, 1921, p.17-21. [Eng
lish.]

1276. Thor, Sig, 1930, Bedtrdge zur Kenntnis der invertebraten
Fauna von Svalbard [Spitsbergen]: Skr. om Svalbard
og Ishavet 27.

1277. 1934, Neue Beltrdge zur Kenntnis der invertebraten
Fauna von Svalbard: Zool. Anz., v. 107, p. 114-139.

See also references 16, 30, 43, 75, 1018, 1115, and 1178.

EUROPE

GENERAL REFERENCES

Many books and reports describe the spas of Europe,
especially those where thermal springs have been devel
oped for medicinal bathing. As each of these publica
tions contains information on several countries, their
references have been grouped under the heading
"General References," to avoid repetition in the'
bibliographies for each country.

1278. Althaus, Julius, 1862, The spas of Europe: London, 'I'rub
ner &Co.

1279. Braun, Julius, 1875, On the curative effects of baths and
waters, being a handbook to the spas of Europe j In
eluding a chapter on the treatment of phthisis by baths
and climate, by Dr. Rohden of Lippspringe. An
abridged translation, with notes, edited. by Sir Hermann
Weber: London, Smith, Elder, & Co., 658 p.

1280. Granville, Augustus Bozzi, 1841, Bains d'Europe. Manuel
du voyageur aux eaux d'Allemagne, de France, de la
Belgique, de In Savoie, de la Suisse, ete., etc. (in part
translated from the English) : Paris.

1281. Hirschfeld, Josef, and Pichler, Wilhelm, 1876, Die Bader,
Quellen und Curorte Eilropas: Stuttgart, Germany.

1282. Hofman, J. J., 1910 [Investigations on water from
springs] : Pharm. Weekblad Nederland, v. 48, p. 1003
1018; 1911, Ohern. Abs., v, 5, p. 3869.

1283. Hynie, 0., and Kolitek, J., 1933, Geologie der wichtigsten
Schlammarten Europas, die gegenwtlrttg zu Hell
zwecken verwendet werden : [Czechoslovak Republic],
Statni Geol. Ustav, Knihovna v. 16, 96 p.

Describes the geology of the vicinities of medicinal
springs and muds.

1284. Lee, Edwin, 1836, An account of the most frequented wa
tering places on the continent * * * and of ·the medl
clnal application of their mineral springs j with tables
of analysis and an appendix on English mineral waters:
London, Longman, Rees, Orme, Brown, Green, &
Longman, 232 p.

1285. Linn, Thomas, 1893, The health springs of Europe. A
medical guide to the mineral springs * '" * of Europe:

London, H. Kimpton, 330 p., 13 vignettes, map j 5th ed.,
1897, New York, D. Appleton & Co., 323 p.

1286. Macpherson, John, 1869, The baths and wells of Europe,
their action and uses: London, Macmillan, 336 p., map;
2d ed., 1871, Our baths and wells.

1287. 1888, The baths and wells of Europe with a sketch of
hydrotherapy and hints on climate, sea bathing, and
popular cures: London, E. Stanford, 379 p., map.

1288. Madden, Thomas Moore, 1876, The principal health re
sorts of Europe and Africa for the treatment of chronic
diseases: 2d ed., London and Philadelphia, Pa., Lindsay
& Blaklston, 276 p.

1289. Raspe, F., 1885, Heilquellen-c-Analysan : Dresden, Ger
many.

1290. Rotureau, Armand Jean Baptiste, 1858-64, Des principales
eaux mlnerales de I'Europe, France, Angleterre, &c:
Paris, 3 v.; 1858, v. 1, Allemagne et Hongrie; v. 2,
France, 1859, 1864; v. 3, France, supp., Angleterre,
Belgique, Espagne et Portugal, Italle, Suisse.

1291. Schott, Morris, 1928, Health and pleasure resorts of Cen~

tral Europe j describing the natural mineral water
sources and their therapeutical indications. New York,
privately printed, 172 p., front.

1292. Tichborne, Charles Robert Clarke; and James, Moses
Prosser, 1883, The mineral waters of Europe j including
a short description of artificial mineral waters: London,
Batllfere, Tyndall & Cox, 234 p.

1293. Weber, Hermann, and Weber, Frederick Parkes, 1898, The
mineral waters and health resorts of Europe * * *
being a revised and enlarged edition of l<The spas and
mineral waters of Europe": London, Smith, Elder &
oe., 524 p., map.

1294. 1907, Climatotherapy and balneotherapy; the climates
and mineral water health resorts (spas) of Europe and
North Africa * * * being a third edition of "The min
eral waters and health resorts of Europe" much en
larged in respect to medical climatology: London,
Smith, Elder & 00.,833. p.

See also reference 1755.

AUSTRIA

1295. Aigner, August, 1904, Uber die Therme von Mittendorf im
steirischen Salzkammergut: Naturw. Ver. Steiermark
Mitt., v. 40, p. 261-279.

1296. Aurand, K., Jacobi, W., and Schraub, A., 1956 [Decompo
sition products of radon in water from the hot springs
of Gastein]: Osterreichische Akad. Wiss., Math.~

naturw. Kl., Sitzungsber., .A:bt. 2, v. 165, nos. 1-4, p. 1SS
148 ; 1957, Chern. Abs., v. 51, col. 13269.

1297. Bamberger, Max, and Kruse, Karl, 1910, Beltrtlge zur
Kenntnls der Radioaktivitiit der Mineralquellen Tirols:
Akad. Wiss. wteu, Math.-naturw. Kl., Sitzungsber., v.
119, Abt. 2A. p. 207-230.

1298. Bamberger, Max; Kruse, Karl; and Landsiedl, Anton, 1898,
,TIber den Nachweis von Argon in den Badequellen von
vosiau bei Wien: Akad. Wiss. Wien, Math.-naturw.
Kl., Sitzungsber., v. 107, Abt. 2B, p. 13&-139.

1299. Baum, Gustav, 1935, Zur Chemie del' Bleiberger Therme:
Oarinthia II, Canaval-Festschr. 1935, p. 142--144.

1300. Behr, Johannes, 1950, Von den Gasteiner Thermalquellen:
Bohrteeh., Brunnenbau, v. 1, no. 12, p. 371-375, map j

1954, abs., Bibliography and Index of Geology Exclusive
of North America, v. 18, 1953, p, 29 j 1955 abs., Annot.
Bfblfogruphy Econ. Geology, 1954, v. 26, no. 1, p. 94.



BIBLIOGRAPIDC REFERENCES

1301. Bisanz, R., and Kroupa, E., 1939, Besthnmung von Fluor
und Kleselsdure in den Gasteiner Thermen: Onemtkee
Zeitung, v. 63, no. 88-89. p. 689-691.

1302. BunzeI, E., 1894, Wildbad Gastein: 7th ed., Vienna.
1303. Conrad, V., 1956, On thermal springs; a contribution to

the knowledge of their nature: AreWv Meteorclogte,
Geophysik u. Bloklfmatologte, ser. A, v. 9, no. 3, p. 371
405 [inc!. German summary], tuus.: 1958, abs., Bibliog
raphy and Index of Geology Exclusive of North Amer
ica, v. 21, 1956, p. 117.

1304. Diem, Karl, 1914, Osterreichisches Bdderbueh. Offlatelles
Handbuch del' Bader, Kurorte, und Heilanstalten
Osterretcns. tber Veranlasaung und mit Unterstlitzung
des K. K. Mlnistertums des Innern sowte unter Betetlt
gung des zentratverbandes del' Balneologen Oster
eichs: Berlin, Urban & Schwarzenberg, 816 p., 8 figs.,
map.

Describes the mineral-spring resorts and shows their
locations on a map.

1305. Eble, Burkard, 1834, Die Bader zu Gastein: wten, L.
Grund.

1306. Eichleiter, C. F., and Hackl, 0., 1917, Ohemlsche Analyse
del' Heiligenstiidter Mineralquelle: Geol. Reichsanst.
Wien Jahrb., v. 66, no. 1, p.139-144.

1307. Gager, Carl, 1897, Bad Gastein. Nach den neuesten Hllfs
quellen. Bearbeitet von Carl 'Gager: Berlin, A. Hirsch
waldo

1308. Guemel, W. von, 1889, Geolog. Bemerkungen tiber die
warmen Quellen von Gastein: K. barer. Akad Wiss.,
Math-naturh. K1., Sitzungsber., v. 19, p. 341.

1309. Haberlandt, Herbert, 1952 [New geochemical studies at
£ad-Gastein] : Mikrochemie Vel'. Mikrochim. Acta, v. 39,
p. 92-100; Ohern. Abs., v. 46, col. 4971.

1310. Hoffmann, J., 1941, Uranbestimmungen in Quellen atidtlst
lich des Erzgebirges bis zum Wiener Thermalgebiet:
Monatsh. Ohemie, v. 74, no. 1, p. 38-62, 1 fig.; 1942,
Ohern. Abs., v. 36, col. 6078.

1311. Holler, Herbert, 1936, Die Bleiberger 'I'herme : Oanaval
Festschr., Oarfntha II. Klagenfurt, p. 137-142; aba.,
Neues Jahrb. Mtneralogle, Geclogte u. Paliiontologie,
1936, Beferate 3, p. 760.

1312. Honigsberg, Benedict Ellen von, 1857, Wildbad-Gastein
im Jahre 1856: K.-k. Gesell. Aerate, Wien, Ze'itschr., v.
13.

1313. Kahler, Franz, 1929, Die Therme von Reifnitz am worther
see: Geol. Bundesanst. Verh., 1930, no. 2, p. 93-98.

1314. Kampe, R., and Prinz, E., 1934, Die Mlneralquellen j Hand
buch del' Hydrologte : Wien, v. 2, pt. 2.

1315. Karrer, F., 1877, Geologie del' Kaiser Franz Josef Hoch
queUen-Wasserleitung: Geol. Reichsanst. Wien Abh.,
v. 9, 199-218.

1316. Kerner, Fritz von Marilaun, 1918, Geologische Statistik
del' radioaktiven Quellen Tirols: Geol. Reichsanst.
Wien Verh., p.l03-114.

1317. Knett, Josef, 1901, Vorliiufige Mittheilung libel' die Fort
setzung del' "Wiener Thermenlinie" (Winzendorf
Haden-Meidling) nach Nord: Geol. Reichsanst. Wien
Verh., p. 245-248.

1318. 1928, Die Thermal- und Mineralquellen, in Oster
'reicbisches Baderbuch: Wien, p. 23-80.

1319. Kober, Leopold, 1953 [Gastein; geology, tectonics, depos
its, and radioactivity]: Berg- u. htittenm. Monatsh.
montan. Bochschule Leoben, v. 98, p. 106-111; Chern.
Abs., v. 47, col. 11095.

301

1320. Konapik, Nelly, 1954 [The arsenic content of the Gasteiner
thermal springs] : Osterrei'chische Chem.-Zeitung, v. '55,
p. 46-47; 1954, Chern. Abs., v. 48, col. 7227.

1321. Kosmath.rwalter, and Gerke, Otto, 1935, Das radioaktive
Klima und das radioaktive Milieu von Badgastein, seine
bioklimatische und balneolcglsche Bedeutung: Akad.
wrss. Wien, Math.-naturw. Kl., Sltzungsber., v. 144,
pt. 2A, p. 339-355, 4 figs., 7 tables.

1322. Labat, A., 1903, Oltmat et eaux mlnerales d'Autrtche
Hongrie: Paris.

1323. Ludwig; E., and Panzer, Th., 1900, Uber die Gasteiner
Thermen: 'I'schermak's rnlneralog. petrog. Mltt., new
ser., v. 19, p. 470-488.

1324. Ludwig, E., and Zdarek, E., 1906, Uber die Voslauer
Therme: Tsc:hermak's mineralog. petrog, Mltt., new ser.,
v. 25, p. 157-178.

1325. Mache, Heinrich, 1904a, tiber die Emanation im Gasteiner
Thermalwasser: Akad. Wiss. Wien, Math.cnaturw. Kl.,
Anz., 1904, p. 228-230.

1326. 19Mb, TIber die "Radlcakttvitdt" del' Gasteiner Ther
men: Akad. Wiss. Wien, Math.-naturw. Kl., Anz., 1904,
p.342-M3.

1327. 1924, Neumessung del' Radioaktivitiit del' Gasteiner
'I'hermen : Akad. Wiss. Wien, Math.cnaturw. Kl., Sit
zungsber., v. 132, Abt. 2A, p. 207-214.

1328. 1943, Uber die Entstehung radioaktiver Quellen: Alpen
land, Geol. Vel'. (Geol. Gessell., Wien) Mitt., v. 34,
p. 69-79, 1 fig. j 1947, abs., Bibliography and Index of
Geology Exclusive of North America, v. 11, 1945-46,

p. 203; 1945, Anuct. Bibliography Econ. Geology, 1944,
v. 16, no. 2, p. 345.

1329. Mache, Heinrich, aud Bamberger, Max, 1914, tber die
'Radloaktlvltat del' Gasteine und QueUen des Tauern
tunnels und libel' die Gasteiner Therme: Akad. Wiss.
Wien, Math.-naturw. Kl., Sitzungsber., v. 123, Abt. 2A,
p. 325-403, 4 flgs., 2 tables.

1330. Mache, Heinrich, and Kraus, Felix, 1926, Uber den Ra
diumgehalt del' Thermen von Gastein und Karlsbad:
Phya. Zeitschr., v. 27, p. 205-206.

1331. Mueller, Bruno, 1940, Die Hellquellen des Sudetenlandes;
Sudetendeutsch Anst. f. Landes- u. Volkforsch: Reichen
berg, Germany, Kraus, 61 p.; 1943, abs., Annot. Bibliog
'raphy Econ. Geology, 1942, v. 14, no. 2, p. 270.

1322. Pohl-Ruling, Johanna, and Pohl, Bgon, 1954 [New deter
minations of the radium and radon contents of waters
of the Gastein thermal springs] : Osterreichische Akad.
wtss., Math.-naturw. KL, Bltsungsber., Abt. 2, v. 163,
p. 173--177; 1956, Ohem. Abs., v, 50, col. 4429.

1333. Rae, William Fraser, 1888, Austrian health resorts and
the hitter waters of Hungary: London, Chapman &
Han, 292 p.; 2d ed., 1889, 318 p.

1334. Reissacher, Carl, 1865, Del' curort Wildbad-Gastein. Mit
besonderer Riicksicht auf die Thermalquel1en: Salzburg,
Austria, K.-k. Bergverwalter.

1335. Reuter, J., 1837, Monographie libel' Voslau.

1336. Rupp, G., 1914 [The hot spring near Krozingen (Baden)] :
Nachr. Genussm Zeitschr., v. 28, p. 425--426; 1915,
chem. Abs., v. 9, p. 1518.

1337. Scheminzky, F., and Grabherr, W., 1951 [Uranium-accu
mUlating mammillary stalagmites of the Austrian
thermal springs, particula,rly at 'Gastein] : Tschermak's
mineralog. petrog. Mitt., v. 2, p. 257-282; 1952, Chem.
Abs., v. 46, col. 6052.



302 THERMAL SPRINGS OF THE UNITED STATES AND OTHER COUNTRIES OF THE WORLD

1338. Sehlder, Eduard, 1899, Gastein, fur Ourgdate und 'I'ou
risten: 10th ed., Salzburg, Austria.

1339. Schneider, Franz Coelestin, and Kretschy, M., 1878, Ana
lyse der Schwefelthermen zu Baden nachst Wien: Akad.
W'iss. wten, Math.-naturw. Kl., Sttzungsber., v. 76, Abt.
2, p. 476-498.

1340. Schubert, R. J., 1911, TIber die 'I'hermen und ~ineralquel

len Osterreichs: Geol. Relchsanst. Wien Verh., p.
419-422.

1341. Schuster, Mattheus, ed., 1936, Die nutzbaren mineralen
Gesteine und Erden Bayerns: 512 p., 28 pls.

1342. Schaffer, F., 1907, tiber einen Brunnen auf dem Mltter
berg in Baden bel Wien: Geol. Reichsanst. Wien Verh.,
p.265-268.

1343. Sickenberg, Otto, 1929, Eine unterpliozline 'I'herme auf
der Wiener Thermenlinie bei Leobersdorf in Nieder
bsterreich : Akad. Wiss. wten, Math.-naturh. Kl., Anz.,
v. 66, p. 203-205.

1344. Siegmund, H., and Juhasz, P., 1866, Ohemlsehe Analyse
der Mtneralquelle zu vusiau: Akad. Wiss. wlen, Math.
uaturw. Kl., Bttzunger., v. '54, A'bt. 2, p. 216--224.

1345. Sipocz, Ludwig, 1874, Chemische Analyse elnlger Wasser
von Baden bel Wien: Geol. Retchsanst, MineralJ.o. Mitt.,
v. 24, p. 251-256.

1346. Stiny, Joseph, 1937, Zur Geologie der Umgebung von
Warmhad Villach: Geol. Bundesanet. Jahrb., v. 87,
p. 57-110, 13 flga., 1 table.

1347. 1953, Zur Kenntnis del' Herkunft del' Budner Hell
quellen, 1'n Sktszen ZUlli Antlitz del' Erde: Wien,
Briider Hollinek, p. 315-322, illus.; 1958, abs., Bib·
liography and Index of Geology Exclusive of North
America, v. 21, 1956, p. 571.

1348. Stockmayer, Siegfried, 1928, Die Blclogte del' Mineral
quellen von Medlzlnalrat, in Osterreichisches Bader
buch, Offizielles Handb. Mlneralquellen, Kurorte, u.
Kuranstalten Osterreiches: Vienna, p. 85-91.

1349. StrouhaI, Hans, 1933, Die Ergebnisse der btologlschen
Untersuchungen an den Thermen von Warmbad Villach:
Volksgesundheitsamtes Mitt., Jahrg. 1933, p. 95-98,
108-109.

1350. 1934, Btologtsehe Untersuchungen an den Thermen von
warmbad Villach in Karnten (Mit Bertlckstchtfgung
del' Thermen von Badgastetn ) : Archiv Hydrobiologie,
v. 26, no. 3, p. 323-385; no. 4, p. 495-583, 3 pls., 7 figs.,
11 tables, 2 maps.

1351. 1935, Del' Elnfluss xles Vtllacher Thermalwassers auf
seine tterschen Organismen : Internat. Mineralquellen
Zeitung [Wien] , v. 36, p. 2-4.

1352. Suess, H., and Schwarz, H., 1910, Neuer Analysen del'
Badener Schwefelthermen : Internat. Mineralquellen
Zeitung [Wien], v.U, no. 224, p.1o-11.

1353. Tornquist, Alexander, 1930, Mineralquellen (Thermen)
und Minerallagerstatten in den Ostalpen: Geol. Gesell.
Wien Mitt., v. 21, for 1928, p.15-23.

1354. TouIa, F., 1879, Die "Wienerbucht" mit besonderer Be..
riicksichtigung von Baden und seinen Thermen:
Osterreichische Touristen Klubs Jahrb., v. 12.

1355. Waagen, Lukas, 1914, Die Thermalquellender Stadt Baden
in Nieder-Osterreich: Zeitsch-r. prakt. Geologie v. 22,
no. 2, p. 84-97, 2 figs.

1356. Waltenhofen, Adalbert von, 1885, Dber die Tbermen von
Gastein: Akad. Wiss. Wien, Math.-naturw. Kl., Sit

. zungsber., v. 92, pt. 2, p. 1258-1282, 1 pl., 1 fig., 4 tables.

1857. Wassing, Ant, 1899, Der Curort Wildbad·Gastein: 2d ed.,
Vienna 'and Leipzig.

1358. Wettendorfer, A., 1906, Del' Kurort Baden bei Wien: 4th
ed., Vienna.

1359. Wick, Ludwig von, 1897, Die warme Quellen Gastein: 2d
ed., Vienna and Leipzig.

1360. Zebenter, 1893, Mineralquellen Tirols: Innsbruck, Austria.
See also references 26, 571, 1285, 1291, 1699, 1760, 1828 1892

1900, 1901. 1943, and 2008. ' ,

BELGIUM AND LUXEMBOURG

1361. Boever, C., 1952 [Recent investigation of the hot springs
of l\:Iondorf·Etat]: Rev. tech. Luxembourg, v. 44, p.
95-101 [French] ; Ohern. Abs., v. 46, col. 94,31.

1362. Felix, Jules, 1890, Des eaux thermalea de Chaudfontaine
(Belgique), et leur action physiologique et thera
peuttque : Soc. belge geologie, paleontologte, et hydrol
ogle Mem., V. 4, p. 243-257.

1363. Fourmarier, Paul, 1941, La source thermale de Chaud
fontaine (Belgique): Assoc. rrancalae avo sci. Compte
rendu, Sess. 63, p. 489-492; 1955, abs., Bibliography
and Index of Geology Exclusive of North America,
v.19, 1954, p. 150.

1364. 1955, Reflexlons au eujet de I'ortgtne des eaux thermales
de Chaudfontaine (vallee de la Vesdre): Soc. geol.
Belgique Annales, V. 78, Bull. 8-10, p. 491....:510, iUus.;
1958, abs., Biblography and Index of Geology Exclusive
of North America, v. 21, 1956, p.l84.

1365. Lucius, Miche~ 1949a, La refection du forage Kind it
Mondorf-les-Bains: Inst. Grande-Duche Luxembourg
Sec. Sci., Archives, new ser., v. 18, p. 95-116, 1 flg.,
2 tables.

1366. 1949b, La remise en etat de Ia source thermominerale
Kind il Mondorf: Soc. Belge geologie, paleontologle, et
hydrologie, v. 58, pt. 3, p. 355-3'59,1 fig.

1367. Moeller, 1920 [Present state of our (Belgian) mineral
spring and bathing resorts] : Acad. royale med. Belgi
que Bull. v. 30, p. 601-606; Chern. Abs., v. 14, p. 3290.

1368. Poskin, A., 1888, Les sources mlnerales de la Belgique;
nomenclature, geographie, analyses, et bibliographie:
Soc. belge geologie, paleontclogle, et hydrologie Mem.,
v. 2, p. 348-382, 3 tables.

Contains information on five thermal springs.
1369. Prost, Eugene, 1925 [The radioactivity of water of the

thermal springs of Ohaudfontaine]: Rev. universelle
mines, V. 8, no. 7, p. 21-28; 1926, Chern. Abs., v. 20,
p.789.

1370. Reuter, M. L., 1847, Analyse de l'eau du puits artesteu
de Mendorf (grand-duche de Luxembourg) : .ennares
mines, aer. 4, v.l1, p. 593.

1371. Rigo fils, 1844, Chaudfontaine et ses environs: Brussels,
28 p., 15 views.

1372. Walferdin, F. H., 1856, Recherches sur la temperatur de
l'a terre i':t. de grandes profondeurs. Observations sur
Ia source artesiene de l'etablissement thermal de
Mondorff dans Ie grand-duche de Luxembourg: Acad.
sci. [Paris] Comptes rendus, V. 36, p. 250:-254.

See also references 1280, 1285, 1293, 1687, and 1941.

BRITISH ISLES

1373. Allen, B., 1699, The natural history of the chalybeate and
purging waters of England, with their particular es
sayes and uses * * * to which are added some observa
tions on the Bath waters of Somersetshire: London;



BIBLIOGRAPIDC REFERENCES

1711 ed., The natural history of the mineral waters
of Great Britain.

1374. Armstrong, W., and Harburn, John English, 1903, Bux
ton; its waters, baths, and acessorr methods of treat
ment: London, Simpkin, Marshall & Co.; Bristol, Eng.
land, .T. Wlight & Co., 71 p.; 2d ed., 1911, Bristol,
England, J. Wright & Sons, 70 p.

1375. Atkins, J., 1737, A compendious treatise on the contents
* * • of cold and hot mineral springs in general, par
ticularly the celebrated hot waters of Scarborough:
London.

1376. Babington, W., 1791, Analysis of the medicinal waters at
Tunbridge Wells: London.

1377. Bannantyne, Gilbert Alexander, 1899, The thermal waters
of Bath: Bristol, England, J. Wright & Co., 87 p

1378. Batten, E. Chisholm, 1876, On the cause of the heat of
the Bath waters: Somersetshire nrenaeoi. Nat. His
tory Soc. Proe., v. 22, pt. 2, p. 52-60.

1379. Booth, A., 1830, A treatise on the natural and chemical
properties of water, and on the various British mineral
waters: London, 196 P.; 1838 ed., London, 196 p.

1380. Burr, Thomas Benge, 1766, History of Tunbridge Wells:
London, M. Hingeston.

1381. Canton J., 1767, Observations on the heat 'Of the Bath
and Bristol waters: Royal Soc. London Philos. 'I'rans.,
v. 57, p. 203 j abridged ed., 1809, v. 12, 1763-69, p. 420.

1382. Carrick, A., 1797, Dissertation on the cnerctcar and me
dicinal properties of the Bristol hot-well water: Bristol,
England, 167 p.

1383. Charleston, Rice, 1754, A treatise on Bath waters, wherein
are discovered the several principles of which they are
composed, the causes of their heat, and the manner of
their production: Bath, England.

1384. Crickitt, R. E., 1867, The hot springs of Bath and else
where: Geol. Mag., new ser., v. 4, no. 34, Repts. and
Proe., 'P. 174-175; Thermal waters at Bath and else
where: Bath Nat. History Club Proc., Y. 1, p. 78-98.

1385. Cuff, Charles, 1830, On the presence of iodine, potash, and
magnesia in the Bath waters: Philos. Mag., ser. 2, v. 7,
p.9-10.

1386. Dalton, W. H., 1889, A list of works referring to British
mineral and thermal waters: Bristish Assoc. Adv. Sct.,
58th Mtg., 1888, Rept., app., p. 859--897.

Lists 740 publications containing information on the
mineral and thermal springs of the British Isles.

1381. Daubeny, Charles Giles Bridle, 1834, On the quantity and
quality of the gases disengaged from the thermal spring
whieh supplies the King's Bath in the city of Bath:
Royal Soc. London Philos. Trans., 1834, v. 124, pt. 1, p.
1-13, 1 fig.; Royal S'Oc. London Proe., 1834, v. 3, p. 258
259.

1388. 1864, On the thermal waters of Bath: Geol. Mag., v. I,
no. 5, Repts. and Proc., p. 230-231.

1389. 1865, On the thermal waters of Bath: British Assoc.
Adv. Sci., 34th Mtg., Bath 1864, Rept., Notices and abs.,
p.26. .,

1390. Davis, Charles Edward, 1883, The mineral baths of Bath:
Bath, England, W~ Lewis & Son, 86 p.

1391. Edmunds, F. H. [1948?], Report on underground water
conditions and research in Great Britain, 1939: Union
Geodesy et geophysics 'lntemat. j Assoc. intermit.
hydrologie sct., Washington 1939, Comptes rendu v. 2,
Rept. Inv. 18, 8 p.

Describes the thermal springs at Bath, Bristol, Bux
ton, and Matlock.

303

1392. Elliott, J., 1781, An account of the nature and medicinal
virtues of the principal mineral waters in Great Britain
and Ireland, and those most in repute on the Continent:
London j 2d ed., 1789.

1393. Falconer, Randle Wilbraham, 1857, The baths and min
eral waters of Bath : London j 3d ed., 1860, The Bath
mineral waters in cases of rheumatism, "Sciatica, gout,
etc.; London, 50 p.; 1880, 6th ed., London, J. & A.
Churchill, 56 p. j 1881, 7th ed.

1394. Falconer, William, 1770, An essay on the Bath waters:
London j 2d ed., 1772, Bath, England, 2 v. j 3d ed., 1807,

1395. Flinn, E., 1888, Ireland; its health resorts and watering
places: London.

1396. Freeman, Henry William, 1888, The thermal baths of
Bath j their history, literature, medical and surgical
uses and effects * * *: London, Hamilton, Adams & Oo.,
379 p., 5 Illus. , 9 plans.

1397. Gairdner, William Tennent, 1832, Essay on the natural
history, 'Origin, composition, and medical effects of
mineral and thermal springs: Edinburgh.

1398. Gibbes, George Smith, 1799-1800, A chemical examination
of the Bath waters: Jour. Nat. Philosophy 'and Chern.
Arts., v, 3, p. 359--863, 403-405, 1799; p. 452-454, 1800.

1399. 1800, A treatise on the Bath waters: Bath, England,
Meyler & Son; 2d ed.,1803; Sd ed., 1812.

1400. 1832, The Bath waters: Bath and Bristol Mag., v.l, p.
30Q-303, 408--413., p. 300, 408.

1401. Glanvil, J., 1669, Observations concerning the Bath
springs: Royal Soc. London Philoa. Trans., v. 4, no.
49, p. 977; 1809, abridged ed., v. 1, 1665-72, p. 361.

1402. Graham, James, 1789, A new plain and rational treatise
on the true nature and uses of the Bath waters: Bath,
England, R. Crutwell.

1403. Granville, Augustus Bozzi, 1841, The spas of England, and
prfncfpal sea-bathing places: London, H. Colburn, 3 v. i
v . 1, Northern spas; v. 2, Midland spas, 324 p-, 2 iUus,
10 vignettes j v. 3, Southern spas, p. 325-640, 5 illus.,
8 vignettes.

1404. Guidott, Thomas, 1676, Discourse of Bath and the hot
waters there, and on the St. Vincent Rock near Bristol:
London.

1405. 1725, A collection of treatises relating to the city and
waters of Bath : London, printed for J. Leake.

1406. Harmer, F. W., 1811a, On some thermal springs in the
fens of Cambridgeshire: British Assoc. Adv. Sci., 40th
Mtg., Liverpool 1870, Rept., p. 74.

1401. 1871b, The supposed thermal springs in Cambridge
shire: Geol. Mag., new ser., v. 8, no. 8, p. 143-144.

1408. Herapath, William, 1837, Analysis of the water of King's
Bath, Bath: British Assoc. Adv. get. Ann. Rept., 1836,
p.7()"'73.

1409. 1844, Analyses of the Bath waters and of the Bristol
Hotwell water: London, Edinburgh, and Dublin Phllos.
Mag., ser. 3, v. 8, no. 24, p.371.

1410. Heriot, Mackay, 1875a, The Bath waters: Bath Field Club
Proc., v. 3, no. 2, p.163-170.

1411. 1875b, The mineral spring at Batheaston : Bath Field
Club Proc., v. 3, no. 2, p. 171-177.

1412: 1877, The mineral waters of Bath : Somersetshire Arch
aeol. Nat. History Soc. Proc., v. 22, pt. 2, p. 47-51.

1413. Hyde, Samuel, 1898, Buxton, its baths and climate: 4th
ed., London and Manchester, England jIst ed., 1889,
Peakland and the baths and climate of Buxton: Man
chester, England, 76 p.



304 THERMAL SPRINGS OF THE UNITED STATES AND OTHER COUNTRIES OF THE WORLD

1414. Jephson, Charles Denham Orlando, 1834, On variations of
temperature in a thermal spring at Mallow (Ireland) :
Geol. Soc. London Proe., v, 2, no. 36, p. 76.

1415. King, Preston, 1901, Bath waters: Bristol, England.
1416. Kirby, William, 1932, The Buxton mineral waters: Pharm.

Jour., v. 129, 'P. 454; 1933, Chern. Abs. v. 27, p. 2744.
1417. Knox, Alexander, 1845, The Ir-lsh watering places, their

climate, scenery, and accommodations, including anal
yses of the principal mineral springs by Dr. R. Kane:
Dublin, 336 p., front.

1418. Labat, A., 1900, Climat et eaux mlnerales d'Angleterre:
Paris.

1419. Lee, Edwin, 1837, Additional remarks on the use of Eng
lish mineral springs, especially those of Bath, Ohelten
ham, and Leamington: London.

1420. 1841, The mineral springs of England and their curative
efficacy, with remarks on bathing and on artificial min
eral waters: London; 2d ed., 1848, The baths and water
ing places of England, considered with reference to
their curative efficacy: London, 212 p. ; 3d ed., 1854, and
5th ed., 1868, The watering places of England considered
with reference to their medical topography: London,
J. Churchill, 280 p.

1421. Lipscomb, G., 1802, Description of Matlock Bath, with an
attempt to explain the causes of the heat, and the petrt
fying quality of the springs: London.

1422. Little, Bryan, 1947, The building of Bath [A.D.] 47-1947;
an architectural. and social study: London, Collins, 176
p., 130 ilIus.

1423. Luke, Thomas Davey, 1919, Spas and health resorts of
the British Isles; their mineral waters, climate, and the
treatment to be obtained, with a section on curative
institutions: London, A. & C. Black, Ltd., 318 p., 32 illus.,
map.

1424. Lyell, Charles, 1865, On the mineral waters of Bath and
other hot springs, and their geological effects: Am. .Tour.
ScL, 2d ser., v. 39, p. 13-24.

1425. MacPherson, J., 1871, Our baths and weUs: The mineral
waters of the British Islands: London.

1426. Madan, P., 1687, Essay on the waters of Tunbridge.
London.

1427. Masson, Irvine, and Ramsey, William, 1912, An analysis
of the waters of the thermal springs of Bath: Ohern.
Soc. [London] Jour., v. 101, pi. 2, p. 1370-1376; rev.,
Ohern. News, v. 106, no. 2750, p. 70.

1428. Merck, George, and Galloway, Robert, 1847, Analysis of
the water of the thermal spring of Bath (King's Bath) :
London, Edinburgh, and Dublin Phflos. Mag., ser. 3. v.
31, p. 56-67.

1429. 1848, Analysis of the water of the thermal spring of
Bath (King's Bath): Ohern. Soc. London Mem. and
Proc., v. 3, p- 262-273.

1430. Miller, W. A., 1864, Chemical examination of a hot spring
containing caesium and lithium, in Wheal Clifford,
Cornwall: Ohern. News, v. 10, p. 181-182; Mining and
Smelting Mag., v. 6, p.197-198.

1431. 1865, Chemical examination of a hot spring in Wheal
Clifford, Cornwall: British AssO'C. Adv. SeL, 34th Mtg.,
Bath 1864, Rept., Notices and abs., p. 35-36; Annaies
mines, ser. 6, v. 7, p. 299.

1432. Monro, Donald, 1770, A treatise on mineral waters.
London, 2 v.

1433. Moore, Charles, 1867, On abnormal conditions of second
ary deposits when connected with the Somersetshire

and South Wales coal-basin, and on the age of the Sut
ton and Boutherndown series: Geol. Soc. London Quart.
Jour., v. 23, p. 450-56S.

States that the drilling of a well at Bath affected the
flow from the nearby hot springs.

1434. Murray, John, 1815, An analysis of the mineral waters of
Cromlix near Dunblane, and of Pitcaithly; with gen
eral observations on the analysis of mineral waters,
and the composition of Bath water and some others:
Royal Soc. Edinburgh Trans., v. 7, p. 445-493; London,
Edinburgh, and DUblin Phtlos. Mag., v. 46, p. 264.-278;
Annales de chimie, v. 96, p. 217-288.

1435. Muspratt, J. Sheridan, 1864, On the Buxton thermal
spring: Ohern. News v. 10, Correspondence, p. 179-180.

1436. Noad, M., 1844, Analysis of the Bath water: Pharm.
Jour., v. 3, p. 526-532.

1437. Nott, John, 1793, A treatise on the hot-well waters near
Bristol: London, 94 p.; repr., 1797.

1438. Oliver, W., 1707, A practical dissertation on Bath waters;
of the antiquity of Bath and its waters, the origin of
the springs, of the ingredients in the waters, etc.:
London, later eds., 1716,1737, 1747.

1439. Owen, E., 1753, Observations on the earths, rocks, stones.
and minerals for some miles about Bristol, and on
the nature of the hot well, and the virtues of its
waters: London.

1440. Parker, W., 1857, New physiological views, with an ap
pendix on the Bath thermal waters: Bath, England.

1441. Peach, Robert Edwards Myhill, 1888, Bath, old and new;
a handy guide and history: London, Simpkin, Marshall
& Co., 294 p., front., 6 Ilfus.

1442. Pearson, G., 1784, Chemical history of the tepid springs of
Buxton ••• with a chronological relation of the use
of Buxton water from the earliest records, etc.:
London, 2 v., 327 and 227 p.

1443. Percival, Thomas, 1772, Experiments and observations on
the waters of Buxton and Matlock in Derbyshire:
Royal Soc. London Philos. Trans., v. 62, p. 455; 1809,
abridged ed., v. 13, 1770--76, p. 355; repro 1773, Essays,
medical and experimental, v, 2, p. 53-70.

1444. Phillips, Richard, 1806, Analysis of the hot springs at
Bath: Philos. Mag., v. 24, p. 342-361.

1445. Plunkett, William, and Studdert, Lancelot, 1877, Report
on the solid and gaseous constituents of the Mallow
spa, in the County of Cork: Royal Irish Acad. Proc.,
ser. 3, v. 3, Science, p. 75-78.

1446. Ramsay, William, 1912a, The formation of neon as a
product of radioactive change: Ohern. Soc. [London]
Jour. v. 101,pt.2, p. 1367-1370.

1447. 1912b, Report on the mineral waters of Bath. Chem.
News, v. 105, no. 2730, 'P. 133-135.

1448. Rastall, R. H., 1926, Note on the geology of the Bath
springs: Geol. Mag., v. 63, no. 3, p. 98-104.

1449. Richardson, L., 1928, Wells and springs of Somerset; with
a bibliography of the Bath thermal waters by W.
Whitaker: Geo1. Survey of England Mem., 270 p., 3
flgs., map.

1450. 1930, wells and springs of Gloucestershire: Geol. Sur
vey of England Mem., 292 p., 8 flgs., 1 pl.

1451. Robertson, William Henry, 1838, Buxton and its waters,
an analytical account of their medicinal properties and
general effects: London, 147 p.

1452. 1846, A guide to the use of Buxton waters: 3d (1) ed.,
London, 31 p.; 9th ( 1) ed., 1882, London, 40 p.; 21st ed.,
1884, Buxton, England, O. F. Wardley, 62 p.



BIBLIOGRAPffiC REFERENCES

1453. Robertson, William Henry, 1861, A handbook to the peak
of Derbyshire, and to the use of the Buxton mineral
waters: 2d (1) ed., London, 234 p., tront., pl., map. plans;
1st ed., 1854 and 11th ed., 1886, Buxton, England, C. F.
Wardley, 271 p.

1454. 1898, Guide to the use of the Buxton mineral waters;
with notes and introduction by Dr. G. Larimer: 27th
ed., Buxton, England.

1455. Roscoe, H. E., 1864, Note on the existence of lithium,
strontium, and copper in the Bath water: Chern. News,
v. 10, p. 158 j 1865, British Assoc. Adv. Sci, 34th Mtg.,
Bath 1864, Rept., Notices and abs., p. 41.

1456. Royal Medical and Chirurgical Society of London, 1895
1902, The climates and baths of Great Britain: London
'and New York, Macmillan & Oo., Ltd., 2 v.; 1895, v. 1,
The climates of the south of England, and the chief
medicinal springs of Great Britain, 640 p., map of
southern England showing altitude by colors, scale 16
miles to an inch j 1902, v. 2, The climates of LOndon
and -the central and northern portions of England, to
gether with Wales and Ireland, 628 p., 2 maps.

1457. Scudamore, Charles, 1820, A chemical and medical report
of the properties of the mineral waters of Buxton,
Matlock, Tunbridge Wells, Harrogate, Bath, Bristol,
Cheltenham, Leamington, Malvern, and the Isle of
Wight: London, privately published, 265 p.

1458. 1833, A treatise on the composition and medical proper
'ties of the mineral waters of Buxton, Matlock, Tun
bridge Wells, '" '" '" and the Beulah Spa, Norwood:
London, Longman & Co., 21'5 p. j 3d ed., 1839.

1459. Short, T., 1734, The natural, experimental, and medicinal
'history of the mineral waters of Derbyshire, Lincoln
shire, and Yorkshire, particularly those of Scarborough :
London j 2-v. ed., 1152.

1460. 1740, An essay toward a natural and medicinal history
of the principal mineral waters of Cumberland, North
umberland '" '" '" and a table of all the warm waters in
England, and most of the cold baths '" '" "': Sheffield,
England.

1461. Sitwell, Edith, 1932, Bath: London, Faber & Faber; 288
p., front., 15 iUus.; 3d printing, 1936.

1462. Skertchly, S. B. J., 1877, Geology of the Fenland: Geol.
Survey Great Britain Mem.

1463. Smollett, Tobias George, 1752, An essay on the external
use of water, by Tobias Smollett ; edited with introduc
tion and notes, by Claude E. Jones: London; repr., 1935,
Inst. History of Medicine Bull.; Johns Hopkins Press,
Baltimore, Md., v. 3, no. 1, p. 31-82, Jan.

1464. Smyth, warfngton W., 1865, On the thermal water of the
Clifford Amalgamated mines of Cornwall: British
Assoc. Adv. Scl, 34th ~Ug., Bath 1864, Rept., p. 70; 1864,
Mining and Smelting Mag., v. 6, p.193-196.

1465. Spender, Constance, and Spender, Edith, 1922, Bath (The
story of the English towns) : London and New York,
Macmillan & Co., 119 p., 10 Jllus.

1466. Spender, John K-ent, 1882, The Bath thermal waters;
historical, social, and medical j with an appendix on the
climate of Bath by R. L. Blomefield: 3d ed., London, J.
& A. Churchill, 292 p.; 1st ed., 1877; 2d ed., 1878.

1467. 1888, The Bath thermal waters, in Bath England,
Handb. to Bath: British Assoc. Adv. Sci.

1468. Stephens, J. V., 1929, Wells and springs of Derbyshire:
Geol. Survey England and Wales Mem., 155 p., 5 figs.

305
1469. Stevens, J. N., 1758, A treatsie on the medicinal qualities

of the Baths waters: London and Bristol.
1470. Strahan, Aubrey, 1887, Geology of the carboniferous

limestone * • • of North Derbyshire: 2d ed, Great Bri
tain Geol. Survey Mem.

1471. Sutherland, A., 1758, The nature and qualities of Bristol
water, with practica:l reflections on Bath waters: Bris
tol, England.

1472. Thomas, T. W., 1878, On the water of Taff's Well [near
Cardiff] : Cardiff Naturalists' Soc. Trans., v. 9, p. 48-52.

1473. Thomson, John, 1858, Analysis of the Tunbridge Wells
water: Chern. soc. London Jour. v. 10, p, 223-229.

1474. Thresh, John Clough, 1881, Chemical examination of tho
Buxton thermal water: Chem. Soc. London 'I'rana., v.
39, p. 388-399.

1475. 1882a, Chemical examination of the Buxton thermal
water: Ohern. Soc. London 'r'rans., v. 41, p. 117-132.

1476. 1882b, The new analysis of the Buxton thermal water:
Chern. News, v. 46, no. 1197, p. 201-204.

1477. 1883, Buxton as a health resort, • '" '" with a full ac
'count of its celebrated mineral waters : Burton, Eng
land,292p.

1478. Tomkins, N., 1895, Bath thermal springs, their supposed
origin and source: Bath Nat. History Field. Club Proc.,
v. 8, p. 113-135.

1479. Travers, Morris W., 1937, The composition of the mixture
of rare gases from the hot springs of Bath: Ohern. Soc.
London Jour., v.128, p. 1561-1562.

1480. Tunstall, James, 1847, Rambles about Bath and its
neighbourhood: London; 6th ed., 1876, revised and
edited by R. E. M. Peach: London, Simpkin, Marshall &
Co., 488 p., front., Illus., 8 pIs., 2 maps.

1481. 1850, The Bath waters, their uses and effects in the cure
and relief of various chronic diseases: London and Bath,
144 p.; 4th ed., 1867, 164 p.; 5th ed., 1879, 175 p.

1482. Wagner, Richard, 1801, The history of Bath: London.
402 p.,app., 123 'P., -rront., plan; 13 iHus.

1483. Walcker, Adolph, 1829a, Analysis of the mineral water of
Bath: Quart. Jour. Sci., Lit., and Arts, v. 27, no. 1, p.
78-89.

1484. 1829b, Analyses of Bath water and of two mineral
springs in Windsor Forest: Philos. Mag., aer. 2, v. 6,
Misc. art., p. 148.

1485. Waring, Edward John, 1878-79, Biblioteca 'Pherapeutlca,
or Bibliography of therapeutics, chiefly in reference to
the articles of Materia Medica, with critical, historical,
and therapeutical notes, and an appendix containing
the btbliography of British mineral waters: London,
2 v, [v. 78 and 82 of the New Sydenham Society] j 1878,
v. 1, p. 1--427; 1879, v. 2, p. 429-933.

1486. Williamson, Alexander William, 1866, On the compost
tion of the gases evolved by the Bath spring called
King's Bath: British Assoc. Adv. Sci. Ann. Rept., 1865,
p. 38Q-386, 5 figs.

1487. Willich, A. F. M., 1798, A comparative view of the chemi
-cal and medicinal propentlea of the Bristol hot-well
water: London.

1488. Wood, John, 1769, Description of Bath"'.· '" its mineral
waters: London, printed for J. Murray, 2 v.

1489. Woodward, Horace B., 1876, Geology of East Somerset
and the Bristol Coal-fields: Geol. Survey England and
Wales Mem., 271 p., 9 pls., 23 figs.



306 THERMAL SPRINGS OF THE UNITED STATES AND OTHER COUNTRIES OF THE WORLD

1490. Woodward, Horace B., 1887, The geology of England and
Wales; with notes on the physical features of the
country: 2d ed., London, 670 p., 101 figs., 2 vignettes,
2 i11us.

See also references 26, 54, 322, 1284, 1285, 1293, and 1686.

BULGARIA

1491. Angheloff, B., ca. 1948, Les eaux souterraines en Bulgarte :
Union Geed. et geophys. internat.; Assoc. tnternat.
hydrologie sei., Washington 1939, Compte rendu, v. 2,
Rept. Inv.14, 5 p.

States that total flow of 34 springs, water tempera
ture above 30°0, is 17,195 liters per minute.

1492. Azmanov, A., 1937, Nekolko mineralni izvori v tstcentja
Balkan: Trud. podz. bogat. i min. indust. na Bulgartja,
v. 7, p. 199-209 [Bulgarian, German summary] j 1939,
abs., Neues Jamb. Mineralogie, Geologie u. Palaonto
Iogte 1939, Referate 2, p. 629.

1493. Bonchev (Bonschew), G., 1939, Beitrag zu den Quellen
in Bulgarien: Bulgaria Acad. Sci. Trans., v. 59, no. 30, p.
85-132. [Bulgarian, German summary.]

1494. Bourchier, James David, 1910, Bulgaria, in En
cyclopaedia Britannica: 11th ed., New York, Bncyclo
paedia Britannica, v. 4, p. 772-786.

1495. deLaunay, Louis, 1907, La Bulgarie d'hier et de demain:
Paris, Haehette, 494 p., 26 iUus., map.

1496. Kanazirsky, Vernie Georges, 1936, La Bulgarte tou
ristique; guide complet : Sofia, Balkantourtst, 175 'P.

Mentions the localities of 84 thermal springs.
1497. Koen (Cohen), EI Raf; Dimitrov, 'I's.; and Kamenov, B.,

eds., 194:6, Geologie de la Bulgarte : Bulgaria, Direction
en Recherches geol, et mlnferes, Ann., ser, A, v. 4, 448 p.,
iUus. [Bulgarian; French 'and Russi-an summaries];
1952, abs., Bibliography and Index of Geology Exclusive
of North America, v. 16, 1951, p, 165.

1498. Nickolow, N., and Radew, W. G., 1927, Hidro-Geologlsche
Untersuchung der Umgebung der Thermalquellen in
Karlovo-Bezirk, Bulgarfen : zettscnr. Bulgurfen geol.
Gesell, v. I, p. 5-60, 6 pls. [Bulgarian, German
summary.]

1499. 1932. Hydrogeclogische Studien tiber die Thermal
quelle b.d. Dorfe Banja (Bezirk Karlowo) , mit Bertick
stehttgung ihrer Fassung: Zeitschr. Bulgarfen geol.
Gesell., v. 4, no. 2, p. 157-166, 3 pls. [BUlgarian,
German summary.]

1500. Penteheff, N. P., 1927, Recherches sur les gag rares de
quelques sources thermales de Bulgarfe : Acad. sci.
[Paris] Comptes rendua, v. 185, p. 511-513.

1501. 1928, I Recherches Sur Ies gaz rarea de quelques
sources thermales de Bulgarte : Acad. sci. [Paris]
Comptes rendus, v.186. p. 249-251.

1502. Petkov, Joseph, 1932, Bulgazle : Sofia, Imprimerie de
l'Etat bulgare, 248 p-, illus., map.

Includes data on about 30 springs.
1508. Petrov (Petroff), F., 1980, Les eaux minerales en Bul

garie: Sofia. [Bulgarian, French summary.]
1504. Radoslawoff, B. M., 1981, Das Bergwesen Bulgariens unter

besonderer Berlicksichtigung der Steinbriiche und
Mineralquellen: Kgl. Bulg. Min. Handel, Gew. u. Arb.,
Sofia, 68 p.; 1932, abs., Geol. Zentralbl., v. 46, no. 5, p.
280.

1505. Vankova, Andreicheva, and Kaicheva, D., 1938 [Physico
chemical and biological studies on some Bulgarian
mineral waters]: Univ. Sofia Ann. 2, Fac., phys.-math.,

v. 2, no. 34, p. 411-446 [BUlgarian, French summary] ;
1940, Chern. Abs., v. 34, col. 2502.

1506. Wassileff (Vassilev), G. N. 1937 [The hot SPrings of
Bulgaria] Schema der ThermalwasserqueUen Bul
gariens: Berg- u. htittenm. Jahrb. Leoben v. 85, no. 3-4,
p, 383--392 [German] ; 1938, Chern. Aba., v. 82, col. 3063.

Lists the locations of 72 thermal springs.
1507. Weiss~Bartenstein, Waiter K., 1915, Bulgarlens nutzbare

Mineralien und ihre Ausbeutung: Zeitschr. pratt.
Geologie, v. 23, no. 10-11, p. 89-104, 5 figs.

CZECHOSLOVAKIA

1508. Becher, David, 1772, Neu Abhandlung von Karlsbade.
1509. Becke, Friedrich, 1883, Barytkrystalle in den Quellbil

dungen der Teplitzer Thermen: Tschermak's mineralog.
petrog. Mitt. (new ser.), v. 5, p. 82-S4.

1510. Behounek, F., 1986 [Methods and results of testing ther
mal waters for radioactivity]: Archives med. hydr.,
v. 14, no. 2, p. 187-142; 1939, abs., Annot. Bibilography
Econ. Geology,1938, v.IO, no. 1, p.I71.

Contains information on the thermal springs of
Pistyan and some other springs in Czechoslovakia.

1511. Berzelius, Jons Jakob, 1822, Undersokning af Mineral
Vattnen i Carlsbad, Toplitz oeh Konigswart i Bohmen:
Stockholm Acad. Handl., p. 189-182, 195-232; Annalen
ehtmte, v. 21, p. 246--250; 1823, Annalen Physik (GUM
bert), v. 74; p.113-2I2, 276, 302.

1512. Buchtala, J., 1928, Der Geysir von Herlany. Einheitliche
Erkarung der verschtedenen Geysirphaenomene an
elnem aerohydrodynamischen Apparate: Zeitschr. prakt.
Geologie, v. 36, no. 9, p.149-154, 8 figs.

1513. Cherbuliez, Emile, and Herzenstein, Anna, 1934 [New
sulfur constituent of the thermal waters of Pistany,
Czechoslovakia]: Helvetica Chim. Acta, v. 17, p. 1587
1592,1935, Ohern. Abs., v. 29, col. 5208.

1514. Delkeskamp, Rudolf, 1900, Entstehung und Wegfiihrung
des Baryts : NotizbL Ver. Erdkund.e Darmstadt., v. 4,
no. 21, p. 55-83.

Mentions the deposition of barytes at or near the
spring of Karlsbad.

1515. Druce, J. G. F., 1927, The waters of some Czecho-slovak
health resorts: Ohern. News, V. 135, p, 169--173, 10 Illus.

1516. 1928, Slovakian mud bath: Chemist and Druggist
[London], v. 108, p. 467; 1929, Ohem. Abs., v, 23, p. 4533.

Describes the hot spring at Trencsen-Teplice.
1517. Goethe, Johann Wolfgang von, 1807, Sammiung zurKennt

niss der Gebirge von und um Karlsbad: Leonhard.
'I'aschenb. r., p. 1-52.

Discusses the origin of the thermal springs at Karls
bad.

1518. Haidinger, Wilhelm, 1854, Barytkrystalle, als Absatz der
neuen Mtltttlrbadhausqualla in Karlsbad: K.-k. geol.
Redachsanst. Wien, Juhrb., v. 5, p, 142-148.

1519. Hibsch, J. E., 1906, Ueber tertiiire Fluoritgiinge im Be
reiche der Erzgebirgsbruchzone und des Teplitzer
Quartzporphyrs in Nordbohmen: Tschermak's minera
log. petrog. Mitt, v. 25, p. 482-488.

Discusses fluorite desposits in the area of the Teplitz
thermal springs.

1520. 1908, tiber das Auftreten gespannten Wassers von
hoherer Temperatur innerhalb der Schichten der oberen
Kreideformation in NordbOhmen: Geol. Reichsanst.
Wien Jahrb., v. 58, p. 305-810.



BIBLIOGRAPHIC REFERENCES 307

1521. Hochstetter, Ferdinand Christian von, 1858, Karlsbad,
seine geognostfschen vemmtmsse und seine Quellen:
Berlin.

1522. Hoff, K. E. A. von, 1825, Bemerkungen libel' Karlsbad:
Kastner, Archiv Naturl., v. 6, no. I, p. 103-144.

1523. Hoffman, Josef, 1938, Zur B'rage der Barytenstehung aus
den Karlsbader Quellen: Austria, Geol. Bundesanst.
Verh.10, p.186-189.

1524. 1939. TIber das Radium-Uranverhtlltrrls in Karlsbader
Thermen: Akad. Wiss. Wien, Math.-naturh. Kl., Anz.,
v. 76, Abt. 18-19, p. 1H-1l6; 1952, abs., Bibliography
and Index of Geology Exclusive of North America, v. 16,
1951, p. 138.

1525. 1940 [The proportion of radioactive substances, the
determination of hitherto unknown, and the establish
ment of some doubtful constituents of the Karlsbad hot
springs]: Balneologie, v. 7, p. 353 j 1942, Chem. Abs.,
v. 36, col. 5700.

1526. 1941 [Uranium in the northerly part of the Erzgebirge
fracture-zone]: Monatsh. Chemie., v. 73, p. 242-253
[German] ; 1942, Chem. Abs., v. 36, col. 4784.

Contains information on uranium and radon in the
water of the thermal springs at Teplitz.

1527. HoUuta, J., and Hermann, W., 1938, Untersuchungen an
einer Mineralquelle in Bad Karlsbrunn: Naturf. Vel'.
Brtlnn verh., v. 69, p. 14-20; 1949, abs., Bibliography
and Index of Geology Exclusive of North America, v.13,
1948, p. 123.

1528. Hynie, Ota, 1949 [Geology of the mineral springs in Bo
hemia and Moravia]: Geotechnica (Czechoslovakia,
Statu! Geol. Ustav) v. 7. 83 p-, Illus. [Czech; Russian
and English summaries]; 1951, abs.• Annot. Bibliog
raphy Econ. Geology, 1950, v. 23, no. 1, p. 89.

1529. Hynie, Ota, and Kodym, Odolen, 1936, Zridla * * * Die
Quellen des Siluerltnges von Bad Teplice an del' Becva
und die Rekonstruktion ihrer Fassung in den J ahren
1932-1934: Czechoslovakia, Stiitni Geol. Dstav Sbornik,
v.11, p. 61-117, 6 pls., 4 figs. [Czech, German summary] ;
1939, abs., Bibliography and Index of Geology Exclusive
of North America, v. 6,1938, p.125.

1530. John, Johann Dlonys, 1792, Die Bader zu Teplitz in Bdh-
men * * >;'0 : Dresden, Germany.

1531. Judd, John Wesley, 1876, On the ancient volcano of the
district of Sehemnttz, Hungary: Geol. Soc. London
Quart. Four.; v. 32, no. 127, p. 292-325, 1 pl., 4 figs.

Contains information on the thermal springs of
Vichnye (Eisenbach) and Skleno (Glashuette) , in the
Schemnitz district, also on the hot-spring deposits of
siliceous sinter and calcareous tufa.

1532. Kampe, Robert, 1924, Heilquellen und Bergbau : Karls
bader Arztliche vortajtge Lrenaj, v. 5, 56 p.

1533. 1930, Die Entstehung del' Karlsbader Thermen:
Zeitschr. Wiss. Bllderkunde, v. 4, p. 597 . aba, Wasser u.
Abwasser, v. 27, no. 8, p. 229.

1534. 1933, Die Karlsbader Thermen als gnsftlhrende
Quellen: Freiberger geol. Gesell. Ber., v. 14, p. 32-36.

1535. Knett, Josef, 1898, Verhalten del' Karlsbader Thermen
wilhrend des vogtlandlsch westbbhmtschen Erdbebens
im October-November 1897: Akad. Wiss Wien, Math.
naturw. Kl., Sitznngsber., v. 107, pt. 1, p. 669-698, 10 pIs.,
3 figs.

1536. 1899, Zur Kenntnis del' Beeinflussullg del' Teplitzer
UrqueUe durch das Lissaboner Erdbeben: Deutscher

naturw-med. Vel'. Bohman, "Lotos," Sitzungsber.• v.47,
p.320-333.

1531. Knett, Josef, 1901, Die geologischen Verhiiltnisse von
Karlsbad : Vienna, Organ Vel'. Bohrtechniker (mit
Ohemlker u. Techniker Zeitung).

1538. 1902, Del' Boden del' Stadt Karlsbad uud seine Ther
men: Vel's. deutsche naturf. Aerzte, Festschr. 74, p. 59.

1539. 1905, Nichtbeeinflussung del' Karlsbader Thermen durch
das Lissaboner Erdbeben: Deutscher naturw. -med. Vel'.
Bobmen, "Lotos," Bouderabdruck Sitzungsber., no. 5,
5 p.

1540. Holhdrster, Werner, 1912, Bettrhge sur Kenntnis del' ra
dioactiven Eigenschaften des Karlsbader Sprudels :
Deutsche phys. Gesell. Verh., v.14, p. 356.

1541. Kratzman, Eduard, 1862, Geschichte del' Teplitzer Ther
man: Teplitz, Czechoslovakia.

1542. Kraus, J., 1891, Carlsbad and its natural healing agents
from the physiological and therapeutical point of view:
4th ed., London, Trubner & Co.

1543. Kretschmer, Franz, 1919, Die Geologie del' Schwefelquel
len bei Gross-Ullersdorf (Miihren) : Neues Jahrb. Mi
neralogie, Geologie u. Paliiontologie, 1919, Referate,
p. 69-90, 2 figs.

Contains information on several springs in the Gross
. Vllersdor! district in Moravia, also on the sulfur springs
at Bad Landeck in Poland.

1544. Laube, G. C., 1898, Die an del' Urquelle in Teplitz am 1.
November 1755 wahrend des Erdbebeus von Llasabon
wahrgenommenen Erscheinungen: Sitzungsber. "Lotos,"
Prague.

1545. Mahel', Michal, 1948, La geologie des environs de Transci
anske Teplice: Slovakia, Statny Geol. Ustav, Pr, sosit
17, p. 187-240, 5 pls. [Czech; French and Russian sum
maries] ; 1950, abs., Bibliography and Index of Geology
Exclusive of NOrth America, v. 14, 1949, p, 166.

Contains information on the thermal springs of
Trencsen-Teplice.

1546. 1950, Origine des eaux mlneralea de Plestany-Ies-batns :
Geol. Sbornik (Slovenskt'i. Akad. Vied a Umeni) v. I,
no. 2-4, p. 94-105, iUus. [Czech; Russian and French
suunnarjeal ; 1957, abs., Bibilography and Index of
Geology Exclusive of N-orth America, v. 20, 1955, p. 336.

1547. Matejka, Alois, 1936, Les sources mlnerales des Bains de
Sliae in Slovaqute au point de vue geologique: Czecho
slovakia, Statnr Geol. Irstav vestntk, Y. 12, no. 3-4,
p. 93-111, 4 figs. [Czech; French summary] ; 1938, abs.,
Bibliography and Index of Geology Exclusive of North
America v. 5, 1937, p. 191.

1548. Merrylees, John, 1886, Carlsbad and its environs: with a
medical treatise on the use of the waters, by B. London:
London, S. Low, Marston & Co., Ltd., 199 p., 14 Illus.,
plan.

1549. Michel, H., 1938, Die Bdhrnlschen Bader: Umschau, v. 42,
p. 1172; 1939, abs., Neues Jahrb. Mineralcgle Geologie;
u. Paldontologte, 1939, Referate 2, p. 625-627.

1550. Michler, Otto, 1932, Woher kommt del' Karlsbader Spru·
del?: Vel'. Naturfreunde Reichenberg Mitt., v. 54, p. 3-51.

1551. Montessus de Ballore, Robert Fernand Bernard (viseomte
de), 19M, Les thermes de Karlsbad en Boheme: Cosmos
[Paris], new ser., v. 53, no. 993, p. 180-184, 7 figs.

1552. Noszky, E., 1929a, Del' Pseudogeysir von Mnk-HerHiny:
Filldtani K6z16uy, v. 59, p. 56-59 [Hungarian] ; 116-119
[German].



308 THERMAL SPRINGS OF THE UNITED STATES AND OTHER COUNTRIES OF THE WORLD

1553. Noszky, E., 1929b, Der Pseudogeysfr von Rank-Herfany :
Zeitschr. prakt. Geologie, v. 37, no. 5, p. 72-73.

1554. Ovchinnikov, A. Mo, 1955 [Mineral waters of the health
resort Karlovo Vary [Karlsbad] in Czechoslovakia]:
Voprosy kurortologii, Fizioterapii, i Lecheb., no. 3, p.
66--71 [Russian] ; 1958, Chern. .abs., v. 52, col. 2311.

1555. Reuss, Ambrosius, 1835. Die Baeder von Toeplitz und ihre
bewunderungswuerdlge Hetlkraft bei vlelen und hiiuflg
vorkommender iiusseren und inneren Krankheiten:
Leitmeritz, Czechoslovakia.

1556. Ritter, Adolph, 1909, Carlsbad and its springs, a clinical
study Munich, GermanY,105 p. [A prize essay published
by the town council of Carlsbad, translated from the
German.]

1557. Rosiwal, August, 1894, Ueber neue Massnahmen zum
Schutze der Karlsbader Thermen: Geol. Reichsanst.
Wien, Jahrb., v. 44, p.671, 1 pl.

1558. Sehmelkes, Gottfried, 1867, Sedimente melner Praxis an
den Thermen zu ToepUtz: Berlin, A. Hlrschwald.

1559. Schneider, Franz Coelestin, 1874, Untersuchung der 'I'her
men von Trentschin-Teplitz und des Sauerltngs von
Kubra: Akad. Wiss. Wien, Math.cnaturw. Kl., Sit
zungsber., v. 69, pt. 2, p. 72-1::l0.

1560. Schneider, Karl, 1913, Beltrtlge zur Theorie der Heissen
Quellen: Geol. Rundschau, p. 65--=-102, 2 pls., figs.

Includes a discussion of the Bohemian thermal zone.
1561. Silar, Jan, 1956 [Hydrogeological relations of the sulfur

hot springs of Velke Losiny, Moravia] : Univ. Carolina
Geologica, v. 2, p. 25-43 [Czech, German summary] :
1957, abs., Chern. Abs., v. 51, col. 15841.

1562. Sipdez, Lajos (Ludwig), 19M, Carlsbad, its springs and
'Spring products: 7th ed., Carlsbad, Germany, 68 p.,
rront., 14 flgs., plan. [English.]

1563. Sparmann, Johann Wilhelm, 1733, Kurze doch Grlindliche
Beschreibung aller in und vor der Stadt Toplitz befind
lichen Warmen Bader * * *: Dresden and Leipzig,
Germany.

1564. Sprenger, E., 1930, Bacillariales aus den Thermen und der
Umgebung von Kal'1sbad: Archiv Protistenkunde
[Karlsbad], v. 71, p. 502-542.

1565. Suess, Franz E., 1899, Die 'I'hermalquellen von Teplitz und
ihre Geschichte: Geol. Retchsanst. Wien Juhrb., v.
48, p. 425-426, 3 pl e.

1566. 1900, Eline Bemerkung tiber die Einwirkung des Erdbe
bens von Lissabon auf die ThermalqueUen von Teplitz :
Geol. Reichsanst. wten Verh., p. 55-63.

1567. Troschel, Heinrich Gottlieb, 1761, Allgemeine Bemerkun
gen tlber das Teplitzer Wasser * * *: Greiz, Germany.

1568. Vater, Heinrich, 1902, Ueber Ktypeit und Conchit:
Zeitschr. KrystaUographie, v. 35, p.149-178.

1569. Waagen, W., 1888, Theorie der Teplitzer 'I'hermalquellen :
Tech. Blatter, v. 20, pt. 3, p.173-188.

1570. Warnsdorff, E R. von, 1846, Elnlge Bemerkungen tiber
die Granite von Karlsbad: Neues Jahrb. Minerologie,
Geognosie, Geologie u. Petrefaktenkunde, 1846, p. 385
405, 2 pIs.

Contains information on the thermal springs near
Karlsbad.

1571. Watznauer, A., 1938, Die geologischen Grundlagen der
Therme von Johannisbad: Firgenwald, v. 11, nos 1, 3,
p. 3-13, 101-111, 5. figs.; 1939, abs., Bibliography and
Index of Geology EXClusive of North America, v. 6, 1938,
p.314.

1572. Weithofer, K. A., 1933, Die Karlsbader Thermen und den
Bergbau, nebst etnlgen allgemeinen Bermerkungen
ueber Mlneralquellen : Neues .Tahrib. l\fineralogie, Geo-.
logle u. Palllontologle, Beilage-Baud 70, Abt. B, p. 116
13S.

1573. Zittman, Johann Friedrich, and Schwenke, Christian
Gotthold, 1754, Praktische Anmerkungen von den Tep
litzer Bddern : Dresden and Leipzig, Germany.

1574. Zsigmondy, W., 1877, Die artieslsche SpringqueUe in
Rrink-Herlany in Oberungarn : Ungar. Karpathenver.
Jamb. [Kesmark], v. 4.

1575. Zukert, Johann Friedrich, 1768, Systemattsche Beschrei
bung aller Gesundbrunnen und Bader Deutsehlands :
Berlin and Leipzig.

See also references 54, 92, 1279, 1285, 1287, 1291, 1293, 1304, 1310,
1330, 1340, 1699, 1807, 1892, 1901, 1904, 1943, 2076, and 2248.

FRANCE

1576. Aleixandre, Joaquin, and Castells, Rosendo (Secre
taries), 1903, Section d'hydrologle medtcale : Congo
fntemat, medectne, 14", Madrid 1903, Comptes rendus,
286 p.

1577. Alibert, Jean Louis, 1826, Precis hlatortque sur lea eaux
mtneretes.

1578. Anglada, Joseph, 1821, Sur Ie degagement du gaz azote
du sein des eaux mtnerales sulfureuses : Annales chimie
et physique, ser. 2, v. 18, p. 118-133; rev., Quart. Jour.
Scl., Idt., and Arts, V. 12, p. 409-410.

1579. 1827, Memoires pour servir a l'histoire generate des eaux
mlnerales sulfureuses et des eaux thermalea : Paris, 2 v.

1580. 1833, Traite des eaux mlnerales et des etabliasementa
thermaux du Departement des Pyrenees-Orientales.
Paris, Ballltere, 2 V. ; v. 1, 382 p., 4 illus., map j v, 2, 560
p., 2 illus.

1581. Armand, Louis, 1934, Considerations hydrologiques sur
quelques sources minerales du Massif Central: Paris,
Ooll. France, Inst. hydrologta et climatologie AnnaIes,
V. 9, pt. 4, no. 34, p. 221-241, 7 figs. (incl. sketch map) ;
1943, abs., Bibliography and Index of Geology Exclusive
of North America, V. 9, 1941-42, p. 11.

1582. Armand, Louis, and Blanquet, L., 1934, Les eaux minerales
de Chateldon et leur radloactlvite : Annales mines, ser.
13, v. 5, no. 2, p. 82-89.

1583. Bardet, Godefroy, 1912, Stations de France et stations
d'AUemagne; etude comparee; Notes hydrologiques, 2e

ser. : Paris, O. Doin et Fils,135 p.

1584. Bardet, Jacques, 1913, EtUde spectographlque des eaux
mlnerales rrancatses : Acad. sci. [Paris] Comptes ren
dns, v. 157, p. 224-226.

1585. Battesti, F., 1905, Etude medlcale sur Iea climats et les
eaux mlnerales de la Corse: Soc. sci. hist. et nat. Corse,
no. 276, 102 p., Bastia, France.

1586. Bechamp, A., and Gautier, Armand, 1861, Nouvelle analyse
chimique de l'eau thermale du Balaruc-les-Bains: Acad.
sci. [Paris] Comptes rendus, V. 52, p. 863-864.

1587. Berthier, P., 1810, Analyse de l'eau minerale de Chaudes
Aigues (Cantal) : .Tour. mines, V. 27, p.141-153.

1588. 1820, Analyse de l'eau de deux sources minerales' de
Chaudes-Aigues (Cantal) : Annales mines, V. 5, p. 499
506.

1589. 1821a, Analyse des eaux minerales de Neris (departe
ment de l'Allier) : Annales mines, V. 6, 311-812.



BIBLIOGRAPHIC REFERENCES

1590. Berthier, P., 1821b, Analyse eaux mtnerales et thermales
du Mont-Dore : Annaies ehimle, v. 19, p. 25-32. Quart.
Jour. Sci.• v.13, p, 417-418,1822.

1501. 1821c, Notice sur les eaux mlnerales et thermalea de
Salnt-Nectatre, departement du Puy-de-Dome : Annales
cbtmte, v. 19, p. 122-136; 1822, Quart. Jour. SeL, v. 13,
p.396.

1592. 1828 [Analysis of water of Bourbon-Laney}: Annales
mines, eer. 2, v. 3, p. 98.

1593. Berthier, P., and Puvls, C., 1820. Notice sur lea eaux
mlneralea et thermales de Vichy (depurtement d'Altter) :
Annales mines, v. 5, p. 401-420; 1821, Annales chimie,
2 ser., v. 16, p. 439-442.

1594. Besson, Paul, 1908, Radloactlvite des eaux d'Urfage-Ies
Bains (Isere) : Aead, Sci. [Paris] Comptes rendus,
v. 147, p. 848-850.

1595. Billard, G., and Mougeot, A., 1912, Action catalyttque des
eaux thermo-mlneralea de Royat prtses au griffon: Soc.
'blol. Paris Comptes rendus, v. 72, p. 1050-1052.

1596. Blanc, G. A., 1905, On radioactivity of mineral springs:
Phtlcs, Mag., 6th ser., v. 9, no. 49, p. 148-154, 4 figs.

1597. Blanchard, R., 1903, Observations sur la faune des eaux
chaudes: Soc. blol. Paris Comptes rendua, v. 55, p.
947-950.

1598. Blanchet, F., 1939, Les sources tlierrno-mtnerales du Plan
de-Phazy et de Reotter, pres Mont-Dauphin (Hautes
Alpes) i leur composition chimique; leur origine geolo
gique: Univ. Grenoble, Sec. sci. medeclnes, Annales,
v. 16, p. 1-17, 1 pl., 3 flga: Untv. Grenoble lab. geologie,
fac. sec. Travaux, V. 22, p.1-17, 1940; 1949, abs., Bibliog
'raphy and Index of Geology Exclusive of North Amer
ica, V. 13, 1948, p. 28; 1955, aba., Bibliography and Index
of Geology Exclusive of North America, V. 19, 1954,
p.45.

1599. Blanquet, L., Aublgnat, A., Cuvelier, R., Tronche, P., and
de la Tour, J., 1950 [The mineral waters of Ohaudea
aigues] : Inat. hydrologle et climatologie Annales, v. 21,
p. 109-137; 1951, Chern. Abs., V. 45, col. 4665.

1600. Boucomont, Francisque, 1879, Les eaux mtnerales d'Au
vergne, Paris: 2d ed., V. A. Delahaye et Cie, 232 p.,
11 pls., map.

1601. Boudant, Jean Julien, 1877, Les eaux minerales du Mont
Dora, topograplile, proprfetes physiques et chimlques ;
Olinique medicate: Paris, namere.

1602. Bouquet, J., 1854, Histoire chimique des eaux mlneralea
et thermales de Vichy, Ousset, Vaisse, Hauterlve, et
Saint-Yorre; analyses des eaux mlnerales de Medague,
Chateldon, Brugheas· et Seuillet: Annales chimie et
physique, ser. 3, V. 42, p. 278-363 i Acad. sci. [Paris]
Oomptes rendus, V. 39, p. 326--329; 1855, Jour. phar
macie, v. 27, p.l04-115, 198--205.

1603. Brajnikov, Boris, 1936, Contribution it l'etude hYdrogeo
logique des Pyrenees ariegeoises: Paris, Coil. France,
lnst. hydrologie et climatOlogie Annales, v. 11, pt. 4,
p. 249-282, 5 figs.; 1943, abs., Bibliography and Index
of Geology Exclusive of North America, V. 9, 1941-42,
P.35-36.

1604. Bresson, A., 1906, Reunion extraordinaire dans les Pyre
nees occidentales (Luz, Gavarnie, et les Eaux Ohau
des): Soc. geol France BUll., ser. 4, V. 6, p. 777-852,
18 figs., map.

1605. Brochet, Andre, 1910a, Nouvelles determinations de la
radioactivite des eaux thermales de Plombieres: Acad.
sci. [Paris] Comptes rendus, v. 150, p. 145-148.

309
1606. Brochet, Andre, 1910b, Radloactlvlte de quelques sources

sauvages des Vosges: Acad sci. [Paris] Comptes reudus,
v. 150, p. 291-293.

1607. 191OC, Relation entre la radloaetlvlte et Ia richesse en
extratt sec, des eaux thermales de Plombleres : Acad.
sci. [Paris] Oomptes rendus, v. 150, p. 423-425.

1608. 1910d, La radtoactivtte des sources thermales de Plom
!bieres et 'des VOSges: Annales mines, ser. 10, v. 17,
p.437-477, 3 flgs., 5 tables.

1609. Brugne, J., 1948 [Aerosols from thermal waters at Lu
chonl : Rev. pathologle comparee et hygiene gen., v.
48, p. 315--320. Ohern. Abs., v. 42, col. 1531.

1610. Brustier, Vincent, Auvergnat, R., and Vignes, R., 1594 [A
etudy of the waters from the hot springs of Bagneres
de-Btgoreej : Soc.' pharm. Montpellter Travaux, v. 14,
'P.188--190; 1955, Ohern. Abs., v.49, col. 4913.

1611. Brustier, Vincent, and Garcia-Fernandez, Henri, 1950,
Sur la presence du sourre libre it l'etat colloidal dans
certaines sources sulfureea de Luchon (Haute
Garonne) : Acad. sci. [Paris] Comptes rendus, V. 230,
no. 3, p. 317-319,1 fig.

1612. Camere, 1885, Etudp, sur lea eaux minerales de Chatel
Guyon: Annales mines, ser. 8, v. 8, p. 3()()-322, 8 figs.

1613. Carnot, Adolphe, 1885, Analyses des eaux mlneralea
Francatses, executees au Bureau d'Essai de l'Ecole des
Mines: Annales mines, ser. 8, v. 7, p. 79-142.

1614. 1894, Analyses des eaux mlnerales F'rancatsas, execu
tees au Bureau d'Essai de l'Ecole des Mines: Annalea
mines, ser. 9, v, 6, p. 355-457.

1615. 1899, Analyses des eaux mlnerales Francatses, execu
tees au Bureau d'Essai de l'Ecole natlonale superteure
des Mines: Annales mines, ser. 9, V. 16, p, 33--94.

1616. Carrere, Joseph Barthelemy F'raneots, 1785, Catalogue
rafaonne des ouvrages qui ont ete publiea sur Iea eaux
mlnerales en general et sur celles de la France en
particulier, avec une notice de toutes lea eaux
mmeralea de ce royaume et un tableau des differents
degree de temperature de ceues qui sont thermalea :
Paris, Soc. royale medeclne, 584 p.

1617. Castagne, Robert, 1925, Radioactlvtte des sources de quel
ques stations des Alpes (Aix-les-Bains, Challes-les-Eaux
[cold]), des' Pyrenees (Bagneres-de-Blgorre) , et des
-Oevennes (Lamalou-Ies-Bains, Balarue-Ies-Bains, les
Fumades), et des gaz naturels de vergeae (Gard), de
Herepdan et de Gabian (Herault) : Acad. sci. [Paris]
Oomptes rendus, v. 180, p. 510-512.

1618. Castanle, 1933, Le nouvel etabltssement thermal d'Atx-Ies
Bains: Ministere Sanite Publique.

1619. Caujolle, F., 1932, Alcalillite ionique des sources sulfurees
de B'agneres-de-Luchon: Soc. historie nat. Toulouse
BulL, v. 64, no. 3, p. 517-522; 1933, abs., Rev. Geologie,
v. 14, no. 3-4, p. 181.

1620. Cazaux, P., CanelIas, J., and Thomassin, R., 1954 [The
chemical constitution of SUlfurated waters frOm Bare
ges, Barzun, Saint-Sauveur'r and Uriage] : CoIl. France,
lnst. hydrologie et climatologie Annales, V. 25, p. 47-74
[French]; 1955, Ohern. Acbs., v. 49, col. 13557.

1621. Cluzet and Nogier, Th., 1914, Analyse physique de quel
ques sources d'Evaux-les-Bains: Acad. sci. [Paris]
Comptes rendus, v.159, p. 92-93.

1622. Cluzet, J.; Nogier, Th.; Kofman; Florence; Moret, Leon;
Piery, A.j and Milhaud, M.; 1935, Les eaux minerales
et la Cure de Saint-Gervais: CoIl. France. Inst, hydro
logie et climatologie Annales, V. 10, pt. 2, no. 36.



310 THERMAL SPRINGS OF THE UNITED STATES AND OTHER COUNTRIES OF THE WORLD

1623. Cormac, Charles Edward, 1887. The mineral waters of
Vichy and the diseases in which they are indicated:
London, J. & A. Churchlll., 375 p-, 2 maps; new ed., 1904,
The waters and baths of Vichy: Paris.

1624. Corroy, Georges, 1949, Les eaux thermo-mlneralea d'Aix·
en-Provence; leur histoire, leur origine: Annates Hebert
et Hang (Lab. geol. fae. sci. Unlv. Paris), v. 7, p. 99-115,
illus.; 1953, abs.: Bibliography and Index of Geology
Exclusive of North America, v. 17, 1952, p. 87.

1625. Cotar, Charles, 1913, The mineral waters of Vichy. for
the use of practitioners: London, H. K. Lewis, 208 p.

1626. Curie, P., and Laborde, A, 1904, Sur la radioactivite des
gas qui se degagent de I'eau des sources thermales: Acad.
sci. [Paris] Comptes rendus, v. 138, p. 1150-1153.

1627. 1906, Sur Ia radloactivite des gas qui proviennent de
l'eau des sources thermales: Acad. sci. [Paris] Comptes
rendus, v.l42, p.1462-1465.

1628. D'Arsonval, A., Bordas, F., and Touplain, F., 1923, Les
eaux mlneralea des groupes d'Aix-les-Bains et Marlioz:
Annales Falsifications et Fraudes, v. 16, no. 176, p.
268--286.

1629. 1925, Les eaux mtnerales de Saint-Gervais-les-Bains, Le
Fayet (Haute-Savoie) : Annales Falsifications et Frau
des, v.18, no. 201-202, p.454-460.

1630. 1929, Les eaux mlnerales de Salins-Moutiers et de
Brides-les-Bains (Savoie): Annales Falsifications et
Fraudes,v. 22,no. 242,p. 70-76.

1631. Daubeny, Charles, 1833, Re~arks on a certain kind of
organic matter found in sulphureous springs: Linnean
Soc. London Trans., v. 16, p. 587-597; 1834, Annalen
Chemie (Liebig), v.10, p. 336-348.

1632. Daubree, Gabriel Auguste, 1876, Sur la presence de la
tridymite dans les brlques zeolithiques de Plombteres,
et du quartz dans Ies laves pertdotlquea d'Oahu
(Archipel Hawaien): Paris, Soc. geol. France Bull.,
ser. 3 v. 4, p. 523-524.

1633. Daumas, Casimir, 1867, The mineral waters of Vichy, their
origin, physical properties, chemical composition, and
curative effects: 4th ed., Vichy, A. Wallon, 341 p.

1634. deFreycinet, Louis, 1835, Recherches it entreprendre pour
decouvrtr Ia cause de la chaleur des sources thermales
de Sextius, it Aix en Provence: Acad. sci. [Paris]
Comptes rendua, v. I, correspondence, p. 445-449.

1635. 1836a, Sur les premieres experiences faites it Aix en
Provence, aux bains de Sextius: Acad. sci. [Paris]
Comptes rendus, v. 2, Oorreepondance, p. 265-267.:

1636. 1836b, Sur les eaux- thermal d'Aix en Provence nom
mees les bains de Sextius: Acad. sci [Paris] Oomptes
rendua, v. 2, p. 360-362.

1637. 1836c, Concernant les bains de Sextius: Acad. sci.
[Paris] Comptes rendus, v. 2, p. 408-409.

1638. Delaby, R., Charonnet, R., and J anot, M., 1933, Les vard-'
ations d'une source thermale; la source des Dames de
Plombi~res: Acad. sci. [Paris] Comptes rendus, v. 197,
p. 1739--1741.

1639. deLaunay, Louis, 1888, Memoire sur les sources minerales
deBourbon-l'Archambault: Annales mines, ser. 8, v. 13,
p. 429--488.

1640. 1895a, Les sources thermales de Neris (Allier) et.
d'Evaux (Creuse) : Annales .mines, ser. 9 v. 7, p. 563
623.

1641. 1895b, Sur la relation des sources thermales de Neris
et d'Evaux avec les dislocations anciennes du Plateau

Central: Acad. sci. [Paris] Comptes rendus, v. 120, p.
1268--1291.

1642. deLaunay, Louis, 1906, Observations geolcgfques sur quel
ques sources thermalea (Cestona, Bagnoles, Ohaudes
Aigues, Mont-Dora, etc.) : Annales mines, ser. 10, v. 9,
p. 5--46, 10 figs.

1643. De Laures and Becquerels, 1855, Memolre sur Ies con
ferves des eaux thermalea de Nerls : Soc. hydrologfa
medlcala [Paris] Annates, v. 1, 205 p.

1644. Delfour, H., 1937, Contribution a l'etude physicochimique
des eaux thermales de Dax et leurs variations en tone
tion des crues de l'Adour: Univ. Bordeaux rae. medecine,
thesis, 94 p.

1645. Demarty, J., 1938, Excursion du 3 avril 1938, it Chatel
Guyon: Rev. sci. nat, .auvergue, v. 4, pt. 2, p. 123-124;
1947, abs. Bibliography and Index of Geology Exclusive
of North America, v. 11, 1945-46, p. 78.

1646. Druce, J. G. F., 1927, The thermal waters of Ax and of
Andorra: Chemist and Druggist [London], v. 106, p.
323; 1927, Chern. Abs., v. 21, p. 3864.

1647. Dubaleu, P. E., 1912a, Les eaux chaudes du departement
des Landes et Ia fosse de Capbreton: Acad. sci. [Paris]
Comptes rendus, v.154, p. 673-675.

1648. 1912b, Eaux thermales des Landes et In Fosse de Cap
Breton: Soc. linneau Bordeaux .actes, v. 66, p. 41-46.

1649. Duchon, Robert, 1910, Proportions erevees de mescthortum
1 dans les eaux mtnerates de Chatel-Guyon (Puy-de
Dome) et de radium dans l'eau du sondage des Martres
d'Arti~res (Pay-de-Dome) : Acad. sci. [Paris] Comptes
rendus, v. 210, p. 225--228.

1650. Dufrenoy, J., 1926, Les Sulfuraires, les Beregines et Ies
Ferrobectertes de quelques eaux thermalea : Paris, Ooll.
France, Inst. hydrologte et climatologie Annnres, v. 1,
p.27.

1651. Dupouy-Camet, J., 1946, Remarques bydrogeologlques sur
les eaux thermominerales de Dax et la region dacquotse :
Paris, ColI. France, lnst. hydrologie et climatologie
Annales, v.17, no. 62, p.116-130.

1652. Durand-Fardel, Ch, L. Maxime, 1851, Des eaux de Vichy,
oonstdereee sous les rapports cllnlque et therapeutt
que * * *: Paris, Beauvais.

1653. 1860, Dictionnaire general des eaux minerales et d'hydro
Iogte Medicale: Paris, 2 v.

1654. 1883, 'I'ratte des eaux mtnerales de la France and de
I'Etrauge et de leur emploi dans Iea maladies chroniques:
3d ed., Paris, G. Batlfere, 664 p.; 1st ed., 1857, 758 p.,
Paris, C. BaUliere; 2d ed., 1862, New York, H.
Bailliere.

1655. Durocher, J., 1853, Observations sur Ie gisement et l'origine
des eaux sulfureuses pyreneennes : Soc. geo). France
Bulj., ser. 2, v.l0, p. 424-430.

1656. Emond, E. Eo, 1903, The Mont-Dote thermal springs: Eng
lish ed., Clermont-J!;'.arrand.

1657. Fabre, Rene, 1941 [EX"amination of the Honorine spring in
Cambo-les-Bains] : Acad. medecine Paris BUll., ser.
3(1), v. 125, p. 650--653; 1942, abs., Chern. Zentralbl.
1942 [pt.] II, p. 208.

1658. Falconnier, Alfred, and others, 1952 [Hot springs of La
vey]: Soc. vaudoise sci. nat. Bull., v. 65, no. 280, p.
245-271; Chern. Abs., v. 46, col. 11516.

1659. Federation Thermale et Climatique Franl;aise (Paris),
1930, The spas of France. [Cover title, Stations ther
males de France]: Published in collaboration with
L'lnstitut d'Hydrologie et de Climatologie and under



BIBLIOGRAPIDC REFERENCES 311

the patronage of L'Oftice National du Tourisme, 144 p.
[English.]

1660. Ftlhol, Edouard, 1849a, Analyse de quelques eaux mine
rales: Acad. medeclne [Toulouse] Mem., v. 5, p.123-124.

1661. 1849b, Sur Ies eaux sulfureuses thermales des
Pyrenees: Annaies chimie et physique, eer. 3, v. 27,
Lettres, p. 490-493.

1662. 1850, Sur Ies eaux mtnerales de Bagneres-de-Luchon :
Acad. sci. [Paris] Oomptes rendus, v. 30, no. 25,
Memoirs presented, p. 735--738; Jour. pharmacie, v, 28.
p. 177-186; Acad. medecine [Toulouse] Mem., v. 6,
p.242-246.

1663. 1851, Recherches sur Ies eaux sulfurees de Bagneres
d-e-Luchon et de Labaasere, suivies de considerations
generales sur les eaux sulfureuses des Pyrenees: Jour.
pharmacie, v. 20, p. 80-89 j 1851, Jour. chimie med.,
v. 7, p. 743-745.

1664. 1852, Note sur la composition de I'atr des ptsclnea, des
salles de douches, et des etuves de Bagnerea-de
Luchon: Acad. sci. [Paris] Comptes rendus, v. 34, p.
679-681.

1665. 1853, De la constitution chimique des eaux de Bagneres
de-Luchon prises sur les lieux d'emplot : Acad. sci.
Toulouse Mem., v. 3, p.17Q-176.

1666. 1855, Nouvelles recherches sur les eaux rctnerates des
Pyrenees: Acad. sci. [Paris] Comptes rendus, v. 41, no.
18, Mem., p. 693-695.

1667. 1863, Analyse des eaux minerales de Bareges : Acad.
sci. Toulouse Mem., v.13(?), p.17Q-180.

1668. Fontan, J. P. Amedee, 1853, Recherches sur les eaux
rnlnerales des Pyrenees, de l'Allemagne :II • *: 2d ed.,
Paris.

1669. Forbes, James David, 1836, On the temperatures and geo
logical relations of certain hot springs, particularly
those of the Pyrenees; and on the verification of thermo
meters: Royal Soc. [London] Philos. Trans., v. 2, p.
571-616, 1 pI., 2 figs.

1670. 1837, Remarks illustrative of the physical geography of
the Pyrenees, particularly in relation to hot springs:
British Assoc. Adv. Sci. Rept., 1836, v. 5, Notices and
abs., p. 83.

1671. 1900, Travels through the Alps, by the late James D.
Forbes; new edition, revised and annotated by W. A. B.
Coolidge: London, A. & C. Black, 572 p., rront., 37 Illua.,
9 sketches, 6 maps.

1672. Fritsch, A., Ptnset-Hdrstrbm, I., and Coursaget, J., 1958
[Radioactive content of water and gases from thermal
sources at La Bourboule, Le Mont-Dore, and Royat] :
Comm. energie atomique (France) Rept. 576, 4 p.; 1959,
Chern. Abs., v. 53, col. 22627.

1673. Garrigon, F., 1877, Sur la presence du mercure dans la
source du Rocher, a I'etabttsaement du mont Cornadore
(Satnt-Nectalre-Ie-Haut, Ptiy-de-Dome) : Acad. sci.
[Paris] Cornptes rendus, v. 84, p. 963-965.

1674. Gautier, Ai'mand, 1901, Origine des eRUX thermales eul
fureuses. Sulfosilicates et oxysulfures derives des sili
cates naturels : Acad. sci. [Paris] Comptes rendus, v.132,
p. 740-746; rev., Zeitschr. prakt. Geologie, v. 9, p. 279.

1675. Geslin, Marcel, 1954, Etude des eaux de la region de Cau
terets (Hautes-Pyrenees): Inst. hydrologie et clima
tologie Annales, v. 25, no. 76, p. 35-38; 1957, abs., Biblio
graphy and Index of Geology Exclusive of North
America, v. 20,1955, p. 186.

135-914 '0----'65--21

1676. Geze, Bernard, 1937, Observations sur Ie volcanisme dans
la region de Montpellier: Soc. geot. France Bull., ser 5.,
v. 7, Compte rendus, p. 261-262.

1677. Glangeaud, Ph, 1913, Les caractezlstiques des eaux de
source des formations volcauiquea de l'Auvergne: Acad.
sci. [Paris] Comptes rendus, v. 157, p. 1031-1033.

1678. 1920, Le geyser des Martres d'Artlerea (Puy-de-Dema) :
Acad. sci. [Paris] Comptes rendus, v. 170, p. 88~91.

1679. 1924, Le bassin hydromlneral de Saint-Nectaire (Puy-de
Dome) j ses dislocations et son cadre volcanique: Acad.
sci. [Paris] Comptes rendus, v. 178, p. 538-541, 1 fig.

1680. 1927, Sur l'origine des sources mtneralea fumerolliennes
de Royat (Pur-de-Dome) : Acad. sci. [Paris] Comptes
rendus, v. 184, p. 1299-1302.

1681. Granville, Augustus Bozzi, 1859, The mineral springs of
Vichy j a sketch of their chemical and physical char
acters and their efficacy in the treatment of various
diseases, by the author of "The spas of Germany," "The
spas of England," etc. ; London, J. Churchill, 243 p.

1682. Greppo, J. G. Honore, 1846, Etudes archeologlques sur les
eaux therrnalea ou mlnerales de Ia Gaule a I'epoque
romaine: Paris, Leleux:, 318 p.

1683. Jacquet, Ch., 1926, Recherches sur les sources radioactives
du Puy-de-Dome : Acad. sci. [Paris] Comptes rendus, v.
183, p. 227-229.

1684. Jacquot, Eugene, 1865, Sur Ie gisement des sources mine
ralea du departement du Gel's et sur Ies relations qui
les rattachent au systeme des Pyrenees: Acad. sci.
[Paris] Comptes rendus, v. 60, p. 967-970.

1685. Jacquot, Eugene, and Willm, Edmund, 1894, Les eaux
mtneraree de la France j Etudes chimiques et geclogl
ques: Paris, Baudry et Cle., 602 p., 21 figs.

Discusses the genesis, composition, and occurrence of
mineral waters. Lists 1,200 mineral springs including
23 thermal springs discharging more than 5,000 hecto
liters per day. The total flow from the large thermal
springs is 326,400 hectoliters per day.

1686. James, Constantin, 1852, Guide pratique aux eaux
mlnerales de B'rance > •• quelques mots sur les eaux
minerales de l'Angleterre: 2d ed., Paris.

1687. 1861, Guide pratique aux eaux rnlnerales Fran~aises et
Etrangeres ; suivi d'etudes sur les batna de mer et
l'hydrotheraple d'un traite de therapeutique thermale :
5th ed., Paris, V. Masson et Fils, 615 p.; 15thed., 1886,
Paris, Libr. Bloud et Bar-rat, 380 p.

Describes briefly the thermal and mineral springs in
France, Belgium, Germany," Switzerland, and Italy.

1688. Jeannel and Jacquin, 1909 [Analyses of the waters of
Mont-Dore]: Annales hydrologle et climatologie med.,
v. 54( 1)'.

1689. Jung, J., 1939, Introduction a I'etude de la temperature
des sources dans les departements du Puy-de-Deme, du
Oantal, de Ia Oorreze et de In Haute Loire: Rev. sci. nat.
Auvergne, v. 5, p . 73-79.

1690. Jurain, Georges, 1955, Sur la teneur en uranium d'eaux
thermales du sud des Vosges: Acad. sci. [Paris] Comptes
rendua, v. 241, no. 21, p. 1482-1485 j 1957, abs., Biblio
graphy and Index of Geology Exclusive of North Am
erica, v . 20, 1955, p. 264.

1691. Jutier, 1858, Sur les sources minerales de Plombieres:
Acad. sci. [Paris] Comptes rendus, v. 47, p. 211-212.



312 THERMAL SPRINGS OF THE UNITED STATES AND OTHER COUNTRIES OF THE WORLD

1706.
1707.

1692. Kilian, Wilfrid, 1924, Sur I'orfgme probable des eaux
tnermatesd'Atx-Ies.Batns (Savoie) et Ie rOle des acci
dents tectoniques dans In thermaltsation et In mineralisa
tion des sources: Soc. gaol. Belgique, Livre Jubilaire
(50th anntversatre, 1874-1924) : Y. I, pt. 1, p. 97-102, 1

pI.
1693. Kilian, Wilfred, and Blanchet, F., 1921, Sur In presence

d'une nappe soua-alluvionnaire d'eau thermale et
mmeransee dans le lit de In Durance, it Serre-Ponqon
(Hautes-Alpes): Acad. sci. [Paris] Comptes rendus,
v.172,p.1564-1567.

1694. Lagrange, R., and Urbain, Pierre, 1953. Repartition des
elements decelables speetrogrnphlquement dans les eaux
thermomlnerales : Soc. rmneatse mlneralogte et crystal
lographle Bull., v. 76, no. 4-6, p. 20&-215; Chern. Abs.,
v. 47, col. 9867; 1954, abs., Bibliography and Index of
Geology Exclusive of North America, v. 18, 1953, p. 213.

1695. Laissus, C., 1896, Les eaux thermales de Brtdes-Ies-Batna
et de Salins-.i\Ioutters: 2d ed., Paris.

1696. Landelle, Armand, 1904, Les eaux eurrurees aodlques.
Stations Pyreneennes : Toulouse.

1697. Laussedat, 1901, Les bains de Royat it eau gazeuse
courante : Soc. hydrologie et climatologie med. Paris
Annates, v. 6, p. 353-372.

1698. LeCoq, Henri, 1865, Les eaux minerales du Massif Central
de Ia France, considerees dans leurs rapports avec la
chlmle et la geologie: Paris, Poisay.

1699. Lee, Edwin, 1854, The baths of France, central Germany,
and Switzerland: 3d ed., revised and enlarged, London,
J. Churchill, 208 p.; 1857 ed., The baths of Germany,
France, and Switzerland: London, 2 v.: 1863 ed., The
principal baths of Germany, France, and Switzerland:
London, J. Churchill; 1867 ed., The principal baths of
France, Switzerland, and Savoy: London.

1700. Lefort, Jules, 1849, Analyse de I'eaux minerale de I'enclos
des Cele,stins a Vichy: Jour. pharmacle, v. 16, p. 14-17.

1701. 1855, Etudes chtmiques et physiques des eaux mlnerales
et thermales de Ohateauneuf (Puy-de-Dome) : Jour.
pharmacle, v. 27, p. 241-252.

1702. 1857a, :Etude chimique sur les eaux mtnerales et ther
males de Royat et de Ohamalteres (Puy-de-Dcme) :
Jour. pharmacie, v. 31, p. 84-94.

1703. 1875b, Recherches sur Ia composition chimique de I'eau
mtnerala de Neyrac (Ardeche) : Jour. pharmacle, v.
32, p. 25-37.

1704. 1857c, Nouvelle analyse de l'eau minerale et thermale
de Neyrac (Ardech~) : Jour. pharmacie, v. 32, p. 264--268.

1705. 1859a, Analyse chimique de I'eau mlnerale de Saint
Alban (Loire) : Jour. pharmacle, v. 35, p. 267-270.

1859b, Traite de chirnle hydrologique: Paris.
1863, Note sur l'existence du caesium et du rubidium
dans les sources thermales de Sail-les~Chateaumorand

(Loire) : Jour. pharmacie, v. 44, p. 276-2~8.

1708. 1866, Etude pour servir a l'histoire des gaz des eaux
minerales en general et des eaux thermales de Neris en
particular: Jour. pharmacie, ser. 2, v. 3, p. 321-324.

1709. Lemoine, E., 1935, La source thermo-minerale de La Le
chere: Soc. histoire nat. Savoie Bull, v. 23, p. 167-183.
Chambery; 1938, abs., Rev. geologie, v. 18, p. 249-250.

1710. Lepape, Adolphe, 1923a, Radioactivite des sources de
quelques stations des Pyrenees (Bagneres-de-Luchon,
Vernet, les Escaldas, Thues), et du Plateau Central (La

Bourboule, Royat, Saint-Nectaire, Sail-les-Bains):
Acad. sci. [Paris] Comptes rendus, v, 176, p. 1702-1705.

1711. Lepape, Adolphe, 1923b, Relations entre ja radtoactlvjte.jn
temperature et la sulfuration des sources de Bagneres
de-Luchon. Hypothese explicative: Acad. sci. [Paris]
Comptes rendus, v. 176, p. 1908-1910.

1712. 1927, Sur l'origine de Ia radloaetlvlte des sources de
Bagneres-de-Luchon : Acad. sci. [Paris] Oomptes rendus,
v. 185, p. 1292-1294, 1 fig.

1713. Lepape, Adolphe, and Geslln, Marcel, 1940, Radloactlvlte
des sources hydromlnerales de Chatel-Guyon (Puy-de
DOme). Sources tree riches en thoron : Acad. sci.
[Paris] Comptes rendus, v. 210, p. 223-225.

1714. 1954, Radioactivite de quelques eaux des sources de
Cauterets et de Luz-Saint-Sauveur (Hautes-Pyreneesj :
Inst. hydrologie et climatologie Annales v. 25, no. 76,
p. 27-33; 1957, aba, Bibliography and Index of Geology
Exclusive of North America, v. 20, 1955, p. 317.

1715. Lepape, Adolphe, and Moureau, Charles, 1920, Analyse
radioactive des sources thermales de Bagneres-de
Luchon. 'Sources tees riches en emanation du radium:
Acad. sci. [Paris] Comptes rendus, v. 171, p. 731-733;
1909, prelim. account, Acad. medeelne [Paris] Buu.:
Annales mines, ser. 10, v. 15, p. 465-489.

1716. Lepape, Adolphe; Moret, Leon; and Schneider, Georges,
1934, La mineralisation des eaux thermales d'Aix-les
Bains (Savoie) et sa signification geolcglque : Acad. sci.
[Paris] Comptes rendus, v.198, p.1706-1707.

1717. Le Peintre, Marcel, and Olivier, Henri Rene, 1952, Deter~
mination polarographique de In valence de I'arsenic
dans tes eaux thermales de La Bourboule: Acad. sci.
[Paris] Comptes rendus, v. 234. p. 352-355.

1718. Loisel, P., 1919, Sur la radtoactlvlte de l'eau de la grande
source de Bagnoles-de-I'Orne et ses variations: Acad.
sci [Paris] Comptes rendus, v. 169, p. 791-792.

1719. 1920, Sur tes variations de la radioactlvlte des sources
de Bagnoles-de-l'Ome et leur relation avec la plule :
Acad. sci. [Paris] Comptes rendus, v. 171, p. 858-860.

1720. 1921a, Sur In radloactivlte des sources de la region de
Bagnolea-de-I'Orne : Acad. sci. [Paris] Comptes rendus,
v. 173, p. 921-923.

172L 1921b, Sur i'existence d'une nouvelle emanation radio
active dans les sources de Bagnoles-de-I'Orne et des
environs: Acad. sci. [Paris] Comptes rendus, p. 1OO&
1101, 2 figs.

1722. 1922, Sur In radloactlvlte des sources de In region de
Bagnoles-de-I'Ome et son rapport avec Ia structure geo
logique: Acad. sci. [Paris] Oomptes rendus, v. 175, p.
890-892-

1723. Loisel, P' J and Castelnau, R, 1921, Sur Ia radloactlvtte
des eaux du Mont-DOre: Acad. sci. [Paris] Oomptes
rendus, v. 173, p.139O-1392.

1724. Lomet, Antoine Franl;oisJ 1795, Memoires sur les eaux
minerales et les etablissements thermaux des Pyrenees,
coroprennnt la recherche des moyens les plus propre a
recueillir et conserver les sources roinerales * * *:
Paris. R. Vatar., 154 p.•4 pIs.

1725. Longchamp, 1821, Analyse des eaux de Vichy: Jour. phar
macie, v. 7, p. 565-569.

1726. 1823a, Note sur les eaux sulfureuses de Bareges. Caute
rets et Saint-Sauveul' (Hautes-Pyrenees): Annales
chimie et physique, ser. 2. v. 22, p. 156-161.

1727. 1823b, Sur la chaleur des eaux thermales naturelles:
Annales chimie et physique, sel'. 2, v. 24, p.247-259.

-----



1953, abs., Bibliography and Index of Geology Exclusive
of North America, "1.17,1852.

1748. Meriel and Lassere, .T., 1948 [The thermal center of St.
Gtrons-Ies-Eaux (formerly Audinac)] Acad. medeclne
[Toulouse] Mem., v. 49, p. 211-215; 1950, Chern. Abs., v.
44, col 10219.

1749. Ministere de travaux publics et des transports, ca. 1930,
Stations thermales rrancatses : Paris,103 p.

1750. Montessier, A., 1860, Source thermo-mlnerale decouverte
aux environs de Montpelller : Acad. sci. [Paris] Comptes
rendus, V. 51, p. 636-637.

1751. Moret, Leon, 1933a, Les sources thermo-mtnerales de
Satnt-Gervais-les-Batna (Haute Bovole) dans leurs
rapports avec Ia geologie de Ia region; Sur les limites
geologlquea du Jura meridional: Assoc. Fran~aise, avo
scl., Oomptes rendus 57c sess., p. 254--258; 1936, abs.
Bibliography 'and Index of Geology Exclusive of North
America, v. 3, 1935, p. 163.

1752. 19Mb, La geologie des environs de Baint-Gervafs-Ies
Bains (Haute Savoie) et ses relations avec Ia nature
et l'origine des sources 'thermo-mlnerales : Soc. sci.
Dauphine Bull., V. 53 (ser. 5, V. 12), p. 335-370; abs.,
p.443-444.

1'753. 1933c, Sur les eaux tnermo-mtnerates de Saint-Gervais
Ies-Baina (Haute Savoie), nature, origine, et relations
avec Ies montagnes environnantes: Rev. Savoisienne,
Annecy, v. 74, pt. 2, p. 101-108; 1935, abs., Bibliog
raphy and Index of Geology Exclusive of North
America, v. 2, 1934, p. 161.

1754. 1939, Origine geologique des sources thermales d'Aix
les-Bains; Etudes Rhodaniennes; Rev. geographic
reglonale, V. 15, no. 1-3, p. 161-162; 1940, abs., Bibliog~

raphy and Index of Geology EXClusive of North America,
v. 7,1939, p. 212.

1755. 1946, Les sources niermomtneraiss. Hydrogeologie
Geochimle-Biologle : Paris, Masson et Ote., 146 p, 48
figs.

1156. 1951, Sources thermales alpines et grands travaux de
ban-ages: Untv. Grenoble lab. geologie rae. sci. Travaux,
'v, 28, p. 79--96, illus.; 1955, abs., Bibliography and Index
of Geology Exclusive of North America, V. 19, 1954,
p.327.

1757. Moret, Leon, and Blanquet, L., 1934, La geologie des en
virons de 'Saint-Gervais (Haute-Savoie) et ses rela
ttons avec la nature et l'origine des sources thermo
mtnerales : Soc. sci. Dauphine Bull., v, 53 (ser. 5,
v. 12), p. 335-370.

1758. Moret, Leon, and Schneider, Georges, 1984a, Idees nou
velles sur Ie problema geologique de l'origine des sources
thermo-mlnerales d'Aix-les-Bains (Savoie): Soc. sci.
Dauphine Bull., V. 54 (ser. 5, "1.13), p.1-16. 5 figs; Univ.
Grenoble lab. geologie inc. sci. Travaux, v, 18. p. 1-16;
1937, abs., Bibliography and Index of Geology Exclu
sive of North America, V. 4, 1936, P. 191.

.1759. 1934b, Le problema de l'origine des sources thermo
mlnerales d'Aix-les-Bains (Savoie) : Paris, oon. France,
Inst. hydrologte et climatologie Annales, V. 9, pt. 3,
no. 33, p. 192-206, 5 flgs. ; 1943, abs., Bibliography and
Index of Geology Exclusive of North America v. 9,
1941-42, p. 202-203.

1760. Mo~reau, Charles, 1906, Sur les gaz des sources ther
males. Determination des gaz rares; presence
generale de l'argon et de l'helium: Acad. sci. [Paris]
Comptes rendus, V. 142, p. 1155-1158.

BIBLIOGRAPmC REFERENCES

1728. Longchamp, 1826, Sur nne formation de pyrite dans une
eau thermale: annates chimie et physique, ser. 2, v, 32, p.
294-299; 1827, Quart. Jour. Sci., v. 22, p. 398-399.

1729. 1832, Annuaire des eaux rnlneralea de Ia France: Paris,
306 p" front.

1730. 1833a, Considerations sur In constitution Interfeure du
globe, nrees de l'analyse des eaux thermales sulfureuses
de In chaine des Pyrenees Iextr.L: Acad. et soc. sci.
France et etranger Jour. v. 1, p. 134-136; 1836, Annalen
Chemie (Liebig) t v.17, p. 317-327.

1731. 183gb, Memotre sur 1a baregine: Acad. et Soc. sci
France et stranger Jour., v.l, p.136-137; 1934, Annalen
Chemie (Liebig). v.IO, p. 333-336.

1732. 1834, Sur les gaz qui se degagent du sein des eaux ther
males: Acad. et soc. sci. France et etranger Jour., v. 2,
p. 24!}-250; 1336, Annalen Ohemle (Liebig), v.17, p. 327
333.

1733. Lormand, Ch., 1925, Analyse d'eaux thermales de Chaude
saigues (Cantal): Acad. sci. [Paris] Comptes rendus,
v. 180, p. 450-451.

1734. 1926, Analyse chimique de I'eau de Capvern: Acad. sci.
[Paris] Comptes rendus, v. 182, p.404-406.

1735. Mallat, Antonin Jerome, 1934, Vichy a travers les ages:
Vichy, Imprimerie centrale bourbonnalse, 256 p.

1736. Mallat, Antonin Jerome, and Cornillon, J., 1909, Histoire
des eaux mlnerales de Vichy: Paris, G. Steinheil, v. I,
814 p., pls., maps, plans.

1737. Martel, E. A., 1935, Contamination, protection et ameliora
tion des sources thermominerales : Congo Internet. mines,
metallurgte et geologie "appl., 7", Paris 1935, Sec. geclo
gie appl., Comptes rendus, v. 2.

Contains references to specific springs in France,
Italy, Switzerland, Turkey, U.S.S.R., Syria, and Al
geria. p.791-798.

1738. Massie, C. [19131], Etude sur les eaux thermales de 'I'ercis
pres Dax : Toulouse, 152 p.

1739. Massol, G., 1908, Sur Ia radloactlvlte des gas de I'eau
thermale d'Uriage (Isere) : Acad. sci. [Paris] Comptes
rendus, V.147, p. 844-846.

1740. 1909, Composition chimique des depOts des eaux ther
males d'Uriage (Isere) : Soc. chlm. France Bull., ser. 4,
v. 5, p. 404-405.

1741. 1910, Sur la composition chimique des gaz spontanes de
la source thermo-minerale d'Uriage (Isere) : Acad. sci.
[Paris] Comptes rendus, "1.151, p.1124-1126.

1742. 1912, Sur la radtoactlvlte des eaux thermo-rnlneralea
d'Usson (Ariege): Acad. sci. [Paris] Comptes rendus,
v. 155, p. 373-375.

1743. Massy, R., 1930 [Radioactivity of the springs of Baregesl :
Soc. pharm. Bordeaux Bull., no. 68, p. 235-238; 1932,
onem. Aba., V. 26, p. 4242.

1744. Massy, R., and Cazaux, P., 1928 [Chemical composition of
the thermal waters of Bareges} : Jour. pharmacie et
chimie, V. 7, p. 340--345 [French]; 1928, Chem. Abs.,
v. 22, p. 3245.

1745. Maury, Eugene, 1936, Eaux potables, eaux minerales en
Corse. Etude hydrogeologique: Congo tnternat. mines,
metallurgte et geologie appl., 7\ Paris 1935, Sec. geolo
gie appl., Oomptes rendus, V. 2, p. 737-743.

1746. Mengel, Octave, 1908, Sur Ia temperature des eaux theI'
males des Pyrenees-Orientales: Acad. sci. [Paris] Comp
tes rendus, V. 146, p. 1126-1128.

1747. 1944, Distribution orogenique des eaux thermales et
minerales de l'extremite orientale des Pyrenees: Soc.
agri. Pyrenees-Orientales BUll., V. 62, p. 11-30, illus;

""-..-

313



314 THERMAL SPRINGS OF THE UNITED STATES AND OTHER COUNTRIES OF THE WORLD

1761. Monreau, Charles, 1908a, Les degagementa gazeux des
sources thermales: Rev. scl., ser. 5, v. 9, no. 12, p. 353
361.

1762. Monreau, Charles, and Biquard, Robert, 1908, Nouvelles
recherches sur les gas rares des eaux thermales : Acad.
sci. [Paris] Oomptes rendus, v. 146, p. 435-437.

1763. Mcureau, Charles, and Lepape, Adolphe, 1909a, La radio
actfvlte des sources thermales de Bagneres-de-Luchon :
Acad. sci. [Paris] Comptes rendus, V. 148, p, 834-837.

1764. 1909b, Sur les gaz des sources thermales ; presence du
crypton et du xenon: Acad. sci. [Paris] Oomptea
rendus, v. 149,p. 1171-1174.

1765. 1909c, Sur le radioactrvlte des sources thermales de
Bagneres-de-Luchon : Annaies mines, ser. 10, no. 15, p.
465-489, 2 tables, 2 figs.

1766. Nicolas, Ad, 1909, Sur la radtoacttvtte des eaux thermales
de la Bourboule : Assoc. rrancatse avo sci., Comptes
rendus 37e sess., 1908, p. 797-799.

1767. Perrin, Maurice, 1954, Les eaux minerales de Ia region
Lorraine: Acad. Stanislas Mem., ser. 6, v. 38, 1950-53,
p- 21-36; 1955, abs., Bibliography and Index of Geology
Exclusive of North America, V. 19, 1954, p. 361.

1768. Pietet, Raoul, 1876, Notice sur Ia fontaine intermittente
de Vichy lea Bains: Archives sci. phys. nath., Bfbllcthe
que Untveersene, new ser., v. 57, p : 57-76.

1769. Peskin, 1904 [Argon in thermal spring waters]: Soc.
hydrologte climatologie, med. Paris Annates, v. 9, p. 255.

1770. Protx-Noe, Marthe, and Protx, Genevieve, 1946, Sur Ia
presence du thoron dans differentes atmospheres de Ia
station hydromlneral de Cauterets: Acad. sci. [Paris]
Comptes rendus, V. 223. p. 548-550.

1771. Ranse, F. de, 1883, Neris-les-Bains et ses eaux mfneralea :
Paris.

1772. Regnault, Paul, 1886, Boubon-I'Archambault et ses eaux
minerales et ses nouveaux thermes: Paris, G. Masson.

1773. Revil, J., 1908, Les sources thermomtneralea de la Savoie:
Rev. gen. sci. pures et appl., v. 19, p, 825--833; 1909,
Chern. Abs., v. 3, p. 161.

1774. Richaud, J., 1925, Etude sur les eaux sulfureuses de Pie
trapola-lea-Batna (Corse) : Montpellier, 55 p.

1775. Robin, :Edouard Charles Albert, compiler, 1924, The spas
of France: 2d ed., Paris Corum. Med. Stations Ther
males Office Natl. Tourisme. 142 p. [English.]

1776. Roblne, Rene, and Defussleu, 1927, La substance active des
eaux de Bareges : Soc. biologie Paris Oomptes Rendus,
v. 97, p. 313-316.

1777. 1928 [The chemical composition of the waters of Bare
ges (Hautes-Pyreneesj L: Jour. pharmacie et ehtmte, v.
7, p. 9-13; Ohern. Abs., v. 22, p.1816.

1778. Rodhain, P., 1942, Les venues hydromlnerales et Ia genese
des gisements mlneraux en Aquitaine: Annales mines
ser. 14 (131) Mem., v. 1, p. 5-70. 11 figs. ,

1779. Sarrot.Reynauld, Jean, 1957, Les minel'ais metalIiques et
les sources minerales de la region de La Mure: Univ.
Grenoble lab. geologie fac. sci. Travaux, v. 33, p.135--156,
map; 1958, abs., Bibliography and Index of Geology
Exclusive of North America, v. 22, 1957, p. 472.

1780. Sassure, Horace Benedict de, 1790 [Deposit of algae at
Aix] : Jour. physique, p.410.

1781. Schneider, Georges, 1933, Note sommaire sur les sources
thermales d'Aix-les-Bains (Savoie) : Assoc. francaise avo
sci., Comptes rendus 57e sess., p. 262-264; 1936, abs.;
Bibliography and Index of Geology EXClusive of North
America, v. 3, 1935, p. 211.

1782. Schneider, Georges, 1934a, Conclusions ttreee de mesures
prectaes du debit des sources thermales d'Aix-les-Bains:
Acad. sci. [Paris] Comptes rendus, v. 199, p. 80-82.

1783. 1934b, Les eaptages des sources thermales d'Aix-les
Bains: .ennares mines, ser. 13, v. 5, no. 4, p. 261-279, 1
pl.,7 figs.

1784. 1935a, Variations de debit des sources thermales d'Aix
les-Basins: Acad. sci. [Paris] Comptes rendua, v. 200,
p.843-850.

1785. 1935b, Sur des fuites d'eau thermale de Ia source soufre
a. Aix-les-Bains: Acad. sci. [Paris] Comptes rendus, v.
200, p. 1336-1338.

1786. 1935c, Les sources thermales d'Aix-les-Bains: Aunales
mines, ser. 13, V. 8, no. 7, p. 5--64; no. 8, p. 69-116, 7 figs.

1787. 1935d, Quelques remarques sur Ies captages des sources
thermonlnerales : Oong, internat. mines, metallurgfe et
geologie appl., 7e aess., Paris 1935, Sec. geologie appl.,
v. 2, p. 799-811.

Discusses factors that should be considered in the
development of springs.

1788. 1935e, Variations du regime propre des sources ther
males d'Aix-les-Bains: Congo internat. mines, metallur
gie et geologie appl., 7e sess., Paris 1935, Sec. geologte
appl., v. 2, p. 817-838,1 fig.

1789. Schneider, Georges, and Moret, Leon, 1933. Une hypo
these nouvelle sur l'origine des sources thermo-mine
rales d'Alx-les-Batns (Savoie): Acad. sci. [Paris]
Oomptes rendus, v.197, p.1734-1736.

1790. Schoeller, Henri, 1951, .ya the:rmique des eaux souter
rames d'ortglne profonde : Internat. Union Geodesy
and Geophysics; Assoc. Sci. Hydrology, Oslo- 1948, v. 3,
p. 109-116, 3 figs.

1791. Societe d'Hydrologte Medicale de Paris, 1900, Stations hy
drornlneralea et martttmes de la France: Congo Intemat.
medeclne, 13e, Paris 1900, 458 p.

1792. Syndicat General des Medecine des Stations Balneaires
et Sanitaires de France, 1903, Index medical des prin
clpalea stations thermalea et climatiques de France:
Paris, J. Gainche, 398 p., map.

1793. Thiebaut, Jean, 1951, Etude geologique des eaux mtnerales
de Montegut-Begla (pres de Muret): Soc. htstorle nat.
Toulouse nuu., v. 86, no. 3-4, p. 273--275 j 1958 abs.,
Bibliography and Index of Geology Exclusive of North
America, v. 22, 1957, p. 543.

1794. Touplain, F., 1930, EtUde des sources thermales d'Aix-les
Balns : Paris, Con. France, Inst. hydrologie et
climatologie Annales, v. 5.

1795. Touplain, F., and others, 1933. Etudes des sources ther
males d'Aix-les-Bains: Paris, 80 p. 32 figs.

1796. Tripier, F. M., 1837, Memoire sur Iea eaux thermales du
Plan-du-Phazi, pres de Mont-Dauphin (Bautes-Alpes):
Jour. pharmacie, ser.l, v. 23, p. 57-70.

1797. Urbain, Pierre, 1947 [Analysis of the mineral waters of
Ax-les-Thermes Ariege]: Paris, ColI. France, Inst.
hydrologie et climatologie AnnaIes, v. 18, p. 1-64, maps;
1948, Chem. Abs., v. 42, col. 8376.

1798. Urbain, Pierre, and others,l954, Sur l'emploi des traceurs
radioactifs sur Ie terrain en geologie et hydrogeologie;
experiences de Cauterets et Luz (September-Octobre
1953) : Paris, ColI. France, Inst. hydrologie et climatolo
gie Annales, v: 25, no. 76, p. 7-26, illus; 1957, abs., Bib
liography and Index of Geology Exclusive of North
America, V. 20, 1955, p. 556.



B1BLIOGRAPmC REFERENCES 315
1799. Urbain, Pierre; Lagrange, R.; Lepape, Adolphe; and Ges

lin, Marcel, 1958: [Analysis of the mineral waters of
la Bourboule and Mont-Dore]: lust. hydrologie et
climatologie AnnaIes, v, 27, p. 1-67; Chern. Aba., v.
52, col. 20785.

1800. Vauquelin, Louis Nicolas, 1798, Experiences sur Ia sub
stance visqueuse qui se rassemble sur l'ecore du Robinia
vtseosa : Annates chimie, v. 28, p. 223-224; Acad. sci.
Paris Mem. cl. sci. math. et phys., rnst. Nac. France,
v.5, p.l05, 1804.

1801. Vie, Georges, 1935, Les sources salees et chaudee dans Ia
region pyreneenne occidentale: Rev. sci. v. 73, no. 11, p.
37lHl79.

1802. Willm, Eduard, 1887, Sur les eaux sulfureuses et 8u1
fureuses degenerees d'Olette (Pyrenees-Orientales):
Acad. sci. [Paris] Oomptes rendus, v. 104, p. 1178
1180.

1803. Waterlot, Jean, 1953, Essai de determination de la pro
venance de l'eau de la source mluerales des Sarrastna
it Sermaize-les-Bains (Marne) : Annales mines, v. 142,
no. 11, p. 17-27, iUus.; 1955, abs., Bibliography and In
dex of Geology Exclusive of North America, v. 19, 1954,
p.514.

1804. Zurcher, Ph., 1916, Note sur les sources du vallon des
"Eaux-Ohaudes" pres de Dlgne (Basses-Alpes): Soc.
geol. France Compte rendus, ser. 4, v. 16, p. 54-59, 2
figs.

See also references 7, 20, 30, 62, 78, 109, 322, 571, 1285, 1287,
1291, 1293, 1914, and 1922.

GERMANY AND POLAND

1805. Abele, Gustav, 1950, Die nen- und Mineralquellen Slid
bayerns: Geol. Ba varica [Munich], no. 2, 112 p., 2 maps.

Describes 134 localities of mineral waters j 2 springs
and 1 well in which water is thermal.

1806. Althous, C. L. von, 1838, Beschreibung der Verfahrens bei
der Bethrversuchen und warmen Quellen in Ehren
breitstein: Coblenz, Germany, 2 pls., map.

1807. Bardet, Godefroy, 1910, Aux stations mtnerares d'Alle
magna et de Boheme. Impressions d'un vo-yage
d'etude. Notes hydrologiques, premier sene: Paris,
150p.

1808. Beur, K., 1929, Ueber chemische and Physikalische
Befunde an den Baden-Badener Thermen: Deutsche
geol. Gesell. Zeitschr., v. 81, p. 355-365, 2 figs..

1809. Beissel, J., 1865, Ueber die Organismen der warmen Quel
len in Aachen und Burtscheid und deren geognostfsehen
Lage: Naturh. Ver. preuaslschen Rhetnlande Verh., v.
22, p. C 45-55.

1810. 1875, Die Thermalquellen Aachens und Burtscheids, in
Aachen, seine geologtsche vemmmtsse uud Thermal
quellen, Bauwerke, Geschichte, und Industrie: Fest
schrift zur 16. Hauptvers. Ver, deutscher Ingenieure,
dargebracht vom Aachener Bezirksverein, p. 38-57.

1811. Benzenberg, J. F., 1831, Ueber die warmen Quellen in
Aachen: J ahrb. Mineralogie, Geologie, u. Petrefac
tenkunde, v. 2, p.1-16.

1812. Bischof, Carl Gustav Christoph, 1826, Chemische Unter
suchung der Mineralwasser zu Gailnau, Fachingen und
Selters im Herzogthum Nassau * * * (title page, Die
vulkanischen Mineralquellen Deutschlands und Frank
reichs) : Bonn, Germany, 412 p.

1813. Blumfield, F., and others, 1913, Aerztliche Festschrift zur
Eroffnung des Stiidtischen Kaiser Friedrich Bades in

Wiesbaden: Wiesbaden, Germany (published by the
city), 206 p., 22 figs., diagrams.

1814. Braun, Carl, 1856, Wiesbaden als Heilquelle und als
climatischer Heilort: Wiesbaden, Germany, 146 p.

1815. Bresmal, J. F., 1703, Hydro-analyse des eaux chaudes et
froides d'Alx-la-Ohapelle [Aachen]: Liege, Belgium.

1816. Bromeis, Conrad, 1851, tiber iiussere und Innere Ver
hiiltnisse der gasrelchen Thermen zu Nauheim: Univ.
Marburg, Germany, dissert., 35 p., 1 pI.

1817. Brusoff', A., Reinartz, F., and Schloemer, Alfons, 1933
[The action of bacteria in the thermal springs of

Aachen and Aachen-Burtscheid] : Zeitschr. Untersuchung
Lebensmittel, v, 6~, p. 446-453; 1934, Chem. Aba., v.
28, col. 1798.

1818. Buckland, F. 0., 1892, Health springs of Germany and
Austria: 2d ed., London; aba., Nature [London], v.
45, p. 510.

1819. Carl, F., 1856, Untersuchung der warmen QueUe des
Gemeindebades in Wiesbaden: Wiesbaden, Nassaui
acher Ver. Naturkunde, Jahrb. Ver. Naturkunde Her
zogthum. Nassau, (Jahrb), no. 11, p. 102-104.

1820. Casselmann, W., 1860, Chemische Untersuchung einiger
MineralqueUen zu Soden und zu Neuenhain: Nas
saulseher Ver. Naturkunde Jahrb., no. 15, p. 139-226.

1821. Cramer, Helmuth, 1953, Thermalwasser aus ttentegenden
Karsthdhlen des Bayerfschen Innviertels: Geologica
Bavartca [Munich], no. 17, p. 164--177; 1955, abs.,
Bibliography and Index of Geology Exclusive of North
America, v.19, 1954, p. 100.

1822. Dechen, H. von, 1876, Ueber die ThermalqueUen zu Bad
Oeynhausen: Naturh. Ver. preusslschen Rhelnlande
Verh., v. 33, p. 87-92.

1823. 1883a, Ueber die Thermalquelle in der Kautenbach bel
Trarbach an der Mosel: Naturh. Ver. preussischen
Rheinlande Verh., v. 40, p. C 97.

1824. 1883b) Ueber die Verdienste G. Bischof's urn. die Auf
flndung der Mineralquellen des Apollinaris-Brunnens
und des Bades Neuenahr s Naturh. Ver. preussischen
Rheinlande Verh., v. 40, p. 0108-110.

1825. Dechen, H. von, and Rauf, Hermann, 1887, Geologische
und Mineralogische Litteratur der Rheinprovinz und
der Provinz .westraien sowie einiger agrenzenden Gegen
den chronologtseh und innerhalb der Jahre alphabetisch
geordnet: Naturh. Ver. preussischen Rheinlande Verh.,
v. 44, 5th ser., v. 4, p. 181-476 j published by Ph. Bert
kau, Secretary of the Societies.

Includes references to 110 papers on specific thermal
sprtngs.

1826. Dede, L., 1923, Ueber das Vorkommen von Blei und Zink
in den Sintern der Bad Nauheimer Sprudel: Zcitschr.
anal. Ohemie, v. 62, p. 342-348.

1827. Delkeskamp, Rudolf, 1903, Die Genesis der Thermal
quellen von Ems, Wiesbaden, und Kreuznach und deren
Beziehung zu den Erz- und Mineralgangen des Taunus
und der Pfalz: Deutsche Naturforscher lL Aerzte Gesell.
Verh., Sept. 1903. Cassel.

1828. Denner, Julius, and Koehne, Werner, ca. 1948, Die Ther
malwasser Deutschlands: Internat. Union Geodesie,
Geophysique; Assoc. Hydrologie sci., Washington 1939,
Oomptes rendus, v. 2, Rept. Inv. 2, 18 p., map.

Discusses the distribution and characteristics of
thermal springs in Germany, Austria, and western
Ozechloslovakia. Mentions the most important springe
and shows their locations on a map.



316 THERMAL SPRINGS OF THE UNITED STATES AND OTHER COUNTRIES OF THE WORLD

1829. Dietrich, Dr., and Kaminer, Dr., 1916-24, Handbuch der
Balneologte medizinischen Klimatologie und Balneo
graphle : Leipzig, Germany, G. Thieme, 3 v.

1830. Diruf, Oscar, 1892, Bad Kissingen und seine Hetlquellen :
vorzugsweise ZUlli Gebrauche fur Curgiiste bearbeitet:
wursburg, Germany. A. Stuber.

1831. D'OrviIle, W" and Kalle, W., 1858, Analyse der Faulbrun
nenquelle zu Wiesbaden: Nassauischer Ver. Natur
kunde Jahrb., no. 13, p- 41-52; note and analysis, 1860,
Neues Jahrb. Mtneratcgte, Geologie u. Palilontologle.,
1860, p. 444.

1832. Dunker, E., 1857, Altea und Neues tiber Nauhehn und
seine Soolquellen: Oberhessen Gesell. Naturk.- u. Heilk
unde, Ber. 6, p. 7-12.

1838. Eck, B., 1902, Ueber den Grund des Zutagetretens der
'wfldbader Thermen: Oentralbl. Mineralogle, 1902, p.
-231-233.

1834. Egger, P., and Schmitt, Karl Franz, 1927, Beiriige zur
Zusammensetzung der Mineralquellen in Berg-Canstatt:
Ver. vaterl. Naturkunde Wlirttemberg Jahresh., v. 83,
p.49-57.

1835. Ensslin, F., 1925, "tlber die Sinter der Bad-Nauheimer
Sprudel: Oberhessen Gesell. Naturk.- u. Hellkunde Ber.,
new ser., v. 10, Naturw. Abt., p. 28-40, figs.

1836. Erb, Ludwig, 1942, TIber eigenartige 'I'hermalwasserver
luste in einem Tiefbohrloch von Bad Krozingen
(Baden) : Reichsamts Bodenforschung zwetgsteue Wien
Ber. 11-12, p. 200-205, tuus.: 1952, abs., Bibliography
and Index of Geology Exclusive of North America, v,
16, 1951, p. 88.

1837. Feder, E., and Lorenz, K., 1923 [Chemical investigations
of the waters of the four chief hot springs of Aachen
and Aachen-Burtscheid] : Zeitschr. Nahruugs- u. Genuss
mittel, v. 46, p. 339-360; 1924, Chern. Abs., v. 18, p. 1866.

1838. Fischer, F. W., 1858, Die Armtnlusquelle (Lippspringe).
Balneol. Skizze.: Paderborn, Germany.

1839. Fliegel, G., 1929, Die 'I'hermalsolsprudel von Bad Kolberg
in Thtiringen: zettscur. prakt, Geologie, v. 37, no. 1, p.

1-10; no. 2, p. 27--31, 3 figs.
1840. Forbes, James D., 1839a, Account of an intermitting brine

spring discharging carbonic acid gas, near Kissingen
in Bavaria: Edinburgh New Philos. Jour., v, 26, no. 52,
p.306-1126.

1841. 1839b, Notice of a brine spring emitting carbonic acid
gas. British Assoc. Adv. Sci. Rept., 1838, pt. 2, p. 2S
29.

1842. 1845, Notice respecting an intermitting brine spring
discharging carbonic acid gas, near Kissingen in
Bavaria: Royal Soc. Edinburgh Proc., v. 1, p. 233-235.

1843. 1851, Farther remarks on the intermitting brine springs
'of Kissingen: Edinburgh New Philos. Jour., v. 51, p.
139-142; Royal Soc. Edinburgh Proc., v. 3, p. 66-69.

1844. Frank, Manfred, 1933, Die Entstehungsgeschichte der
Oannstatter Quellen: Ver. vater!. Naturkunde Wlirttem
berg Jahresh., v. 89, P. 53.

1845. 1941, Die Liebenzeller Thermen im wlirttembergischen
Schwarzwald (Hydrologie und Chemismus): Reichs
steUe Bodenforschung, ZweigsteUe Stuttgart, Mitt., no.
19, 53 p., 2 pIs., 13 figs.; 1944, abs., Zentralbl. Mine~

ralogie, 1944, Referente 2, no. 4, p. 372-373.

1846. 1952, Die Niirtinger Heinrich squelle ein neues Heil
wasser aus dem Stubensandstein Wiirttembergs: Geol.
Landesanst. Geologie Jahrb., v. 66. p. 141-149; 1955,

Bibliography and Index of Geology Exclusive of North
America, v.19, 1954, p. 152.

1847. Frantzius, J. von, 1869, Das Soolbad MUnster am Stein
bei Creuznaeh : Creuznach.

1848. Fresentus, Carl Remigius, 1850a, Ueber den Zustand, in
welchem das Arsen und Mangan im Sinter des Koch
brunnena zu Wiesbaden vorkommt.: Annalen Chemie
(Liebig), v. 75, p.172-176.

1849. 1850b, Chemische Untersuchung des Kochbrunnens zu
Wiesbaden: Nassauischer Ver, Naturkunde Jahrb., no. 6,
p.145-I96.

1850.' 1851, Chemische Untersuchung der wichtlgsten Mineral
wasser des Herzogthums Nassau. II. Abh., Die Mineral
quellen zu Ems: Nassauischer Ver. Naturkunde Jahrb.,
no. 7, pt; 2-3, p. 145-202, 4 tables.

1851. 1852a, Zusammensetzung der Mlneralwaaer 2;U Wies
baden und Ems: Annalen Chemie (Liebig), v. 82,
p.249-250.

1852. 1852b, Ueber das Vorkonuuen von Borsaure in dem
'Vasser des Kochbruunens zu 1Viesbaden: Nassautscher
ver. Naturkunde Jahrb., no. 8, pt. 2, p. 94-96; Erdmann
Jour. prakt. Ohemle, Y. 55, p.16B-165.

1853. 1852c, Chemische Untersuchung del' wichtigsten Mineral
wasser des Herzogthums Nassau. III. Abh., Die QueUen

au Schlangenbad: Nassauischer Ver. Naturkunde Jahrb.,
no. 8, pt. 2 p. 97-118.

1854. 1866, Analyse der Felsenquelle No.2 in Bad Ems: Erd
mann Jour. prakt. Ohemie, Y. 97, p.1-6.

1855. 1868, Analyse der Augusta-QueUe in Bad Ems: Nassau
Iscber, Ver. Naturkunde Jahrb., 1867-68, v. 21-22, p.
339-415.

1856. 1872a, Analyse del' Victoria-QueUe in Bad Ems: Nas
saulseher vee. Naturkunde Juhrb., 1871-72, Y. 25-26,
p. 347--360.

1857. 1872b, Analyse der Rdmer-Quelle in Bad Ems: Nas
sautscher Vel'. Naturkunde Jahrb., 1871-72 v. 25-26, p

361-380.
1858. 1873a, Ohemiache Untersuchuug der warmen xnnerai

quelle im Badhaus del' Kdnlgllchen 'wilhehushellanstalt
zu Wiesbaden: Nassauischer Ver. Naturkunde Jahrb.,
1873-74 v.\ 27-28, p. 1()()-'113; Erdmann Jour. prakt.
Ohemle, new ser., v. 9, p. 368--373.

1859. 1873b, Neue chemtsche Untersuchung des Krllnchens,
Ftlrstenbrunnens, Kesselbrunnena, und der neuen Bade
quelle zu Bad Ems: Nassauischer Ver. Naturkunde
Jarhb., 1873-74, v. 27-28, p. 114-17l.

1860. 187&, Ohemiache Untersuchung der Mlneralquelleu zu
Bad Ems: Erdmann Jour. prakt. Ohemte, Y. 114, p.
53-78.

1861. 1877a, Analyse der wamren QueUe zn Assumunshauaen :
Nassauischer Ver. Naturkunde Jahrb., 1876--77,v. 29-30,
p. 413-431; Erdmann Jour. prakt. Chemie, Y. 124, p.
278-290.

1862. 1877b, Chemische Analyse der warmen Soolquelle zu
Wern in Westfalen: Wiesbaden, Germany. [pamph.]

1868. 1878, Chemische Untersuchungen der warmen Quellen
zu Schlangenbad: Erdmann Jour. prakt. Chemie, v. 125,
p. 306--320; Nassauischer Ver. Naturkunde Jahrb., 1878
79,v. 31-32,p. 49-69.

1864. 1879a, Analyse der 'Vappen-QueUe zu Bad Ems: Nas
sauischer Ver. Naturkunde Jahrb., 1878-79, v. 21-32,
p.17--3l.

1865. 1879b, Analyse des Kaiser-Brunnens zu Bad Ems: Nas
sauischer Ver. Naturkunde Jahrb., 1878-79, v. 31-32,p.
82-48.



BIBLIOGRAPHIC REFERENCES

1866. Fresenius, Carl Remigius, l87ge, Chemische Untersuchung
der warmen Quellen zu Behlangenbad : Nassauischer
Ver. Natutkunde Jahrb., 1878-79, v. 31-32, p. 49-69;
1878, Jahrb. prakt. Chemie, new ser., v. 17, p. 306, 320.

1867. 1886, Neue chemische Untersuchungen des Kochbrun
nens zu Wiesbaden und Yergleichung 'del' Resultate mit
den 1849 von mir erhaltenen: Nassauiacher Ver. Na
turkunde Jahrb., v. 39, p.I-20.

1868. Fresenius, Carl Remigius, and Will, H., 1843, Chemische
Untersuchungen der neugefassten warmen Quellen von
Assmannshausen: Annalen prakt. Ohemte u. Pbarmacle
(Liebig), v. 47, p.198--211.

1869. Fresenius, Heinrich, 1886, Chemlsche Untersuehung der
Schtltzenhof-Quelle zu Wiesbaden: Nassauishcer Ver.
Naturkunde Jahrb., v. 39, p. 21-50.

1870. Fresenius, L., and Fresenius, R., 1932, Chemische und
physikalisch-chemische Untersuehung del' Hetlquellen
zu Bad Wiesee am Tegernsee: Wiesbaden, Germany.

1871. 1936, Neue Untersuchungen einiger Wiesbadener Quel
len: Nassauischer Vel'. Naturkunde Jahrb., v. 83, p, 2&
35, Hables.

1872. Fresenius, R., and Hintz, Ernst, 1896, Chemische Unter
suchung del' 'I'hermalquelle des Augusta-Victoria-Bades
zu Wiesbaden: Nasaauischer Vel'. Naturkunde Jahrb.,
v.49, p. 3.

1873. Fresenius, Wilhelm, 1950 [Study of the constancy of hot
springs and other waters of Wiesbaden] : Nassauischer
Vel'. Naturkunde J'ahrb., v. 88, p. 70-84; 1951, Chem.
Abs., v. 45, col. 6325.

1874. 1951 [Study of the constancy of the chlorinity of
three springs at Wiesbaden] : Nassautscher Ver. Natur
kunde Jahrb., v, 89, p, 103-105; 1952, Ohern. Abs., v.46,
col. 2719.

1875. 1954 [The constancy of the Kochbrunnen, Schiitzenhof,
and Faulbrunnen springs of Wiesbaden] : Nassauischer
Vel'. Naturkunde Jahrb., v. 91, p. 47-52; 1955, Chem.
Abs., v. 49, col. 5729.

1876. Freytag, Moritz, 1877, Ueber die gegenwartigen Quellen
verhiiltnisse des Bades Oeynhausen: Bonn, Nat. History
Vel'. Nottzbl., p. 46-51.

1877. 1878, Das fiscalische Bad Oeynhausen und seine Quellen:
Zeitschr. Berg>, Htitten>, u. Salinwesen preusslscher
Stante, pt. 26, p. 275-289.

1878. 1881, Ueber die geognostischen und balneolcglschen
Verhiiltnisse des Bades Oeynhausen: 2d ed., Naturh. Vel'.
preussischen Rhetnlande Verh., v. 38 p. C 118, Bonn.1SS6.

1879. Geisse, Nicolaus, 1892 [The springs of Ems]: Ems, Ger
many.

1880. Gensel', Carl, 1934, Radioaktive Hetlquellen in Deutsch
land: Deutsche geol. Gesell. Zeitschr., v. 85, p. 482-495,
1 pI., 3 figs.

1881. 1952 [Balneology; the present condition of radium
health baths in the West Zone of Germany]: Mtlnch.
med. Wochschr., v. 94, p. 2066-2072; 1956, Chem Abs., v.
50, col. 8101.

1882. Gimbernat (Gimbernet), Charles de, 1802, Geschwefeltes
Stickgas in den Aachen M1neralquellen : Annalen Chemie
(Crell) v. 2., p. 191.

1883. GmeHn, Leopol~, 1826, Bemerkungen libel' Wiesbadens
Heilquellen: Annalen Physik u. Chemie (Poggendorff),
v. 7, p. 451-46S.

1884. 1836, Analyse des Badsinters von Ems: Annalen Physik
u. Chemie (Poggendorff), v. 37, p. 199-203.

317
1885. Goetsch, W., 1929, Del' Kohlensatlregehalt del' Mineral

sprudelbiider von Bad Reiners, seine Permanenz
wllhrend des Badens im Vergleich ZUlli Kohlensa:iirege
halt del' Quellen: Zeitschr. Wiss. Bilderkunde, v. 3, p.
320-323; abs., Wasser u. Abwasser, v. 25, no. 10, p. 294;
Ohern. Abs., v. 23, col. 4758.

1886. Golab, Jozef, 1947, Krotka charakterystyka zrodel okolic
Krzeszowic (Short characteristics of the springs in the
Krzeszowice region, near Cracow): Poland, Panstwowy
Inst. Geol., Bull., 32, p. 26-88, illus. [Polish, English
summary] ; 1955, abs., Bibliography and Index of Geol
ogy Exclusive of North America, v. 19, 1954, p. 173-174.

1887. Graeff, 1875, Ueber die QueUe des Bades Oeynhausen.
Zusammenstellung del' chemlschen Analysen derselben:
Naturh. Vel'. preusalscben Rheinlande Verh., v. 32, p. C
52-55.

1888. Granville, Augustus Bozzi, 1838, The spas of Germany:
2d ed., London, 516 p.

1889. 1846, Kissingen, its sources and resources: 370 p., 12 mo.
London.

1890. Groedel, Isidor Maximilian, 1899, Bad-Nauheim; its
springs and their uses, with useful local information
and a guide to the environs by J. Groedel: 2d ed., Fried
burg and Bad-Nauhelm, Germany, Carl Bindernagel,
176 p. rront., plan, map. [From the German guide to
Bad-Naubeim, by O. Weiss and J. Groedel.]

1891. Grossman, Fr., 1887, Die Heilquellen des Taunus, darge
stellt von einem Verein von Aerzten : Wiesbaden,
Germany.

1892. Gutmann, Edward, 1880, The watering places and mineral
springs of Germany, Austria, and Switzerland; a popu
lar medical guide: New York, D. Appleton & Oo., 331 p.,
5 iUus.

1893. Herpuder, K., 1929, Ueber die Akt~viUit del' Mineralquel
len: Zeitschr. Wiss. Biiderkunde, v. 3, p. 293-297; abs.,
Wasser u. Abwasser, v. 25, no. 10, p. 293.

1894. Henrich, Ferdinand, 1904-a, Untersuchungen ueber die
Wiesbadener 'I'hermalquellen und deren Radioaktivitlit:
Akad. Wiss. Wien, Math.-naturw. Kl., ADZ., v. 41, p.
320-321.

1895. 1904b, Uber ein radioaktives Gas in den Wiesbadener
Thermalquellen: Zeitschr. angew. Chemie, v. 17, no. 46,
p. 1757-1760.

1896. 1905a, Untersuchungen tiber die Thermalquellen von
Wiesbaden und deren Radioaktivitiit: Monatsh. Ohemte,
v. 26, p.149-1S4., 6 figs.

1897. 1905b, Ueber die Radioaktivitiit del' Wiesbadener Ther
malquellen : Nassauischer Vel'. Naturkunde Jahrb., v.
58, p. 67-104.

1898. 1906a, Untersuchungen libel' die Thermalquellen von
Wiesbaden .und deren Radioaktivitiit: Akad. Wiss.
Wien, Math.-naturw. Kl., Sitzungsber., v. 115, pt. 2B,
p, 1075--1080, 1 fig.; Mcnatsh. Chemie, v. 27, p. 1259
1264; 1907, Phys. Zeitschr., v. 8, no. 4, p. 112-114,
Feb. 15.

1899. 190Gb, TIber radioaktive Bestandteile del' Wiesbadener
Thermalquellen: Chemiker-Zeitung, v. 30, 1st semester,
no. 21, p. 220-222.

1900. 1907a, Die Aktivitiit del' Luft und del' QueUwasser:
Zeitschr. Elektrochemie, v.13, no. 27, p. 393-406.

1901. 1907b, Weitere Mittheilungen libel' die Radioaktivitllt
del' Wiesbadener Thermalquellen: Zeitschr. angew.
Chemie, v. 20, no. 2, p.49-51.



318 THERMAL SPRINGS OF THE UNITED STATES AND OTHER COUNTRIES OF THE WORLD

1902. Henrich, Ferdinand, 1908, Untersuchungen tiber die Gase
der Wiesbadener 'I'hermalquellen : Deutsche chem.
Gesell. Ber., v. 41, p. 4196-4209.

1903. 1909, TIber die Radloakttvttllt der Gase der wtesoadencr
Thermalquellen: Zeitschr. Elektrochemie, v. 15, no. 19,
p. 751-757, 3 figs.

1904. 1910a, Ueber die Einwirkung von kohlensllurehdltlgem
Wasser auf Gesteine und ueber den Ursprung und den
Mechanlsmua der kohlensllureftlhrenden Therroen:
Zeitschr. prakt. Geologie, v. 18, no. 3, p. 85--94.

1905. 1910b, Uber die Radloaktivltat des Wassers der 'I'her
uialquellen von Wiesbaden: Zeitschr. auorg. Chemie,
v. 65, p.117-135, 2 figs.

1906. 191Oc, TIber die Bestimmung und zweckmllastge Berech
Dung der Radtoaktfvltat von Mlneralquellen : Zeitchr.
angew. Ohemle, v. 23, p. 340-342, 1 fig.

1907. 1910d, Antwort an L. Griinhut .und E. Hintz: zettscn-.
angew. Chemie, v. 23, pt. 2, p.1809-1810.

1908. 1910e, Antwort auf die Dupltk von E. Hintz und L.
Grtinliut : Zeitschr. angew. Chemie, v. 23, pt. 2, p. 2358
2359.

1909. 1916, Uber den Gasgehalt der 'I'aunusgestelne und seine
Bealehung zu den Gaaen der Wiesbadener Thermal
quellen : Zeitschr. Elektrochemle, v. 22, p. 64--69.

1910 1925, tiber die Radtoaktivltat und neuere Untersuchung
der Quellen des Taunus: Zeitschr. angew. Chemie,
v. 38, p.472-476, 2 figs.

1911. Henrich, Ferdinand, and Bugge, Gunther, 1905.. Uber
radloaktive Beatandtelle der Wiesbadener Thermal
queUen: Zeitschr. angew. Ohemle, v. 18, no. 26, p. 1011
1014.

1912. 1912, Beltrtlge zur Kenntnis der Quellenabsiitze (Sin
ter) der Wiesbadener Thermalquellen: Chem.-Zeitung,
v. 36, no. 51, p. 473.

1913. Herget, E., 1866, Die Thermalquellen zu Bad-Ems: Nas
sauischer Ver. Naturkunde Jahrb., 1864-66, nos. 19-20,
p. 1-39, 1 pl.

1914. Bimstedt, Franz, and others, compilers, 1907, Deutschea
Bilderbuch j bearbeitet unter Mitwirkung des Kaiser
lichen Gesundheitsamtes: Leipzig, Germany, J. J.
Weber, 535 p., 13 tables, 1 map.

Contains information on 57 thermal-spring localities.
1915. Hintz, Ernst, and Grunhut, L, 1907 [Chemical and physi

cal-chemical examination of the Kochbrunnen at Wies·
baden] : Naussauischer ver. Naturkunde Jahrb., no. 60,
p. 29-72; 1908, Chern. Abs., v. 2, p. 773.

1916. 1910a, Bemerkungen zuzwei Abhandlungen von F. Hen
rich, betreffend den Wiesbadener Kochbrurmen : Zeit
schr. angew. Chemie, v. 23, pt. 2, p. 1308-1311.

1917. 1910b, Duplik an F. Henrick: Zeitschr. angew. Chemie,
v. 23, pt. 2, p. 2125-2126.

1918. 1910c, Bemerkungen zur vorstehenden Antwort: Zeit
schr. angew. Chemie, V. 23, pt. 2, p. 2359.

1919. Hjelt, C., and Rohr, R., 1859, Chemische Untersuchung des
Mineralwassers im Badehaus zu den Vier Jahreszeiten
in Wiesbaden: Nassauischer Ver. Naturkunde Jahtb.,
no. 14, p. 436-446.

1920. Horstmann, S., 1844, Geologische Verhitltnisse der Sodener
Gegend und ihre Heilquelle: Neues Jahrb. Mineralogie,
Goognosie, Geologie U. Petrefactenkunde, 1844, p. 232
234.

1921. Jennings, A. Vaughan, 1900, The geology of Bad Nauheim
and its thermal salt springs (Hesse): Geot. Mag., dec.
4, v.t, no. 8, p. 349-366, 6 figs.

1922. Kaiserlichen Gesundheits-Amt, eds., 1900, Deutschlands
Heilquellen und Baeder : Berlin, 400 p., 88 Hlua., 1
map. [German, French, and English.]

Describes 50 localities in which the temperature of the
water from springs or wells is 18°C or higher. Includes
map showing the locations of mineral springs.

1923. Kassner, C., 1933, Der Ausbruch des grossen Sprudels in
Bad Nauheim : zettscbr. Korortw., V. 2 p. 369-371.

1924. Kastner, K. W. G., 1827, Zur Kenntniss der Mineralwas
ser : Gedlegener Schwefel zu Ems: Kastner, Archiv
geaamte Naturlehre, v. 11, p. 26&--271 jabs., Jahrb. M!i
neralogle, Geologie U. Petrefactenkunde, V. 21, p. 462.

1925. 1828a, Zur Kenntniss del' Mineralwasser. Ueber Nas
sau's 'I'hermalquellen : Kastner, Archiv gesamte Natur
Iehre, v.13, p. 401-464.

1926. 1828b, Ueber Nassau's ThermalqueUen: Kastner, Archiv
gesamte Naturlehre, v. 14, p. 66-68.

1927. 1832, Kissengen's Hellquellen : Kastner, Archiv Chemie,
V. 5, 1, p. 152-157 j Kastner, Archiv gesamte Naturlehre,
v. 26, p. 425-453, 1834.

1928. 1841, Die vorziiglichsten Heilquellen des Herzogthum
Nassau, ihr physikalische Verhalten und chemische
Gehalt neu geprtlft und untersucht: Jour. Aerzte von
Hufeland u. Osann, v, 92, p. 67-105.

1929. Keferstein, Charles, 1822, Geognosttsche, geologiaehe
Bemerkungen libel' die heissen und warmen Quellen in
Deutschland: Deutschland geogn. U. geol. dargest, 2, p.
7-14.

1930. Keilhack, Ko, 1935, Deutschlands Hellquellen • • • Bo
dens: Medi. Welt, v. 9, p.1-12.

1931. Kerner, G., 1856, Chemische Analyse der heissen Mineral
quelle im Badhause "Zum Spiegel" in Wiesbaden: Nas
saulscher Vel'. Naturkunde, Jahrb., no. 11, p, 179--191.

1932. KiderIen, Helmut, 1953, Zur Entstehung del' Schwarzwald
thermen: Neues Jahrb. Geologie U. Paliiontologie Abb.,
v. 97, p. 496--506, Illus. j 19M, Chem. Abs., v. 48, col 2294 ;
1957, abs., Bibliography and Index of Geology Exclu
sive of North America, V. 20, 1955, p. 275.

1933. Koch, C., 1880, Die Gebirgsformation bei Bad Ems nebst
den 'I'hermalquellen und Erzgangen daselbst: Nassau
Ischer Ver. Naturkunde Jahrb., V. 36, p. 32-56, map.

1934. Kohl, Eo, 1932 [Radium-containing ores and mineral wa
ters in Germany]: zeitschr. Kurortw., V. 2, no. 9, p.
562 j 1935, abs., Am. Water Works Assoc. Jour., v, 27, p.
278-279.

1935. Kortum, C. Jo, 1798, Vollstiindig physische-m.edicinische
Abhandlung tiber die warmen Bader in Aachen und
Burtscheid: Dortmund, Germany.

1936. 1817, Die warmen Mineralquellen und Bader in Aachen
und Burtscheid: Dortmund, Germany.

1937. Lachmann, 1928, Die Landecker Quellen in Lichte neu
ester balneologischer Forschungen: Zeitschr. Wiss.
Baderkunde, V. 2, p. 611--618j abs., Wasser u. Abwasser.
V. 25, no. 4, p. 104.

1938. Labat, A., 1902, Climat et eaux minerales d'Allemagne:
Paris.

1939. Laspeyrcs, 1867, Kreuznach und Diirkheim a. d. Hardt:
Deutsche gool. Gesell. Zeitschr., v. 19, p. 803-922 j v.20,
p.153-204.

Describes 49 mineral-spring resorts j includes data on
principal thermal splings.



BIBLIOGRAPIDC REFERENCES

1940. Lassar, Oscar, 1890, Deutsche Kurorte, Eine Festschrift
flir die Mitglieder des 10th internationalen mediciDi·
achen Congresses im Auftrage der Mllttarbelter : Berlin,
Redchsdruckerte, 285 p., iUns.

1941. Lee, Edwin, 1850, The baths of Rhenish Germany, with
notices of the adjacent towns: London; 5th ed., 1870,
with an appendix on Spa [Belgium] and its mineral
springs: London, J. Churchill.

1942. 1869, The baths of Nassau: Wiesbaden, Schwalbach,
Schlangenbad * * * with a supplement on Homburg
and Nauheim: 5th ed., London Churchill & Sons, 165 p.

1943. Lepsius, R, 1908, Notizen zur- Geologie von Deutschland:
Ver. Erdkunde Darmstadt Notizbl., ser. 4, no. 29, p. 4
34; abs., Neues Jahrb. Mlnerologle, Geologie u. Pala
ontologie, 1911, Referate 2, p. 51-52; Chemi. Zentralbl.,
1911, [pt.] II, p.1551.

1944. Liebig, Justus von, 1845, Untereuehung der Mineralquellen
von Soden: Frankfurt, Germany.

1945. 1851, Chemische Untersuchung der Schwefelquellen
Aachena : Aachen and Leipzig, Germany.

1946. Lindenborn, A., and Schuckart, J., 1858, Untersuchung
del' Mlneralquelle in Schutzenhof zu Wiesbaden:
Nassauischer Vel'. Naturkunde Jahrb., no. 13, p. 53-63;
1860, abs., Neues Fahrb. Mlneralogle, Geologie u.
PaUiontologie, p. 569.

1947. Link, Erwin, 1930 [The Cannstatt-Stuttgart mineral
springs] : Gas- u. Wasserfach, v. 73, p. 220-226, 253-257 j

Chern. Abs., v. 24, p. 2519.
1948. Lohr, Fr., 1800, Versuch elner kurzen Besehrelbung von

Wiesbaden und seiner Mineralquellen: Darmstadt, Ger
many, 1 pl,

1949. Ludwig, R., 1853, Ueber die warmen Solquellen Nauheims:
Oberheissen Gesell, Naturk- u. Hetlkunde Bel'. 3, p. 2-11,
1 pl.

1950. 1855a, Del' Solsprudel zu Nauheim: Ver-. Erdkunde u.
verwandte Wiss. Darmstadt Notizbl., no. 12, p. 82-84, 1
profile.

1951. 1855b, Die Sprudelquellen zu Neuheim: Oberheissen
Gesell. Naturk.- u. Hetlkunde Bel'. 5, p. 42-47; supp.
p. 6&-70, 1 pl.

1952. 1863, Die warmen Mineralquellen zu Ems empfangen
ihre hdhere Temperatur durch in del' Erdoberflllche
vorgebende chemische Process: Vel'. Erdkunde u. ver
wandte Wiss. Darmstadt Nottsbl., no. 17, p. 73-74.

1953. Lupon, Friedrich Freiherrn von, 1897, Quellentempera
turen in Oberbayern : Phys.-Skon. Gesell. Konigsberg
Schr. v. 38, p.1-36, map.

1954. Marek, W. von del', 1879, Sol-Therme von Werries bei
Hamm: Naturh. Vel'. preusslschen Rheinland Verh.,
v. 36, p. C 79.

1955. Martin, Alfred, 1906, Deutsches Badewesen in Vergang
enen Tagen: Jena, Germany, E. Diederichs, 448 p-, 159
mus.

1956. Mestwerdt, A., 1916, Die geologischen Verhiiltnisse del'
Heilquellen von Bad Oeynhausen: Naturh. Vel'. preussi
schen Rheinland, Verh., v. 72, p. 97-117, figs.

1957. Meyer, Lothar, 1864, Chemische Untersuchung del' Ther
men zu Landeck in del' Grafschaft Glatz: Jour. prakt.
Chemie, v. 91, no. 1, p. 1-15.

1958. Michels, Franz, 1926, Del' Ursprung del' Mineralquellen
des Taunus: Senkenb. natorf. Gesell., v. 56, p. 225-238.

1959. 1954, Zur Geologie del' Wiesbadener Mineralquellen:
Deutsche geol. Gesell., Zeitschr., v. 106, pt. 1, p. 113--117.

319
1960. Monheim, J. P. J., 1829, Die Heilquellen von Aachen,

Burtscheld, Spaa, Malmedy, und Hetlstetn, in ihren
hlstortsche, geognottache, physikalische, chemische,
medlcaltsche Beziehungen: Aachen and Leipzig, Ger
many,lmap.

1961. Morsbach, 1900, Die Oeynhauser Thermalquellen (Lippe) :
Verh. naturh. Vel'. preussischen Rheinland, v. 57, p. 12
36.

1962. Mueller de Ia Fuente, E., 1906, The thermal springs of
Schlaugenbad : Wiesbaden, Germany. [English.]

1963. Nathan, Hans, 1949, Geologtsche Ergebnisse del' Erd61
bohrungen im Bayerischen Invlertel : Geologica Ba
varlca [Munich], no. 1, 68 p-, 1 pl., 5 figs., 6 tables.

1964. Noeggerath, J. J., 1849, Geloglsche Orgeln und die Ther
malquellen von Burtscheid : Deutscher Naturf. u. Aerzte,
25 vera., Aachen 1847, AntI. Ber., 24.

1965. 1862, Del' grosse intermittirende wasserspmdel zu Bad
Neuenahr und del' Ahr: Annalen Physik u. Ohemle
(Poggendorff), v.115, p.169-174:

1966. 1884, Die intermittirende helsse Springquelle zu
Neuenahr in del' Rheinprovinz: Neuer Abdruck: Naturh.
Vel'. preusalschen Rhelnlande verh., v. 41, p. 251-260.

1967. Osann, Emil, 1829-32, Physfkalfsch-mediclntache Daratel
lung del' bekannten Heilquellen des voratlglichaten
Landes Europas: Berlin, v.l, 1829 j v. 2,1832.

1968. Pax, Ferdinand, 1940, Biologie del' deutschen Schwefel
quellen: Deutsche Mtneralwasser-zettung, v. 44, p. 241.

1969. 1946, Die Mlneralquellen des Glatzer Berglandea und
ihre Fauna: Senckenb. naturf. Gesell., v. 27, no. 4-6,
p. 89-110, 1 fig.; 1950, abs., Bibliography and Index of
Geology Exclusive of North America, v, 14, 1949, p. 197.

1970. Pax, Ferdinand, and 806s, Arpad, 1943, Die Nematoden
del' deutschen Schwefelquellen und Thermen: Archiv
Hydrobtologle, v. 40, p. 123-183.

1971. Pax, Ferdinand, and Tischbiereck, Hlldegord, 1940, Die
Fauna deutscher 'I'hermen nach Untersuchungen in
Bad Blauda : Del' Balneologle, v. 7, p. 281-303.

1972. Pax, Ferdinand, and Wulfert, Kurt, 1941, Die Thermal
fauna des Riesengebirges: Lotos, v. 88, p. 1-22.

1973. Peez; August Heinrich, 1833, Mineral wells of Wtesbaden
and their sanative efficacy: Darmstadt, Germany.

1974. Philippi, C. W., 1852, Untersuchung des Fuulbrunnenwas
sera zu Wiesbaden: Nassauischer Vel'. Naturkunde
Jnhrb., no. 8, p. 90-94.

1975. 1855, Berichtigung del' Analyse des Faulbrunnenwas
sers zu Wfesbaden : Nassauischer Vel'. Naturkunde
Juhrb., no. 10, p. 379.

1976. Polstorf, 1854, Ohemlsehe Analyse del' Elisabeth-QueUe
zu Kreuznach und del' Mutterlauge del' Saline MUnster
eam Stein: Naturh. Vel'. preussischen Rheinland Verh.,
v. 11, p. 223-224.

1971. Prleger, J. E. P., 1853, Kreuznach, seine jod- und brom
haltige Elisabethquelle und Mutterlauge: Kreuznach,
Germany.

1978. Reumont, G., and Monheim, J. P. J., 1810, Analyse des
eaux suIfureuses d'Aix-Ia·Ohapelle [Aachen]: Annales
chimie, v. 76, p. 226-232; Bull. pharmacie, v. 3, p. 11-15,
1811.

1979. Ritter, G. IL, 1800, DenkwUrdigkeiten del' Stadt Wies
baden und del' benachbarten Gegend in vorzUglicher
Hinsicht ihrer samtlichen Mineralquellen: Mainz,
Germany.



320 THERMAL SPRINGS OF THE UNITED STATES AND OTHER COUNTRIES OF THE WORLD

1980. Robert, Airne, 1857, Description tcpographlque, medlcale
et chimique des bains de Baden-Baden : Strassburg,
Germany.

1981. Sandberger, F., 1859, Die Bohrung auf Kohlensilure
haltiges Solwasser zu Soden im Herzogthum Nassau:
Deutscher Naturf. u. Aerzte 30 Verso Carlsruhe, Amtl.
Ber., p. 64-66 r aba., Neues Jahrb. Mineralogle, Geologie
u. PaUiontologie, 1859, p. 46-50.

1982. Sandberger, G., 1960, Versuch das geologlsehe Alter einer
'I'herme, derjenigen von "wlesbaden" zu bestlmmen :
Deutsche geol. Gesell. Zeitschr, v. 12, p. 567-572, 3 figs.

1983. 1861, Wiesbaden und seine 'I'hermen. Eine natur
historische Schtlderung : Wiesbaden, Germany, 80 p.,
ilIns; abs., Neues Jahrb. Mineralogte, Geologie u.-Pa
liiontologic, 1861, p. 601.

1984. Schloemer, Alfons K., 1933 [Activity of nonpathogenic
bacteria utilizing mineral matter in the thermal water
of Ai~-les-Bains (France) and Aix-Burtscheid. I.]:
Zeitschr. Untersuchung Lebensmittel, v, 65, p. 470-476;
1934, Chern. Abs., v. 28, col. 2382.

1985. 1936 [The action of nonpathogenic organisms in the
thermal waters of the baths of Aachen and Aachen
Burtscheld. II]: Zeitschr. Untersuchung Lebensmittel,
v, 71, p. 268-273; Chern. Abs., v. 30, col. 5607.

1986. Schmidt, A., 1904, Ueber die RadioaktivWit einiger Siiss
wasser-, Mtneral-, und 'I'hermalquellen des Taunus: Kg!.
Real-gymnasiums Wiesbaden, Jahresber.l0 ff.

1987. Sehbnhals, Ernst, 1933, Das Auftreten del' Mmeralquellen
bet Bad Neuheim, erlautert an Hand del' Neuen geo
logischen Spezialkartierung : Deutsche geol. Gesell.
Zeitschr., v. 85, p. 545-553, 2 figs.

1988. 1936, Geologie die Umgebung von Bad-Nauhetm und
Friedberg (Oberh.) unter besonderer Bertlckalchtlgung
der TertHirablagerungen: Univ. Glessen, dissert., 134 p.,
9 pls., 22 figs.; Hessische geol. Landesanst. Darmstadt
Abh., v. 9, no. 1, 134 p.; 1938, abs., Bibliography and
Index of Geology Exclusive of North America, v. 5,1937,
p.267-26S; 1939,v. 6,1938,p. 258.

1989. Schott, Theodor, 1894, The mineral waters of Nauheim:
London.

1990. Schreiber, F., 1855, Beitrag zur Kenntniss der Nauheimer
Solquellen : Eialeben, Germany. Bergwerlrafreund, v.
18, p. 649-672.

1991. 1857, Die neue Fassung and das Verhalten des Sol
sprudels NO.7 in Nauhelm : Vel'. Erdkunde u. verwandte
Wiss. Darmstadt Notizbl., pt. 1, no. 6, pt. 41-45.

1992. Schreiter, Rudolf, 1938, Thermen bei Freiberg?: Naturw.
Ver. Freiberg Mitt., v. 3, p. 17-19; 1939, abs., Neues
Jahrb. Mineralogte, Geologie u. Palilontologle, 1939,
Referate 2, p. 86.

1993. Schulz, A., 1852, Mikroskopische Untersuchung del' wich
tigsten Mineralquellen von Nassau: Nassauischer Ver.
Naturkunde Jahrb., no. 8, pt. 2, p. 49-89, 2 pIs.

1994. Schuster, Mattheus, 1940, Der Schonborn-Sprudel und
andere Altere Solequellen bei Bad Kissingen; die
Geschichte ihrer Erschliessung und ihre geologische
Bedeutung: Reichsanst. Bodeniorschung Zweigstelle
MUnchen Mitt., no. 36, p. 1-95, 18 iUus. geol. map; 1944,
abs., Zentralbl. Mineralogie. Referate 2, no. 4, p. 373;
1950, Annot. Bibliography Econ. Geology, 1944, v. 17, p.
286, 1950; 1951, Bibliography and Index of Geology
Exclusive of North America, v. 15, 1950, p. 261.

1995. Sieveking, H., and Lautenschlager, L., 1912, tiber Helium
in Thermalquellen und Erdgasen: Phys. Zeitschr., v, 13,
p. 1048-1051, 1 fig.

1996. Spengler, L., 1856, Brunneniirtzliche Mitteilungen libel' die
Thermen zu Ems : 3 ed., Ems, Germany.

1997. Stiebel, F., 1840a, Soden und seine Hellquellen : Frank
furt, Germany; another ed. 1844.

1998. 1840b, Masse Bildung durch Gallionella in Sodener Salz
Brunnen : Neues Jahrb. Mineralogle, Geologie u. Palil
ontologie, 1840, p. 504.

1999. Stifft, C. E., 1831, Geognostlsche Beschreibung des Her
zogthum Nassau mit besonderer Bezlehung auf der
Mineralqtiellen dleaes Landes: Wiesbaden, Germany.

2000. Suchland, Rudolf, and Valentin, Wilhelm, 1858, Unter
auchung del' hetssen Mlneralquelle im Badhaus zum
goldenen Brunnen in Wiesbaden: Nassauischer Vel'.
Naturkunde, Jahrb., no. 13, p. 2&-40.

2001. Thilesius, H. C., 1817, Ems und seine Heilquellen: Wies
baden, Germany.

2002. Thuerach, H., 1913, Exkursion nach Baden-Baden:
Deutsche gaol. Gesell. Zeitschr., v. 65, pt. B, l\fonatsber.,
nos. 8-10, p. 489-508, 3 figs.

2003. Trommsdorff, J. B., 1824, Ueber die Mineralquellen des
steinernen Bauses zu Bad Ems: Bonn, Germany, J. J.
Noeggerath, Das Gebirge in Rheluland-Westfalen nach
mineralcgtschen und chemlsehen Besuge, v. 3, p. 216
224,2 figs.

2004. Tutkowski, Paul, 1924, Geysirspuren in ukrainischen Po
lessie: Deutsche geol. Gesell. Zeitschr., Mouatsber., no.
75, p. 218-219.

2005. Vollpracht, F., 1857, Ghernlsche Aualzse del' heissen QueUe
des Badehauaes der "Vier Jahreszeiten" in Wiesbaden:
Nassaulseher Ver. Naturkunde Jahrb., no. 12, p. 411-419.

2006. Wagner, Julius, 1951, Zur Geographie del' Baderstadt
Nauheim: Geog. Rundschau, v. 3, no. 3, p.115-118, iUus.;
1955, abs., Bibliography and Index of Geology EXclusive
of North America, v.19,1954, p. 510.

2007. Weiss, Otto, and Groedel, J., 19m, Bad-Nauhelm, seine
Kurmittel und deren Anwendung * * • Friedburg and
Bad-Nauhelm, Germany, O. Bindernagel, 93 p-, front.,
pls., map, diagrams.

2008. Weithofer, K. A., 1938, Zur Geologie und Entstehung der
Schwefelquellen : Berg> u. htittenma. Monetsch., v. 86,
no. 5, p. 89-97.

2009. Weizsacker, 'I'h., 1913, Ueber die WiJdbader 'I'hermalquel
len: Vel'. Naturkunde Wiirttemburg Jahrb., v. 49, p. 41
48, 1 fig.

2010. Werveke, L. van, 1909, Das Vorkommen von Mineral
und Thermalquellen im lothringtschen und Iuxembur
gischen Buntsandstein und die l\foglichkeit der Auf
schltesaung von warmen Quellen im Moseltal: Geo!.
Landesanst. von EIsass-Lothringen Mitt., v. 7, p. 91
114, 1 table.

2011. 1913, Die Richtung der Nauheimer Thermalquellen
spaIte: Zeitschr. prakt. Geologie, v. 21, no. 1, p. 49-54-,
5 figs.

2012. Wilckens, 0., 1927, Geologie der Umgegend von Bonn:
Berlin, Gebriider Borntraeger, 273 p., 10 pIs., figs.

2013. Wildenstein, Robert, 1852, Ueber das Vorkommen del'
Borsiiure in del' Aachen Kaiserquelle: Erdmann Jour.
prakt. Chemie, v. 55, p.165-166; 1854, abs., Neues Jahrb.
M1neralogie, Geologie u. PaUiontologie, Jahrg. 1854, p.
184.



BIBLIOGRAPffiC REFERENCES

2014. Way, R., 1910 [Reinerz bath in Schlesien and its new heal
ing springs] : Zeitschr. offent!. Oherule, v. 10, p. 181-192
[German] j 1911, Chern. Abs., v. 5, p. 3484.

See also references 32, 62,322, 571. 1279, 1285, 1287, 1291, 1293,
1543, 1669, 1687, and 1699.

GREECE AND ALBA.NIA

2015. Baird, Henry Martyn, 1856, Modern Greece: a narrative
of a residence and travels in that country, with observe,
tions on its antiquities. literature, language, politics,
and religion: New York, Harper & Bros., p. 13-380! 60
Jllus., map.

Mentions ruins of ancient baths at Epldaurus, the two
hot springs at Thermopylae, and springs at Neo-Patras.

2016. Cochrane, George, 1837, Wanderings in Greece: London,
Henry Colburn, 2 v., rronts., pls., map.

o Mentions some of the thermal springs.
2017. Crosby, Francis William, and Crosby, William Otis, 1896,

The sea mills of Oephalonia [Greece]: Massachusetts
Inst. Technology [Cambridge], Technology Quart., and
Soc. Arts Proc., v. 9, p. 6-23, 3 figs.

Mentions thermal springs in several localities.
2018. Dambergris, A. K., 1892, Ueber die M:ineralquellen von

Aedipsos: Deutsche ehem. Gesell. Ber., v. 25, p. 99.
2019. 1896, Die neuen heissen Quellen von .s.edtpsoa und

Gialtra, entstanden beim Lokrischen Erdbeben 1894:
Tschermak's mlneralog. u. petrog. Mitt., new ser. v. 15,
p.385-393.

2020. 1908, TIber einige Schwefelquellen, Solquellen, und
alkalischen Quellen von Griechenland: Pharm. Post, v.
42, 19/2, Nov., p. 157; Pharmazent Lab., Athens; 1909,
abs., Chern. Zentralbl., 1909 [pt.] I, p. 1192.

2021. Emmanuel, Emmanuel, 1925 [New Grecian mineral
spring] : Archiv Pharmazle, v. 263, p. 191-193; Chern.
Abs., v. 19, p. 2096.

2022. 1927 [Mineral waters of Loutraki] : Archiv Pharmazie,
v. 265, p. 550-'554; Chern. Abs., v. 21, p. 3996.

2023. Pouque, Ferdinand Andre, 1879, Santorin et ses eruptions:
Paris, G. Mason, 440 p., 61 pls.

Contains information on hydrothermal activity in
the vicinity of Santorin volcano.

2024. Georgalas, G. C., 1922, Carte des eaux mlnerales de la
Grece : Bur: geologie Grece Pub. 5, 14 p., Map. [Greek,
French summary.]

2025. 1940, Die postvulkanlsche Fumarolentlitigkeit und
wtlrmehaushalt des Santorin-Vulkans: Bull. volcancl,
ser. 2, 6, p. 237-242, 3 pIs; 1950, abs., Bibliography and
Index of Geology EXClusive of North America, v. 14,
1949, p. 91.

2026. Georgiades, A. N., 1947, Les thermes de "Vulcatn" dans
l'ile de Lemnos: Geol. Pays Hellenlquea, v. 1, p. 194-203.
[Greek, French summary.]

2027. Gorceix, H., 1874a, Phenomenes volcaniques de Nisyros:
Acad. sci. [Paris] Oomptes rendus v, 78, p. 444-446.

Mentions the fumaroles produced by an eruption
in 1873.

2028. 1874b, Aperqu geologique sur I'fle de Kos : Acad. sci.
[Paris] Oomptes rendus, v. 78, p. 565-568.

Mentions the 'boiling mineral springs on the coast.
2029. 1874c, Sur I'etude des fumerolles de Nisyros et de

quelques-una des produits de l'eruptlon de 1873: Acad.
sci. [Paris] Oomptes rendus, v. 78, p. 1309-1311.

2030. 1874d, Etude des fumerolles de Nisyros et de quelques
uns des produits des eruptions dont cette Ue a ete Ie

321
siege en 1872 et 1873 : Annales chlmle et physique, ser. 5,
v. 2, p. 333:-354.

2031. Government of ~lbania, 1928, Karte von Albanien: SCale
1 : 200,000.

Shows the locations of 20 springs, of Which 3 are
indicated to be thermal.

2032. Makres, K., and Kopakakos, G., 1931 [The adamantine
mineral waters of the island of Milos '(Greece)]:
Praktlka (Akad. Athenon), v. 6, p. 210-214; 1933, Chern.

. Abs., v. 27, p. 3266.
2033. Pertessis, Michel L., 1923, Les eaux mlnerales de M~

thana: Bur. geol. Grece Pub. 9, 38 p. [Greek, French
summary.]

2034. 1924, Les eaux mlnerales de Kaiapha: Service geol.
Grece Pub. 11, 21 p. [Greek, French summary.]

2035. 1925, Les eaux mtneralea de Langaza : Service geol.
Grace Pub. 13, 17 p. [Greek, French summerv.j

2036. 1926, Sur Ia radioactivite des eaux mtnerales de Kamena
Vourla: Service geol. Grece Pub. 16, 52 p. [Greek.
French summary.]

2037. 1930, Les eaux mtcerares de Srnocovo, Thessalie:
Service geol. Greee Pub. 17, 42 p. [Greek, French
summary.]

2038. 1932, Les eaux mlneralea de I'fle de Lesbos: Service
geol. Grece Pub. 20, 38 p. [Greek, French summary.]

2039. 1934, Sur la radioactivite des sources minerales de
Grece: Acad. sei. [Paris] Comptes rendus, v. 198, p.
1053-1055.

2040. 1937, Sources therrno-minerales de Grece : Service geol.
Grece Pub. 24, 112 p., 2 pls., map. [Greek, p. 5-88;
French, p. 89-112.]

Contains chemical analyses of water from 28 thermal
springs in 18 localities.

2041. 1939, Sur les sources thermales radioactives de i'ne de
Nikaria: Praktfka (Akad. Athenon), v. 14, p. 156-163,
2 pls. [Greek, French summary]; 1940, abs., Ohern.
zentratbl., 1940 [pt.] I, 3506.

2042. 195-2 [Stability of chemical composition and tempera
ture of Greek hot springs] : Praktika (Akad. Athenon),
v. 26, p. 25-38 [Greek, French 'summary] ; 1954, Chern.
Abs., v. 48, col. 1910.

2043. Washington, Henry Stephens, 1924, Notes on the solfatara
of Sousaki (Greece), a recent- eruption at Methana
(Greece), and recent maccaluba at vulcano (Italy):
Jour. Geology, v. 32, no. 6, p.460-462.

See also references 1293, 3252, and 3290.

HUNGARY

2044. Bamlaky, Geza, 1928, Die geachlchtlichen und wirschaft
lichen Verhtlltnlsee del' Budapeeter Buder und Mineral
wasser: Hidro16giai KozlOny, v. 4--6 (1924-26), p. 21-26
[Hungartan'l, p.11Q-117, 2 pIs. [German].

2045. Dalmadv, Zolt3.n V.,. ed., 1929, The spas and waters of
Hungary: Budapest, Hungarian Balneol. Soc., 159 p.
[English.]

A collection of eight papers on mineral springs and
their uses, including three (by Julius v. Benczur, Z. v.
Vamossy, and Johann Kunszt) containing information
on thermal springs.

2046. Ebner, J6zsef, 1934, A budapesti Hungarta forriis vizho
zama : Hidro16giai Kozlony, v. 13, p. 55-60, 1 pl., 2 tables;
Del' Wasserertrag del' Hungaria-Quelle in Budapest, p.
61-66.



322 THERMAL SPRINGS OF THE UNITED STATES AND OTHER COUNTRIES OF THE WORLD

2047. Einezinger, Ferenc, 1932, Esztergom melegforrAsai [Ester
gam hot springs] : Hidro16giai KBzlOny, v. 12, p. 82-84,

1 fig.
2048. Emszt, Kalman, 192&. Vorausgehende Untersuchung des

Hajduszoblosz16er .Thermalwassers: HidroI6giai Koz
Why, v, 4-6 (1924-26), p. 65--66] [Hungarian].

2049. 1928b [Newest chemical analysis of the thermal springs
of Harkany, Hungary] : Balneol. ErtesitB, v. 13, p. 7-9.
[Hungarian] ; 1929, Chern. Abs., v. 23, p. 798.

2050. 1929, A dunalmaasi langyos forrasok vegyi Vizsgalata:
Hidro16giai KQzlOny, v, 9, p.l04-106.

2051. 1932, A Rudasflirdo forrasainak vegyi etemsese: Hidr6
16giai Kozlony. v. 12, p. 110-117 [Hungarian]: Chemi
ache Analyse der Quellen des Rudas-Bades, p. 117-119
[German summary] ; 1933, Chern. Abs., v. 27, p. 4326.

2052. 1934, Analyse der Quellen des osasser-Bades: Hidro
16giai KozlOny, v. 13, p. 77-86 [Hungarian, German
summary] j 1934, Ohern. Abs., v, 28, col. 5555.

2053. 1936, Chemische Untersuchung del' neu erbohrten
Quellen del' Szent Imre- und Rudas-Bilder : Hidrol6giai
KozlOny, v.16, p.44-50. [German.]

2054. Frank, Miklos, 1950 [The catalytic effect of mineral wa
tel's]: Hidrol. KozlOny, v. 30, p. 416-427 [Hungarian] j

1951, Chem. Aba., v.45, col. 8680.
2055. Horusitzky, Heinrich, 1926, Hydrogeologie und National

dkonomlsehe Zukunft del' Thermen von Tata und Tova
ros: Jahrb. Kgl. ungarfschen gecl. Anstalt Mitt., v. 25,
p. 35-95, 1 pI.

2056. Hunkar, Bela, 1942, Die chemtsche Zusammensetzung del'
Budapester Hellquellen : Wiener med. Wochenschr., v.
92, p. 853-856; 1943, abs., Chern. Zentralbl., 1943 [pt.]
I, p. 1254.

2057. Jasko, Sandor, 1935, A Papal-Bakony Hidrol6gilija: Hi
drol6giai KozlOny, v. 15, p. 205-211 [Hungarian] j Hy
drologie Bakony-Gehlrges bei Papa, p. 212, 3 figs.
[German summary.]

2058. Kaleesinszky, A. v., 1898, Die chemtsche Analyse del'
wahrend del' Vorabeiten betm Brtiekenkopfe am
Schwurplatze von Budapest ausgebrochenen ertcstscnen
Thermen: FOldtani KozlOny, v. 28, p. 306-311 [Hun
garian], p. 343-349 [German].

2059. Kender, Joszef, 1940 [The lukewarm spring of Budapest] :
Htdrolcglat KozlOny, v. 20, p. 216--221 [Hungarian] j

1941, Chern. Abs., v. 35, col. 7591.
2060. LocZy, Lajos, 1937, Die tektonischen und hydrolisehen

Verhdltnlsse del' Gegend zwischen Balatonfiired und
Aswfo, mit besonderel' Berficksichtigung del' Erschlies·
sung des Kohlendioxydgases und Sauerwassel's: Jahrb.
kgl. ungarischen geol. Anstalt Mitt. (Magyar Kiralryi
FOidtani Int. Evkonyve), 192~2, p. 71-158, 4 pis., 15
figs. [Hungarian, German summary] j 1939, abs., Bibli
ography and Index of Geology Exclusive of North
America, v. 6, 1938, p..173. •

2061. Palfy, Moritz v., 1909, lIbel' das Aufsteigen del' Thermal
wasser an die Oberfliiche: FOldtani KozlOny, v. 39, p.
16--17 [Hungarian]; p. 103-110 [German].

2062. Papp, Ferenc, 1936, Asm'inyvizeink ~s a fOld alkata: Hi
drol6giai KozlOny, v. 16, p. 136--152 [Hungarian] j

Zusammensetzung del' Mineralwasser und Beschaffen
heit des Rodens, p. 153-154, 2 figs. [German summary.]

2063. 1937, Die warmen Heilquellen von Budapest: Hidro
16giai KozlOny, v. 17, p. 79-282, 70 figs. [German] j 1939,
abs., Neues Jahrb. Mineralogie, Geologie u. PaUionto
logie, Referate 2, 1939, p. 629-630.

2064. Papp, Ferenc, 1949, Les eaux medlclnalea de Ia Hongrie
(SUite et fin): Hidrol6giai KozlOny, v. 29, p, 295-300,
5 flgs., 5 tables.

2065. 1951, Les eaux medlclnales de Ia Hongrie: Iutemat.
Union Geodesy and Geophysics j Assoc. Sci. Hydrology,
Oslo 1948, Trans., v. 3, p. 154-167, 4 flga., 4 tables.

Contains analyses of water from 11 warm and 13 hot
springs. Spring locations are shown on map.

2066. Papp, Karl Vo, 1903, Die Umgebung von Alvacza und
Kazanesd im Komltdt Hunyad: Jabrb. kgl. ungartachen
geol. Anstalt Mitt., v. 10, p. 70-104, 6 figs.

2067. Sarlo, Karoly, 1947 [Sulfur content of Budapest thermal
springs]: Magyar Kern. Lapja 2, p, 276--279 [Hungar

. ian] j 1948, Ohern. Abs., v. 42, col. 3103.
2068. 1942 [Chemical evaluation of mineral waters] : Magyar

Kern. Lapja 3, p. 144-145 [Hungarian] j 1949, Chem,
Abs., v. 43, col. 8077.

2069. 1949 [The chemical composition of the mineral water
wells of Margitsziget, Budapest] : Hidrol6giai KozlOny,
v. 29, p. 90-94 [Hungarian] ; 1950, Chem. Abs., v. 44, col.
6551.

2070. Schafarzik, Feranc, 1920a, Helssquellenfltlehtlinge am
Fusse des geent-oenert (Blocks) Berges zu Budapest:
FOldtani Kozlony, v. 50, p. 79--83 [Hungarian], p. 13-7
142 [German], 3 figs.

2071. 1920b,"Ober eine un:beachtet Gebliebene QueUe des
Budapeater Thermalen Wassernetzes: FOldtani Kozlony,
v. 50, p, 83-85 [Hungarian], p.142-144 [German], 2 figs.

2072. 1928a, Die geologische und graphtsche Darstellung del'
Mlneralwasaerquellen von Budapest: Hidrol6giai Koz
IOny, v.4-6 (1924-26), p. 14-20 [Hungarian], p.104--1I0
Iuermanj.u pI.

2073. 1928b, Ueber die jodhaltlge Therme von Hajduszoboszlo,
Komitiit Hajdu, Ungarn: Hidrol6giai Kozlony, v. 4-6
(1924-26), p. 61-64 [Hungarian], p.137-146 [German].

2074. Sehreter, Zoltan, 1912, Die Spuren del' Tiitigkeit Terti
nrer und Pleistoziiner ThermalqueUen in Budaer Gebirge
(with chemical analyses by R. BaUo): Jahrb. kgl.

ungartschen geol. Anstalt Mitt., v, 19, p. 199-262, 1 pl.,
1 fig.

2075. 1926, Die lauen Thermen von Eger (Erlau): .Iahrb.
kgl. ungarischen geol. Anstalt Mitt., v. 25, p. 101-124;
1 pl. 2 figs.

2076. Societe d'Impzimiere par actions, 1878, Les eaux mtnerales
de la Hongrie: Budapest, 147 p.

2077. Szalai, Tibor, 1949 [Origin and heat content of juvenile
ingredients of Hungarian thermal waters] : Hidrol6giai
KozlOny, v. 27, p. 73-77 [Hungarian] j 1950, Chern.
Abs., v. 44, col. 6056. ~

2078. 1951, Origin of the "juvenile" substances of the thermal
waters in Hungary and their quantity of heat: Internat.
Union Geodesy and Geophysics; Assoc. Sci. Hydrology,
Oslo 1948, Trans., v. 3, p. 181-187, map.

2079. Than, Karl, 1876, Analyse der Harkanyer Therme:
Tschermak's mineralog. petrog. Mitt., p. 1-12..

2080. VendI, Aladar, 1928, Ueber die geologischen Verhiiltnisse 
del' Somlyo- und del' Siarhegy-Berge und ihre einstigen
Thermen: Hidrol6giai KozlOny, V. 4-6 (1924-26), p. 37
44, [Hungarian], p. 124-133 [German], 1 fig.

2081. Ville de Budapest, 1916, Bain Szechenyi-Budapest, source
hyperthermale sulfureuse, ouverte toute l'ann~e.

Propri~t~ de la Ville de Budapest Capitale-ResideJ?ce:
BUdapest, 14 p., 40 pIs.



BIBLIOGRAPillC REFERENCES 323

•

2082. Vitalis, So, 1934, Die hydrogeologischen Verhii.ltnisse des
Bades Sikindaflirdo und seiner Umgebung: IDdro
16giaiKozlOny. v.is, p. 38-54.

2083. Weszelszky, GYUla,1928, Die chemlschen Verhiiltnisse der
Budapester Mineralquellen: Hidro16giai KozlOny, v, 4-6
(1924-26), p. 27-32 [Hungarian], p. 11B-119 [German].

2084. 1932 [Radioactivity of the hot springs near Rudas Bath
at Budapest]: Htdrclogtat KozlOny, v. 12, p. 120-124
[Hungarian] ; 1933, Chern. Abs., v, 27, p. 4163.

2085. 1936, A budapesti hevizek radiumemamlci6tartaI.mAnak
eredeterol : Ueber den Ursprung' des Radiumemanation
gehaltes der Budapester Thermen: Hidro16giai KozlOny.
v. 16, p. 5-29, map. [Hungarian and German.]

See also references 1285, 1291, 1293, 2008.

ITALY

2086. Allen, Eugene Thomas, 1939, The Tuscan so:flioni; a re
view [abs.] : Am. Geophys. Union Trans., 20th Ann. Mtg.,
pt. 3, Bepts, and Papers, Volcanology, p- 430.

2087. Anderson, Tempest, 1905, Recent changes in the crater of
Stromboli: Royal Geog, Soc. [London] Jour., v. 25, p.
I23-I29, 11 pls., map.

2088. Andres, Angelo, 1905-06, Sulla formazione del fango ter
male di Bormio: R. Ist. lombardo sci. e lettere Rend.,
v. 38, p. 95B-970, 1 pi. ; v, 39, p. 301-316.

2089. 1907, Di alcuni microorganismi, probabilmente nuovi,
esestenti nel fango termale di Bormio: Oong. naturalisti
italiani Atti,l906, p.1-10.

2090. Anonymous, 1930, The mineral waters of Sardinia [abs.] :
Water and Water Engineering [London], v. 32, p.48.

2091. Ancnymeus (editorial), 1951, Natural steam power plants
in Italy rebuilt: Chern. Eng. News, v. 29, no. 16, p, 1552.

2092. Ayres, Eugene, and Scarlett, Charles A., 1952, Energy
'SOurces-the wealth of the world: 1st ed., New York,
McGraw-HiU Book oo., 344 p., tront., Illus., tables.

Includes description of the development of steam wells
at Larderello. Also mentions development of natural
beat from thermal waters in Iceland, Oregon, and New
zealand.

2093. Betti, Mario, and Bonino, G. B., 1923, Esame chimico
fisico ed analise dell' acqua del Doccione del Bagnt Caldi
(Bagni di Lucca) : Gazz. ehim. italiana, v. 53, p. 437
452, 1 pi., 9 tables.

2094. Bizio, Giovanni, 1877, Analise chimica delle acque termall
Eugunee : R. Ist, veneto de sct., Iettere ed Arti Atti, ser.
5, v. 3, desp. 3,p. 307-338.

20915. Bragagnelo, Giuseppe, 1934 [Analysis of the hot springs
of Val Calaona (Padova)] : Annali chimica appl., v. 24,
p. 62B-630; 1935, Ohern. .s.bs.,v. 29, col. 4109.

2096. 1937 [The mineral waters in the province of Udine] :
Annali chimica appl., v. 27, p. 59-73 j Chern. Abs., v. 31,
coi. 5489.

2097. 1948 [The radioactive waters of Bormio in Valtellina] :
Annali chimica appl., v. 38, p.179-194; 1949, Obem. Abs.,
v.43, col. 4565.

2098. Bragagnolo, Giuseppe, and Carraro, Eo, 1936 [The thermal
springs of Colli Euganei] : Annali chimica appl., v. 26,
p. 185-193; Chem. A1>s., v. 30, col. 7734.

2099. Cabella, Antonio, 1908, Risultati dell'analisi dell'acque
termo--mineral della Sorgente San Calogero nell'Isola di
Lipari: Soc. naturalisti Napoli Boll., v. 22, p. 38--44.

2100. Carlevaro, Enzo, 1941, L'utilizzazione Industrtale delle
acque terma1li: Oeoasica pura e appli. [Milano], v. 3,
no. 1, p. 29-31. .

2101. 1M2, n decisivo contributo Italiano allo sfruttamento
delle aeque termali: Geofisica. pura e appli. [Milano]. v.
4, no. 1, p. 5-14; abs., Annot. Bibliography Econ. Geology,
v. 17, 1944, P. 267, 1950.

2102. Carobbi, Guido, 1951 [Some products of the Vesuvian fu
maroles]: Soc. mtneralog. Italiano Rend., v. 7, p. 43
44 [Italian] ; 1953, Chem. .&bs., v. 47, col. 2090.

2103. Carobbi, Guido, and Cipriani, Co, 1954, Geochemlsehe Un
tersuchungen tiber die Quellen von Montecatini-Terme
(Pistoia, !talien) : Fortschr. Mineralogie, v. 32, p. 86;
1957, aba, Bibliography and Index of Geology Exclusive
of North America, v. 20,1955. p- 85.

2104. Carretta, Umberto, 1954 [Recent studies on eugenic
(Euganean) hyperthermal waters]: Annali chimica.

Ilppli., v. 44, p. 407-423 [Italian]; 1955, Ohem. Abs.,
v. 49, col. 3447.

2105. Casciani, Paolo, compiler, 1907, Le acque mtnerau
d'Italia: Rome, Ministero Interno, Direzione Gen.
Sanita Pubblfca, 370 p., illns. [Italian and French.I

IOontains information on 131 bathing resorts and their
springs, including 71 classed as thermal.

210ft Ceserfa, Eugenio, 1909, Le aeque solfuree carboniche
boriche in Contursi (Prov. di Salerno) : Annali regia
seuola eurpertoet agricoltura Porttct, v. 9, aer, 2, 1909 i
1913, abs., Wasser u. Abwasser, v. 6, no. 7, p. 285-286.

2107. Cavallaro, Carmelo ca. 1954, Le acque termo-minerali S.
Calogero di Lipari: Stromboli (Assoc. Internat, Vul
eonologl}, no. 3, p. 30-32, 2 figs.

2108. Ciofalo, Michele, 1927, Fauna termale Siciliana: R. accad.
sci. lettere arti ZClanti .ectreeie Rend. e Mem., ser. 4,
v. 1, p. 49-76.

2109. Collura, Paolino, 1949-50, [Natural tbermalism. studied
from the point of view of the Euganeo Plan] : Ingegnere
[Miian], v. 23, p, 1221-1229, 1349-1356, 1949; v. 24, p.
25-33, 1950 [Italian] ; 1951, Ohem. Abe, v. 45, col. 9372.

2110. Conti, Piero Giovanni Ginori, 1928, Sfruttamento chimico
del vapor de! soffioni boraciferi: Soc. geol, italian!a. Boll.,
v.47, p, [97-106].

2111. 1933a, Ricerche per I'ottenlmento dell'el1o e per l'utiliz
zazione integrale dei gas di Larderello: SOC. italiana
prog, sci. AW, v. 22, Pt. 1, p, 135-172.

2112. 1933b, The natural steam springs of Tuscany and their
industrial exploitation: Royal Soc. Arts Jour. [Lon
don], v.81, p. 737-775, figs.

2113. Cortassa, S., 1929, L'acqua termale dello Stabilimento
Milltare di Acqui: A:nnali chimica appli., v. 19, p. 297
::l06.

2114. Dal Piaz, Giorgio, 1951, On the mineral hot springs of the
Euganean Hills and particularly of Abano (Padova):
lnternat. Union Geodesy and Geophysics; Assoc. Sci.
HYdrology, Oslo 1948, Tran.s., v. 3, p. 121-123.

2115. Dal Piaz, Giorgio; Merla, G.; and Trevisan, Livio, 1950.
Relazione geologica sulle sorgenti termominerali di
Bagni di Casciana : Pisa, Italy, 24 p.

2116. Daubeny, Charles Giles Bridle, 1825, Sketch of the ge
ology of Sicily: Edinburgh New Philos. Jour., v. 13,
no. 24, p. 107-118; no. 26, p. 254-269, map; Am. Jour.
Sci. and Arts, 1st ser., v. 10, P. 230-256, 1825.



324 THERMAL SPRINGS OF THE UNITED STATES AND OTHER COUNTRIES OF THE WORLD

2117. Daubeny, Charles Giles Bridle, 1835, On the volcanic
strata exposed by a section made on the site of the
new thermal spring discovered near the town of Torre
del Annuziata, in the Bay of Naples. with some remarks
on the gases evolved by this and other springs con
nected with the volcanoes of Campania: Edinburgh New
Philos. Jour., v. 19, no. 38, p. 221-231; abs., Geol. Soc.
London Proc., v. 2, no. 40, p.177-179.

2118. De Gori, Roberto, and Fiore, Louisa, 1952, Analysis of the
water of Bagno Vignoni: Annali chimiea appll., v. 42,
p. 3~ [Italian]; Ohem. '&bs., v. 46, col. 1049.

2119. De Luca, S., 1868, Recherches chimiques et therapeu
tlques sur I'eau thermale de la solfatare de Pozzuoles:
Acad. sci. [Paris] Oomptes rendus, v. 67, p, 909-91'2.

2120. 1-870, Recherche chimiques et therapeutiques sur l'eau
thermomtnerale de Ia solfatare de Pozzuoles: Acad. sci.
[Paris] Oomptes rendus, v.70, p.408-410.

2121. DeMarchi, L., 1927 [The origin of the thermal waters of
l\fontegrotto] (Euganel) : R. accad. naz. Lincei Atti,
v. 6, no. 5 (01. sci. fls., mat. e. nat.) , Rend., ser. 6, v. 5,
p. 841-845; Obem. Abs., v. 21, p. 3864.

2122. Dessau, Gabor,. 1951, Nuovi studi su Vulcano: Ist ge
ologia appl. Univ. Napoli Mem. e note, v. 4, p. 33-48,
4 pIs., 5 figs.

2123. De Stefani, Carlo, 1879, Le acque termali di Pieve
Fosciana: Soc. toscana sci. nat. Atti, v. 4, p. 72--97.

2124. 1897, Isoffioni boraciferi della Toscana: Soc. geog.
italiana Mem., v. 6, p. 410-435.

2125. 1904, Le aeque termali dl Torrite in Garfagnana : Soc.
geol, italiana Boll., v. 23, p.117-148.

2126. Dolomieu, Deodat, 1799, Description of the Paliorum
Lacus or Lake Pallus, in the valley of Noto in Sicily:
TiUoch, Philos. Mag., p, 77-80. [Translated from
Italian.]

2127. Doro, Bartolomeo, 1939a [Chemical and physicochemical
analysis of the Roman thermal waters of Monfalcone] :
Annali chimica appli., v. 29, p. 91-111 [Italian] j Chem.
Abs., v. 33, col. 8863.

2128. 1939b [The physicochemical state of the hot springs at
Monfalcone]: Annali chimica appl., v. 29, p. 374-380
[Italian] ; 1940, Ohern. .abs., v. 84, col. 838.

2129. Drigo, Angelo, and Rostagni, Antonio, 1943 [Radioactivity
in the thermal area of Abano (Padua), Italy]: Atti
Reale Ist; veneto sci., lettere ed arti Atti, pt. 2, p. 102,
407-413 [Italian]; 1949, Chern. Abs., v. 43, col. 7331.

2130. Falini, Filippo, 1947, Sui criteri di ricerca per energia
geotermica: Accad. naz. Lincei Atti., Cl. sct., fls., mat. e
nat., Rend., ser. 8, v. 3, pt. 3-4, p. 36Q.--365; 1957, abs.,
Bibliography and Index of Geology Exclusive of North
America, v. 20, 1955, p. 156.

2131. Fiore, Otto de, 1914, I fenomeni avvenuti a Vulcano (!sole
Eolie) da11890 al1913, Parte I: Zeitschr. Vulcanologie,
v.l, no. 2, p. 57-73, 3 pIs., 1 fig.

2132. 1919, I fenomeni eruttivi avvenuti a Vulcano (Isole
Eolie); nel 1916: Soc. sismici italiana BolL, v. 22,
p. 246-262, 5 figs.

2133. Forbes, James David, 1829, Physical notices of the Bay of
Naples. IV, On the solfamra of Pozzuoli: Edinburgh
Jour. Sci., new ser., v.1, p.124-141, 2 figs.

2134. Funaioli, Ugo, 1918, The Larderello natural steam power
plant: Engineering [London], V. 105, p. 507-508, 567
569,9 figs.

2135. Gabel!, A., 1908, Analisi dell'acque minerale S. Calogero:
Soc. nat. Napoli Bol., v. 12.

2136. Garelli, Giovanni, 1864, Delle acque mlneralf d'Italia e
delle lore applicazione terrapeutlehe.

2137. Giani, Eugenio, 1951, Le sorgenti termali dell'azienda de
maniale di Montecatini: Riv. Oatasto e Servizi Tecnici
Erariali, new ser., v. 6, no. 1, p. 33-51, iUus.; 1952, abs.,
Bibliography and Index of Geology Exclusive of North
America, v. 16, 1951, p.I12.

2138. Gioanetti, Vietor Aime, 1779, Analyse des eaux minerales
de St. Vincent et de Oouramayeur dans Ie duehe de'Aoste
avec une appendice sur les eaux de la Saxe, de Pre S.
Didier et de Fontane-More : Turin, Italy, 119 p.

2139. Gorceix, H., 1872, Sur les gas des sotratares des Champs
Phlegreena : Annalea chimie et physique, ser. 4; V. 25,
p.559-566.

2140. Gortani, Michele, 1938, Le acque sotterranee in Italia.
Bibliografia generale : Roma, Servizio Idrograf Italia
Pnb. 18, pt. ri, 474 p.

2141. 1951, Proposal to classify genetically the thermal Italian
springs: Internat. Union Geodesy and Geophysics;
Assoc. Sci. Hydrology, Oslo 1948, Trans. v. 3, p. 145-153.

2142. Gosse, Louis Andre, 1820, Account of a visit made to the
baths of St. Filippo in Tuscany, with a description of
the mode of forming stone medallions in basso relievo
from the waters of the spring: Edinburgh Philos. Jour.,
V. 2, no. 4, p. 290-300.

2143. Guaresehi, R, 1911, Le acque mlnerali de Montecatini di
proprleta demaniale : Annali chimica appl. v. 1, p. 506
514.

2144. Giimbel, C. W. von, 1891, Geologische Bemerkungen iiber
die Thermen von Bormio und das Ortlergebtrge : Kgl.
bayer. Akad. Wiss., Mtlnehen, Math-naturh. Kl., Sit
zungsber., v. 21, p, 79--120.

2145. Guzzanti, C., 1898, Fenomeni tellurici a Fiumecaldo, presso
Mineo: Accad. sci. Acireale Atti e Rend., no. 8, 1896-7,
p.29-22.

2146. Haas, HippoIyt, 1907, Ueber die Solfatara von Pozzuoli:
Neues Jahrb. Mineralogie, Geologie u. Palliontologie, v.
2, p. 65--108,3 pIs.

2147. Hauer, Karl Ritter von, 1858, Chemische Untersuchung
der warmen Quelle von Monfalcone niichst Triest: Geol.
Reichsanst. Wien Jahrb., v. 9, p. 497-503.

2148. Hoffmann, F., 1832, Ueber das im mittellandischen Meere
entstandene vulcanische Eiland, genannt Corrao, Nerita,
Isola Ferdinandea, Graham Island, Hotham Island, und
Julia, nebst einiger Nachrtchten ueber krater-rormtge
Inseln dhnltchen Ursprungs: Annalen Physik Chemie
(Poggendorff), v. 24, p. 65--109, 1 fig.

2149. Illari, Giuseppe, and Cattadori, Lino, 1939 [The hot
springs of Corniglio (Parma)]: Annali chimica appl.,
v. 29, p. 289-295. [Italian.]

2150. Illari, Giuseppe, and Zucchetti, Mario, 1938 [Analysis of
the mineral waters of the Lesignano Baths (Parma)]:
Annali chimica appl., v. 28, p. 258--275 [Italian] ; Chem.
Abo., v. 32, col. 9348.

2151. Imbo, Giuseppe, 1939 [Measurement of the radioactivity
of some waters of the island of Ischia] : Ricerca sci.
ed prog. tecnico economia naz., v. 10, p. 546-55~

[Italian]; 1939, abs., Obem. ZentraIbl., 1939 [pt.] II,
4456 .

. 2152. Indovina, Renato, and AIliata, Pier Luigi, 1938, Analisi
delle acque termali di San Lorenzo, presso Roccamena
(Palermo)]: Annali chimiea app!., v. 28, p. 336-346.

2153. Ippolito, Felice, 1947, Intorno ai criteri di ricerca per
energia geotermica: Accad. naz. Lincei Atti, 01. sci. fis.,



BIBLIOGRAPHIC REFERENCES 325

mat. e nat., Rend., ser. 8, v. 2, pt. 6, p. 821-827; 1957,
abs., Bibliography and Index of Geology Exclusive of
North America, v. 20, 1955, p. 250.

2154. Irrera, L'J and Labruto, G., 1934 [Ohemical and physico
chemical examination of the thermal-mineral waters of
S. Calogero on Lipari Island]: Annali chimica appl.,
v. 24, p. 57-70 [Italian]; Chern. Abs., v. 28, col. aSH.

2155. Issel, Raffaele, 1900, Sagglo Bulla fauna termale italiana :
Mus. Zoologia Anatomia Oomp., R. univ. Genova Boll.,
v.4.no.l00.p.l~

2156. 1901a, Saggio Bulla fauna termale italiann: Accad. sci.
Torino Atti, v. 36, p. 53-74, 265-277.

2157. 1901b, Studt Bulla fauna termale Euganea : Soc. Ligu
stlco sci. nat. geog. Genova Atti, V. 12, p. 146--150.

2158. 1oole, Osservazioni sopra alcunl animali della fauna
termale italiana: Mus. Zoologia Anatomia Oomp., R.
untv. Genova Boll., v. 5, no. 106, p. 1-15, 2 pis,

2159. 1906, suna termobiosi negli animali acquaticL Ricer
che faunistiche e biologiche: Soc. Ligustico sci. nat.
geog. Genova Atti, v. 17, p. 3-72, 2 pls., 14 figs.

2160. 1908, SUUa blologta termale (can particolare riguardo
alle fauna) : Internat. Rev. gesamten Hydrobiologie u.
Hydrographle, v. 1, p. 29-36.

2161. 1910, La faune des SOurces thermales de Viterbo: In
ternat. Rev. gesamten Hydrobiologie u. Hydrographle,
v, a, p.178-180. .

2162. Italia Arti grafiche, Iodlea, 1948 [Therapeutic mechanism
of the thermal waters of Salsomaggiore] : Bergamo, 300
p. [Italian.]

2163. Keller, Walter David, and Valduga, Adriano, 1946, The
natural steam at Larderello, Italy: Jour. Geology, Y. 54,
no. 5, p. 327-334, 4 figs., 3 tables.

2164. Labat, Ao, 1890, Eaux minerales d'Italie: Paris.
2165. Labruto, Gaetano, and Labruto, Andrea, 1954 [Investiga

tion on the mud of the thermae of Granata-Cassibile in
Ali Marina (Messina] Annali chlmlca appl., v. 44, p.
380-396 [Italian] ; 1955, Chern. .ebs., Y. 49, col. 3447.

2166. Lenzi, David 1928, .enaust del vapore dei soffioni bora
ciferi: Soc. geol. Italtana Bcll., v. 47, p. 82-86.

2167. Lobley, James Logan, 1889, Mount Vesuvius. A descrip
tive, historical, and geological account of the volcano
and its surroundings: London, Roper & Drawley, 400
p., 20 pis.

2168. Lotti, Bernardino, 1893, Die geologischen Verhliltnisse del'
Thermalquellen im toscanischen Erzgebirge (Catena Me
tallifera) : Zeitschr. prakt. Geologie, v.1, p. 373-378, 1 fig.

2169. 1895a, Sulle condizioni geologiche della sorgente termale
di Vignoni, presso S. Quirico d'Orcia (provincia di
Siena) : Com. geol. Italia Boll., v. 26, p. 219-221.

2170. 1895b, Thermalquelle zu Vignoni bei S. Quirico d'Orcia,
Provo Siena: Zeitschr. prakt. Geologie, V. 3, p. 497-498.

2171. 1928, I soffioni boraciferi della Toscana: Soc. gOOl.
italiana Boll., V. 47, p. [87-96],I:fig.

2172. 1931, La sorgente terll1ale del Bagno di Gavorrano in
Provincia di Grosseto: R. ufficio geol. Italia Boll., v. 56,
no. 4, p. 1-6.

2173. Ludwig, E., and Panzer, Tho, 1901, Ueber die Therme von
l\1onfalcone: Tschermak's mineralog. u. petrog. Mitt.,
new ser., v. 20, p.185-198.

2174. Maddalena, Leo, 1939, Considerazioni geoidrologiche sulla
origine e sulla protezione igienica delle sorgenti del

l'Acqua Vergine j Ricerca sct., v. 10, no. 3, p. 98-103, 1
fig.; 1940, abs., Bibliography and Index of Geology Ex
elusive of North America, V.7, 1939, p.l94.

2175. Magri, Go, 1907, Alcune considerazioni circa l'origine delle
"cere rosse" depositate dalle acqua termali degli stabi
limenti dei bagni di Lucca: R. accad. Llncel Atti, ser. 5,
Rend. 16, semestre 2, 400-408.

2176. Malandrone, Iginic, 1942 [The thermal springs of Acqui] :
Riv. Oatasto e Servizi 'I'ecntci Erariali, v. 9, p. 360--371
[Italian] ; 1943, abs., Ohern. Zentralbl., 1943 [pt] I, 1254.

2177. Malladra, Alessandro, 1913, La solfatara dell'Atrio del
Onvallo : R. accad. sci. fis. e mat. Napoli Rend., v. 19, pts.
6-10, p.158-164,ll'l.,l fig.

2178. Mameli, Efisio, and Carretta, Umberto, 1936 [Analyses of
the water and mud of the "Prehistoric The-rmal 'Vaters"
(Montegrotto thermal springs, Euganean Hills)] : An
nali chimica appl., Y. 26, p. 475-488 [Italian]; 1937,
Chem. Abs., V. 31, col. 2719.

2179. 1954 [Two centuries of physical and chemical investi
gation on the hyper-thermal mineral waters, muds, and
gases of Eugunet Mountains (Italy)]: Accad. patavina
sci, lettere ed art! atti e Mem., pt. 2, v. 66, p. 7-146
[Italian] ; 1957, Ohern. Abs., v. 51, col. 13269.

2180. Manfredini, Manfredo, 1935, Le sorgenti dl Sardegna:
Congo geog; Italiano, 12, Sardegna 1934, Atti, p. 159-168,
map.; 1943, abs., Bibliography and Index of Geology
Exclusive of North America, v. 9, 1941-42, p. 187.

2181. 1951, Contributo a110 studio della Idrogeotogta laziale j

I, Alcuni dati sulla falda idrica che aUmenta Ie sorgentl
delle Acque Albule: Italy seretsao Geol. Boll., v. 71
(1947-49), p. 118-119; 1955, abs., Bibliography and In
dex of Geology Exclusive of North America, V. 19, 1954,
p.29S.

2:182. Marotta, Domenico, 1942, Le sorgentt italiane; elenco e
deacrtstone ; Campania: Servizio Idrograflco, Sezione
Idrograflca, Napoli, Pub. 14, v. 7, 745 p., map; 1950, abs.,
Annot. Bibliography Econ. Geology, 1944, v. 11, p. 283.

2183. 1943 [Mineral waters of Italy]: Annali chlmtca appl.,
v. 33, p.1231-262 [Italian] ; 1944, Ohern. Abs., v. 40, col.
7453.

2184. Massara, G., and Capuano, So, 1931, Analisi delle acque
termali di Termini Imerese aorgente nord-est: Annali
chimica appl., v. 21, p. 403-418, 6 tables.

2185. Mazzoni, Alfredo, 1952, Socleta Larderello in Italy brings
in world's largest steam well: Petroleum Engineer, v.
24, no. 9, p. A47, A48, A53, 5 iUus.

2186. 1954 [The steam vents of Tuscany and the Larderello
plant]: Anonimia Arti Grafiche Calderini s. v.I.: 2d
ed., Bologna, Italy; 1st ed., 1948. [Italian.]

2187. Mazzoni, Alfredo, and Breusse, J. J., 1954, Application de
la prospection electrique a la tectonique pour In re
cherche de vapeur naturelle a Larderello (!talie)
[with discussion] : Internat. Geol. Cong., 19th, Algiers
1952, Compte rendu, sec. 15, pt. 17, p. 161-168, iUns.;
1957, abs., Bibliography and Index of Geology Exclusive
of North America, v. 20, 1955, p. 353.

2188. Meyer-Ahrens, Konrad, 1869, Die Thermen von Bormio in
physikalisch-chemischer, therapeutischer, klimatologi
scher, und geschichtlicher Beziehung '" '" "': Zurich,
Switzerland, 135 P., table. [Literatur, p. 134--135.]



326 THERMAL SPRINGS OF THE UNITED STATES AND OTHER COUNTRIES OF THE WORLD

2189. Ministero di Lavori Pubbliet, Servizio Idrografieo, Istituto
Poligrafico della State, 1934, Le sorgenti italiane; elenco
e descriztone : Sicilia: Pub. 14, v. 2, 545 p., 26 pls., 96
figs. j La aorgentl italiane; elenco e deacrtslone, Sardeg
na: Pub. 14, v. 4, 415 p., 6 pla., 55 figs.; 1943, abs.,
Bibliography and Index of Geology Exclusive of North
America, v. 9, 1941-42, p. 185.

Describe in detail the springs of Sicily and Sardinia,
some of which probably are thermal.

2190. Mitsuchi, Tomofusa, 1954, Geothermal electric plant in
Italy: Jour. Geography [Tokyo], v. 63, no. 2, p. 60--66,
mus. [Japanese, English summary] ; 1957, abs., Annat.
Bibliography Econ. Geology, 1956, v. 28, no. I, p. 111;
1957, abs., Bibliography and Index of Geology Exclusive
of North America, v. 20,1955, p, 367.

2191. Mollo, Jean-Dominique Marie, 1728, Traite des eaux
mjnerales de Courmayeur : Geneva, 132 p.

2192. Monforte, Francesco, and Labruto, Gaetano, 1952a [Chem
ical and physicochemical analysis of sulfurated water of
Marino Hot Springs of Ali Marina (Messina)]: Annali
chimica appl., v. 42, p. 247-264 [Italian] ; Chem. Abs.,
v. 46, col. 10496.

2193. 1952b [Chemical and physicochemical analyses of the
thermal water of -a new spring in Ali Marina (Mes
sina)] : Annali chlmlca appl., v. 42, p: 265-282 [Italian] ;
Chem. Abs., v. 46, col. 10496.

2194. Moret, Leon, 1935, A propos des "soffioni" de Toscane:
Soc. geol. France Comptes rendus sommaire, ser. 5, v. 5,
no. 12, p.175-177.

2195. Moretti, Attilio, 1938, Le manifestazioni Idrotermalt del
Casteldoria (Sardegna settentrionale) : R. ufficio geol.
ItaUa Boll., v. 63, Note 3, 14 p., 2 figs.

2196. 1951, Nuove osservazioni suI fenomeno idrotermale di
Casteldoria (Sardegna) : Italy Servizio Geol. Boll., v. 73,
pt. 1, p. 31-36; 1955, abs., Bibilography and Index of
Geology Exclusive of North America, v. 19, 1954, p. 329.

2197. Morgante, Sergio, 1951, Considerazioni sulla natura e
sull'origine delle aeque termominerali euganee : Soc.
mineralog. italiana Rend., v. 7, p. 89-93; 1953, abs.,
Bibliography and Index of Geology Exclusive of North
America, v. 17, 1952, p. 306; 1953, Chern. Abs., v. 47,
col. 4015.

2198. 1956 [Further considerations on the origin of the hot
mineral waters of the Venetian region of Euganeo] :
Univ. studi Trieste, Fac. sct., 1st. mlneralogla, no. 4.
8 p.; Soc. adriatica sci. nat., Trieste Boll., v. 18, no. 1
[Italian]; 1957, Ohern. Abs., v. 51, col. 17029.

2199. Nasini Raffaello, 1928, Gas combustibili, Elio, Emanazione
radioattiva, nei soffioni boraeiferi della Toseana. Pro
blemi di geologt : Soc. geol. italiana Boll., v. 47, p. [75
81].

2200. 1930a [The waters of Montecatini. Problems of chemi
cal hydrology] : Congo naz. chimiea pura ed appl., 3d,
Atti, p. 95-I17. [Italian.]

2201. 1930b, I soffioni e i lagoni della Toscana e la industria
boraeifera: Roma, Tipografia Eelitrice ltalia, 658 p.

2202. Nasini, Raffaello, and Porlezza, C., 1917, L'aequa termale
eli Bagni eli Casciana: R. ist. veneto sci. lettere ed
arti Atti, v. 76, p. 725-768; 1919, Chem. Abs., v. 13, p.
1809.

2203. 1921, La ororadioattivitil delle acque minerali. I'acqua
earbonica-solfureo-borica delle terme eli Saturnia: Gior.
chimica indus. ed appl., v. 3, no. 12, p. 543-545, 3 tables.

2204. 1922, Annlisi ed esame chimico-fisico dell'aequa thermale

. carbonica-sultureo-bortca di Saturnia : oase. chim.
italiana, V.52, p.115--124, 6 tables.

2205. Nicolis, Eo de, 1908, Intorno alIi ricerche intraprese dal
Comune di Verona dal 1901 al 1906 per ottenere
mlgltoramenti delle prerogative terapeutlche delle sor
genti termo-minerali di sua proprteta, pollanti presso
Caldiero: Gior. geot, prattco, v. 6, nos. 1, 2, p. 1-53.

2206. Oglialoro-Todaro, A., Forte, 00' and Cabella, A., 1899,
Acque del Gurgitello delle Terme BeUiazzi nell/Isola
d'Ischia (Casamiceiola): R. accad. sci. fis. e mat.
Napoli Atti, aer. 2, v. 9, no. 7, p.l-34.

2207. Pallucchini, Annibale, ca. 1948, Brevi notlzte sulle aeque
sotterranee in Italia: Union Geod. et geophys. internat. ;
Assoc. internat. hydrologte sci. Washington 1939, Oomp
tes rendus, v. 2; question 3, rept. 10, 30 p., 3 pls., 2 figs.

Describes springs having a flow sufficiently large for
irrigation use. Includes map showing the location of
about 345 thermo-mineral springs.

2208. Parascondola, Antonio, 1936, n baclno idrotermale del
Lucrino e dell'Averno nei Campi Flegrei: Soc. natu
ralisti Napoli Boll. 48, p. 17-37.

2209. Parlati, Luigi, 1926 [The mineral waters of Basilicata] :
11notiziario chim.-industriale, v.l, p. 116-117 [Italian] ;
Chern. Aba., v. 20, p. 2474.

2210. Pennyeuiek, J. A. C., 1948, Power without fuel: London,
Electrician, v.140, p.117-118, 3 figs.

Discusses the use of natural hot water and steam to.
generate electricity on Ischia Island.

2211. Penta, Francesco, 1940, Studi e ricerche in corso nei
Campi ed Isole Flegrei condotti allo scopo di utilizzare
Ie energle del sottosuolo: Soc. naturalisti Napoli BoU.
51, p. 197-206; abs., Zentralbl. Mlneralogte, Geologie U.
Paldontologte, Referate 3, p. 373, 1943; 1950, Annat.
Bibliography Econ. Geology, 1944, v. 17, p. 267, 1950.

2212. 1951, Sulle ricerehe per "rorse endogene" nel napole
tano: Soc. geol. italiana Bull., v. 69, 1950, pt. 3, p. 567
587, mus.

2213. 1954, Bulle rlcerche per forze endogene in Italia: Indu
stria mineraria [Rome], v. 5, no. 1; p.1-13, illus.; 1957,
abs., Bibliography and Index of Geology Exclusive of
North America, v. 20, 1955, p. 413.

2214. Penta, Francesco, and Conforto, B; 1951 [Results of drill
ing and of geomineral studies at the Campi Flegrei of
hot vapors, hot springs, and endogenous forces, in gen
eral] : Annali geofisica, v. 4, p. 369-385 [Italian] ; 1952,
Chem. Abs., v. 46, col. 3921.

2215. Peraeca, 1877, Oennt idrologici sulle acque termo-mlneralt
d'ischia e sui risultate ehe dal Ioro uso ne ottennevo i
militari del Regio eserclto nell'anno 1876: Gior. med.
militare [Roma] , V. 25, p. 321--329.

2216. Perret, Frank Alvord, 1924, The Vesuvius eruption of
1906; study of a volcanic cycle: Carnegie Inst. Wash
ington Pub. 339, 151 p., 24 pis., 98 figs.

2217. Piccini, Pro, 1928, Azione generale delle acque minerali in
alcuni gruppi piii importante di esse: R. soc. italiana
Igiene Gior, v. 50, no. 3, p. 66-73; 1929, abs., Wasser
u. Abwasser, v. 25, no. 6, p.165.

2218. Picciola, L., 1923( 1), Le aeque minerali e termali della
Venezia Giulia: Rassenga mineraria metall. e chim.,
v.6I,no.5,p.I3O-I3I,I925.

2219. Pieri, C., and Burichetti, E., 1930, L'acque termale di Pieve
Fasciana: Soc. toscana sci. nat. Atti e Mem. 40, p.
1-20.



BIBLIOGRAPffiC REFERENCES

2220. Piutti, A., and Comendueei, E., 1907 [Chemical analysis
of the thermal mineral water "Greco" near Contursi,
Salerno] : Accad. sci. fis. e mat. [Napoli] Rend., v. 13,
p. 16(}-177 [ltaliim] ; 1908, Chern. Abs., v. 2, p. 649.

2221. 1912 [Chemical analysis of the mineral water "Minerva"
of Torre Annunziata, Naples]: Accad. sci. ns. e mat.
[Napoli] Rend., v. 18, p. 159-161 [Italian]; 1913, Chern.
Abs., v. 7, p. 525.

2222. 1921 [Thermal ferruginous carbonated water from the
central basin of Agana (Naples)] : Accad. sci fis. e mat.
[Napoli] Rend., v. 27, p. 80-84 [Italian]; 1921, Chern.
Abs., v. 15, p. 3352.

2223. Platania, G., 1934 [Radioactivity of some thermal springs
of Isehla Isle]: Soc. italiana prog. sci Atti, v. 22.
no. 2, p. 232 [Italian]; Chern. Abs., v. 28, col. 6367.

2224. Porlessa, C., and Ceccarelli, A., 1935, Nuove indagini.
sull'aequa minerale Parlantl d.i Monsummano: Soc.
toscana sci. nat. Atti IProc.I, v. 44, no. 5, p. 111-115;
1937, abs., Bibliography and Index of Geology Exclu
sive of North America, v. 4, 1936, p. 217.

2225. Puxeddu, Ernesto, 1951 [Mineral waters of Sardinia]:
Seminario fac. sci. Rend., 1952, univ. Cagliari, v. 19,

1949, p. 15-109 [Italian]; 1952, Chern, Abs., v. 46,
col. 3683.

2226. Puxeddu, Ernesto; Rattu, Anna; and Moss, Edwin, 1934
[Ohemical and physico-chemical analysis of the hot
springs of Acqua Cotta (Yillasor)]: Annali chimica
appl., v. 24, p. 289-300 [Italian]; Chern. Abs., v. 28,
-coi. 6884.

2227. Puxeddu, Emesto; Rattu, Anna; and Oppo, Potenziana,
1934 [Physical and chemical investigation of the hot
springs of Fordongianus (Sardinia)]: Annali chimica
appl., v. 24, p. 409-426 [Italian]; 1935, Ohern. Abs., v.
29, col. 404.

2228. Puxeddu, Ernesto, and Sanna, G., 1929, Le acque mlnerall
deUa Sardegna; Nota I.: Gior. chimica indus. ed appl.,
v.ll, no. 10, p. 438-442, 7 tables.

2229. Puxeddu, Ernesto; Sanna, Goj and Moss, E., 1933, Analisi
chimica e rtcerehe chimico-fisiche delle sorgenti termalt
di Sardara: Annali chimica appl., v. 23, p. 193-214,
9 tables.

2230. Reck, Hans, 1935, Die Soffionenfelder Toskanas in ihrer
vulkanologlshen Bedeutung: Zeitschr. Vulkanologie,
v.16, no. 3, P.161-179., 3 pls.

2231. Redini, Roberto, 1933, 11 fenomeno idrotermale del M.
Pisano: Soc. geol. Itallana Boll., v. 52, p. 52-72.

2232. Ricca, Bruno, 1945 [Italian mineral waters. A new
thermo-mineral spring at Ali-Marina (Messina)]:
Annali chimica app!., v. 35, p. 112-122 [Italian]; 1946,
Chem. Abs., v. 40, col. 7453.

2233. Ricca, Bruno, and Meduri, Pasquale, 1935 [Analysis of the
spring waters at Iungari, Calabria]: Annali chimica
appl., v. 25, p. 571-586 [Italian]; 1936, Ohem. Abs.,
v. 30, col. 4597.

2234. Sabatini, V., 1907, La macaluba di Bassano in Teverina:
Com. geol. Italia Boll. 38, p. 54-56.

2235. Saccardi, P., and Deliana, N., lQ41 [Analysis of the min
eral water of the thermal baths of S. Vittore in Genga,
Ancona Province] : Annali chimica appI., v. 31, p. 101
109 [Italian] ; Chem. Abs., v. 35, col. 5607.

2236. Saccardi, Po, and Giannella, Vincenzo, 1955, Ricerche
chimiche e chimico·fisiche sulle sorgenti termali de
Acquasanta (Ascoli Piceno: Italy Servizio geoI. Boll.,
v. 77, p. 555-572,12 tables.

rt35-914 0-65----22

327
2237. Sacco, F., 1928, I'Ortgtnede soffioni boraciferi: Soc. gool.

italiana BolL, v. 47, p. 66-67.
2238. Sainte-Claire Deville, Charles Joseph, 1856, Sur la nature

et la distribution des fumeroUes dans I'eruptlon du
Vesuve du L'" Mai 1855: Soc. geol. France Bull., aer. 2,
v. 13, p. 606-642, l.fig.

2239. 1857, Memoire sur les emanations volcaniques: Soc.
geol. France Bull., sec. 2, v.14, p, 254-279.

Describes volcanic phenomena at Vesuvius, Etna,
Stromboli, and other places in Italy and Sicily.

2240. Santangelo, Mariano, 1940, Relazione sulle misure di radio
attivitA di alcune acque termominerali e dei vapor! caldi
delle stufe di Sciacca (Agrigento) : Ricerca sci. ed prog.
tecnico economia naa, v. 11, no. l2, p. 957-960.

2241. Santi, B., 1955, Manifestazioni eserattvo-terotermau del
l'isola d'Ischia: Bull. volcauol., v. 16, p. 181-224, map;
1957, abs., Bibliography and Index of Geology EXclusive
of North America, v, 20.1955, p. 469.

2242. Santi, Beniamino, and Noi, Ao di., 1955, Sulle manifestazioni
esalativo-idrotermali dell'Isola d'Ischia: Industria
mineraria [Rome], v. 6, no. 9, p. 489-493; 1958 abs.,
Bibliography and Index of Geology Exclusive of North
Amertca, v. 22, 1951, p. 471.

2243. Sappa, Mercurino, 1955, Fenomeni geyseriformi dell'isola
d'Ischia: BUll. volcenol., v. 16, p. 225-250, iUus.; 1957,
abs., Bibliography and Index of Geology Exclusive of
North America, v. 20, 1955, p.470.

2244. Scarpa, Oscar, 1939, Sulla radioatltivitft. delle acque ter
mali e del gas delle fumarole dell'Isola d'Ichia: Ricerca
sci. ed prog. tecnico eeonomia naa., v. 10, no. 11, p. 988
991.

2245. Schivardi, Plinio, 1871, Rendiconto della stagtone termale
dell'anno 1870 ai Bagnl d'Aequt : Gazz. medica italiana
Iombardta, p. 89-90.

2246. 1895, Guida alle .acque Minerali ed ai Bagni d'Italfa :
4th ed., Milan, Italy.

22470 Schneider, Franz Coelestin, 1874a, Chemische analyse der
euganltlschen Thermen von St. Helena bel Battaglia:
Akad. Wis. Wien, Math.-naturh. Kl., Sitzungsber., v. 69,
pt. 2, p. 55-71; abs., Chern. Zentralbl., v. 45, p. 122.

2248. 1874b, Untersuchung der Thermen von Trentschin
Teplitz und des Sauerlings von Kubra: Akad. Wiss.
Wien, Math-naturh. Kl., Sttsungsber., V. 69, pt. 2, p. 72
90; abs., Chem. ZentralbI., v. 45, p. 122.

2249. Serio, Calogero, 1954 [Comparative chemical investiga
tions on two groups of thermomineral springs in the
district of Trapani" (Sicily)] : Riv. mineraria siciliana,
v. 5, p. 251-257 [Italian]; 1955, Chem. Abs., v. 49, col.
11210.

2250. Sicardi, Ludovico, 1940, II recente cicIo deU'attivita: fu~

maroUca dell'isola di Vulcano: Bull. volcanol., ser. 2, v.
7, p. 85-137, illus.; 1951, abs., Bibliography and Index of
Geology Exclusive of North ~merica, v. 15, 1950, p. 270.

2251. 1944, L'attivitA della soIfatara di Pozzuoli attraverso la
documentazione storica avati l'ultimo ottantennio: Soc.
italiana sci. nat. Atti, v. 83, pt. 2, p. 97-114; 1950, abs.,
Bibliography and Index of Geology Exclusive of North
America, v.14, 1949, p. 237.

2W2. Susanna, Vitt~rio, 1950 [Numbering of thermal waters
and muds of the. Flegrea zone] : Arch. ospedale mare, v.
2, p. 207-208 [Italian] ; 1951, Chern. Abs., v. 45, col. 9201.



328 THERMAL SPRINGS OF THE UNITED STATES AND OTHER COUNTRIES OF THE WORLD

2253. Talenti, Mario, and Borgtoli, Natale, 1948 [Hyperthermal
waters of Mount San Antonio (Rosapepe) in Contursi
(Salerno)]: Annali chimica appl., v. 38, p. 195-211

[Italian] ; 1949, Chern. Abs., v, 43, col. 3121.
2254. 1955, L'acqua delle Terme di Foglinno (Latina):

Chimica [Milan] v. 31, no. 6 (new ser.) , p. 241-244.
2255. 1958 [Thermal water of Saturnia baths (Grosseto Pro

vtncej l : Chimica [Milan], v. 34, p. 349-352 [Italian];
Chern. Abs., v. 53, col. 11722.

2256. Taramelli, T., 1910, Condizioni geologlche delle fanti ter
mali di San Pellegrino: Gior. geologia pratica, v. 8, no. 4,
p. 11l>-136.

2257. Tarrieo, Michele, 1929. Le terme Lulgtaue nei rapporti
geolbgtcl : R. ufflclo geol. Italta Boll., v. 54, no. 2, p, 1
12, 1 fig.

2258. Tioli, Lo, 1894, Le acque minerali e termali del Regno
d'Italia : Milan, Italy.

2259. Trentin, A., 1926, La distribuzione geograflca delle sorgantr
minerali in Italla: Riv. idrologra, climatologta e terapta
fls., v. 37, l' 326--342.

Includes data on several thermal springs and list of
references.

2260. Trevisan, Livio, 1951 [A new hypothesis on the origin of
the heat of some springs of Tuscany] : Industria mine
rarte, v. 2, p. 41-42 [Italian]; 1953, Chern. Abs., v. 47,
col. 4525.

2261. Verraz, Ambroise, 1809, Dissertation sur Ies eaux de Cour
mayeur sttuees dans In veuee d'Aoste, Departement de
la Doire, avec theses soutenuea publiquement devant la
Faculte de xreeecme de I'Academle de Turin: Turin,
Italy, 31 p.

2262. Vinassa de Regny, Paolo, 1900, La sorgente acldulo-alca
lino-litiosa di Uliveto; Soc. toscano sci. nat. Mem. 17, p.
186-202.

2263. Viola, C., 1923 [Radio-activity of mineral springs] : Accad.
Lincei Atti, v. 32, no. 2, p. 7-11 [Italian] ; 1924, Sci. Abs.,
v. 27, Sec. A., p. 188.

2264. Visintin, Bruno, 1945 [The water of the Grotto Gattulla,
of the Government Hot Baths of S. Oeaarea (Otranto)] :
Annali chimica appl. v, 35, p. 97-111 [Italian]; 1946,
Ohern. Ahs., v. 40, col. 7454, 1946.

2265. Vistoli, G., 1955 [Mineral waters of Monzone ; preliminary
note] : Chimica [Milan], v. 11, p. 471-473; 1956, Chern.
Abs., v. 50, col. 443l.

2266. Washington, Henry Stephens, and Day, Arthur Louis,
1915, Present conditions of the volcanoes of southern
Italy: Geol. Soc. America Bull., v. 26, p. 375-388, 9 pls.,

1 fig.
2267. Zambonini, F., Carobbt, G., and Caglioti, V., 1925, Ricerch~

chimiche e chlmlco-flatche su tre acque minerali dl
Agnano (Napoli): Annali chimica appl., v. 15, p. 434

474.
See also references 20, 21, 30, 54, 75, 78, 94, 113, 130,

322, 571, 848, 1171, 1193, 1285, 1293, 1297, 1304, 1316,
1669,1686,1687,1717,1737,2043,3087, and 3554.

PORTUGAL

2268. Acciaiuoli, Luiz de Menezes Correa, 1947, Hydrologia por
tugueza. Aguas minerais e de mesa, 1943-1946 : Portugal,
DirCC1:ao Geral :Minas e Servi!";os Geol., 286 p., 127 figs.,
9 graphs.

Contains data on nine thermal springs.
2269. 1950, Hist6ria da qufinica nn hydrologia portuguesa:

Acad. Cii~nc. Lisboa Mem., v. 5, p. 215-267; 1951, abs.,

Bibliography and Index of Geology Exclusive of North
America, v. 15, 1950, p. 190.

2270. Acciaiuoli, Luiz de Menezes Correa, 1952, Le Portugal
hydromineral : Portugal, Dlreccjlo Geral Minas
e Servtcos Geol., Lisboa, v. 1, p. 285, iUus.; 1954,
abs., Bibilography and Index of Geology ExclUSive of
North America, v. 18, 1953, p. 1.

2271. 1955, Estudos analiticos de aguas termals : Oaldas da
Rainha, Caldas de Monchlque, Ilha de S. Miguel
(Furnas e Ribeirn Grande) : Portugal, Dtreccnc Geral
Minas e Servtcoe Geol.,176 p.

2272. Acciaiuoli, Luiz de Menezes Correa; Diniz, Pedro Joyce;
Castro e Sol1a, Luiz de; and Narciso, Armando, 1940,
Aguas minerais do Continente e Ilha de S. Miguel:
Portugal, Dtreceno Geral. Minas e Servtcos Geol., 162 p.

Contains data on thermal springs in Portugal and the
island of Sao Miguel, Azores.

2273. Batista Coelho, Arnaldo, 1918, Caldas da Sande (Santo
Tirso)-Efieacia das suae aguas : Santo Tirso, 49 p.;
abs,. Rev. chimica pura e appL, ser. 2, anno 3, v. 13, p.
308-309.

2274. Brandgo, V. Souza, 1919, Exame de algumas rochas das
vlstnhaneas da nascente de aguaa termais de Valadares
de Minho (Monsao) : Rev. chimica pura e appl., ser. 2,
anne 4, v.14, p.129-136. map.

2275. Brito, Alberto, 1945, Contrtbuteao para 0 estudo especto
grafleo das aguas minerais do Norte do Portugal:
Oporto.

2276. Carneiro e Freitas, Constantino Augusto de Almeida, 1947,
As termas de Carvalhal (Castro Datre) e suas possibili
dades creno-climato terapieas : Oong. Luso-Bspanhol
Hidrologia, 1st, Lisboa, Aetas, p. 215-222.

2277. Carvalho, Augusto da Silva, 1947, Novas contrlbutcaea
para a hist6ria das Caldas da Ralnha : Congo Luso
Espanhol Hidrologta, tst, Lisboa, Aetas, p. 41-54.

2278. Castel-Branco, J. Bentes, 1906, Esta!',llIo climaterica e
sanitaria des Caldas de Monehique: Lisbon.

2279. Costa e Silva, LUIS da, 1947, Palavras dirigidas aos con
gressistas no Hospital Termal das Caldas da Rainha:
'Oong. Luso-Espanhol Hidrologla, 1st, Lisboa, Aetas,
p.55-57.

2280. Cotelo Neiva, J. M., 1946, Notas sobre a geoquimica das
agUaS minero-medicinais do norte de Portugal: Portu
gal, Servico Fomento Mineiro, Estudos, Notas e Traba
lhos, V. 2, pts. 3-4, p. 228-231; abs. Annot. Bibliog
raphy Econ. Geology, V. 22, 1949, pt. 1; 1950, abs., Bibli
ography and Index of Geology Exclusive of North Amer
ica, v.14, 1949, p. 55.

2281. 1947a, As termas de Alfaiao (Branganca) : Congo Luso
Espanhol Hidrologia, tst, Lisboa, Aetas, p. 395-396.

2282. 1947b, Notas sobre n geoquimica das aguas minero
medicinais do norte de Portugal: Congo Luso-Espanhol
Hidrologia, 1st, Lisboa, Aetas, p. 397-399.

2283. Custodio de Morais, J., 1947, Aguas minerais de Portugal,
sua composi{;ao e origem: Congo Luso~Espanhol Hidro
logia, 1st, Lisboa, Aetas, p. 339-351, map.

2284. Freire de Andrade, Carlos, 1924, Sources thermales de
Caldelas, Captages: Portugal, Servicos Geol. Commun.
15, 22 p., figs.

2285. 1933a, Sources minero-medicinales de Cucos; Captages:
Portugallnst. Hidrologia, p.1-37, figs., map.

2286. 1933b, A tectonica do estuario do Tajo e dos vales Bub
marinas ao largo da costa de Caparica e a sua relB.{;ilo



BIBLIOGRAPIDC REFERENCES

com as nascentes termo-minerales de Lisbon: Portugal
Services Geol. Comun.19, p. 1-20, table.

2287. Freire de Andrade, Carlos, 1935, Oonstderacoes sObre a
ltnha de depressces Barcelos-Montalegre : Univ. Lisbon
Mus. e Lab. Miuera16g. e Geol. Bol., ser 2, no. 4, p. 21-39,
map; 1939, abs., Bibliography and Index of Geology
Exclusive of North America, v, 6, 1938, p. 89.

2288. Guimarjles, Feliciano, 1947, Francisco Tavares, hydrclo
gista :Cong. Luao-Espanhol Hidrologia, 1st, Lisbon,
Aetas, p. 247-292, 3 pls.

Contains maps showing the locations of mineral
springs in Portugal.

2289. Herculano de Carvalho, A.,1953 [Radioactivity of Portu
guese mineral waters] : Rev. quimica pura e appl., v. 4,
p- 206-212 [portuguese]; 1956, Chern. Abs., v. 50, col.
10949.

2290. 1955, Estudos analiticos de aguas termais; ealdas da
Rainha, caldas de Monchique, ilha de S. Miguel (Furnas
e Ribeira Grande) : Portugal, Dtreccao Geral Minas e
Servicos Geol., Llsboa, 177 p.; abs., 1957, Bibliography
and Index 'Of Geology Exclusive of North America, v.
20, 1955, p. 228.

2291. Hernandez-Pacheco, Eduardo, 1947, Contribuei6n al
estudlo de las aguaa juveniles, y a la hydrogeologta de
la peninsula Hispanica: Congo Luso-Espanhol Htdrolo
gla, 1st Lisboa, Actas, p. 407-420.

2292. Jorge, Arthur Ricardo, 1888, As Caldas de Geres: Oporto,
Portugal.

2293. Kaiser, Erich, 1914, Del' EUiolithsyenitlakkolith del' Serra
de Monchique im siidlichen Portugal: Neues Jahrb.
Mineralogie, Geologie u. Palllontologte, Bellage-Band 39,
p. 225-267, 6 figs., 4 pls.

2294. Lopez, Alfredo Luis, 1892, Aguas minero-medicinaes de
Portugal: Lisboa, 1\'1. Gomes.

2295. Mala, Celestino, 1947a, Resumo da palestra sobre as Ter
mas do Geres: Congo Luso-Espanhol Hidrologia, 1st,
Ltaboa, Aetas, p. 75-80, map.

Contains a map showing the locations of mineral
springs in Portugal.

2296. 1947b, A primeira descrtcjto geologica do Geres: Cong.
Luso-Espanhol Htldrologta, 1st, Ldsboa, Aetas, p. 329
338, illus.

2297. Narciso, Armando, 1947, Clinica hldrolcglea e organiza~ao

termal : Congo Luso-Bspanhol Hidrolcgta, 1st, Lisboa,
Actas, p. 353-393.

2298. Nazareth, Francisco Martins de Souza, and Gomes, Felis
mino Ribeiro, 1918, Constantes fisico-quimicas das
Aguas do Luso: Rev. chimica pura e appl., ser. 2, anno
8, v.13, p.187-196.

2299. Oliveira, Jose Cid de, 1947, Palavras dirigidas aos con
gressistas, no Luso. A ague termal de Luso e suas aplf
caczes terapeutlcas : Congo Luso-Espanhol Htdrologta,
tst, Lisboa, Actas, p. 59-61.

2300. Pinto, Victor Macedo, 1947, Palestra feita em Oaldas de
Aregos: Congo Luso-Espanhol Hidrologia, 1st, Lisboa,
Aetas, p. 71-74.

2301. Rosa, Mario, 1947, A posi~ao de Monte Real na clinica
hidrol6gica: Cong. Luso-Espanbol Hidrologia, 1st, Lis
boa, Aetas, p. 471-480.

2302. Silva Barreiro, Abilio Augusto da, 1947, 1. Primeira ana
lise, su-maria, da nascente das Caldas de S. Louren~o, II.
Noticia dos restos doutra estancia termo-sulfurica muito
mais antiga na mesma encosta, cerca de dois quilometros
a jusante dn primeira: Congo Luso-Espanhol Bidro-

329

login, 1st Ldsboa, Actas, p. 143-147; 1950, abs., Rev.
chimica pura e appl., ser. 4, v.l, p.187-189.

2303. Viana de Lemos, America, 1947a, Determinagdes de radio
actividade na vtsmhanea da nascente termal de Luso:
Congo Luso-Espanhol Hidrologia, 1st, Lisboa, Aetas, p.
297--301.

2304. 1947b, A fonte de S. Joao do Luso: Congo Luso-Espanhol
Htdrologla.qst Lisboa, Aetas, p. 303-307.

2305. Withering, William, 1795, A chemical analysis of the
water at Caldas da Rainha: Lisbon Acad. Sci. [Portu
guese and English] ; 1798, Annales chimie, V. 25, p. 180
185. [FrenCh.]

2306. Zbyszewski, Georges, 1938, Observations 'Sur un cas
d'hydrclogte souterraine dans Ie nord du Portugal j Ie
bassin de Chaves: Rev. geographle phys. et geologia
dynam., v. 11, pt. 3, p. 286-292, 6 figs.; 1943, abs., Bibliog
raphy and Index of Geology Exclusive of North Amer
ica, V. 9, 194142, p. 831.

See also reference 1760.

RUMANIA (ROMANIA)

2307. Abrar~ R, 1937, Les eaux mfnerales de la Roumanle:
Moniteur petrol. Roumain, v. 38, no. 9, p, 693;-694.

2308 Encyclopaedia Britannica, 1911, Rumania: 11th ed.,
New York, Encyclopaedia Britannica, V. 23, p. 825-849.

Mentions nine thermal-spring localities.
2309. Athanasiu, G. S., 1927, Radioactivite des Sources thermalea

des Bains d'Hercule (Roumanle) : Aead. Sci [Paris]
Oomptes rendus. v.185, p. 944-945.

2310. 1929 [Radioactivity of Rumanian thermal springs II.] :
Inet. geol, nomantet Anuarul, v. 18, p- 53--63 [French] ;
1982, Chern. Abs., v. 26, p.4539.

2311. 1931 [The radioactivities of Rumanian springs. IlL] :
Inst. geol. Romnntej AnuaruI, V. 16, p, 935-944
[French]; 1985, Chern. Abs., v. 29, col. 3911.

2312. 1941, Einige Bemerkungen iiber den Ursprung und die
regionale Verteilung der radioaktiven Quellen von
Rumanlen : Soc. roumalne physique Bull., v, 42, p. 87
102, 1942; abs., Chern. Zentralbl., 1942 [pt.] I, p, 1482.

2313. Berger, M. S. Do, 1900, Les eaux mfnerales en Roumanie:
Paris.

2314. Cantuniari, St., 1939, Etudes hydrogeologtques sur les
sources mtneralas de Slanic (Distr. du Bacauj : Soc.
Romane geologie Bul. 4, p. 30-52, 2 pls,

2315. Ctsman, Alex, and Ruscior, Const., 1948 [Radioactivity
of the hot mineral springs of Mangalta, Rumania]:
Ecole polytecll. Jassy Bull., v 3, no. 1, p. 844-352
[French] ; 1949, Chern. Abs., V. 43, col. 6077.

2316. Crasu, V., Manele, V., and Cociasu, E. M., 1941 [Mineral
waters of Rumania, Bucegl district]: Inst. gaol.
Romantst, Studii tech. eeon., ser. B, no. 15, 148 p.

2317. 1943 [Mineral waters of Rumania. II, The districts of
Dolj, Gorj, Mehedinti, Olt, Romanati, and Valcea]:
Inst. geol. Romaniei, Studii tech. econ. ser. B, no. 23, 74
p. [French.]

2318. Dick, J., 1930 [Analysis of the water and deposits from
springs of the "baths of Basna," district of Tarnava
mica]: Soc. Stiinte Cluj Bull., V. 5, p. 330-348.
[French.]

2319. Donescu, T., 1933, Radioactivitatea isvorarelor termale de
la l\fangalia. (Determinari facute in August 1932) :
Soc. Fizica Roma.nia Bul. Bilunar 56, p. 6-8.
[Rumanian.]



330 THERMAL SPRINGS OF THE UNITED STATES AND OTHER COUNTRIES OF THE WORLD

2320. Geza,· Horvath, 1916, Adalek a nagyvaradl Piisp{jkfiirdo
faunAjahoz: Allatani K6zlemenyek, Budapest, v. 15. p.
103-107.

2321. Giurgea, Emile, 1914, Contribution a I'etude de In radio
actlvlte des eaux mtnerares de Roumanie: Acad.
ROmana,.Sec. sci. Bull., v. 3, p. 54-61; 1915 abs., Chern.
Zentralbl., 1915, [pt.] II, p. 47.

2322. Leyden, E. V., 1897, "Oberdie Heilquellen, Bader, und Cur
orte Roumiiniens: Deutsche med. Wochenschr. [Leip
zig], v, 23, Sept. 2, p. 569-571.

2323. Loisel, P., and Michailesco, 1922, Sur In radloactivite des
sources des Bains d'Hercule en Roumanie: Acad. sci.
[Paris] Comptes rendus, v. 175, p. 1054-1056.

2324. 1923, Sur In radtoactivtte des sources de "Baile Her
culane" (Bains d'Hercule) en Roumanie: Acad. Bomana,
Sec. sci. Bull., v. 8, p. 82Q--323.

2325. Pamfil, G. P., 1921, Bestimmung und Gehalt an NEiCl in
den Thermalwiissern von Mehadia: Soc. Stiinte Cluj.
Bul., v. 1, p. 132-135; 1923, abs., Ohern. Zentralbl., 1923
[pt.] I, p. 1071.

2326. Partes, A., 1901, Herculesbad und seine Thermen: Buda
pest.

2327. Schneider, Franz Coeleattn, 1871, Analyse der Mineral
quellen des Hercules-Bades nachst Mehadia. Unter
Mitwirkung des Herm, Dr. J. Kiittsdorfer, ausgefiihrt
von F. C. Schneider: Akad. Wiss. Wien, Math.-naturw.
Kl., Sttaungsber., v. 64, pt. 2, p. 577-622.

2328. Spacu, G., and Dick, J., 1927 [Analysis of water from the
spring "Balint" of the Felix baths]: Soc. Stiinte Cluj.
Bul., v. 3, p. 240--24.3 [French] ; 1928, Ohern. Abs., v. 22,
p.129.

2329. Spencer, Edmund, 1838, Travels in Otreaasta, Krim Tar
tary, etc., including a steam voyage down the Danube,
from Vienna to Constantinople and around the Black
Sea in 1836: 2d ed., London, H. Colburn, 2 v.; v. 1,
355 p., rront., 9 illus., map; v. 2, 425 p., front., 9 mus. j

3ded.,l839.
Describes the baths of Mehadia.

2330. Straub, Janos, 1950, Composition chimique d'eaux medl
cinales (eaux mlnerales) de Transylvanie, leurs compo
sants plus rarea et l'importance biochimique de ceux-ci:
Inst. geol, Hongrie .ennares (Magyar Anami Foldtani
Intezet Evokdnyve}, v. 39, pt. 1,110 p., 2 tables. [Hun
garian; French summary, p.l03-1oo.]

Includes chemical analyses of the water from five
thermal springs.

2331. Szabo, A., and Atila, Soo, 1956 [Radioactivity of some hot
springs near Oradea and Hunedoara (Siebenbergen)]:
Acad. rep. populare Romtne, Inst. fiz. Atomica IFAI
Rl1, 9 p. [Rumanian]; 1957, Ohern. Abs., v, 51, col.
15043.

2332. Voitesti, I. P., 1921, Betrachtungen tiber den Ursprung
und die Entstehung der Thermalquellen von Herkules
bad: Soc. Stiinte Cluj Bul., v. 1, p. 124-131. Chem.
Zentralbl. 1923 [pt.] I, p. 1071.

2333. 1937, Situatia geologica, originea, aparitia si evolutia
isvoarelor HHebe" de la Sangeorz-Bai: Univ. Cluj. Muz.
Geol.-Mineralog. Rev., v. 6. no. 172, p. 22-25; 1938, abs.,
Bibliography and Index of Geology Exclusive of North
America, v. 5,1937, p. 324.

See also references 1279, 1293, 2076, and 2352.

SPA.IN

2334. Anonymous, 1944, Guia balnearia de 1944: Spain, Dtree
ci6n de Turismo publico.

2335. 1947, Distrito mlnero de Santander (La Espana Minera
y Meta1l.irgica; Actividades profeslonales): Spain,
Direcci6n Gen. Minas, 52 p., 76 figs. ; 1949, aba., Bibliogra
phy and Index of Geology Exclusive of North Amertea,

v. 17, 1952, p. 67.
2336. Bataller Calatavud, Jose R., 1955, Notas sobre hldrologla

subterranea espanola: Acad. Olenc. Barcelona Mem.,
ser. 3, no. 651, v. 32, no. 3, p. 41-71, illus. j 1958, abs.,
Bibliography and Index of Geology Exclusive of North
America, v. 21, 1956, p.38.

2337. Botella y de Homos, Federico de, 1892, Monographia de
las aguaa minerales y termales de Espana: Ministero de
Pomento.

Contains map showing the location of thermal springs
in Spain; also includes chemical analyses of the water
from many springs.

2338.: Carbonell, T. F. A., 1946 [The mineral springs of Fuen
caliente (Ciudad Real)] : Spain, Inst. Geologico y Minero
Notas y Comun. 16, p. 237-266, Illus. [Spanish]; 1948,
Chem Abs., v. 42, col. 7463; 1953, abs., Bibliography and
Index of Geology Exclusive of North America, v. 17,
1952,p.67.

2339. Hernandez-Pacheco, Francisco, 1947, Estudio hidrogeolo
gico de las termas de Alhama de Aragon; Zaragoza) :
Congo Luso-Espanhol Htdrologla, tat, Lisboa, Aetas,
p.421-440.

2340. Labat, A., 1901, Climat et eaux mlneralea d'Espagne :
Paris.

2341. Lopez de Azcona, Juan Manuel, 1947a [Spectographic
study of the elemental composition of medicinal waters
of the Spanish peninsula. 1.] : Spain. Inat. Geologico y
Minero Notas y Comun. 17, p. 3-8, map [Spanish] ; 1948,
Ohern. Abs., v.42, col. 2039.

2342. 1947b, Composici6n elemental por metodos espectralea
de aguas mediclnalea de la peninsula iberica num. 1:
Spain, Inst. Geologico y Minero Notas y Oomun. 17, p.
233-243, map; 1955, abs., Bibliography and Index of
Geology Exclusive of North America, v. 19, 1954, p. 289.

2343. 1947c, Las aguas minero-medicinales de Ia Provincia
de la Ccrufia : Congo Luso-Espanhol Htdrologta, ret,
Lisboa, Aetas, p.133-142, map.

2344. 1956, Las aguas mineromedicinales de la provincia de
Pontevedra [Spain]: Spain Inst. Geologico y Minero
Notas y oomun. 41, p. 3-22, 4 pls., map, 1 table.

2345. Mazarrasa, J. M. de, 1930, Aguaa minero medicinales de
la Provincia de Santander: Spain, Oflicia Minas, Me
talurgta, y Combustibles Bol14, p. 757-772, 805-826.

2346. Medicos Directores de Banos, 1903, Reaefla de los prin
clpales balnearios de Espana; Libro dedicado a los
miembros del XIV Congreao Intemaclonal de Medlclna,
Madrid, Abril 1903. [Cover, XIV Oongreso Interna
clonal de Medicina; Aguas minero-medicinales de Es
pana, Abril 1903] : Madrid, 332 p., 30 illus.

Contains map of Spain showing the chemical charac
ter and location of springs, 40 of which are classed as
thermal.

2347. Mendizabal y Gortazar, Joaquin, and Ruiz de Gaona,
Maximo, 1949, Explicaci6n de la hoja no. 141, Pamplona:
Spain, Inst. Geol6gico y Minero, Mapa Geo!., scale
1: 50,000. Expl. DO. 1184, 36 p., illus.; 1951, abs., Bibli-



BIBLIOGRAPHIC REFERENCES

og-rapby and Index of Geology Exclusive of North Amer
ica, v. 15. 1950, p. 90.

2348. Meseguer Pardo, Jose, 1951, Hidrologia de Puertollano j

In fueuta acidula de san Gregorio: Spain lust. Geo16gico
y Minero Notas y COroUD. 22, p. 163-181 i 1958, abs., Bib
liography and Index of Geology Exclusive of North
America, v. 22, 1951, p. 358.

2349. Orti, Carlos, 1947, Distribuci6n geo16gica de los manan
ciales mineromedicinales Espafioles: Congo Luso-Espa
nhol Bidrologia, tat, Lisbon, Aetas, p. 405-406.

2350. Pifia de Rubies, S., and Sirvent d'Argent, c., 1931 [Spec
tographie determination of cations of some Spanish
medicinal mineral waters]: Soc. Espanola fisica y
Quimica Afiales, v. 29, p. 235-246 [Spanish]; Chern.
Abs., v. 25, p. 3104.

2351. Rubio, Pedro Maria, 1853, Tratado complete de las mentes
minerales de Espana; Madrid.

2352. Sullivan, William R., 1863, Notes on geology and min
eralogy of the Spanish provinces of Santander and
Madrid: London.

See also references 1285, 1293, 1576, 1642, and 2291.

SWEDEN

2353. Wahlenburg, Georg (Goran), 1812, Beobaehtungen tiber
Quellen-Warme und die Vegetation, zur Bestlmmung
der Erd-Temperatur und . des Klima von Schweden:
Annalen Physik (Gilbert) v. 41, p. 115-161. (Forsok
att genom sprlng-kalfbrs * * * : Stockholm Acad.
Handl. 30, p. 205-222, 1809. ROn om sprfng-kalldra
temperatur * * *: Stockholm Acad. Handl. 32, p. 1-54,
198-207, ISH.)

SWITZERLAND

2354. Baup, S., 1835, Analyse de I'eau thermale de Lavey: An
nates chimie et physique, v. 48, p.109-111.

2355. Binggeli, E., and Haenny; Ch., 1952, Mesure de la radio
activite des eaux de Lavey: Soc. vaudodse sci. nat. BUlL,
v. 65, no. 280, p. 253-264, iUus.; 1958, abs., Bibliography
and Index of Geology Exclusive of North America, v. 21,.
1956, p. 55.

2356. BIos, W., 1903, Die Quellen der frankischen Schweiz:
Erlangen, Germany, Inaugural dissert., 43 p.

2357. Cadisch, Joos, 1927, Uber Geologie und Radioactivitat der
Schweizerischen Mineralquellen: Schweizerische mine
rolog. petrog.Mitt., v. 7,417.

2358. 1928, Zur Geologie alpdner Thermal- und Sauerquellen :
Schwelzertsche Naturf. Gesell. Jahresber. Graubtlnden,
v.66.

2359. 1932, Zur Geologie der Schweizer Mineral- und Thermal
quellen : Schweizerische Naturf. Gesell. Verh., v. 42, p.
138-176, I pl., figs.

2360. 1936a [Geology of Swiss mineral and curative springs] :
Lebensmitteluntersuchung u. Hygiene, v. 27, p. 216-243
[German] ; 1937, Chem. Abs., v. 31, col. 6160.

2361. 1936b [Geological characteristics of Swiss mineral and
curative springs]: Lebensmitteluntersuchung u. Hy
giene Mitt., v. 27, p. 244-259. [German.]

2362. 1956, TIber die Wiedererbohrung der Therme von Zur
zach (Kantons Aargau) : Eclogae Geol. Helvetiae, v.
49, no. 2, p. 313-316, I fig.

2363. Falconnier, Alfred, 1952, Source thermale de Lavey-les
Bains; Considerations geologiques et hydrologiques:
Soc. vaudoise scI. nat. Bull., v. 65, no. 280, p. 245-,
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2364. Ftera-Davld, H. E., 1942 [Leuker hot springS and th
'relationship between the misfortune in the Brig-Rie
water tunnel with hot springs in general]: Schwe
zertsehe naturf. Gesell. Zurich Vierteljahrsschr., v. 8.
p. 373-382. [German.] j 1943, Chem. Abs., v. 37, co
5521.

2365. Frdhlieher; Hugo, 1946, Einige Beobachtungen an the'
malen Quellen der belden Hauensteintunnel: Schwa
zerische naturf. Gesell. Verh., v. 126, p. 113-114; 195:
aba., Bibliography and Index of Geology Exclusive c
North America, v. 16, 1951, p. 102.

2366. Hartmann, Adolf, 1910 [Origin and chemistry of the the
m'al springs of Baden and Schinznach] : Schweizeri.scl
med. Wochenschr., v. 43, p. 3-5, 17-21. [German

2367. 1925a, Die Thermalquellen von Schinznach: Ve
schweiz Naturf. Gesell. (Schweizerische naturf. Oese

Verh.), v. 106, pt. 2, p, 52-51.
2368. 1925b, Die Mineral- und Helquellen des Katons Aa

gau: Naturf. Gesell. Aargau Mitt., v. 17, p. 282.
2369. Helm, Albert, 1928, Die Thermen von Pfaefers : 'SChWI

zerische naturf. Gesell. Zurich Vierteljahrsschr., v.•
p- 65--140, 3 pls., figs.

2370. Jordi, Hans A., 1955, Geologie der Umgebung von Yverd
(Jurafuss und mittelandlsche Molasse): Bettr. Ge
Karte Schweiz Lief. 99, 84 p., Hlus. ; 1958, abs., Biblic
raphy and Index of Geology Exclusive of NOI
emertca, v. 21, 1956, p. 289.

2371. Knett, J., 1828, 'Die Thermal- und l\fineralqueUen,
t>sterreichisches Bdderbuch ; Vienna.

2372. Labat, Jean Baptiste, 1895, Voyage en SUisse: Paris, Ba
rotnerates et stations sanitaires, 66 p.

2373. La Harpe, Jean Jacques Charles de, 1893, Loueche-I
Bains : Paris.

2374. 1897, La Suisse balnealre et climatique: 2d ed., Zuri,

2375. Lugeon, M., 1912, Les sources thermales de Loeehe
Bains (Leukerbad, Valois) : Beitr. Geol. Karte Schwr
new ser., v. 38, nos. 1-2, p. 1-31.

2376. Matthey, Emile, 1952, La Composition chimique de 1\

thermale de Lavery-Ies-Bafns : Soc. vaudofse sci. r
Bull., v. 65, no. 280, p. 265-271; 1958, abs., Blbltograj
and Index of Geology Exclusive of North America, v.
1956, p. 390.

2377. Meyer-Ahrens, Konrad, 1860, Die Heilquellen und Kuro
der Schweiz * * * in hlstortseher, topographisc1
chemischer, und thermapeutlscher Bezlehung gesc
dert: Zurich, 2 v.

2378. 1867, Die Hellquellen und Kurorte der- Schweiz 1

elniger der Schweiz sunachst angrenzenden Gegen
der Nachbarstaaten : Zurich, 812 p-, pls., tables.

2379. Miihlberg, F., 1906, Beobachtungen bei der Neu-Fass
der Limmatquelle (zu Baden) und liber die dorti
Thermen im Aligemeinen: Eclogae GeoL Helvetiae, '
p. 56-58.

2380. Munzel, Ulrich, 1947, Die Thermen von Baden; eine
neologische Monographie: Zurich, Dissert., Eidge:
sische Technische Hochschule, 300 p., 103 figs. ; 1949,
Bibliography and Index of Geology Exclusive of Ni
A'merica, v. 13, 1948, p. 191.

2381. 1953, [Hot Springs of Baden as therapeutic sprinl
Schweizerische Apoth.-Zeitung, v. 91, p. 351-371 [1
man]; Ohem. Abs., v. 47, col. 10153.



332 THERMAL SPRINGS OF THE UNITED STATES AND OTHER COUNTRIES OF THE WORLD

2382. Nussberger, Gustav, 1901, Beitrag zur Kenntnis der
Entstehung von Mlneralquellen im Btlndnersehlefer
gebtete : Ohur, Switzerland, 38 p.

2383. 11914, Hetlquellen und Bader im Kanton GraubUnden;
Hrsg. vom Verkehrsverein fUr Graubiinden: Ohur,
ISwitzerland.136 p., ntus.

2384. ed., 1937, Die Mineral- und Hetlquellen del' Schweiz j

Herausgegeben vom Schweizerischen Verein analy
tlscher Chemiker dem Eidgenossischen Gesnndheitsamt
und der Schweizerischen Gesellschaft fUr Balneologie
und Klimatologie: Bern, Switzerland, 201 p., 5 figs.,
map.

Oontatne data on ,14 thermal springs and thermal
wells.

2385. Peter, H, 1922, Expertenbericht an die Baudirektton des
Kantons Aergau ueber die 'I'hermalquellen in Baden:
Zurich, Erstattet von H. Peter, Ing., Direktor Stadt.
Wasserversorgung.

2386. Preller, D. S. Du Riche, 1896, The mineral springs of the
Baden District (Switzerland)r: Geol. Mag., dec. 4, v.3,
no. 4, p.149-154, 4 figs.

2387. Robert, Aime, 1865, Notice sur Ies eaux thermales sul
fureuses de Schinznach (Suisse, canton d'Argovie):
Strassburg, Germany, Bur. Rev. Hydrclogle med., 112
p., rront., 2 pls., map.

2388. Robert, Aime, and Guggert, 1861, Bade et ses thermes
* * * Aovec les nouvelles analyses chimiques des sources
par M. R. Bunsen * * *: Paris.

2389. Rothpletz, August, 1902, Ueber den Ursprung del' Ther
malquellen von St. Moritz: Kgl. bayer. Akad. Wiss.,
Math.-phys. Kl., Sitzungsher., v. 32, p. 193-207, 2 figs.

2390. Schweitzer, A., 1916, Ueber die RadioaktivWit del' Hell
quellen del' Schweiz: Annalen schweizerische Gesell.
Balneologle u. Klimatologte.

2391. Wydler, Wolfgang, 1937 [The carbonic acid content of the
thermal sulfur springs at Baden] : Schweizerische med.
Wochenschr., v. 67, p. 695-696. [German.]

See also references 30, 571, 1285, 1291, 1293, 1294, 1669, 1687,
1699, and 1892.

YUGOSLA.VIA.

2392. Gorjanovic-Krarnberger, K.; Steeb, C. Baron; and Mel
kus, M., 1910, Die geologischen und hydrographlschen
Yerhiiltnisse del' Therme "Stublcke 'I'opltce" in Kroatien
und deren chemisch-physlkaltsche Eigenschaften: Geol.
Reichsanst. Wien. Juhrb., v. 60, p. 1-66, 2 pls., figs.

2393. Ivanacevie, Ivan, and Tomic, Dragutin, 1946 [Fluorine in
the water of the hot springs at Sisak, Lipik, and Daru
var]: Izvanredna Izdanja Inst. Farmakol. i Toksikol.
Zagrebu, v. 3, p. 27-37 [Croatian, French summary] ;
1952, Ohern. Ahs., v.46, col. 3684.

2394. Ivekovic, Hrvo]e, and Daneevic, Luka, 1936 [Chemical
analysis of the sulfurated thermal wa-ter of Varazdinske
Toplice] : VPS Oasoots Vodnu, Plinsku iSanti, Tehnilm
2, p. 234-235 [Croatian]; 1937, Chern. Abs., v. 31, col.
4426.

2395. Jowanowitsch (Jovanovich), D. K., 1934, Uber die radio·
. akth;en Erscheinungen lllld die Gegenwart von Edel

gasen bei den Thermalwasser von Ssoko Banja: Kgl.
serbische Akad. Bull., v. 162, p. 1-16, 1 pI. [Serbian,
title also in German]; 1936, abs., Chern. Zentralbl.
1936 [pt.] II, p. 449.

2396. Jowanowitsch (Iovanovich), D. K., 1936 [Radioactive
bathing places in Yugoslavia] : Banje Morska i Klimat
Mesta, .Tugoslav, p. 69-76 [Croatian] ; 1937, Ohern. Abs.,
v. 31, col. 5079.

2397. Kenig, Dezider, 1934 [The mineral waters of Strumicka
nardal : Soc. chim. royaume Yougostavte BUll" v. 5,
p. 176-187 [Serbian, German summary] ; 1935, Chem.
Abs., v. 29, col. 5205.

2398. Lukovic, Milan T., and Petkovic, Kosta V., 1935, Radio
active .thermal springs of Niska Banja and their rela
tion to the geology of the area: Acad. rovete Serbe,
Acad. sci. math. et nat., Bull. Sci. Nat., no. 2, p. 7-14,
7 figs., map. [English.]

2399. MalIat, Joseph, 1902, La Serhle contemporaine, etudes,
enqnetes, statistiques: Paris, J. Maisonneuve, 586 p.,
4 maps.

Ilncludes information on mineral and thermal springs.
2400. Marie, Luka, and Rezek, Adolf, 1936, Prilog posnavanfu

mineralnih voda Rogaske Slatine: Hrvatsko Prirod
oslovnc Drustvo (Soc. sci. nat. Croatica), Glasnlk g.
41-48, p, 231-245., 1 fig. [Croatian, German summary] ;
1941, abs., Bibliography and Index of Geology Exclusive
of North America, v. 8, 1940, p.151.

24.01. MihoHc, Stanko S., 1923 [Chemical analysis of the min
eral water of Lipik] : "Rad" Acad. sci. Zagreb, v. 228,
p. 7(;-85 [Croatian]; 1924, Ohern. Abs., v. 18, p. 1024.

24.02. :1932 [Chemical analysis of warm springs of Samobor
Mountains]: Soc. chim. royaume Yougoslavie Bull., v.
3, p. 91-103 [Croatian, German summary] ; 1933, Ohern.
Ahs., v. ZT, p. 3422.

24.03. 1935'a [Analysis of water of the Velika thermal
spring]: Soc. Ohim. royaume Yougostavte Bull., v. 6,
p. 51-60 [Croatian]; 1936, Chern. Abs., v. 3D, col. 4245.

2404. tl,935b [Chemical analysis of the mineral waters of
Daruvar]: Soc. chim. royaume Yougoslavie Bull., v. 6,
p, 121-129 [Croatian, German summary] ; 1936, Chern.
,.A:bs., v. 30, col. 2673.

2405. 1935c [Chemical analysis of the thermal water in
Lipik] : 'Soc. Ohim. royaume Yougoslavle Bull., v. 6, p
169-177 [Croatian] ; 1936, Chern. Abs., v. 30, col. 495.

2406. 1936 [Chemical analysis of the Vrdnik thermal water] :
Soc. chtm. royaume Yougoslavie Bull., V. 7, no. 1, p. 21
29 [Croatian] ; 1937, Chern. Abs., v. 31, col. 3181.

2407. 1937 [Chemical analysis of the thermal water in Buko
vi(!ka Banja'l : Soc. chlm. royaume 'yougoalavte Bull., v.
8, p. 82-96 [Croatian, German summary] ; 1938, Chern.
.A:bs., v. 32, col. 6368.

2408. 1938a [Chemical investigations on siliceous sin tel's of
the island Vis (Lissa) in Dalmatia]: Glasnika (Soc.
sci. nat. Croatica Bull.), no. 49/50, 1937-38, p. 49-56
[Croatian, German summary] ; 1939, Chem. Abs., v. 33,
col. 5775.

2409. 1938b, Kemtjska analiza termalnog vrelu u rncsa :
Arhiv Kern. Farm. (Arhiv za hemiju i farmaciju), v.
12, p. 83-92. [Oroatian.]

2410. 1940, Chemische Analyse del' Thermalquellen im nord
westlichen Kroatien [abs.] : Acad. Yougoslave scL, 01.
sci. math. et nat. Bull. Internart. 33, p. 49-55; 1948, abs.,
Bibliography and Index of Geology Exclusive of North
America, v.12, 1947, p.160.

2411. 1942 [The chemical analysis of the warm-spring water
at Lesce] : Vjestnik Hrvatskog DrZavnog Geol. Zavoda i
HrvQJtskog Drzavznog Geol. Muzeja, Svejak I, 9 p.



BIBLIOGRAPmC REFERENCES

[Croatian, German summary] ; 1946, Chern. Abs., v. 40.
col. 3547.

2412. Mihalic, Stanko S., 1945, Chemical analysis of the thermal
water of Btublcke Toplice [abs.]: (Internat. acado sci.
Zagreb). Acad. Yougoslave sct., 01. sci. math., et nat.,
Bull. Internat. 85, p. 152-156; 1946, Chern. Abs., v. 40.
col. 4158; 1948, abs., Bibliography and Index of Geology
Exclusive of North America, v. 12, 1947, p. 160.

2413. 1949 [Tin in some samples of plutonic rocks] : Soc. chim.
Belgrade Bull., v. 14, p. 121-127 [Serbian, English
-summary] ; 1952, Ohern. Abs., v.46, col. 4442.

2414. 1952 [The chemical composition and properties of min
eral waters]: Godlsnjak balneol.-klimatol. Inat. -(Za
greb, Yugoslavia), v, 1, p. 7-18 [Croatian] ; 1955, Chern.
Abs., v.49, col. 984l.

2415. 1957, The thermal waters of Vi§egrad in Bosnia. A
geochemical study: Croatica Chern. Acta, v. 29, p. 39-44
[English] j Chern. Abs., v. 51, col. 13269.

2416. Miholie, Stanko S., and Mirnik, K., 1957 [The thermal
source of Laktasi (Bosnia) ; a geochemical study] : Soc.
chim. rep. populalre Bosnie et Herzegovine Bull. 6, p.
5-9 [French] ; 1958, Chern. Abs., v. 52, col. 9489.

2417. Miholic, Stanko S., and Trauner, Leo, 1952, Mineralne
vode u Hrvatskoj (Mineral waters of Croatia) : Godi~M

njak Balneol.-klimatol. Just. NR Hrvatske, v. 1, p. 59
133. [Croatian.]

Describes 24 thermal springs, including chemical
analyses of the water. Also contains information on the
biologic associations of some of the spring waters.

2418. Milojevic, N., 1958 [The mineral springs of Soko Banja
(Serbia), and the problem of their cooling] : Annales
geol. peniusule balkantque, v. 25. p. 85-109 [Serbian, Ger
man summary] ; Ohem. Abs., v. 53, col. 11721.

2419. Nenadovic, Laza, 1936 [Description of bathing places] :
Banfe Morska i Klimat, Mesta Jugoslav, p. 235-379
[Croatian] 1937, Ohern. Abs., v. 31, col. 5079.

2420. Picotti, Mario, 1933 [Detection of radioactivity in the
S. 'Stefano D'Istria hot sulfur spring]: Soc. Itallana
sper. Bull., v. 8, p. 665-667 [Italian] ; 1934, Chern. Abs., v.
38, col. 407.

2421. Rezek, Adolf, 1931 [Mineral waters of Rogutsh (Rogaska
SI3!tina)] : Soc. chim. roraume Yougoslavie Bull., v. 2,
p. 213-223 [Croatian] ; 1932, Chern. Abs., v. 26, p. 4660.

2422. 1936, Mineral waters of Rogaska Slatina]: Soc. chhn.
royaume Yougoslavte Bull., v. 6, p. 179-187, 3 tables
[Croatian, German summary] j Ohern. '&bs., v. 30, col.
4597.

2423. 1940, Contribution a la connaissance des eaux mineraree
de Roga~lm ISlatina : Acad. Sci. et Arts Ljubljana, 01.
mat. et historie nat., Prfrodoalovne Razprave, v. 4, p.
100-101; 1952, ubs., Bibliography and Index of Geology
Exclusive of North America, v. 16, 1951, p. 257.

2424. ReZek, Adolf, and Pinter, T., 1933 [Medicinal mineral
water of Rogaska Slatina, Yugoslavia. II. Catalytic
action] : Soc. chim. royaume Yougoslavie Bull., v. 4, p.
37-51 [Croation, Germany summary] ; 1934, Chern. Abs.,
v. 28, col. 3515.

2425. Schneider, Franz Coelestin, 1862, Chemische analyse eini
ger Mineralquellen Osterreichs: Akad. Wiss. Wien,
Math.-naturwiss. Kl., Sitzungsber., V. 45, pt. 2, p. 483
511.

Contains information on springs at Topusco.
2426. Seyer, R, 1949 [The hypothermal waters of .arandjerovac,

Yougoslavia] : Paris, Coll. France, Inst. Hydrologie et

333

Climatologie 1950, Annates, v. 20, pt. 68, p. 127-130
[French] ; Chern. Abs., v. 44, col. 5501.

2427. Tomic, Dragutin, 1950 [The fluorine content of Slovenian
thermal waters]: Arhiv Kemi (Arhiv za kemiju i
farmaciju?), v. 22, p. 187-190 [German] j 1952, Chern.
Abs., v. 46, col. 8295.

2428. 1952 [Hot springs of lower Btelermark, II. Fluorine
content of Slovenian thermal waters]: Pharm. Jugo
slav., v. 2, p. 53-57 [Croation, German summary];
1954, Chern. Abs., v. 48, co1.1096l.

2429. Trauner, Leo, 1952 [The catalytic activity of mineral wa
ters] : Godlsnjak balneol. klimatol. inst. (zagreb, Yugo
slavia), v. I, p. 33-41 [Croatian] j 1955, Chern. Abs., V.

49, col. 984l.
2430. Vonk, Vale, 1916, 1919, Die biologische Erforschung der

Thermen Kroatiens und Slavoniens: Travaux. Math.
Soc. Nat. AC3'd. Slaves Sud. Bull., V. 5, 1916; v, II, 12,
1919.

2431. Vucetic, Pierre-Paul, 1922, La Yugoslavie Pittoresque.
La vie technique, industrielle, agrlcole, et colonlale.
Numero special; Hors serte. Le Royaume des Serbs,
Croats, et Slovenes (La Yugoslavie): Zagreb(?),
104 p.

States that there are about 200 mineral springs, some
of which are thermal. Describes the principal springs.

See also references 30, 101, 1293, 1304, 1310, and 1892.

AFRICA

GENERAL REFERENCES

2432. deLaunay, Louis, 1903, Les rtcheases minerales de
l' Afrique: Paris, C. Beranger, 395 p., maps.

Mentions several thermal springs in Algeria, Tunisia,
Morocco, French West Africa, Ethiopia, Ruanda, and
the Union of South Africa.

2433. Gumprecht, Thaddaus Eduard, 1851, Die Mineralquellen
auf dem Pestlande von Africa besonders in Besug auf
ihre geognostischen venimtntsse : Karsten's Archiv, v.
24, p. 71-279 ; repr., 215 p.

Contains information on thermal springs in many
localities in Africa; also mentions thermal springs on
the Canary and Cape Verde Islands west of Africa and
on the Comoro Islands, Madagascar, and Bourbon
(Reunion) Island east of Africa.

2434. Richard, J, Jo, and Neumann van Padang, Maur, 1957,
Africa and the Red Sea, pt. 4 of Catalogue of active
volcanoes of the world including sclfatara fields: Naples,
Italy, Iuternat. volcanol. Ascoc. 118 p., 36 figs.; supp.,
'I'tbesti, by B. Geze, 6 p.

ALGERIA AND TUNISIA

2435. Arago, Dominique Francois Jean, 1838, Instructions con
cernant Ia rneteorologle et la physique du globe: Acad.
sci. [Paris] Comptes rendus, v. 7, p. 206-224.

Describes a thermal spring "some distance from
Bone" in Algeria.

2436. Berthon, Louis, 1927, l~tude sur Ies sources thermo
mlnerales de Ia Tunisie: Services mines et carte geol.,
pt. 1, Regions Gabes et Tunis, 177 p., 61 figs. .

Contains information on 57 thermal-spring localities
in Tunisia.



334 THERMAL SPRINGS OF THE UNITED STATES AND OTHER COUNTRIES OF THE WORLD

2437. Blanchard, R., 1903. Observations sur la faune des eaux
chaudes: Soc. biologle [Paris] Comptes rendus, v. 55,
p. 947--950.

Describes the fauna in the spring-fed pools of Ham~

man Sldt-Mescld and Hammam Meskouttne, both in
Algeria.

2438. Braun, Max, 1872, Ueber einlge Erzlagerstiitten der Pro
vinz Constantine: Deutsche geol. Gesell. Zeitschr., v. 24,
pt. 1, p. 30-44; 1874, abs., Fortschr. Chemie, Jahresber.,
v. 24, p. 34, 1874; 1877, abs., Rev. geologie, v. 13, p, 36,
1877.

Contains information on Hamman Meskontine, Ain
Berda, and springs in Oued-bou-Hammed.

2439. Bruun, Anton Fr., 1939, Observations on Thermosbaena
mirabiUs Monad from the hot springs of EI-Hamma,
Tunisia: Dansk Nat. Foren., Vidensk., v. 103, p. 493
50l.

2440. Combes, 1842, Note sur les eaux thermales d'Bam-am
escoutin (Algerie) : Acad. sci. [Paris] Comptes rendus,
v.14, p. 334-336.

2441. Dalloni, Martus, 1928, Observations geologlques sur les
eaux mtnerales et thermales de 1'Algerie: Congo Eau,
Alg~r.

2442. Daubree, Gabriel Auguste, 1877, Formation eontemporatne
de eeouuies (chabasie, christianite), sous 1'influence de
sources thermales, aux environs d'Oran (Algerie):
Acad. sci. [Paris] Comptes rendus, v. 84, p. 157-159.

2443. Durozoy, Guy, 1955, Les sources thermalea de Constan
tine et du Hamma: Terres et Eaux (Algeria, Direction
Service Colonisation et Hydraultque) , v. 6, no. 26, p.

18--43, illus. [English and Spanish summaries] i 1958,
abe., Bibliography and Index of Geology Exclusive of
North America, v. 21; 1956, p.155.

2444. Ehrmann, France, 1941, Du rOle actif et passif du trias
gypso-salin et mtnerause dans la genese des sources
rnlneralea, thermales au thermo-minerales de la Kabylie
des Babers (Algerie): Assoc. franealse sci., Compte
rendu, Sess. 63, p. 479-481 i 1955, abs., Bibliography
and Index of Geology Exclusive of North America, v. 19,
1954, p. 130.

2445. Fleury, 1906, Une station algezlenne i Hammam-R'hira
(Algerie) : Soc. sci. et med. ouest [Rennes] Bull., v. 15,
p.92-98.

2446, Fournel, Henri, 1846, Memoire sur les gisements de mu
riate de soude de l'Algerie: Annales mines, ser. 4, v, 9,
p. 541-586.1 pl.

Contains a chemical anlysis of the water from springs
7 miles southwest of Kantara.

2447. Giard, A., 1903, A-propos des observations de M. R. Blan
chard sur Ia faune des eaux chaudea : Soc. biologie
[Paris] Comptes rendus, v. 55, p. 1003-1004.

2448. Guigue, Simone, 1940, Les sources thermo-mtneralea de
l'A!gerie. :Etude geochtmtque (Tome rr): Service
carte geol.: Algerie Bull., ser. 3, Geologie appl., pt. 5,
140 p., 3 pls., 40 figs., 8 plans, map.

Contains information on the chemical character of
the water from springs in 17 localities. Map shows 42
thermal-spring localities.

2449. 1947, Les sources thermo-mineralea de I'Algerte. Etude
geochlrnlque (Tome 2): Service carte geol. Algerie
Bull., ser. 3, Geologie appl., pt. 9, 112 p., 3 pls., 40 figs.,
24 tables.

Describes 20 thermal springs and includes chemical
analyses of the water from 37 thermal springs (includ
ing the 17 in reference 2448).

2450. Guigue, Simone, 1950 [Radioactivity 'Of the principal
thermo-mineral springs in Algeria]: Inst. Hydrologfe
et Climatologie Annales, v. 21, p. 137-164 [French];
1951, Chem. Abs., v. 45, col. 4565.

2451. 1952a [Radioactivity of thermal springs of Algeria] :
Inst. Hydrologte et Climatologie Annales. v. 23, p. 93
114 [French] i 1953, Chem. Abs., v. 47, col. 5852.

2452. 1952b, Diagrammes logarithmiques de quelques sources
thermomlnerales d'Algerie: Service carte geol. Algerie
Bull., Travaux Recents, pt. 3, p. 83-106; 1954, aba.,
Biblography and Index of Geology Exclusive of North
America, v.18, 1953, p.165.

2453. Guigue, Simone, and Better, G., 1951, Les sources thermo
minerales de 1'Algerie: Union Geed. et Geophye. Inter
nat.; Assoc. Hydrologie Sci., Oslo 1948, Trans., v. 3, p.
117-120, 1 table.

States that there are 174 thermal-spring localities in
Algeria. Contains information On the chemical quality
of 62 important springs.

2454. Guyon, Jean Louis Genevieve, 1864, Etudes sur les eaux
thermales de Ia Tunisie, aeeompagneea de recherches
historiques sur les loealttea qui les fournissent: Paris,
Impr. et librairie administratives de Paul Dupont, 69 p.

2455. Hanrtot, Adrien Armand Maurice, 1911, Les eaux mine
rales de 1'Algerie: Paris, 400 p., map.

2456. Hesse-Wartegg, Ernest, 1882, Tunis, the land and its
people: New York, Dodd, Mead & Co., 302 p., 22 illus;
German ed.: Tunis, Land u. Leute; Vienna, A. Hartle
ben, 234 p.

Mentions the springs in the oasis atGatsa.
2457. Hutin, 1887, Sources thermales en Afrique: Acad. sci.

[Paris] Comptes rendus, v. 4, Oorrespondance, p. 654.
Mentions two thermal-spring localities in Tunisia.

2458. Johnston, Harry Hamilton, 1898, A journey through the
Tunisian Sahara: Royal Geog. Soc. [London] Jour., v.
11, no. 6, p. 581-608.

States that there are hot springs in many places.
Specifically mentions the Roman baths near Gabes and
near Gafsa.

2459. 1911, Tlinisia, in Encyclopaedia Britannica, 11th ed.,
New York, Encyclopaedia Britannica, v. 27, p. 393-399.

Mentions several thermal-spring localities.
2460. Joleeud, L., 1914, Notice geologique sur Hammam Mes

khoutin (Algerie): Soc. geol. France Bull., ser. 4, v.
14. p. 423-434, 6 figs.

2461. 1932, Algerie et Tunisie p. 1-128, in la Croix, A., La
geologie et res mines de la France d'outre-mer : Paris.
604, p., 38 figs.

States tbat Ain Ouarka is fed by a thermal spring and
that the Juraaslc rocks in the vicinity of Hammam
Meskoutine have 'been altered by hydrothermal action.

2462. Kennedy, John Clark, 1846, Algeria and Tunis in 1845.
An account of a journey made through the two regencies
by Viscount Fielding and Capt. Kennedy: London, H.
Colburn, 2 v.; v. 1, 304 p., rront.: v. 2, 261 p., front.

Describes Hammam Berda and Hammam Meakoutlne.
2463. Lafeunte, Pierre, 1933, La station hydromlnerale d'Oude

Hamhnlne : Office Algerien d'actlon econ. et touristique
(Ofalae) Bull. eeou., V. 2, no. 12, p. 946-948 i 1934,
abs., Bibliography and Index of Geology Exclusive of
North America, v. i, 1933, p.140.

2464. La Rouviere, 1874, Sur res sources d'eau bouillante
d'Hammam Meskouttne, province de Constantine en
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Algerie: Soc. llnneenne Normandie Bull., aer. 2, v. 8,
p.138-149.

2465. Mason, J. L., 1939, Studies on the fauna of an Algerian
hot spring: Jour. expo Biology, v. 16, p. 487-498.

2466. Moniez, R., 1893, Description d'une nouvelle espeee de
Oypris vivant dans Ies eaux thermales du Hammam
l\ieskhoutine: Soc. zool. France Bull., v. 18, p. 140--142.

2467. Niel, Capt., 1840, Communication memotre ......... province
de Constantine: Soc. geol, France Bull., V. 11, p.
129-131.

Describes Hammam Meskouttne.
2468. Nodon, Albert, 1910, Recherches sur l'ionisation de In

source chaude des thermes d'Hammam-Salahin pres de
Biskra (Algerie) : Acad, Sci. [Paris] Comptes rendus,
v. 150, p. 1083-1084.

2469. Noel, Eugene, 1909, Note sur I'hydrogeologle Tunisienne:
Soc. geol. France Bull., ser. 4, v. 9, p. 459-487.

Mentions several thermal-spring localities.
2470. Ossian, Henri, and ChevaIlier, 1846, Sur la presence de

I'arsentc dans certains eaux minerales de l'Algerie:
Acad. Sci. [Paris] Comptes rendus, v. 23, Oorrespon
dance, p. 682-683.

2471. Pesquier, Eduard, 1904, Etude: annales hydrologle
[Paris], v. 9.

Mentions thermal springs.
2472. Pouget, I., and Choucbak, D., 1923, Radloactivlte des eaux

mlnerales d'Algerle : Acad. Sci. [Paris] Comptes rendus,
v.177, p. 1112-1114.

2473. 1925a, Lea eaux mlnerales radtoacttves du Guergour
(Algerie) : Acad. Sci. [Paris] Comptes rendus, v. 181,
p.124-126.

2474. 1925b, Radloactlvlte des eaux mlnerales d'Hammam
Meskhoutine (Algerie): Acad. sci. [Paris] Comptes
rendus, v.181, p. 921-923.

2475. 1926, Radloactivite et composition chimique des eaux
mineralea du Hammam des Ouled Ali: Aced. sci.
[Paris] Comptes rendus, v. 182, p. 1480-1481.

2476. Puillon-Boblaye, 1838, Sur ia geologie des provinces de
Bone et de Constantine: Acad. sci. [Paris] Oomptes
rendus, v. 7, p. 239-245.

Describes springs near Constantine and Hammam
Meskoutlne.

2477. Renou, Mo Eo, 1843, Apercu sur In constitution geologique
de I'Algerte : annates mines, ser. 4, p. 521;..{)40.

Describes several thermal springs.

2478. 1846, Note sur quelque mtneraux de l'Algerie: Acad.
sci. [Paris] Comptes rendus, v. 23, Oorreepondance, p.
547-549.

Describes the deposits formed by springs southeast
of DaIle.

2479. Richardson, James, explorer, 1848, Travels in the Great
Desert of Sahara, in the years of 1845 and 1846, includ
ing a description of the 'Oases and cities of Ghat,
Ghadames, and Mourzuk: London, R. Bentley, 2 v. j v. I,
440 p., 3 pls., 12 figs.; v. 2, 482 p., 2 pls., 11 figs.

Describes the springs at Ghadames and Ludinot.

2480. 1860, Travels in Morocco (edited by his widow, J. E.
Richardson) : London, C. J. Skeet, 2 v.; v. I, 301 p.,
rrout., 5 figs.; Y. 2,321 p., front., 3 figs.

Mentions the springs at Gafsa and near ruins of the
ancient city of Utica, both in Tunisia; also the animal
life in the spring water.
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2481. Rogers, Albert G., 1865, A winter in Algeria: London.
Contains mention of thermal springs.

2482. St. Marie (Count)" 1846, Algeria in 1845-A visit to the
French possessions in Africa: London, R. Bentley, 284
p., front.

Mentions several of the principal thermal springs.

2483. Savomtn, J., 1920, EtUde geologique de la region du Hodna
et du plateau S~etifien: Service carte geol. Algerie Bull.,
ser. 2, no. 7, 499 p., 1 pl., 94 figs.

Describes 20 thermal springs in Algeria.

2484. Schoeller, H., and Gosselin, N., 1939, Carte hydrogeo
logique de Ia Tunisie; Bordeaux, France 94 p.; 1943,
abs., Zeitschr. prakt. Geologie, v. 51, no. 6, p. 71; 1948,
abs., Annot. Bibliography Econ. Geology, 1943, v. 16,
no. 2, p. 347.

2485. Sedillot, Charles, 1837, Sur lea sources thermales aituees
it deux ueues environ de Mjer-Ammar: Acad. sci. [Paris]
Comptes rendus, v. 5, p. 555-558.

2486. Service des Mines (Algerie), 1889, Notice sur les sources
thermales et mlnerales d' Algerie: Algiers, 95 p.

Lists 135 spring localities in Algeria, some of which
are definitely thermal and others only slightly so.

2487. Shaw, Thomas, 1757, Travels or observations relating to
Barbary: repro in Pinkerton, John, 1814, A general
collection of the best and most interesting voyages and
travels in all parts of the world, many of which are
now first translated into English: London, V. 15, p. 501
680.

Mentions several hot springs developed as baths,
also springs used for irrigation of plantations near
Gafsa.

2488. Solfgnae M., 1927, EtUde sur les sources thermo-mtnerales
de la Tunisie: Tunis, pt. 1.

2489. Spratt, Thomas Ao B., 1846, Remarks on the lakes of Ben
zerta, in the Regency of Tunis: Royal Geog. Soc. [Lon
don] Jour., v.16, p. 251-255.

Mentions a group of warm springs (probably Ham
mam Lif).

2490. Strahan, (Mrs.) Lisbeth Gooch (Seguin), 1878, Walks in
Algiers and its surroundings: London, Daldy, Isbister
& Oo., 502 p., front., 15 illus., maps.

Includes a description of the springs of Hammam
Rira.

2491. Temple, Grenville, 1835-36, Excursions in the Mediter
ranean: London, Saunders & Otley, 2 V. j 1835, v. 1,
Algiers and Tunis, 301 p., front., map j 1836, V. 2, Greece
and Turkey, 358 p., front.

Describes springs at Hammam Lif, El Hammah tal
Ghabs, and Gafsa.

2492. 1838, Extracts from notes made during the campaign to
Kostantinah, in September 1837: Royal Geog. Soc.
[London] Jour., V. 8, p. 39-53, map.

Mentions Hammam Berda and Hammam Meskoutine.

2493. Tripier, F. Mo, 1839a, L'examen analytlque des depots
recueilles par M. Guyon nux sources thermales d'Ham
mam-Mez-Koutin (Bains enchantes) : Acad. sci. [Paris]
Comptes rendus, v. 8, Oorrespondance, p. 255.

2494. 1839b, Observations sur Iea sources thermales d'Haru
mam-Berda et d'Hammam-mes-Koutln, situees entre
Bone et Constantine: Acad. sci. [Paris] Comptes rendus,
V. 9, Ocrrespondance, p. 599-602; Jour. chimie med.,
ser.2,v.6,p.274-279,l840.



336 THERMAL SPRINGS OF THE UNITED STATES AND OTHER COUNTRIES OF THE WORLD

2495. Tripier, F. M., 1841, Sur les eaux thermales de In province
de Constantine: Annates chimie et physique, ser. 3,
v. 1, p. 34O--1l54.

2496. Urbain, Pierre, 1953, Contribution de I'hydrogeologte ther
male a la tectonique; l'aire d'emergence d'Hammam
Meskoutine (rlepartement de Constantine); Soc. geol.
France nuu., ser. 6, v. 3, pt. 1-3 p. 247-251, iUus. j 1957,
abs., Bibliography and Index of Geology Exclusive of
North America, v. 20, 1955, p. 556.

See also references 28, 30, 73, 1568, 2432, and 2660.

ANGOLA

2497. Beets, P. F. W., 1933, Geology of South West Angola, be
tween Cunene and Lunda axis: Geol. Soc. South Africa
Trans., v. 36, p.la7-I76, map.

Mentions four thermal-spring localities.
2498. Gregory, John Walter, 1917, Contributions to the geology

of Benguella : Royal Soc. Edinburgh Trans., v. 51, p.
495-536, 2 pla., 9 figs.

Contains information on the hot springs at Andulo and
Chieuca in the volcanic district of Bihe, on the warm
springs along the banks of the Quime at Ochilesa, and on
hot springs in Katanga.

2499. Nascimento, J. Pereira do, and Maltos, A. Alexandre de;
1912, A cojontsacuo de Angola: Lisbon, 163 p., 14 pla., 1
map.

See also reference 43.

BELGIAN CONGO (REPUBLIC OF THE CONGO) AND
RUANDA~URUNDI(REPUBLIC OF RWANDA AND KING~

DOM OF BURUNDI)

2500. Aubel, Rene van, 1928, Sur la zone granbtique du Lualaba
entre 10°30' et 9°45' latitude Sud: Soc. geol. Belgique
Annales, v. 51, app., Pt. 1, p. 31-52, figs.

2501. Boutakoff, N., 1933, Les sources tnermo-mtnerates du Kivu,
leurs relations avec Ies grandes fractures radlales et
leur utilisation au point de vue tectonique: Soc. belge
geologie, paleontologte, et hydrologle Bull., v. 43, p. 75
80, 1 fig.

2502. Cornet, Jo, 1906, Sur la distribution des sources thermales
au Katanga (Congo): Soc. geol. Belgique Annales, v.
33, Mem. 1, p. 41-48.

2503. Emin-Bey (Emin Pasha, Eduard Schnitzer), 1879, Journal
edner Reise von Mruli nach del' Hauptstadt Unydro's
mit Bemerkungen libel' Land und Leute: Petermanns
Mitt., Band 25, v. nos., 5, 6, 10, p. 179-187, 226-224, 388
397.

Mentions saline [warm] springs near Kibiro and Mba
covta, near shore of Mwutan-Nzlge [Lake Albert].

2504. Gotzen, G. A. Graf von, 1895, Dutch Afrika von Ost nach
West. Resultate und Begebenheiten einer Reise von del'
deutschostarrlkantschen Kiiste bis zur Kongomlindung
in den Juhren 1893-1894: Berlin.

Mentions thermal springs in Ruanda.
2505. Mathieu, F. F., 1913, Les sources thermales du Bas-Ka

tanga: Soc. geol. Belgique Annales, Pub. reI. Congo
Belge, v. 40, p. 103-125, 2 pIs., figs.

2506. Passau, G., 1923, Note sur les sources thermales salines de
la Lufubu, Province Orientale (Congo Beige): Soc.
geot, Belgique Annates, Pub. rel. Congo Belge, v. 45,
app., p. C35-C38.

2507. 1933, Les sources thermales de la Province orientale
(Congo BeIge): Royale CoIl. BeIge Inst. Bull., v. 4,
pt. 3, p. 788-814.

2508. Passau, G., 1936, Les sources hydrothermales du Congo
Belge : Congo Internat. mines, metnllurgte, et geologie
appl., 7th, Paris 1935, V. 2, ceei. appl., p. 841-846.

Lists, by name or location, the thermal springs in the
Congo and neighboring regions of Ruanda-Urundi and
Uganda.

2509. Willis, Bailey, 1930, Living Aflica: New York, McGraw~

Hill Book oe., Inc., 320 p., front., 23 Illus., 8 maps.
Mentions solfataras at the Mfumbiro volcanoes in

the Congo, boiling mud pools northeast of Mount
Ruwenzori in Uganda, and hot springs at the Magad
Lakes in Kenya.

See also reference 2393.

EGYPT. LIBYA, AND SUDAN

2510. Attia, M. I., 1955, Contribution to the study of Helwan
sulphur and mineral springs: Soc. geog. Egypte Bull.,
v. 28, p. 51-78, 5 flgs., 4 tables. [English.]

2511. Bagnold, R. A., 1931, Journeys in the Libyan Desert, 1929
and 1930: Royal Geog. Soc. [London] Jour., v. 78, p.
13-39, 524-535, 6 pIs., map.

Describes Ain Dalla.
2512. Barron, T., 1907, The topography and geology of the Pen

insula of Sinai (western portion) : Egypt Survey Dept.,
241 p., 10 pls., 5.:figs.

Describes hot springs at the foot of an escarpment
facing El Tor, the group of springs near the northwest
facing Gebel Hammam FaraOn, and the springs of Ayun
Musa.

2513. Desio, Ardito, 1943, L'Esplorazione mineraria della Libia :
Collezione sci. e doc. Africa Italtanfl, v. 10, Ist. studi
polfttca internaz., 333 p., 24 pls., 39 flgs., map.

Contains information on Ain el-Braght and Ain ez
Zauia, also springs at EI-Auenet

2514. Dunn, Stanley Co, 1911, Notes on the mineral deposits of
the Anglo-Egyptian Sudan: Geol. Survey Anglo-Egyp
tian Sudan Bull. 1, 70 p., maps.

Mentions hot mineral springs at Akaaha.
2515. Fourtan, R, and Georgiades, N., 1905, Sur la source de

Hammam Moussa pres de Tor (Sinai) : Acad. sci [Paris]
Comptes rendus, v.140, p. 166-167.

2516. Gastinel, Pacha, 1861, Waters of AID el Sira : Inst.
Egypte Bull.

2517. 1881, Etude topographlque, chimique, et medlcale des
eaux nrlnerales d'Helouan-Ies-Bains (Moyenne Egypte) :
Inst. :(;~gypte Bull., ser. 2, no. 2, p. 7Q-9{1.

2518. Grabham, G. W., 1931, Report of the geological survey of
the Anglo-Egyptian Sudan for the. year 1930: Khar
toum, Sudan Republic, 10 p.

Describes hot spring at Akaslia.

2519. Gregory, John Walter, 1911, Contribution to the geology
of Cyrenaica : GeoI. Soc. London Quu;].·t. Jour., Y. 67,
no. 268, p. 572-615, 1 pl., 4 figs.

Mentions tufa deposits near mouth of deep gorge
upstream from Derna.

2520. Holroyd, Arthur To, 1839, Notes on a journey to Kardofan
ill 1836-37: Roya I Geog, Soc. [London] Jour., v. 0,
p. 163-191, map.

Describes a group of springs 4 miles south of Okmeh
village.

2521. Hume, William Fraser, 1925, Geology of Egypt: Cairo,
Government Press, 2 v.; v. 1, The surface features of
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Egypt. their determining causes and relation to.
geological structure, 408 p-, 122 pls.

Includes descriptions of the principal springs in
Egypt.

2522. Hume, William Fraser; Madgwick, T. G.; Moon, F. W.; and
Sadek, H., 1920. Preliminary general report of the oc
currence of petroleum in Western Sinai: Survey of
Egypt Petroleum Resources Bull. 2, 15 p., 5 pls. 2
maps.

Contains information on the Hammam Fara1in hot
springs.

2523. May, William Page, 1904, Helwun and the Egyptian De-
sert; with articles 'by Prof. A. H. Sayee and Prof. G.
Schweinfurth: 2d ed., London, G. Allen, 102 p., 32 Illua.,
map.

2524. Michaeloff, S., 1939, Chemlcal-biologlcal study of hot sul
furous water from the source "Hammam Faraun"
(Sinai) : Inst. Egypte Bull., v. 21, p. 25-29; 1940, Chern.
Abs., v. 34, col, 3851.

2525. Narklrler, S., 1928 [Sulfur waters of Helouan-Ies-Bains,
their composition and therapeutic value}: Egyptian
Med. Assoc. Jour., v. 11, p. 57-72, 114-128 [French];
Chern. Abs., v, 22, p. 4175.

2526. Sadek, H., 1926, Geography and geology of the district be
tween Gebel Atnqa and El-Galnla El-Baharfya : Sur
vey of Egypt Paper 40, 120 p., 13 figs.

Describes sulfur springs near north base of Khashm
EI-Galnla.

2527. Warrington, G. H, 1844, Extract from "A short account
'Of Tripoli in the west": Royal Geog. Soc. [London]
Jour., v.14, p.l04-107.

Mentions a warm spring at Duga.
2528. Wilkinson, John Gardner, 1843, Modern Egypt and

Thebes; being a description of Egypt, including the
information required for travellers in that country:
London, John Murray, 2 v.; v. 1, 476. p., illus., map;
v. 2, 591 p., illus.

Describes the springs in Little, Kliargn, Dakhla, and
Farafra Oases.

See also references 30, 79, 2433, 2544, 2805, and 2873.

ERITREA, ETHIOPIA (ABYSSINIA), FRENCH SOMALI
LAND, AND SOMALI REPUBLIC

2529. d'Abbadie, Antoine Thomson, 1848, r.ettre a M. Dausay
(Voyage en Abyssinie) : Soc. geographie [Paris] Bull.,
v. 9, p. 97-118.

Contains mention of thermal springs.

2530. Aubert de Ia RUe, Edgar, 1939, Le volcanlsme en Cote
Francotse des Somalis: Bull. voleanol. ser, 2, v. 5, p.
71-108, 12 pls., 11 flgs., rev., Nature [London], v. 145,
no. 3682, p. 828-829, 1940.

Mentions several thermal-spring localities, also two
groups of fumaroles.

2531. Barker, William C., 1842, Extract report on the probable
position of Harral', with some information relative
to the various tribes in the vicinity: Royal Geog. Soc.
[London] Jour., v.12, p. 23.8-244.

Mentions the hot springs at Sirke (Birge}.

2532. Beke, Charles Tilstone, 1842, Communications respecting
the geography of southern Abyssinia: Royal Geog. Soc.
[London] Jour., v.12, p. 84-102, map.

Describes the hot springs of St. Abbo and of the
Holy Virgin.

2533. Bek'7 Charles Tilstone, 1844, Abyssinia-being a continu
ation of routes in that country: Royal Geog. Soc.
[London] Jour., v. 14, p. 1-76, map.

Describes the warm springs on the east bank of the
I'sser River near Dubbt.

2534. Blanford, William Thomas, 1870, Observations on the ge
ology and zoology of Abyssinia: London, Macmillan &
Co., 487 p., front., 12 pls., map, 9 vignettes.

Describes several thermal-spring localities.
2535. Cana, Frank R., 1911, Somaltlaud, in Encyclopaedia Bri

tannica; 11th ed., New York, Encyclopaedia Britannica,
Inc., v. 25, p. 378-384.

Mentions a warm spring-fed stream that flows into
Bahr-Assal.

2536. Cruttenden, Charles J., 1849, Memoir on the western or
Edoor tribes, inhabiting the Somali coast of N-E
Africa * * »: Royal Geog. Soc. [London] Jour., v. 19,
p.49-76.

Describes the hot springs northwest of Dubar.
2537. Galinier, and Ferret, 1844, Rapport sur les travaux

executes en Abyssinie: Bibliography Untv., v. 55, 1845,
p. 308-320; v. 56, p- 83-93; 1884, aumm., Acad. sci.
[Paris] Oomptes rendus, v.19, p. 870-886.

Mentions several thermal springs.
2538. Gwynn, C. W., 1911, A journey in southern Abyssinia:

Royal Geog. Soc. [London] Jour., v. 38, no. 2, p. 113-139,
8 Illus., map.

Describes hot springs near Lake Stephanie.
2539. Harris, William Cornwallis, 1844, The highlands of

AEthiopia, described during eighteen months' residence
of a British embassy at the Christian court of Shoa : 2d
ed.: London, Longman, Brown, Green & Longmans, 3
v.; v. 1,419 p., rront., vignette, map; v. 2, 425 p'., front.,
vignette; v. 3, 423 p., reont., vignette.

Describes hot-water wells near Arto hill and a group
of springs in a bend of the Oasam River.

2540. Isenberg, Karl William, and Krapf, John Ludwig, 1843,
Journals of the Rev. Messrs. Isenberg and Krapf, mis
sionaries of the Church Missionary Society, detailing
their proceedings in the kingdom of Shoa and journeys
in other parts of Abyssinia in the years 1839, 1840, 1841,
and 1842: London, Seeley, Burnside, '& Seeley, 529 p.,
maps.

Mentions hot-water wells in the Finfini area.

2541. Johnston, Charles, 1844, Travels in southern Abyssinia,
through the country of Adal to the kingdom of Shoa:
London, J. Madden & Co. 2 Y., V. 1,492 p., rront., map;
v, 2, 447 p., front.

Describes a group of boiling springs at 'I'a'hou.

2542. Macfadyen, William Archibald, 1933, The geOlogy of Brit
ish Somaliland; pt. 1 of Geology and Paleontology of
British Somaltland : London, 87 p., 4 pls.

Contains information on four thermal-spring local
ities.

2543. 1952, Water supply and geology of parts of British
Somaliland: Govt, Somaltlaud Protectorate, 184 p., 1953,
Ohern. Abs., v. 47, col. 8293.

2544. Parkyns, Mansfield, 1856, Life in Abyssinia-Being notes
collected during three years' residence and travel in
that country: New York, D. Appleton & Oo., 2 v. (in
one) ; v. 1, 350 p., 8 illns.; Y. 2, 355 p., 5 Illus.

Describes Ayun Musa in Egypt and hot springs at
Ailat in Ethiopia.
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2545. Penta, Francesco, 1939, L'attivitA svolta daI centro Studi
deUe rlsorse naturali dell'Italla meridionale: Soc.
naturalisti Napoli Boll. 50, p. 75-125.

Includes brief description of the hot springs of Galla
and Sidano in Ethiopia.

2546. Plowden, Walter Chichele,1868, Travels in Abyssinia and
the Galla country, with an account of a mission to Ras
Ali in 1848: London, Longmans, Green, & Oo., 485 p.,

maps. (From the manuscript of the late Walter
Ohichele Plowden, edited by his brother Trevor
Ohlchele Plowden.)

Contains information on several thermal-spring lo
calities.

2547. Rochet d'Herlcourt, C. F. X., 1841a, Considerations geo
graphfques at commerciales sur Ie golfe Arabique, Ie
pays d'Adel et le roraume de ChOR (Abyssine-meridio
nale) [extr.] : Soc. geographte [Paris] Bull., ser. 2, v.15,
p. 26~293.

States that there are 24 hot springs in the kingdom of
Choa.

2548. 1841b, Observations faites durant un voyage dans le
pays d'Adel et Ie royeume de Ohoa : Acad. sci. [Paris]
Comptes rendus, v. 12, p. 732-735.

Contains the same information as reference 2547.

2549. 1850, Memoire sur l'etat constant de soulevernent du
golfe Arabique et de l'Abyssinie, et sur les resultata
scientifiques de son voyage [extr.]: Acad. sci. [Paris]
Comptes rendus, v. 30, p. 24-28.

Contains information on several thermal-spring lo
calities in Ethiopia.

2550. Toffoli, Ceseo, 1937a, Le acque dell'Eritrea: Annali
chimica appl., v, 27, p. 30-32, 2 figs.

Mentions several thermal-spring localities.

2551. 1937b, Le acque termali della regione di Ailet (Eritrea) :
Annali chimica appl., v. 27, p.165-174.

2552. 1937c, L'acqua termale di Alt-Haea (Eritrea) : Annali
chimica appl., v. 27, p.175-178.

2553. Usoni, Luigi, 1952, Risorse mmerarte dell'Africa orien
tale; Eritrea-Etiopia-Somalia: Rome, Ministerio Africa
Italtana, Ispettorato Gen. Mlneralngla, 547 p., illus.;
1954, abs., Bibiliography and Index of Geology Exclusive
of North America, v. 18, 1953, p. 427.

Includes a section on mineral springs.
See also references 30, 43, and 2432.

FRENCH EQUATORIAL AFRICA, FRENCH WEST AFRICA,
AND NIGERIA

2554. Belcher, Edward, 1832, Extracts from observations on vari
ous points of the west coast of Africa, surveyed by his
Majesty's ship Aetna in 1830-32: Royal Geog; Soc.
[London] Jour., v. 2, p. 271>-304.

Mentions hot springs on the Nunez River downstream
from Walkeria.

2555. Combier, M., 1935, Carte geologique de Dakar [French
West Africa]: Com. Etudes Afrique Occidentale, ser.
B, Bul!.l, p.1-39.

2556. Lambert, Roger, 1938, Contributions a. la connatesance
hydrologique de la Colonie du Niger [French West Af-

rica]; Govt. Gen. Afrique Occidentale Francatee, Ser
vice Mines Bull. 1, p. 29-46, 6 pls.

Describes Tafadek, a thermal spring about 50 km
north of Agadez.

2557. Nachtigal, Gustav Hermann, 1876, Journey to Lake Chad
and neighboring regions: Royal Geog. Soc. [London]
Jour., v. 46, p. 396-411, map.

Mentions a hot spring (Yerike?) on the east slope
of a crater at the summit of Tarso.

2558. Raeburn, C., 1928, The Nigerian Sudan; some notes on
water supply and cognate subjects: Nigeria Geol. Sur
vey Bull.

2559. Raeburn, C., and Jones, B., 1934, The Chad basin; geology
and water supply: Nigeria Geol. Survey Bull. 15.

See also reference 2432.

MOROCCO

2560. Abrard, R., 1921, La Source sulfureuse Ain bou Kebrit
(Maroc) : Soc. geol. France Compte rendu, 1921, p.l5&-

159.

2561. Anonymous, 1926, Recherches geologlques dans Ia meseta
Marocaine: Soc. sci. nat. Maroc Bull. 14, p. 1-154.

Mentions a group of warm springs along the west
flank of the Cherrat anticline.

2562. Bondon, J., and Frey, R., 1935, Les sources thermales
d'Abeino (Sud de Tiznit), Maroc Meridional: Com.
etudes eaux souterraines [Rabat], v. 2, no. 4, p. 34-35,
1 pl. ; abs., 1936, Rev. geologie, v.16, p. 523,1936.

2563. Bourcart, Jacques, and Urbain, P., 1933, Sur Ia presence
de sources mlnerales au votstnage d'affleurements aber
rants du Trias, en par-tlculler dans le R'arb marocain:
Soc. gecl. France Compte rendu, ser. 5, v. 3, p.14.

2564. Frey, R., 1935, De Ia nature des eaux d'Oujmes (Maroc) :
Assoc, rcancatse avo sci., Congo Rabat 1934, Rept., p, 55
77; aba., Rev. geologie, v.15, p. 245.

2565. Grande, Charles, and Rodier, J., 1955, Contribution a.
I'etude des eaux thermomlnerales de .Moulay Yacoub
(composition, vieillissement et radloactivlte) : Soc. sci.
nat. Maroc Compte rendu, no. 4, p. 78--81.

2566. Liouville, Jacques, 1923, La mission des eaux mlnerales
du Docteur Jean Bertrand (Recensement des richesses
hydrothermomlnerales du l'empire Cherifien): soc,
sci. nat. Maroc Bull., V. 3, nos. 5-6, p. 92-101.

Contains information on Lada Ala spring.

2567. Marin, A., 1930 [Geographic description of the Spanish
Protectorate zone in Morocco] : Soc. geog. naco Bol. 70.
Madrid.

2568. Negre, L., 19i3, Baetertes thermophtles des eaux de Fi
guig: Soc. btclogle [Paris] Comptes rendus, V. 74, p.
867-869.

2569. Ruiz Albeniz, Victor, 1930, Colonization espanola en Ma
rruecos : Madrid, 259 p.

Mentions thermal spring in Guad Bu Azum.

2570. Russo, Philibert Augustin Francois, 1927, Recherches
geologlques sur le territoire de hauts plateaux (Maroc
Oriental) : Annales univ. Lyon, new. ser., I, Sci. mede
cine, pt. 46, 198 p., 1 pl., 51 flgs., map.

2571. 1934, La science au Maroc: Coup d'oeil d'enaemble sur
I'hvdrogeologte du Maroc.

Mentions hot spring at Moulay Yacoub near Fez, Ain
Souknhna near Ben Rached, and mineral springs near
Oulmes.
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2572. Russo, Philibert Augustin Fran~ois, 1936, Hydrogeologie
Chiker (Region de Taza Maroc septentrional): Congo
internat. mines. 7th, Paris 1935, v. 2, p. 779-782.

See also references 20 and 2433.

SOUTHERN AFRICA

(Bechuanaland Protectorate, Kenya, Mozambique, Northern
and Southern Rhodesia, Nyasala.nd. Tanganyika, and
Uganda)

2573. Akeley, Mary L. Jebe, 1929, Carl Akeley's Africa: New
York, Blue Ribbon Books; Cornwall, N.Y., Cornwall
Press, 321 p., rrout., 1 pI.

Mentions hot springs along lower Molo River and
boiling springs near the south end of Lake Hennington.

2574. 19:19, Rumble of a distant drum, a true story of the
African hinterland: New York, Dodd, Mead & Co., 364
p., 20 figs.

Mentions the same thermal spring as reference 2573.
2575. Bond, Geoffrey W., 1953, The origin of thermal and min

eral waters in the middle Zambezi Valley and adjoining
territory: Geol. Soc. South Africa 't'rans., v. 56, p
131-148, 4 figs., 5 tables.

2576. Bradshaw, Benjamin F., 1881, Notes on the Ohobe River,
South Central Africa: Royal Geog. Soc. [London] Proc.,
new ser., v. 3, p. 208-213, map.

Describes a hot saline spring on the bank of Chobe
(Kwando) River in Bechuanalaud.

2577. Ferguson, David, 1903, The geysers or hot springs of the
Zambesi and Kafue valleys: Rhodesia ScL Assoc. Proc.,
v.3 [1902], p. 9-20.

2578. Gregory, John Walter, 1896, The great Rift Valley; being
a narrative of a journey to Mount Kenya and Lake
Baringo * * *: London, J. Murray, 422 p., front., 20 pls.,
23 flga., 2 maps.

Mentions a steam vent on the north wall of the
crater on Mount Longonot, 10 miles south of Lake
Naivasha.

2579. 1921, The rift valleys and geology of East Africa: An
account of the origin and history of the rift valleys of
East Africa and their relation to the contemporary
earth movements which transformed the geography of
the world: London, Seeley, Service, & Oo., Ltd., 479 p.,
20 pls., maps, 44 figs.

Mentions steam vents in several localities, also a hot
spring in Njcrowa Gorge and another at Lake Manyara.

2580. Hahn, Daniel Paul, 1911, A geyser in South Africa: South
African Jour. ScL, v. 7, p. 240-241,1 pl.

Describes the zongola geyser in Southern Rhodesia.
2581. Handley, J. R. F., 1954, The hot springs at Ibadakule,

Shinyange district: Tanganyika Geol. Survey Bece., v.
1, p. 38; 1955, aba., Bibliography and Index of Geology
Exclusive of North America, v. 19, 1954, p- 189.

2582. Lenk, Hans, 1894, Ueber Gesteine aus Deutsch-Ostafrika,
in Baumann, Oscar, Durch Massatland zur Nllquelle.
Reisen und Forschungen der Massai-Expedition des
deutschen Antisklaverei-Komite in den Jahren 1891
1893: Berlin, Otto Elsner, 386 p., 27 pls., 140 Illus., map.

Includes information on a hot spring on the west side
of Lake Manyara in Tanganyika.

2583. Maure, H. B., 1933, A preliminary report on the mineral
springs of Southern Rhodesia: Southern Rhodesia Geol.
Survey Bull. 23, 78 p., 2 pls.j 1935, Ohern. Abs., v. 29, col.
5205.

2584. Mugge, 0.,1886, Ueber elnige Gesteine des Massai-Landes:
Neues Jahrib. Mineralogie, Geologie u. PaUiontolgie,
Beflage-Band. 4, p. 576.-609.

Contains a chemical analysis of the water from a
hot spring near Lake Naivasha in Kenya.

2585. Richards, J. J., 1945, Kilimanjaro; crater fumaroles of
Kibo and seismic activity during 1942-1945: Nature
[London], v. 156, no. 3960, p. 35:Hl54, 3 figs.

Describes fumaroles in the Kibo crater on Mount
Kntmanjaro in Tanganyika.

2586. Schmldle, W., 1902, Beftrdge zur Algenfiora Afrikas: Eng
ler's Bot. Jahrb., v, 30, no. 2, p- 58-68, 14 figs.

Describes algae growing in warm spring near Lake
Manyara in Tanganyika.

2587. Spink, P. c., 1944, Weather and volcanic activity of Kili
manjaro : Royal Geog. Soc. [London] Jour., v.l03, no. 5,
p. 226--229, 2 pls., 1 fig.

Describes fumaroles in the Kibo crater on Mount
Kilimanjaro in Tanganyika.

2588. 1945a, Further notes on the Kibo inner crater and
glaciers of Kilimanjaro and Mount Kenya: Royal Geog.
Soc. [London] J'our., v. 106, nos. 5-6, p. 210-216, 8 ple.,
2 figs.

2589. 1945b, Thermal activity in the eastern Rift Valley:
Royal Geog. Soc. [London] Jour., v. 105, nos. 5--6, p.
197-207, 5 pls., map.

Describes fumaroles, steam vents, boiling pools, and
hot springs in the vicinity of Lake Naivasha in Kenya.

2590. Stanley, Henry Morton, 1878, Through the Dark Conti
nent, or the Sources of the Nile: New York, Harper &
Bros., 2 v.; v.l, 522 p., rront., 57 Illua., map; v. 2, 566 p.,
front., 90 Illus., map.

Describes Mtagata hot springs in Tanganyika, also
hot springs near Kwaniwa's village in the Congo.

2591. 1890, In Darkest Africa: New York, C. Scribner's Sons,
2 v.; v. 1,547 p-, rront., 73 Illus., map; v. 2, 540 p-, front.,
72 tnus., maps.

Describes three hot springs at Mtarega in Uganda
and mentions the Mtagata hot springs and other hot
springs near Iwanda and Luajimba.

2592. Teale, E. 0., and Oates, F., 1934, The limestone caves and
hot springs of the Songwe River (Mbeya) area with
notes on the associated guano deposits: East Africa and
Uganda Nat. History Soc. Jour., v. 12, no. 4., p. 130-137.

Describes. the Maronde springs (Grafin Bose Ther
men) in Northern Rhodesia.

2593. Tucker, Alfred Robert, 1908, Eighteen years in Uganda
and East Africa: London, E. Arnold, 2 v.; v. I, 359 p.
front., 29 tuus., map; v. 2, 388, p-, front., 30 illus.

Contains a description of the boiling springs in the
Semliki River valley between Lakes Edward and Albert.

2594. Wallace, L A., 1899, The Nyasa-Tanganyika plateau:
Royal Geog. Soc. [London] Jour., v.13, no. 6, p. 595--621,
map.

Describes a group of hot springs 40 miles east of Lake
Mweru in Northern Rhodesia.

2595. Wayland, E. J., 1921, Hot springs, in Uganda Geol. Dept.
Ann. Rept., 1920, p. 72-75.

2596. 1935, Notes on thermal and mineral springs in Uganda:
Uganda Geol. Survey Bull. 2, p. 44-55, map.

See also references 16, 94, 2508, 2509, 2634, and 2636.
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SOUTH WEST AFRICA AND UNION OF SOUTH AFRICA

2597. Alexander, James Edward, 1838a, Report of an expedition
of discovery through the countries of the Great Nama
quae, Boschmans, and the Hill Damaras, in South
Africa: Royal Geog. Soc. [London] Jour., v. 8, p. 1-28,
map.

Contains information on Nisbett's Bath, Glenelg Bath.
and Queen Adelaide's Bath.

2598. 1838b, An expedition of discovery into the interior of
Africa, through the hitherto undescribed countries of
the Great Namdquas, Boschruana, and Hill Drimaras :
London, H. Colburn, 2 v.; v. I, 320 p., front., 5 Ulus.;
v. 2, 306 p., front., 7 Illus.

Describes the same springs as reference 2597.
2599. Backhouse, James, 1844, A narrative of a Visit to the

Mauritius and South Africa: London, Hamilton, Adams
& Oo., 648 p., front., 43 illus., maps.

Refers to several hot-spring localities.
2600. Baines, Thomas, 1864, Explorations in South-west Africa,

being an account of a journey in the years 1861 and 1862
from Walvisch Bay, on the western coast, to Lake Ngaml
and the Victoria Falls: London, Longman, Green, Long
man, Roberts, & Green, 535 p., rront., 32 illus.

Describes Gross Barmen hot springs and nearby tepid
springs.

2601. Barrow, John, 1806, Travels into the interior of southern
Africa, in which are described the character and the
condition of the Dutch colonists of the Cape of Good
Hope, and of the several tribes of natives beyond its
limits; the natural history of such subjects as occurred
in the animal, mineral and vegetable kingdoms; and
the geography of the southern extremity of Africa: 2d
ed., London, T. Cadell & W. Davies, 2 v. j v. 1, 419 p., 8
pls. ; v. 2, 372 p., map.

Describes visits to several thermal-spring localities.
2602. Bond, Geoffrey W., 1946, A geochemical survey of the un

derground water supplies of the Union of South Africa:
Geol. Survey South Africa Mem. 41, 216 p.

Contains data on SOme of the deep thermal wells.
2603. Burchell, William John, 1822-24, Travels in the interior of

southern Africa: London, Longman, Hurst, Rees, Orme,
& Brown, 2 v.; 1822, v. I, 586 p., 10 pls., 50 vignettes,
map.; 1824, v. 2, 648 p., 10 pls., 46 vignettes 1953,
repr., with some additional material and an introduc
tion by I. Schafera: London, Batchworth Press, 2 v.

Describes visits to several thermal-spring localities.
2604. Chapman, James, 1868, Travels in the interior of South

Africa, comprising fifteen years' hunting and trading;
with journeys across the continent from Natal to Wal
visch Bay, and visits to Lake Ngami and the Victoria
Falls: London, Bell & Doldy, 2 v. j v. 1, 454 p., front., 10
fuus., map. ; v. 2, 480 p., front., 15 Illus., map.

Describes Gross Barmen, Klein Barmen, and Eik
ham's hot springs.

2605. Cock, Gilbert, 1929, The composition of some water sup
plies in South 'Vest Africa: South West Africa Sci. Soc.
Jour., v. 2, p. 63-70.

2606. Finn, N., 1941, Crenotherapy in South Africa: South Afri
can Med. Jour., v.15, p. 229-234.

Contains data on some of the thermal springs.
2607. Frommurze, H. F., 1932, Flowing boreholes in the Reho

both, Gibeon, and Gobabla districts, South-West Africa:
Geol. Soc. South Africa Trans., v. 34, p. 129-149, 1 pl.,
6 figs.

2608. Gevers, Traugott Wilhelm, 1932, The hot springs of Wind
hoek, South West Africa: Geol. Soc. South Africa

Trans., v. 3.5, p. 1-28, 3 pls., 3 flgs., 4 tables; abs., Geol.
Soc. South Africa PIOC., p. 38-42; 1933, abs., Annat.
Bibliography Econ. Geology, 1932, v. 5, p. 160.

2609. 1943, The hot springs in the 'I'ugela River near Kran
skop, Natal: GeoI. Soc. South Africa 'I'rans., v. 45, p.
65--74.

2610. 1948 [Notes on Souting spring], in Kent, Leslie E.,
Diatomaceous deposits in the Union of South Africa
with special reference to Kieselguhr: Union South
Africa Dept. Mines, Geol. Survey Mem. 42, pt. 1, p, 71
73.

Describes Oaledon spring in the Cape Colony.
2611. Hahn, Daniel Paul, 1906, A South African mineral spring:

British Assoc. Adv. Sci. Rept., 1905, p. 366-367.
2612. 1911, A geyser in South Africa: South Afiican Assoc.

Adv. Sci. Jour., v. 7, no. 6, 240--241, 1 pl.
Describes geyser near the Zambezi River.

2613. Hall, Arthur L., 1938, Analyses of reeks, minerals, ores,
coal, soils, and waters from southern Africa: Union
South Africa Dept. Mines, GeoI. Survey Mem. 32, 876 p.

2614. Houghton, S. H., and Frommurze, H. F., 1936, The geology
of the Warmbad District, South West Africa: South
West Africa Dept. Mines Mem. 2, 64 p., 2 flgs., 3 maps.

2615. Itler, Jules, 1844, Notice sur la constitution geologique
dn Cap de Bonne-Esperance: Acad. sci [Paris] Comptes
rendus,v.19,p.960-970.

Contains information on a sulphur spring 8 km from
Cradock in Somerset, on two saline springs near Cale
don, and on springs at Roodeberg and Coyman's-Kloof.

2616. Jameson, Robert; Wilson, James; and Murray, Hugh, 1831,
Narrative of discovery and adventure in Africa, from
the earliest ages to the present time, with illustrations
of the geology, mineralogy, and zoology: New York,
J. and I. Harper, 359 p.; 1850 ed., by Hugh Murray.

2617. Jeppe, Frederick, 1877, Notes on some of the physical and
geological features of the Transvaal, to accompany his
new map of the Transvaal and surrounding Territories:
Royal Geog, Soc. [London] Jour., v. 47, p. 217-250, map.

Mentions several thermal-spring localities.
2618. Kent, Leslie E., 1942, The Letaba hot spring: Royal Soc.

South Africa Trans., v. 29, pt. 2, p. 35-47, 1 pI.
2619. 1946, The warm springs at Loubad, near Nylstroom,

Transvaal: Royal Soc. South Africa 'I'rans., v. 31, pt. 2,
p. 151-168,3 figs.

2620. 1948, Diatomaceous deposits in the Union of South
Africa with special reference to kieselguhr: Union of
South Africa Dept. Mines, Geol. Survey Mem. 42, pt. 1.
Geology and economic aspects, by L. E. Kent, 184 p.;
pt. 2, The diatom flora, by the late A. 'V. Rogers, p. 185
242,14 pls., 16 figs.

Includes data 011 Souting hot spring and springs on
Riffontein 16 in the Grobleradal district and On Kol
wanle 293 in the Ermelo district.

2621. 1949, The thermal waters of the Union of South Africa
and South west Africa: Geol. Soc. South Aftica 'rraua.,
v. 52, p. 231-264, 3 flgs., tables.

Contains data on 74 thermal springs and 9 thermal
wells in South Africa and on 24 thermal springs and
several thermal wells in South West Africa.

2622. 1951, The thermal water of the Union of South Africa
and South West Africa: Internat. Union Geodesy Geo
physics; Assoc. Sci. Hydrology, Oslo 1948, Trans., v. 3,
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pt. I, The Union of South Africa, p. 203-223, map, 3
tables; pt. 2, South West Africa, p. 224-228, map. table.

Contains the same information as reference 2621 and,
in addition, data on two thermal wells in the Union of
South Africa and on 1 spring and 2 thermal wells in
South West Africa not included in reference 2621.

2623. Kent, Leslie E., 1952, The medicinal springs of South
Africa: South African Railways Publicity and Travel
Dept. Pamph., 22 p., map, tables.

Discusses the source and distribution of thermal
springs; includes chemical analyses of water from 27
springs.

2624. Kent, Leslie E., and Russell, H. D., 1949, The warm spring
on Buffelshoek, near Thabazimbi, Transvaal: Royal Soc.
South Africa Trans., v. 32, pt. 2, p. 161-175, 4 figs.

2625. Lichtenstein, Hinrich, 1811-12, Reisen im slidlichen
Afrika: in den Jahren 1803, 1804, 1805, und 1806: Berlin,
C. Salfeld, 2 v.; repr., 1928-30 of translation from the
original German, by Anne Plumptre: Cape Town, Van
Riebeeck Soc., 2 v. ; v. 1, 470 p., rront., 4 pls., 1928; v. 2,
498 p., front., 3 pls.

Describes a hot spring in the Brandvlet and hot
springs at the south end of Swarteberg.

2626. Methuen, Henry H., 1846, Life in the wilderness; or wan
derings in South Africa: London, R. Bentley, 318 p.,
front., 2 pls., 14 figs.

Describes the warm springs at Caledon.

2627. Muller, J. F., ca. 1948, Report on underground water con
ditions and research, Union of South Africa: Union
geodeste et geophyslque internat.; Assoc. Internat.
hydrologie sct., Washington 1939, Compte rendu. v. 2,
Rept. Inv. 6, 4 p.

Describes 11 thermal-spring localities in the Union
of South Africa and 2 in South West Africa.

2628. Murray, Hugh, and Jameson, James Wilson, 1850, Narra
tive of discovery and adventure in Africa from the
earliest ages to the present time; with illustrations of
the geology, mineralogy, and zoology: 5th ed., Edin
burgh and London, T. Nelson, 472 p., map; 1830, 1st
ed.; 1853 ed., London, T. Nelson, 482 p-, Illus., maps.

Describes six thermal-sprhig localities in the Union
of South Africa.

2629. Paterson, William, 1790, A narrative of four journeys into
the country of the Hottentots and Caffraria, in the
years 1777, 1778, and 1779: 2d ed., London, J. John
son, 175 p.,19 pls., map.

Describes a warm spring in the vicinity of Swarteberg
and another in Channa Land.

2630. RindI, M. M., 1915, Medicinal springs of South Africa; the
mineral spring on the farm Rietfontein, Dist. Brandfort,
Orange Free State: South African Jour. ScL, v. 12,
p.579-588.

2631. 1916, The medicinal springs of South Africa: South
African Jour. ScL, v.13, p. 52&-552, map.

Lists and describes 40 thermal-spring localities. In
eludes chemical analyses of the water from several of
the springs. .

2632. 1918, The medicinal springs of South Africa; Supple
ment I: South African Jour. ScL, v. 15, p. 217-225.

Describes Gross Barmen hot springs at Gross Wind
hoek and Klein Windhoek in South West Africa, also
Winburg springs in the Union of South Africa.

......--------

2633. Rindt, M. M., 1925, The medicinal springs of South Africa:
Official Yearbook, South Africa, v. 8, p. 41-46.

2634. 1928, The medicinal springs of South Africa; Supple
ment II: South A{rican Jour. SeL, v. 25, p. 116-126.

Contains chemical analyses of water from thermal
springs in South West Africa and Union of South Africa.
Mentions Chilundu springs in Northern Rhodesia.

2635. 1930. International standard measurements in hydrol
ogy, and a provisional register of mineral waters of
South Africa, based on these standards: South African
Jour. ScL, v. 27, p. 213-226.

Includes descriptions of seven thermal springs and
chemical analyses of the water from each.

2636. 1931a, The medicinal springs of South Africa; Supple
ment III: South African Jour. ScL, v. 28, p. 119-123.

Contains information on Fort Beaufort and Cradock
springs in Union of South Africa and on springs near
head of Rupisi River and in the l\:Iutambara Native
Reserve in Southern Rhodesia.

2637. 1931b, International standard measurements in hydrol
ogy and a provisional register of medicinal waters of
South Africa based on these standards. Second com
munication: South Afric~n Jour. Sci., v. 28, p. 124-130.

Includes information on springs at Caledon, Floris
Bad (Rietfontein), Warmbaths, Winburg, and Baden
Baden (Gannafontein).

2638. 1932, The medicinal springs of South Africa j Supple
ment IV: South African Jour. ScL, v. 29, p. 278-280.

Contains data on the Ezulwini springs, the Kursanl
(Oldenburg) spring, and the Warmbaths.

2639. 1934, The medicinal springs of South Africa; Supple
ment V: South African Jour. ScL, v. 31, p. 173-176.

Describes the Slpofuneni and Gansbaai springs; also
contains chemical analyses of water from Gansbaai,
Malmesbury, and Pahlquelle springs.

2640. 1936, The medicinal springs of South Africa: South
African Med. Jour., v. 10, p. 695-698.

Bumm-rrtaes the principal thermal springs.
2641.. 1937, The medicinal springs of South Africa; Supple

ment VI: South African Jour. ScL, v. 33, p. 254-257.
Contains a chemical analysis of water from Badplaata

spring, also radioactivity determinations of water from
Gansbaai spring and Warmbaths, all in the Union of
South Africa.

2642. Rogers, A. W., 1909, The Zwartkops borehole: Geo!. Comm.
Cape of Good Hope Rept., p. 110-116.

2643. Rose, John George, 1910, A new Cape thermal chalybeate
spring: South African Jour. ScL, v. 7, p. 202-203.

Describes a thermal well at Zwartkops near Port
Elizabeth; includes a chemical analysis of the water.

2644. Scherzer, Karl Ritter von, 1861-63. Narrative of the
circumnavigation of the globe by the Austrian frigate
Novara, undertaken by order of the Imperial Govern
ment in the years 1857, 1858, & 1859 : London, Saunders,
Otley, & Co., 3 v.; v. 1, 485 p., 52 illus.; v. 2, 627 p., 8
Illua. ; v. 3, 544 p., 6 Illus.

Includes descriptions of hot springs of Brandvlei in
the Union of South Africa, hot springs in St. Paul's
Island in the Indian Ocean. and the chain of boiling
springs, solfataras, and fumaroles in New Zealand.

2645. Schwartz, Ernest H. L., 1904, Hot springs [South Africa] :
Geol.l\:Iag., dec. 5, v.l. no. 6, p. 252-260, 1 fig.
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2646. Smith, George William, ,1913. Some notes concerning a
deep bore at Zwartkops near Port Elizabeth and the
resulting thermal chalybeate spring: South African
Jour Sci., v. 9, p.119-127,l pI..

2647. Sparrman, Andrew (Anders), 1789, A voyage to the Cape
of Good Hope, towards the Antarctic Polar Circle, and
round the world, but chiefly into the country of the
Hottentots and Oarrres, from the year 1772 to 1776:
Perth, R. Morison & Son, 2 v. (in one) ; v. I, 254 p.,
front., 3 pls. ; v. 2, 261 p-, 6 pla; translated into English
from the Swedish original, by George Forster.

Describes Warm. Bath at the foot of Swarteberg in the
Union of South Africa.

2648. Steedman, Andrew, 1835, Wanderings and adventures in
the interior of southern Africa: London, Longman & Oo.,
2 v. ; v. 1~ 330 p., front., vignette, 4 Illus., map; v. 2, 358
p., front., vignette, 6 Illus.

Describes springs near Cradock ford of the Fish
River, Goudine springs near Du Toits Kloof, and the
springs in Brandvlel and near the source of Fisher's
River, an in the Union of South Africa.

2649. Thompson, George, 1827, Travels and adventures in
southern Africa, comprising a view of the present state
of the Cape Colony: '2d ed., London, H. Colburn, 2 v. ;
v. 1, 450 p., rront., 12 Illus., 10 vignettes; v. 2, 493 p.,
rront., 8 Illus., 7 vignettes, map.

Describes the springs near Cradock ford of the Fish
River in the Union of South Africa.

2650. Thunberg, Karl Peter, 1795, An account of the Cape of
Good Hope and some parts of the interior of southern
Africa: London, Longman, Hurst, Rees, & Orme, 4 v. ;
extr., in Pinkerton, John, A general collection of the
best and most interesting voyages and travels in all
parts of the world; many of which are now first trans
lated into English. v.16, 1814, p. 1-147,1 pl.

Describes the spring at the foot of Swarteberg and
mentions spring in Olyfants Valley, both in the Union of
South Africa.

2651. Townsend, R. W., 1844, On the minerals of Cork: British
Assoc. Adv. Sci. Rept., 1843, Notices and aba., p. 38.

Describes manganese in spring deposits near the Cape
of Good Hope.

See references 21, 34, 2433, and 2583.

INDIAN OCEAN

MADAGASCAR

2652. Anonymous, 1927, Les eaux minerales it Madagascar:
Madagascar et Dependences Bull. econ., 1927, no. 1, p.
1-36.

2653. Besairie, Henri, and Hourcq, Vidor, 1936, Eaux thermo
mlneralea de Madagascar recemment etudies : Congo
internat. mines, metalfurgle et geologie appl., 7th,
Paris 1935, V. 2, Geologie appl. p. 839-840.

2654. Besairie, Henri, and Pavlonsky, Rottslav, 1951, Etude
geologique des reutnee Manera (563) et Manombo
(562) : Madagascar, Bur. geol. Travaux, no. 17, 22- p.
(processed), illus.; 1953 abs., Annot. Bibliography Econ.
Geology, 1952, V. 24, no. 1, p.15.

Includes information on springs.
2655. Boequlllon-Ltmoustn, M. H., 1859, Analyses d'eaux min

eralea de Madagascar: Soc. hydrologie et climatologie
med. Paris Annales, V. 6, p. 320-326.

2656. Ellis, William, 1858, Three visits to Madagascar during
the years 1853, 1854, 1856, including a journey to the

capital; with notices of the natural history of the coun
try and of the present civilization of the people: London,
J. Murray, 476 p-, front., 24 tnus., map.

Describes a spring 0.5 mile from Ranomafana village.
2657. Ferrand, V., 1898, Etude sur lea eaux d'Antsirabe; Notes,

Reconnaissances et Explorations, 1897-1900, pt. 24: Tan
nanarive, p. 1647-1652.

2658. Herault, P., 1899, Les eaux mtnerales it Madagascar:' Rev.
Madagascar.

2659. Kermorgant, A., 1901, Eaux thermales et mtnerales des
cotontes rraneatsea: Archives hygiene et medecine colo
niales, v.4,p.236-~

2660. Lacroix, Antoine Francois Alfred, 1922, Mineralogie de
Madagascar: Paris, Augustin ChaUamel, ed., Librairie
maritime et coloniale, 3 V. j v, 1, Geology; descriptive
mineralogy, 624 p., 27 pls., 504: flga., map; V. 2, Applied
mineralogy; lithology, 694 p., 29 pls., 11 figs.; V. 3,
Lithology j Appendix; Geographic index, 431 p., 8 pla.,
25 flga., map.

Contains information on 20 springs, several of which
are thermal.

2661. 1932, Madagascar et Dependences. w, La geologie et les
mines de la France d'outre-mer : p. 295-348.

Mentions hydrothermal activity in Madagascar and
St. Paul Island.

2662. Lautel, Robert, 1949, Etude geologique des feuUles Am
batomatnty et Andranomavokely: Madagascar, Bur.
geol. Travaux, no. 2, 25 p. [processed], maps; 1952,
abs., Bibliography and Index of Geology EXClusive of
North America, v. 16, 1951, p- 181 j 1953, abs., annot.
Bibliography Boon. Geology, 1952, V. 24, no. 1, p. 17.

Includes data on hot springs.
2663. Lemoine, Paul, 1906, :Etude geologique dans Ie nord de

Madagascar: Paris, A. Hermann, 520 p., maps, pIs.
Contains chemical analyses and other data on the

thermal springs.
2664. Lenoble, Andre, and Robillard, Reginald de, 1946, Le bas

sin thermo-mineral d'Antsirabe: Acad. MalgaChe [Tan
anarive] Bull., new ser., V. 27, p. 54-71, 5 pls.

Describes thermal springs and wells in the Antsirabe
area.

2665. Monnier, Dr., 1924, La station thermale et climatique
d'Antsirabe: Madagascar et Dependances, BUll. econ.,
1924, 3 et 4 trtmestres, p. 32-53, 5 figs.; repro from Bull.
Soc. hydrologte et climatologie France.

Discusses the chemical quality and uses of water
from springs in the Antsrraoe area.

2666. Moureu, Charles, 1924, Rapport sur ies etudes de quelques
sources thermales de Madagascar: Madagascar et De
pendanees Bull. econ., 1924, 3 et 4 trimestres, p. 21-31.

2667. Moureu, Charles; Lepape, A.; and Moureu, H., 1924, Radio
actdvite de quelques sources thermales de Madagascar
(bassin d'Antsirabe) et de la Reunion: Acad. sci.
[Paris] Comptes rendus, v.179, p.123-129.

2668. Moureu, Charles; Lepape, A.; Moureu, H.; and Geslin,
M., 1926, Composition (gaz courants et gas rares) des
gaz spontanea de quelques sources thermales de Mada
gascar et de la Reunion: Acad. sci [Paris] Comptes
rendus, V. 182 p. 602--605.

2669. Mullens, Joseph, 1875, Twelve months in Madagascar: 2d
ed., London, J. Nisbet & Oo., front., 10 Illus., map.

Mentions hot springs near Betafo and Sirabe.
2670. Perrier de Ia Bathie, H., 1910, Notes sur la vallee permo

triasique et Ie "contact des terrains metamorphiques et
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des terrains sedlmentalres dans l'Ouest de Madagascar:
Colonie Madagascar et Dependances, Bull. eeon., v. 10,
no. 2, p. 199-235, flgs., map.

Mentions some of the thermal springs in western
Madagascar.

2671. Perrier de la Bathie, H., 1915, Etudes et recherches pour In
captation des eeux thermales d'Antsirabe: Colonie
Madagascar et Dependences, Bull econ., v. 15, no. I,
p.93-103.

2672. 1923a, Nouvelles recherches pour In captation des eaux
thermales d'Antsirabe: Madagascar et Dependances,
Bull. econ., v. 20, no. 1, 255-261. Tananarive.

2673. 1923b, Liste des sources thermalea ou mtnerales de Ma
dagascar. Madagascar et Dependences, Bull. econ., v.
20, no.l,P.277-28~

2674. Reland, 1905, Les eaux thermales et mtnerales d'Antsirabe:
. Colonie Madagascar, Bull. eeon., v, 5.

2675. Salvat, 1916, Recherches sur la radioactlvite des eaux ther
males d'Antsirabe: Rapport presente au comtte consul
tatif hygiene et salubrfte de Madagascar, 1916.

2676. Wage, 1891, Analyse des eaux d'Antsirabe: an. Ann. 4,
1891.

MINOR ISLANDS-KERGUELEN, REUNION, RODRIGUEZ,
AND SAINT PAUL

2677. Aubert de Ia Rue, Edgar, 1932, Etude geologtque etgeo
graphlque de I'arehlpel de Kerguelen: Rev. geographle
phys. et geologie dynamlque, v. 5, pts. 1-2, 231 p-, 25
pla., 35 figs., maps.

Briefly describes fumaroles, motettes, and thermal
springs.

2678. Balfour, Isaac Bayley, 1879, The physical features of Rod
riguez: Royal Soc. [London] Philos. Trans., v.·168, p..
289-292.

Mentions warm springs.
2679. Bostock, John, 1838, Notice of the analysis of a mineral

water from the Island of St. Paul, in lat. 38°45' S.,
and long. 77°53' E.: GeoI. Soc. London Trans., ser. 2,
v. 5, p. 261-262; GeoI. Soc. London Proc., v. 2, p. 112
113.

2680. Eaton, A. E., 1879, The physical features of Kerguelen
Island, in. An account of the petrological, botanical,
and zoological collections made in Kerguelen's Island
and Rodriguez during the Transit of Venus Expedition
in the years 1874-75: Royal Soc. [London] Philos.
Trans., v. 168, 579 p., 55 pls., p. 1-4.

Mentions hot springs.
2681. Encyclopaedia Britannica, 1911, Kerguelen Island, Ker

guelen Island, Kerguelen's Land, or Desolation Island:
11th ed., New York, Encyclopaedia Britannica, v. 15,
p.754-755.

Mentions. hot springs.
2682. Lacroix, Antoine Francois Alfred, 1936, Le volcan actif de

rile de la Reunion et ses produits: Paris, Gauttier
Villars, 297 p., 68 pls., map.

Briefly describes the fumaroles and their deposits in
the volcanic crater.

2683. Maillard, L., 1853, Note sur rile de la Reunion: Soc. geol.
France Bull., ser. 2, v. 10, p. 499-504, 1 pI.

Mentions vapor vents in the volcanic crater.
2684. Moseley, Henry Nottidge, 1885, Notes of a naturalist on

the Ohallenger, in Tizard, Thomas Henry, Report on
the scientific results of the voyage of H.M.S. cnauenoer
during the years 1873-1876: Edinburgh, Neill & Oo., v.l,
509 p., Illua.

'735--914 Q-----.;65------:J.3

Mentions hot springs. on Kerguelen Island and de
scribes hot springs and gas vents on Oamlguin Island
in the Philippines.

2685. Rabat, Charles; 1915, Resultats hydrographiques et gee
graphlques de l'expedltlon Rallier du Baty 11 Kerguelen :
Geographie, v. 30, p. 294-200.

Mentions fumaroles.
2686. RalIier du Baty, R., 1922, Le voyage de la "Curieuse":

Geographie, v. 37, p. 1-26,6 figs.
Briefly describes vapor vents and hot springs on

Kerguelen Island.
2687. Velain, Charles, 1875a. Observations erectuecs a I'Ile

Saint-Paul: Acad. sci. [Paris] Comptes rendus, v, 80,
p. 998-1003.

States that there are numerous thermal springs on
St. Paul Island, but no thermal springs or vapor vents
on Amsterdam Island, 42 miles northwest of St. Paul
Island.

2688. 1875b, Analyse des degagements gazeux de I'Ile Saint
Paul: Acad. sci. [Paris] Comptes rendus, v. 81, p. 332
335.

Mentions thermal springs and gas and vapor vents.
2689. 1875e, Les nee Saint-Paul et Amsterdam: Rev. scl., ser.

2, v. 5, no. 6, p. 121-129,4 figs.
Describes the numerous thermal springs on St. Paul

Island.
2690. 1876a, Les tIes Saint-Paul et Amsterdam-VUe de la

Reunion: Assoc. rrancatee, avo sci. Compte rendu, 4th
sess., Nantes 1875, p. 581--600, pIS.

Mentions the vapor vents in the crater on Reunion
Island and the thermal springs and gas vents on St.
Paul Island.

2691. 1876b, Une excursion au volcan de la Reunion: Nature
[Paris], no. 160, p. 50-54, 4 figs.; English translation,
Nature [London], v. 14, no. 355, p. 333-336, 1S76 ."

Describes the vapor vents in the crater on Reunion
Island.

2692. 1878, Description geologique de Ia presqu'Ile d'Aden, de
I'Ile de la Reunion, des nee Saint-Paul et Amsterdam:
Paris, Typographie A. Hennuyer, 360 p., front., 27 pls.,
46 figs.

Describes the thermal springs and fumaroles on
Reunion and St. Paul Islands.

2693. Zbyszewski, Georges, 1933, Nouvelles reconnaissances aux
Iles Kerguelen: Rev. geographie, phys. et geologie
dynamique, v. 6, pt., 3, p. 263-265.

See also references 1077, 1086, 2644, 2661, 2667, and 2668.

ASIA

AFGHANISTAN

2694. Wood, John, 1841, A personal narrative of a journey to
the source of the River Oxus, by the route of the Indus,
Kabul, and Badakhshan, performed under the sanction
of the Supreme Government of India in the years 1836,
1837, and 1838: London, J. Murray, 424 p., map; Wood,
Alexander ed., 1872, A personal narrative of a journey
to the source of the River Oxus, by Captain John wood,
with an essay on the geography of th, valley of the
Oxus, by Colonel Henry Yule: LondoJ;l','J. Murray, 280
p., front., map.
Mentions thermal springs near Issar (U.S.S.R.) and
at Sir-Ab [Khawak].

See also references ;30, 2775, 2799, 2807, and 2853.
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ARABIAN PENINSULA

2695. Fraser, James, 1824, Notes made in the course of a voy
age from Bombay to Bushire in the Persian Gulf; trans
mitted with a series of illustrative specimens: Geol,
Soc. London 'I'rans., ser. 2, v. 1, p. 400-·U2.

Mentions warm springs issuing south of the Cove of
Muscat.

2696. Hibbert, W., 1838, Remarks upon the Maculla hot spring
in Arabia, together with some notes regarding the Red
Sea islands: London and Edinburgh New Philos. Jour.,
v. 24, no. 47, p. 3()-35.

2697. Little, O. H., 1925, The geography and geology of Makalla
(South Arabia) : Survey of Egypt, Geol. Survey. 250 p.,
front. 35 pls., 5 figs.

Mentions thermal sulfur spring north of Makalla city
and thermal wells near Ghail Ba Wazir.

2698. Miles, S. R, 1901, Across the Green Mountains of Oman:
Royal Geog. Soc. [London] Jour., v. 18, no. 5, p. 465
498, map.

states that thermal springs are source of supply for
town of Nakhl (Palmyra or Tadmor) and for irrigation
of gardens and groves of date palms.

2699. Philby, Harry St. John Bridger, 1922, The heart of Arabia;
A record of travel and exploration: London, Constable
& Oo., Ltd. 2 v. ; v. 1, 386 p., ;front.·, 39 iUus. ; v. 2, 354 p.,
8 iUus., map.

Describes Mn al Harra near Mubarraz and Khudud
and Haqal springs east of Hufuf.

2700. Wrede, Adolphe Baron, 1844, Account of an excursion to
Hadramaut : Royal Geog, Soc. [London] Jour., v. 14,
p.107-lI2.

Mentions thermal springs northwest of Makalla.
See also references 30, 43, 73, and 2805.

CHINA

GENERAL REFERENOES AND EASTERN :PART OF CHINA

2701. Chang, H. T., 1926, On the distribution of thermal springs
in China: Pan-Pacific [Pacific] Science Cong., 3d, Tokyo,
Proe., v. 1, p. 812-813, map.

States that 612 springs are known, the water from 177
being definitely hot and from most of the others re
portedly hot Map shows distribution of springs.

2702. 1935, On the distribution of thermal springs in China:
Geog. Soc. China Jour., v. 2, no. 3, p. 13-22, map.
[Chinese, English summary, p. 3.]

Contains the same information as reference 2701.
2703. Gray, John Henry, 1878, China. A history of the laws,

manners, and customs of the people: London, Macmillan
& co., 2 v.; v. 1, 397 p., 53 iUus.; y~ 2, 374 p., 84 iUus.

Mentions hot springs at Yung-Mak, Ohung-ltng-tow,
and Foochow Foo.

2704. Hayasaka, Ichiro, 1955, Brief description of the geology
of hot springs in Amoy Island: Tokyo. Printed Japa
nese manuscript belonging to the Compilation Comm.
Geology and Mineral Resources of the Far East; English
translation for the Engineer Intelligence Dfv., U.S. Army
forces, Far East, 9 p. [typescript]; incl. map showing
location of Amoy Island.

2705. Hoeppli, R., and Chu, H. J., 1932, Free-living nematodes
from hot springs in China and Formosa: Hong Kong
Naturalist" Supp. 1, p. 15--28.

2706. Hsieh, C. Y., and Chang, K., 1928, Geology of Tang Shan
and its vicinity, Nanking: Geol. Soc. China Bull. 7,
p.157-174, 4 pis., figs.

2707. Thorp, James, 1945, Unpublished notes: Earlham College,
Richmond, Ind.

Mentions warm springs of Yang Kwei Fe near Lin
tung, at Pehpei, and at Nanchuan.

2708. Timkovskii, Egor Fedorovieh (Timkowski, George), 1827,
Travels of the Russian mission through Mongolia to
China, and residence in Peking, in the years 1820-1821,
with corrections and notes by Julius von Klaproth:
London, Longman, Reed, Orme, Brown, & Greene, 2 v. ;
v. 1, 468 p., rront., map; v. 2, 496 p., front; translated
from Russian by H. E. Lloyd.

Mentions warm springs 23 miles northeast of Peking.

2709. Wang, Tiao-hsin, and Lin, Yuan-Tsun, 1940, The analysis
and study of hot-spring water in Foochow: Am. Jour.
Sci., v. 238, no. 11, p. 799--804; 1 pl., 2 flgs., table.

2710. Williamson, Rev. A., 1868, Notes on the productions,
chiefly mineral, of Shan-Tung: Royal Asiatic Soc. -Iour.,
North-China Br., new ser., no. 4, 1867, p. 64-73.

Mentions thermal springs at Ngai-shan, at Loong
chwen, at Wun-shih-tun, near Yt-chou, and at Ohau
Yuen.

2711. Willis, Bailey, 1949, Friendly China: Stanford, Calif.,
Stanford Untv. Press, 312 p., 39 mus.

Describes hot springs of Tang Shan and Lin Tung.
See' also references 30 and 2937.

FORMOSA (TAIWAN)

2712. Collingwood, Cuthbert, 1867, The sulphur-springs of
northern Formosa: Geol. Soc. London Quart. Jour.,
v. 23, 382-384:; "On the SUlphur springs of northern

• Formosa": London, Edinburgh, and DUblin Philos. Mag.
and Jour. ScL, ser. 4, v. 34, p. 401, 1867.

2713. Han, Kwan, 1944, Chemical investigation of the hot springs
o.f Formosa. I, The hot spring of Kansirei : Chern. Soc.
Japan Jour., v. 65, p. 342--345, 2 flga., 4 tables [Japa
nese] ; 1947, Ohern. Abs., v. 41, col. 3557.

2714. Hayakawa, Masataro, and Nakano, Tomonori, 1912, Die
radioaktiven Bestandteile des. Quellsedimentes del'
Thermen von Hokuto, Taiwan: Zeitschr. anorg. u. allg.
Ohemle, v. 78, p.183-190, 3 figs., 7 tables.

2715. Hayasaka, Ichtro, 1940, On some thermal springs of Tai
wan, Japan: Bull. voleanol., ser. 2, v, 6, p. 227-235, 1 fig. ;
1950, aba, Bibliography and Index of Geology Exclusive
of North America, v. 14,1949, p.1OB.

2716. Okamoto, Yohachiro, 1911, On a radioactive mineral,
found as a crust under the hot spring water of Hokuto
in Taiwan: Geol. Soc. Tokyo Jour., v.18, no. 219, p.19--26.
[English.]

2717. Pan, Kuan, 1952, Chemical composition of the hot spring
in Kwan-Tsu-Ling (Taiwan): National Taiwan Univ.,
Agr. Chern. Dept. Bull. I, p. 22-26; 1954, Chem. Abs-,
v. 48, col. 1I998.

2718. Pan, Kuan; Lin, S. F.; Hseu, T. M.; Sun, P. J.; and Chan,
T. H., 1955, Chemical studies on the hot springs in Tai~

wan. I, Chemical and physico-chemical analyses of
Yang-M1ng Shan hot springs: Chinese Assoc. Adv. Sci
Trans., v. 1, p. 27-30; 19.56, Ohern. Abs., v. 50, col. 17263

2719. Richards, Theodore W., and Sameshima, Jttsnsaburo, 1920,
The atomic weight of lead from a Japanese radio-active
mineral: Am. Chem. Soc. Jour., v. 42, no. 5, p. 928-930

Describes a sample of lead that was separated from a
mineral crust deposited by a hot spring at Hokuto.
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2720. Swinhoe, Robert, 1864, Notes on the Island of Formosa:
Royal Geog. Soc. [London] Jour., v. 34, p. 6-18, map.

Describes hydrothermal ac~Yity associated with sul
fur deposits.

2721. Williams, Samuel Wells, 1899, The middle kingdom i a
survey of the geography, government, literature, social
life, arts, and history of the Chinese Empire and its
inhabitants: New York, C. Scribner's Sons, 2 V.; v. 1,
836 p., front., 40 illus. ; v. 2, 775 p., rront., 30 Hlus., map.

Mentions sulfur deposits associated with hydrother
mal activity in Formosa. Also states that there are
many hot springs in provinces of Shensi and Sz' ehuen,
and at Jeh-ho in Manchuria.

2722. Ziro, O. E., 1928, Distribution of hot springs in B'ormosa :
Tokyo Geog. Soc. Jour., v, 40, p. 555-571.

See also references 109, 2939, 2942, 2997, and 3341.

MANCHURIA

2723. Ahnert, E. E., 1929, Mineral resources of North Man
churia: Geol. Survey China Mem., ser. A, no. 7, 262 p.,
15 pls., 9 maps. [English, Chinese summary.]

Includes thermal springs of Halhin-Hulun-Arshan and
near summit of Great Hingan in list of 12 mineral
springs.

2124. Anonymous, 1941, Jehol, the hot water city: Far Eastern
Rev., v. 37, no. 4, p. 136.

2725. Imamura, Zengo, 1941 [Tang-ho-yen hot springs, Ldao-yang
prefecture, B'eng-tten province] : Manchoukuo Geol. Inat.
Bull. 102, p. 63-68, 5 figs. [Japanese.]

2726. Inoue, W., 1940 [Radioactive prospecting at Hsing-cheng
hot springs near Ti-Tao] : Manehoulcuo Geol. Inst. Bull.
98, p. 23-32, 6 figs. [Japanese]; 1941, Ohern. Abs., v. 35,
col. 6509.

2727. Iwasaki, Iwazi, 1940 [The radon content of some hot
springs in Manchoukuo] : Chern. Soc. Japan Jour., v. 61,
p. 367-373 [Japanese]; Chern. Abs., v. 34, col. 5345.

2728. Monden, Sigeyuki, and others, 1939 [Researches on leading
hot springs in Manchuria]: South Manchuria Railway
Co., Geol. Inst. Bull. 95,78 p., 30 pla., 32 figs. [Japanese.]

Consists of the following papees : [Hot springs in
Manchoukuo], by Sigeyuki Monden; [Tang-kang-tsu
hot springs, Hai-cheng prefecture, Feng-tien province],
by Rinji Saito; [Wu-lung-pei hot springs, Antung pre
fecture, Antung province], by Isao Sioda; [Hsiung-yu~

cheng hot springs, Kat-plug prefecture, Feng-tien prov
ince] , by Zengo Imamura; [Hsing~heng hot springs,
Halng-cheng prefecture, Chin-chou province], by Sycttl
Nisida; [Halun-arshan hot springs, north Hsing-an
province], by Sigeyuki Monden; [Je-shui-tang hot
springs, Chien-chang prefecture, Je-ho province], by
Goro Asano; and [Tang-shan (Fa-shut-tang) hot
springs, Ko-shih-ko-teng prefecture, west Hslng-an prov
ince], by Sigemitu Okada.

2729. Niinomy, K., 1935 [On the springs of Tang-kang-tzu] :
South Manchuria Railway Oo., GeQI. Inst. Bull. 83, p.
40-45,1 pI. [Japanese.]

2730. 1937 [Geology of the district of Hslng-cheng hot springs,
Chin-Chon province]: South Manchuria Railway Oo.,
Geol. Inet. Bull. 91, p. 1-17, 2 pls., 9 figs. [Japanese.]

2731. South Manchuria Railway Co., 1919, Hot springs in Man
churia: Darien, Japan Tourist Bur., Darien Br., 42 p.,
35 Illus., 5 maps.

See also references 2721 and .2939.

SINKIANG AND TIBET

2732. Columbia Lippincott Gazetteer of the World, 1952, Mana
sarowar Lake: New York, Columbia Univ. Press, p.1134.

Mentions hot springs along banks of channel that con
nects Mapham Lake to Rakas Lake.

2733. Boyle, George, and Manning, Thomas, 1876, Narrative of
the mission of George Boyle to Thibet, and of the four
ney of Thomas Manning to Lhasa: London.

2734. Csoma de Koros, Alexander, 1832, Geographical notice of
Tibet: Asiatic Soc. Bengal Jour., v. 1, p. 121-127.

Mentions hot springs between T'sang Province and U
in Wei Province.

2735. Harrer, Heinrich, 1954, Seven years in Tibet; translated
by Richard Graves: New York, E. P. Dutton & Oo., p.19
314, map.

Mentions hot springs in three different localities in
Tibet.

2736. Hedin, Sven Anders, 1899, Through Asia: New York and
London, Harper & Bros., 2 v.; v, 1, p. 1-663, rront., 135
Illus., map j v. 2, p. 664-1278, rront., 124 Illus., map.

Describes springs at Issyk-bulak, on the south side of
Mus-tagh-Ata Mountain in Sinkiang.

2737. Markham, C. R., 1875, Travels in Great Tibet, and trade
between Tibet and Bengal: Royal Geog. Soc. [London]
Jour., v. 45, p. 299-315, 1 pl.

Describes hot springs and geysers along Lahti Chu
River at and near Naisum Chuja.

2738. McGovern, William Montgomery, 1924, To Lhasa in dis
guise: a secret expedition through the mysterious Tibet:
New York and London, Century Co., 462 p., 76 illus.

Mentions thermal springs at several places in Tibet.
2739. Montgomerie, Thomas George, 1875a, Narrative of an ex

ploration of the Namcho, or Tengri Nul' Lake, in Great
Tibet, made by a native explorer in 1871-2: Royal Geog.
Soc. [London] Jonr., v. 45, p. 315",;)30, 1 pI.

Describes hot springs at Chutang Chaka, Peting
Ohujd, Naisum Chuja, Dung Chaka, Dung Nagu Chaka.,
and Chang Phang Chuja.

2740. 1875b, Journey to Shigatze in Tibet, and return by
Dingri-Maidan into Nepal, in 1871, by the native ex
plorer No.9: Royal Geog. Soc. [London] Jour., v. 45,
p. 330-349, 1 pl.

Mentions hot springs at Ohajong (TaUipani) and in
dicates (on map) a hot spring at Gangamar, 90 miles
east of Chajong.

2741. Moorcroft, William, 1816, A journey to Lake Manafarovara
in Un-des, a province of Little Tibet: Asiatick Re
searches, v. 12,p. 375-534.

2742. Shaw, Robert Barkley, 1871, Visits to High Tartary, Yar
kaud, and Kashghar, and return journey over the Karak
oram Pass: London, J. Murray, 486 p., rront., 12 illus.,
maps.

Mentions spring near Kara-Kash River.
2743. Thompson, ca. 1850, Western Himalayas and Tibet. Con

tains mention of thermal springs.
2744. U.S. Air Force, 1948, World Aeronautical Chart, Goring

Lake Sheet (No. 438: N. Lat. 28°-32°, E. Long ..84°-900;
scale 1: 1,000,000) .

Shows six locations of hot springs.
2745. U.S. Army Map Service, Corps of Engineers, War Depart

ment, 1944, Manasarowar Sheet (N. H-44); 1945,
Lhasa Sheet (N: H-46) ; 1947, Tsangpo Sheet (N. H-45).

Show several locations of hot springs in southern
Tibet.
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2746. Waddell, Lawrence Austine, and Holdich, Thomas Hun
gerford, 1911, ,Tibet, in Encyclopaedia Britannica: 11th
ed., New York, Encyclopaedia Britannica, v. 26, p. 916
918.

Mentions that the lake region of Tibet is noted for its
many hot springs.

See also references 30, 43, 73, 74, 617, 2803, and 2807.

INDIA AND ADJACENT AREAS

2747. Adam, John, 1821, On the geology of the banks of the
Ganges, from Calcutta to Onwnpore : Geo1. Soc. London
Trans., aero 1, v, 5, 346-352.

Describes the springs of Sitakund.
2748. Adams, Andrew Leith, 1867, Wanderings of a naturalist

in India,. the western Himalayas, and Cashmere: Edin
burgh, Edmonston & Douglas. 333 p., front.

Refers to the thermal springs of Islamabad.
2749. Ahmad, M. I., 1953, Volcanoes and sulphur of western

Baluchistan: Pakistan Geol. Survey Recs., v. 4, pt. 3,
p. 1-16; 1956, Chern. Abs., v. 50, col. 10620.

2750. Baird-Smith, R., 1843a, Memoir on Indian earthquakes:
Asiatic Soc. Bengal Jour., v.12, pt.l, no. 136, p. 257-297.

Mentions hot sulfur spring at Sonub, near Delhi.
2751. 1843b, Memoir on Indian earthquakes (cont'd) : Asiatic

Soc. Bengal Jour., v. 12, pt. 2, no. 144, p. 1029-1056.
Mentions hot springs at several locations.

2752. Baker, W. E., and Maclagan, 1848, Temperature of the hot
springs at Peer Mangul, or Maga, or Mangear: Asiatic
Soc. Bengal Jour., v.17, pt. 2, p. 230-232.

2753. Ball, V., 1880, On the Aurunga and Hutar coal fields and
the iron ores of Palamow and Toree: Geol. Survey In
dia Mem., v.15, p.1-127, maps.

Mentions thermal springs at Jarum, Thatha, Tatapani,
and Ganduani.

2754. Bates, Robert H., and Craig, Robert W., 1953, We met
death on K2; Part 1: Saturday Evening Post, v. 226,
no. 3, p. 19-21, 166, 168, 170.

Includes photograph of hot sulfur springs near village
of Askole.

2755. Bellew, Henry Walter, 1875, Kashmir and Kashgar-A
narrative of the journey of the embassy to Kashgar
in 1873-74: London, Triibner & Co., 419 p.

Describes thermal springs at Panamik and Chang
lung.

2756. Blanford, William T., 1869, On the geology of the Taptee
and Lower Nerbudda valleys and Some adjoining dis
tricts: Geol. Survey India Mem., v. 6, p. 163-384, 2 pls.,
15 flgs., maps.

Describes thermal springs at Salbaldee and men
tions Unapdeo, Ganer-lo, and Gondala springs.

2757. Buchan, ca. 1870, Survey of Bihar, Eastern India. II.
Describes the Sita-Kund hot springs.

2758. Buchanan, Francis Hamilton, 1831, On the minerals of
the Rajmahal cluster of hills: Gleanings in Scl., v, 1,
p. 1-8, Calcutta.

Mentions thermal springs of Rishikund and Bhlm
band.

2759. Buist, George, 1852, The volcanoes of India: Geog. Soc.
Bombay 'I'rans., v.l0. p.139-166.

Includes map showing locations of 37 thermal springs.
2760. Buyers, William, 1848, Recollections of Northern India,

with observations On the origin, customs. and moral
sentiments of the Hindoos * * *.: London, John Snow,
13-548 p.

2761. Chatterjee, P. K., 1940, Economic geology of Jamalpur and
its neighbourhood. Monghyr district, Behar: Geol.. Min
ing, and Metall. Soc. India Quart. Jour., v. 12, no. 1. p.
1-7, 1 pl., map.

Mentions thermal springs at and near Sitakund.
2762. Chatterji, N. Jr., 1936, Radioactivity of the thermal springs

of Rajgir: Indian Med. Gazette, v. 71, p.150-153; 1936,
Ohern. Abs. v. 30, col. 4394.

2763. Chhibber, H. L., 1950, Thermal springs near Gangnani,
Tehri-Gahrwal Himalayas: Jour. Sci. and Indus. Re
search v. 9, no. 3, Sec. B, p. 78; 1951, abs., Bibliography
and Index of Geology Exclusive of North America. v. 15,
1950, p.50.

2764. Cordiner; James, 1807, A description of Ceylon. contain
ing an account of the country, inhabitants, and natural
productions * * *: London, Longman, Hurst, Rees, &
Orme, 2 v.; v.l, 445 p.; v. 2,360 p., 25 pls.

Contains information on the hot wells of Cannia.
2765. Cunningham, Alexander, 1848, Journal of a trip through

Kulu and Lahul to the Ohu Mureri Lake, in Ladak,
during the months of August and September, 1846:
Asiatic Soc. Bengal Jour., v. 17, pt. 1, p. 201-230. 2 pIs.

Describes thermal springs at Sitakund and Vashishta
Muni.

2766. 1854, Ladak, physical, statistical, and historical; with
notices of the surrounding countries: London, W. H.
Allen & Co., 485 p., 31 pls., map.

States that there are many hot springs in Ladak and
describes those of Nubra, Puga, and Chusul.

2767. Cunningham, Alexander, and Broome, A., 1841" Abstract
journal of the routes of Lieutenants A. Broome and A.
Cunningham to the sources of the Punjab rivers: Asiatic
Soc. Bengal Jour., v. 10, no. 109; new ser., no. 25, pt. 1,
p.l-6.

Describes the hot "well" of Sitakund and mentions
the hot "wells" of Biseshta-moonh (Vashishta Muni?)

2768. Davy, John, 1821, On the geology and mineralogy of Cey
Ion: Geol. Soc. London Trans., aer. 1, v. 5, p. 311-327.

Contains information on the hot wells of oanma.
2769. Duncan, A., 1838, Medical and Physical Society of Bom

bay Trans. : v. 1.
Mentions several thermal springs of Konkan region.

2770. Everest, Robert, 1831, Geological observations made on a
journey from Calcutta to Ghazipur: Gleanings in Sci.,
v.1, p.129-136, Calcutta.

Mentions hot springs in Pachete hills, in bed of
Damuda River, and near Katcamsandy.

2771. Filippi, Filippo de, 1912. Karakoram and Western Rima- ,
Iaya, 1909-An account of the expedition of H. R. H.
Prince Luigi Amedeo of Savoy, Duke of the Abruzzi:
New York, Dutton, 469 p., pla., illns.; translated into
English by Carol de Filippi nee Fitzgerald, and H. T.
Porter.

Describes a hot spring between Ohongo and Askoley.

2772. Fleming, Andrew, 1853, Report on the geological structure
and mineral wealth of the Salt Range in the Punjab;
with maps, sections, &c.: Asiatic Soc. Bengal Jour., v.
22, p. 229-279, 333-868, 444-462, 1 pI., figs.

Describes a warm spring in Bukh Ravine.
2773. Foley, W., 1836, Notes on the geology &c. of the country in

the neighborhood of Muulamyeng (vulg. l\:Ioulmein) :
Asiatic Soc. Bengal Jour., v. 5, no. 53, p. 269-281, map.

•
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2774. Fraser, James Bailie, 1820, Account of a journey to the
sources of the Jumna and BhagriraIhi Rivers: Asiatick
Researches, v. 13, p. 171-249.

2775. Gardiner, 1853, Abstract of a journal kept by Mr. Gar
diner during his travels in central Asia-with a note
and introduction by 1\1. P. Edgeworth: Asiatic Soc.
Bengal Jour., v. 22, no. 3, p. 283-305.

Mentions hot springs at a village of the Therba tribe
(north of Draa). at Khornushu, and northeast of
Booloo village.

2776. Gerard, Alexander, 1841, An account of Koonawur, in the
Himalaya, etc., by the late Capt. Alexander Gerard;
edited by George Lloyd: London, J. Madden, 808 p.,
app.,map.

Mentions several groups of hot springs and wells.
2777. Ghosh, P. K., 1948, Mineral springs of India (summary) :

Current Sci. [Bangalore], V. 17, no. 3, p. 85; 1954, abs.,
Bibliography and Index of Geology Exclusive of North
America, v. 18, 1953, p. 150.

2778. Giraud, Herbert, and Haines, R., 1859, Analysis of the
mineral springs and various wells and river waters in
the Bombay Presidency: Med. Phys. Soc. Bombay
Trans., v. 5, p.242-263.

2779. Godwin-Austen, Henry Haversham, 1864, On the glaciers
of the Mustakh Range: Royal Geog. Soc. [London]
Jour., v. 34, p.19-56, map.

Describes hot springs near Ohongo, near Braldoh
River, and at Chutrun.

2780. Halstead, Edward P., 1841, Report on the Island of Che
dooba : Asiatic Soc. Bengal Jour., new ser., v. 10, no.
113, p. 34!Hl77; no. 114, p. 419-436.

Describes the several mud volcanoes on Oheduba
(Chedooba) Island.

2781. Hayden, H. H., 1909, Thermal springs in the Rajmahal
Hills: Geol. Survey India Recs., v. 37, p. 328.

2782. Hayward, G. W., 1870, Journey from Leh to Yarkand and
Kashgar, and exploration of the sources of the Yarkand
River: Royal Geog, Soc. [London] Jour., v. 40, p. 33
166, map.

Describes hot springs in Chang Lang valley, at a point
about 15 miles north of Kush Matdan, and near the
source of the Yarkand River.

2783. Henderson, ca. 1860, Lahore to Yarkand.
Describes springs 8 miles from Gokra.

2784. Hodgson, Bryan Houghton, ca. 1822 [Description of Jum
notrt springs] : Asiatic Researches, v. 14.

2785. Hooker, Joseph Dalton, 1855, Himalayan journals-Notes
of a naturalist in Bengal, the Sikkim and Nepal Hima
layas, the Khasta Mountains, ctc.: 2d ed., London, J.
Murray, 2 v, (in one) ; v. 1, 348 p., rront., 41 iUs.; v, 2,
345 p., front, 37 iUus.

Contains descriptions of the hot "wells" of Sitakund
and the hot springs of Soorufkund, near Yeumtong, and
near Momay.

2786. Liebig, G. von, 1861, Account of visit to Barren Island in
March 1858: Asiatic Soc. Bengal Jour., v. 29, 1860, no.
1, p. 3-10,1 pI.

Describes the fresh-water hot spring near shore of
Barren Island.

2787. Low, 1837 [Data on springs]: ASiatic Researches, v. 18.
Mentions Eubien hot well.

2788. Macpherson, John, 1855, Mineral waters of India, with
some hints on spas and sanatoria: Indian Annals Med.

Sci. [Calcutta], v. 2, p. 205-221; 1856, abs., Soc. Bengal
Juur., v. 25, p.197.

2789. Malcolmson, John G., 1840, On the fossils of the eastern
portion of the great basaltic district of India: Geol.
Soc. London Trans., aer. 2, v. 5, p. 537-575, 2 pls.

Includes information on several thermal springs.
2790. Mallet, F. R., 1872 [Data on thermal springs] : Geol. Sur

vey India Mem., v. 9.
2791. 1874, On the geology and mineral resources of the

Darjil1ng district and the western Duars : Geol. Survey
India Mem., v, 11, pt. 1, p.1-96, 2 maps.

Mentions warm, moist air issuing from rock fissures
near Mangphu copper mines.

2792. 1876, The mud volcanoes of Ramri and Oheduba : Gool.
Survey India Recs., v. 11, p. 188-223, 1 pl.

2793. Mann, Harold, and Paranjpye, S. R., 1917, The hot springs
of the Ratnagiri District: Royal Asiatic soe., Bombay
Br., Jour., v. 24, p. 185-212, 5 maps.

2794. Marcadieu, 1854 [Data on springs] : Indian Annals Med.
Sci. [Calcutta], v, 2.

2795. 1855a [Data on springs] : Indian Annals Med. Sci. [Cal
cutta], v. 3.

2796. 1855b, Report on the Kooloo iron mines and on a portion
of the Manikam valley: Asiatic Soc. Bengal Jour., v.
24, no. 3, p. 191-202.

Describes springs on bank of Parbutty River at Man
nikurn, on bank of Bias River in the Kerloo Valley,
and the springs of Kelat.

2797. 1861 [Data on springs] : Indian Annals Med. Sci. [Cal
cutta], v. 9, p.109.

2798. Mason, ca. 1870, Natural productions of Burma.
Mentions the thermal springe of Ahtaran, Myitta, and

Palouk.

2799. Masson, Charles, 1842, Narrative of various journeys in
Baloochlstan, Afghanistan, and the Panjab, including
a residence in these countries: London, R. Bentley, 3 v.,
rronts., iUus.

Contains data on thermal springs of Garmab, Lakha,
Lakhi, and Bisut.

2800. Mitra, S. N., Roy, S. C., Sircar, P., and Dey, D. C., 1958,
Bakreswar hot spring waters': Inst, Chemists [India]
Jour. Proc., v. 30, p. 75-78; Chern. Abs., v, 52, col. 20789.

2801. Moorcroft, William, 1841, Travels in the Himalayan prov
inces of Hindustan and the Panjab; in Ladakh and
Kashmir; in Peshawar, Kabul, Kunduz, and Bokhara ;
by Mr. William Moorcroft and Mr. George 'I'rebeck, from
1819 to 1825: London, J. Murray, 2 v; v. 1, 459 p., front.,
map.

Contains data on thermal springs at Mani Karn
(Manikarn), Basstsht, Ouusan, Knarung, Ohusul, and
Kshir Nag.

2802. Mouat, F. J., 1862, Narrative of an expedition to the All'
daman Islands in 1857: Royal Geog. Soc. [London]
Jour., v. 32, p. 109-126! 2 figs; Royal Geog. Soc. [Lon
don] Proc., v, 6, p. 41-43, 1862.

Contains description of fresh-water hot spring near
shore of Barren Island.

2803. Newbold, T. J., 1844, Note on a recent fossil fresh-wate:
deposit in southern India, with a few remarks on tln
origin and age of the kunkur [tufa] and on the SUIJ

posed decrease of thermal temperature in India: Asiatll
Soc. Bengal Jour., v. 13, pt. 1, no. 148, p. 313-318.

Contains information on spring near Lanfabanda-
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2804. Newbold, T. J., 1845a, Notes, chiefly geological, across the
peninsula of southern India from Madras, Lat. N.13°5',
to Goa, Lat. N. 15°30', by the Baulpilly Pass and ruins
of Btjanugger : Asiatic Soc. Bengal Jour., v. 14, pt. 2, no.
163, p. 497-551, 1 pl.

Describes springs at and near Bhuga.
2805. 1845b, On the temperature of the springs, wells, and

rivers of India and Egypt, and of the sea and table
lands within the tropics: Royal Soc. London Philos.
Trans., 1845, pt. I, p. 125-139; London, Edinburgh, and

.Dublin Phllos. Mag. and Jour. Sei., v. 40, p. 99-115,
1846.

Contains information on 20 thermal springs in India,
2 in Malaya, and 4 in Egypt.

2806. 1848, On the thermal springs of Oalwa and Mahanandl
in the Kurnoal province: Madras Jour. Lit. and SeL.
v. 15, p. 169-162.

2807. Oldham, Thomas, 1882, The thermal springs of India,
edited by R. D. Oldham: Geol. Survey India Mem., v.
19, pt. 2, p. 99-161, map.

The most comprehensive report on thermal springs
in India. Tabulates data on 292 springs in India, 5 in
Tibet, 6 in Afghanistan, and 4 in Pakistan and shows
spring localities on map. Also contains an extensive
list of references on thermal springs.

2808. Ouseley, J. R., 1848, On the antiquities of Sarguja and its
neighbourhood: Asiatic Soc. Bengal Jour., v. 17, pt. 1,
p.65-67.

Describes Tatapani hot spring.
2809. Parish, William H'J 1848, A report of the Kohistan of the

Jullundhur Doab : Asiatic Soc. Bengal Jour., V. 17, pt.
1, p. 281-295, 1 pl.

Mentions Futtipani hot spring.

2810. Percival, Robert, 1805, An account of the Island of Cey
lon, containing its history, geography, natural history,
with the manners and customs of its various Inhabl
tants; to which is added the journal of an embassy to
the court of Candy: 2d ed., London, C. and R. Bald
win, 466 p-, rront., 4 pls.

Describes the hot wells of Cannia.

2811. Piddington, H, 1831, Analytical examination of a min
eral water from the Athan hills, Tenasserim Province:
Gleanings in Sci., v. 3, no. 1, p. 24-26, Calcutta.

2812. Prinsep, J., 1831a, Examination of the water of several
hot springs on the Arracan coast: Gleanings in Sci.,
v. 3, no. 1, p. 16-18, Calcutta.

2813. 1831b, Chemical analyses: Gleanings in Sci., v. 3, no.
9, p. 277-284, Calcutta.

Contains analytical data on water from spring at
Kateamaaudy.

2814. Schlagintweit, Adolphe, 1857, Report on the progress of
the magnetic survey, and of the researches connected
with it, from November 1855 to April 1856 : Asiatic Soc.
Bengal Jour., v. 26, no. 2, p. 97-132.

Contains information on several thermal-spring lo
calities.

2815. Sehlagintweit, Adolphe, Schlagintweit, Hermann, and
Schlagintweit, Robert, 1857, Journey across the Kuen
Luen from Ladak to Khotan: Royal Geog. Soc. Lon
don Proc., v. 1, p. 273-277.

Mentions the group of 50 hot springs near Lake Kiuk
Kiul and two groups of hot springs in the Nubra
Vall.ey.

2816. Schlagintweit, Robert, 1864, Enumeration of the hot
springs of India and High Asia: Asiatic Soc. Bengal
Jour., v. 33, p. 49-56.

Contains information on 99 hot-spring localities.
2817. Schulten, C., 1914, Hot springs in Raj Darbhanga, Kharg

pore Hills, District l\fonghyr; Asiatic Soc. Bengal Jour.
and Proc., ser. 2, v.l0, no. 5, p.147-152.

2818. Sherwill, S. R, ca. 1850, Geographic report on Berbhum :
Official report, Indian Govt.

Contains data on the thermal springs of Sittourah,
Ragbir, Tautlui, Hatbullta, Nunbhill, and Bara.

2819. 1852, The Kurrukpoor Hills: Asiatic Soc. Bengal Jour.,
v.21,no.3, p. 195-206.

Contains information on several thermal springs.
2820. Sherwill, Walter Stanhope, 1846, Note on the geological

features of Zillah Behar: Asiatic Soc. Bengal Jour., v.15,
no. 169, p. 55-59.

Mentions that there are numerous hot springs in the
Rajgheer hills and 19 hot wells at village of Rajgheer.

2821. Smoult, 1843, Guide to Darjeeling.
Contains data on hot springs.

2822. Spilsbury, George C., 1827, On two hot springs in the
valley of the Nerbudda : Med. Phys. Soc: Calcutta Trans.,
v. 3, p. 459-451.

2823. Steichen, Ao, 1916, The variation of the radioactivity of
the hot springs of Tuwa: London, Edinburgh, and
Dublin Philos. Mag. and Jour. Sct., ser. 6, Y. 31, no. 181,
p.401-403.

2824. Stevenson, J. F., 1864, Account of a visit to the hot
springs of Pai in the Tavoy district: Asiatic Soc. Bengal
Jour., v. 32, 1863, no. 4, p. 383-386.

2825. Sykes, W. H., 1836, On a portion of Dukhun, East Indies:
Geol. Soc. London Trans., ser. 2, v. 4, p. 409-432, 1 fig.

Mentions 13 thermal-water localities.

2826. Tennent, James Emerson, 1860, Ceylon; an account of the
island, physical, historical, and topographical: 5th ed.,
London, Longman, Green, Longman & Roberts, 2 v.;
Y. 1, 643 p., 31 engravings, 7 iUus., 6 maps; v. 2, 669 p, 60
engravings, 10 Jllus., 3 maps.

Mentions five thermal-water localities.
2827. Thomson, Thomas, 1852, Western Himalaya and Tibet;

a narrative of a journey through the mountains of
northern India during the years 1847-48: London, Reeve
& Co., 501 p., front., map.

Describes thermal springs of Nubra and Pugha.

2828. Vicary, No, 1846, Geological report on a portion of the
Baloochlstan Hills: Geol. Soc. London Quart. Jour.,
v. 2, p. 260-267, 1 fig.

Mentions thermal springs near Ooch, at Kissooker,
and at Doza Khooshtee.

2829. 1847, Notes on the geological structure of parts of
Slnde : Geol. Soc. London Quart. Jour., Y. 3, p. 334-349,
5 figs.

Mentions springs in Muuga-Peer basin and neal' Peeth
in the Hala Mountains ; also warm-water wells near
Shahdad-ka-gote.

2830. Vigne, Godfrey Thomas, 1842, Travels in Kashmir, Ladak,
Iskurdo, the countries adjoining the mountain-course of
the Indus, and the Himalaya north of the Panjab:
London, H. Colburn, v. 1, 406 p., front., 3 iUus., maps.

Describes Pampur spring and thermal springs at
Behitsil, 'I'suh-Tron, and near Rajapur, Duchln, and
Kor Ohondus.
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2831. Voysey, H. W., 1833, Second report on the geology of
Hyderabad: Asiatic Soc. Bengal Jour., v. 2, no. 18,
p. 392--4Q5.

Includes information on Gondala and Bangah hot
springs.

2832. Waddel, L. A" 1890, On some new and little known hot
springs in South Bihar; Asiatic Soc. Bengal Jour.,
V.59, pt. 2, no. 3, p. 22!-235.

Describes 15 thermal springs.

2833. Wade, C. M., 1837. Note on the hot spring of Lohand
Khad: Asiatic Soc. Bengal Jour., v. 6, p. 153-154-

2834. White, 1833, Description of a jatrn, or fair, which takes
place annually at the hot wells about :fifty miles in
a southeasterly direction from Surat: Royal Asiatic
Soc. Great Britain and Ireland [London], v. 3, 1831
33, p. 372-378.

2835. Younghusband, Francis Edward, 1904, To the heart of a
. continent: London, J. Murray, 332 p., tront., 8 pls., map.

Mentions hot springs at AkwOhakwtash and in the Ash·
kuman, Yarkun, and Lutku valleys.

2836. Yule, Henry, 1858, A narrative of the mission sent by the
Governor-General of India to the Court of Ava in 1855,
with notices of the country, government, and people:
London, Smith, Elder & 00., 391 p., front., 29 pls., 49 figs.

Describes a visit to the mud volcanoes near Memboo
village in Burma.

See also reference 2745.

INDO-CHINA

(Cambodia, Laos, and Viet NaID)

2837. Autret, M., 1941, Les sources therroales et mtnerates du
Tonkin: Indoclrlne Bull. econ., v. 44, pt. 2, p. 93-140,
2 maps, 14 tables.

Contains short descriptions of 28 thermal springs j

also gives chemical analyses of water from 26 of the
springs.

2838. Blondel, F., 1928, Notes sur les sources thermales et
mlneralea d'Indochlne j I. Premier Inventaire des
sources d'Indochine: Indochine Service Geol, Bull. v.17,
Pt. 3, 23 p, map.

Includes information on 77 springs, 59 of which are
thermal.

2839. BrediIlet, M., Fontaine, H" and Richard, C., 1958 [Review
of hot springs and mineral springs in southern Viet
Nam]: Annales pharm. trancatses, v. 16, p- 246-251
[French] ; 1959, Ohern. Abs., v. 53, col. 3551.

2840. Dussault, Leon, 1925, Etudes geclogtques dans la Ohaine
Annamatique Septentrionale: Indochlne Service Geol.
Bull., v. 14, pt. 4, 45 p., 4 pls., 9 figs., maps.

.Menttons warm sulfur springs at five locations.
2841. Fontaine, H., 1957 [Hot springs of southern vtet-Naml :

Archives geol. Viet-Nam, no. 4, p. 35-123 [French];
1959, Ohern. Abs., v, 53, col. 1598.

2842. Guichard, Franck, and Nguyen-Kim-Kinh, 1939, JiJtude
preltmlnadre d'une eau de source thermale sulfureuse:
[French Indo-Ohina'l, Oonsell Recherches Sci. Indo
chine Compte rendu. 1938-39, p. 97-100j 1943, abs.,
Bibliography and Index of Geology Exclusive of North
America, v, 9, 1941-1942, p. 112.

2843. Lambert, 1910, Indochine Bull. Been. Sept.c-Oct.
Contain! data on Vinh Hao hot springs in Annam.

2844. MadroIle, C., ca. 1920 j Indochine du Nord j and Indochine
de Sud: [Guidebooks].

Lists data on 22 thermal and 11 nonthermal mineral
springs.

IRAN (PERSIA)

2845. Bell, Charles M., 1840, Geological notes on part of Maw
zunderan : Geol. Soc. London Trans., ser. 2, v. 5, p. 577
581,1 fig.

Describes thermal springs in the Vicinity of Usk.

2846. Loftus, William Kennett, 1855, On the geology of portions
of the Turko-Persian frontier, and of the districts ad
joining: Geol Soc. London Quart. .Iour., v. 11, p. 247
344, 23 figs., map: 1854, abs., Geol. Soc. London Quart.
Jour., v.l0, p. 464.-469.

Mentions thermal springs tn several localities.

2847. Morier, James Justinian Jacques, 1818, Second voyage en
Perse, en Armenre, et dans l'Asie Mtneure, fait de 1810
a 1816: Paris, Gide fils, 2 v. j v, 1, 464 p., front., 1 iIlus.,
v. 2, 482 p., rront., 1 tllua.

Mentions springs at Chiraz and describes several
springs in Vicinity of Maragha.

2848. Murray, C. A., 1859, On some mineral springs near Tehran,
Persia: Geol. Soc. London Quart. Four., v.15, p. 198--199.

2849. ·Pilgram, G. E., 1908, Geology of the Persian GUlf and
the adjoining portions of Persia and Arabia: Geol. Sur
vey India Mem., v, 34, pt. 4, 177 p.

Mentions thermal spring at Daliki.

2850. Pottinger, Henry, 1816, Travels in Balooclrlstan and
Sinde; accompanied by a geographical and historical ac
count of those countries: London, Longman, Hurst,
Bees, Orme, & Brown, 423 p-, front., map.

2851. St. John, Oliver Beauchamp Coventry, 1876, Narrative of
a journey through Baluchistan and southern Persia,
1872, in Persian Boundary Oommtsston, Eastern Persia.
An account of the journeys of the Persian Boundary
Oommission, 1870-71-72: London, Macmillan & Oo., 2
v.; v. 1, The geography, with narratives, by Majors St.
John, Lovett, and Euan Smith, and an introduction by
Sir Frederic John Goldsmid, 443 p., front., maps j v. 2,
Zoology and geology, by W. T. Blanford, 516 p., tnus.

Describes a spring in the high mountains south of
Mashfsh.

2852. Sjogren, H., ca. 1920, Beltrage sur Geologie * * * Nord~

lichen Peralen : Pamph., 31 p.
Refers to springs near Savelan Mountain.

2853. Stiffe, A. W., 1874, On the mud-craters and geological
structure of the Mekran coast: Geol. Soc. London Quart.
J'our., v, 30, p. 50-54, 3 figs.

Describes hot springs near Jashak ana-Karachi, also
the mud craters between Guadur and Ras Kucheri.

2854. Sykes, Percy Molesworth, 1902, Ten thousand miles in
Persia, or eight years in Iran: London, J. Murray, 481 p-,
rront., -68Illus., map.

Describes a sotratara, a hot well, and several thermal
springs.

2855. Thomson, R. F., and Kerr, Lord Schomberg D., 1859, Jour
ney through the mountainous districts north of the
Blburz, and ascent of the Demavend, in Persia: Royal
Geog. Soc. [London] Proc., v. 3, no. 1, p. 2-17.

Describes the thermal springs in the vicinity of Mount
Demavend.
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2856. Tietze, Emil Ernst August, 1874, Geologische Unter
suchungen in Persien (Reise nach dem Demavendberge
und der Provinz Mazenderan) : GeoL Reichsanst. Wien
Verh., p. 86<h'l68.

Contains data on the thermal sprlnga of Demavend
Mountain.

2857. 1875, Ueber Quellen und Quellenbildungen am Demavend
und dessen Umgebung: Geol. Reicbsanst. Wien Jahrb.,
v. 25, no. 2, p. 129-140,map.

2858. Witt, Henry M., 1856, Ohemical examination of certain
lakes and springs on the 'I'urko-Peralan frontier near
Mount Ararat: London, Edinburgh, and Dublitl Philos.
Mag. and Jour. SeL, 4th ser., v. 11, p. 257-262.

Contains chemical analyses of four thermal springs.
See also references 78 and 3294.

IRAQ

2859. Ainsworth, William Francis, 1888, A personal narrative
of the Euphrates Expedition: London, K. Paul, Trench
&Co.,2 v.

Describes the thermal saline springs near Hit.

2860. Iraq Petroleum Company, Ltd., 1934, The construction of
the Iraq-Mediterranean pipe-line; a tribute to the men
who built it. An account of the construction in the years
1932 to 1934 of the pipe-line ••• from near Kirkuk,
Iraq, to the Mediterranean ports of Haifa (Palestine)
and Tripoli (Lebanon): London, St. Clements Press,
Ltd., 125 p., rront., iUus., map.

Mentions that water from Sukhna springs is piped to
Mafraq depot crossing.

2861. Macfadyen, W. A., 1938, Water supplies in Iraq: Iraq
Geo!. Dept. Pub. 1, 206 p., 19 pis.

Includes data on many springs, wells, and collecting
galleries, a few of which yield thermal water.

ISRAEL AND JORDAN

2862. Blake, George Stanfield, 1928, Geology and water re
sources of Palestine: Jerusalem, 51 p., map.

2863. Blake, G. S., and Goldschmidt, M. J., 1947, Geology and
water resources of Palestine; app., Rainfall in Palestine
and Trans-Jordan, ,by R. Feige and E. Rosenau: Jerusa
lem, Palestine Dept. Land Settlement and Water Com
missioner, 413 p., 31 pls., maps.

Contains information on many important springs, five
of which are thermal.

2864. Carson, Rachel Louise, 1951, The sea around us: New
York, Oxford Dniv. Press, 230 p-

States that the Dead Sea is supplied by hot springs.

2865. Friedmann, A., 1913, Analysen der Thermalwasser einiger
beriihmter Quellen PaUistinas: Chemiker-Zeitung, v. 37,
no.I46,p.1498-1494.

2866. Ionides, M. G., and Blake, G. S., 1939, Report on the water
resources of Transjordan and their development, by
M. G. Ionldes, incorporating a report on geology, soils
and minerals, and hydrogeological correlations, by G. S.
Blake: London, Govt. Transjordan, 372 p., 98 pla., 108
figs., 42 tables.

Includes data on Hadlftha, El Hamme, Zerqa Ma'in,
Sukbne, and Hammam springs.

2867. Lawrence, Thomas Edward, 1935, Seven pillars of wis
dom: London and Toronto, J. Cape, 672 p., front., 53
Illus., maps; abbreviated ed., Revolt in the Desert:

New York, George H. Doran Co., 355 p., front., 15 pla.,
1927.

Refers to the hot springs of Gadara.
2868. Luke, Harry Charles Joseph, and Keith-Roach, Edward,

eds., 1934, The handbook of Palestine and Trans
Jordan: 3d ed., London, MacmiUan & Co., Ltd., front.,
map.

Describes Ain Maleh, AI~Hamma, Zerqa Ma'in, Ain al
zerqa, and hot springs near Lake Tiberias.

2869. Merrill, Selah, 1881, East of the Jordan-A record of
travel and observation in the countries of Moab, Gilead,
and Bashan during the years 1875-1877: New York, C.
Scribner's Sons, 549 p., 69 iUus., map.

Describes thermal springs at three places.

2870. Rosenblatt, David B., 1951, Radioactivity of the hot
springs of Tiberias: Science, v, 114, no. 2950, p. 46.

2871. Rosenblatt, David B., and Lindeman, H., 1952, The radio
activity of the hot springs at Tiberias: Science, v. 116,
no.8025,p.689-690.

2872. Tristam, Henry Baker, 1873, The land of Moab-Travels
and discoveries on the east side of the Dead Sea and
the Jordan: New York, Harper & Bros., 416 p., front.,
41 flgs., map.

Includes descriptions of springs at. Callirrhoe and
near Zara.

2873. Wilson, C. W., 1873, Recent surveys in Sinai and Palestine:
Royal Geog. Soc. [London] Jour., v. 43, p. 206-240, map.

Mentions hot springs at foot of Jebel Hamman
Far'un, near Lake Tiberias, near Umm Keis (Gadara),
and in Zerqa Ma'in (CaUirrhoe).

See also references 30 and 3290.

JAPAN

2874. Aihara, Yonosin, 1934, On the distribution of thermal
springs in Kyushu: Kwagaku (Science), v. 4, p. 97-98.
[Japanese.]

2875. Akiyama, Teishiro, and Yamamoto, Yoshimasa, 1952, On
the geochemical studies of hot springs in Kofu city
(no. 1) : Jour. Geography [Tokyo], v. 61. no. 4, p. 152
153, illus. [Japanese, English summary]; 1954, aba.,
Bibliography and Index of Geology Exclusive -of North
America, v. 18, 1953, p, 4; 1955, abs., Annot. Bibliog
raphy Econ. Geology, 1954, v. 26, no. 1, p. 95.

"Determines the distribution of temperature and pH
values of the hot springs of Kofu, Japan, and correlates
the variations with the structure of the region."

2876. 1953, Geochemical studies of hot springs in Kofu city
(no. 2) : Jour. Geography [Tokyo], v. 62, no. 3, p. 118
125, iUus. [Japanese, English summary] ; 1954, Chern.
Abs., v. 48, col. 11690; 1955, abs., Bibliography and Index
of Geology Exclusive of North America, 1954, v. 19,
p.6.

2877. Alcock, Rutherford, 1861, Narrative of a journey in the
interior of Japan, ascent of Fujiyama, and visit to the
hot sulphur-baths of Atami, in 1860: Royal Geog. Soc.
[London] Jour., v. 31, p. 321-356, map.

2878. Anderson, Robert van Vleck, 1907, The great Japanese
volcano Aso: Pop. Sci. Monthly, v. 71, no. 1, p. 29-49,
10 figs.

Mentions hot spring at Tochinoki and steam vents in
crater or volcano. Includes view of hot springs of
Yunotani.
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2879. Anonymous, 1940, Abstracts of papers on scientific hy

drology published in Japan during the years 1927-1938
(excluding those given in previous volumes) : Japanese
Jour. Astronomy and Geophysics Trans. and Abs., v. 17,
no. 2, p. 20-51.

Contains about 60 papers on thermal springs. Most
of these papers are included in this bibliography.

2880. Arii, Kimlo, and Nagasawa, Sin, 1947, Geochemical study
on mineral springs in the northeastern districts of
Japan; II, Sakunami group j III, Nakayamadaira spring
group: Chern. Soc. Japan Jour., Pure Chemistry Sec.,
v. 68, p. 13--15 [Japanese] ; 1949, Chern. Abs., v. 43, col.
7611.

Analyses were made, and other data obtained, on nine
hot springs of the Sakunami group, Miyagi Prefecture,
and also for the Nakayamadatra spring group.

2881. 1953, Geochemical studies on mineral springs in the
Tohoku district; XIII, Kawatabi group; XIV, Onikobe
spring group: Tohoku Untv., F. Ishikawa Anniversary
Volume, Sci. Repts., v. 37,_ no. 1, p. 106--116, mus. [Japa
nese]: 1954, Chem. Abs., v. 48, col. 8990;' 1955, abs.,
Bibliography and Index of Geology Exclusive of North
America, v.19, 1954, p.17.

2882. 1956, Geochemical studies on mineral springs in the
Tohoku Districts; XV, Narugo spring group: Tohoku
Dnlv. Sci. Repta., 1st ser., v. 39, p. 246--249 [Japa
nese] ; 1958, Ohern. Abs., v. 52, col. 11322.

2883. Arii, Kimio, Nagaaawa, Sin, and Seto, Kimio, 1948, Geo
chemical studies on mineral springs in the northeastern
district of Japan; IV, Aone spring groups, Kamakur
asawa spring, and Ashidate spa: Ohem. Soc. Japan
Jour,. Pure Ohemistry Sec., v. 69, p. 125-127 [Japa
nese] ; 1950, Ohern. Abs., v. 44, col. 9268.

2884. 1949, Geochemical studies on mineral springs in the
northeastern districts of Japan; VI, Semi spring group;
VII, Tendo spring group; VIII, Akayu-Tenaka spring
group; IX, Kurumayu spring group; X, Narugo-Yumoto
group: Chem. Soc. Japan Jour., Pure Ohemistry see.,
v. 70, p. 43-45, 99-101, 155-160 [Japanese] ; 1951, Chern.
Abs., v. 45, col. 4379.

2885. Aril, Kimio, and Seto, Kimio, 1948, Geochemical studies on
mineral springs in the northeastern district of Japan;
V, Radon content of mineral springs in Miyagi Prefec
ture r Dhem. Soc. Japan Jour., Pure Chemistry Sec.,
v. 69, p. 127-129 [Japanese]; 1950, Ohern. Abs., v. 44,
col. 9268.

2886. Asari, ,Tamuja, 1949, The geochemical distribution of
strontium; V, Strontium contents of the sinter deposits
of hot springs: Ohern. Soc. Japan Jour., Pure Chem
istry Sec., v. 70, p. 430-431 [Japanese] j 1951, Chem.
Abs., v. 45, col. 2832.

2887. Ashizawa, Takashi, 1950-52, Chemical studies on the
Misasa hot springs: Okayama Univ. Balneol. Lab.
Repts.; 1950, v. 3, p.. 21-34; 1951, v. 4, p. 1-10; 1952,
v. 6, p. 4-14 [Japanese]; 1953, Chem. Abs., v. 47, cola.
10774-10776.

2888. 1951, Vitriol springs. VI, Colorimetric determination
of antimony, determination of free mineral acid, and
detection of suI:fides of the second group: Okayama
Dniv. Balneol. Lab. Bepts., v. 5, p. 51-54 [Japanese,
English summary]; 1952, Chem. Abs., v. 46, col. 8296.

Contains data on the mineral content of water from
the Yanaharanot springs.

2889. Ashizawa, Takashi, 1952, Chemical studies on Misasa hot
spring. XVIII, A pyrite~polysulflde theory of sulfur
springs: Okayama untv. BaIneol. Lab. Repts., v. 7, p.
15-19 [Japanese] ; 1956, Chern. Abs., v. 50, col. 3680.

2890. Ata, Saneo, 1931, Some hot springs of southern Kyushu:
Jour. Geog. [Tokyo], v. 43, p. 504-512. [Japanese.]

2891. Chamberlain, Basil Hall, 1891, Things Japanese; being
notes on various subjects connected with Japan, for the
use of travellers and others: 2d ed., London, J. Murray,
G03p., map.

Mentions some of the most noted thermal springs and
the use of their waters.

2892. Chitani, Y., 1924, On the Mogami hot spring in the Pre
fecture of Yamagata: Imp. Geol. Survey Japan Rept.,
v. 91, p. 1-2. [Japanese.]

2893. Cuchius, H., 1873, Die Solfatara von Aschinoyu: Deutsche
Gesell. Natur. u. Volkerkunde Ostasiens Mitt., pt. 3,
p. z-s.

2894. Descharmes, Augustin Marie Leon, 1874, Itinerary of a
journey from Yedo to Kusatsu, with notes upon the
waters of Kusatsu: Asiatic Soc. Japan [Tokyo] Trans.,
v. 2, p. 23-49; repr., 1907, new. ser., v. 2, p. 22-48.
[English.]

2895. Divers, Edward, 1889, Note on the amounts of sulphuretted
hydrogen in the hot springs of Kusatsu: Asiatic Soc.
Japan [Tokyo] Trans., v. 6, pt. 2, p. 346-347; repro of
original edition of 1878.

2896. Emoto, Y., 1933a, Die Mikroorganism der Thermen:
(Eine htstorfsche "Obersicht tiber die Erforschung der
Thermalmikroorganismen): Bot. Mag. [Tokyo], v. 47,
p.268-295.

2897. 1933b, Verbreitung der schwefeloxydierenden Bakterien
in den Thermen Japans: Bot. Mag. [Tokyo], v. 48,
no. 538, p. 6-29.

2898. Foster, Helen Laura, and Mason, Arnold Caverly, 1955,
The 1950 and 1951 eruptions of Mihara Yama, 0 Shima
volcano, Japan: Geol. Soc. America Bull., v. 66, no. 6, p.
731-762,5 pls., 14 figs.

Describes fumaroles in the inner crater.

2899. Fujinami, Kioehl, 1936, Hot springs in Japan: Tokyo,
Japanese Government Railways, Board of Tourist In
dustry, Tourist Library, V. 10,87 p., rront., 66 illus., map.

States that about 85 percent of the 946 springs in
Japan are classified as thermal. Mentions several indi
vidual springs and groups of springs.

2900. Fukutomi, Takaharu, 1936a, Physical and chemical prop
erties of the Stmogamo, Rendaizi, and Simokawazu
thermal springs in southern Idu [Izu] Peninsula, I:
Tokyo Imp. Unlv. Earthquake Research Inst. Bull., v. 14,
p. 259-270, 7 figs. [English, Japanese summary.]

2901. 1936b, On the hot springs of Yaeu, Sikuoka Prefecture:
Disin (Earthquake), v. 8, p. 457-468. [Japanese, Eng
lish summary.]

2902. 1937, On the hot springs of Atami, Izu Peninsula: Tokyo
Imp. Unlv. Earthquake Research Inst. Bull., v, 15, p.
113-133, 13 figs., 2 tables. [English, Japanese sum
mary.]

2903. 1952, On the Baba hot springs in Niseko volcanic
region Hokkaido: Hokkaido Univ. Geophys. Bull., v. 2,
p. 23-30 [Japanese] ; 1956, abs., Pacific Sci. Cong., 8th,
Proc. V. 2, p.4G.
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2904. Fukutomi, Takaharu, and Fujiki, Tadayoshi, 1952, On the
tepid springs in the neighborhood of Nohezi town,
Aomori Prefecture: Hokkatdo Untv. Geophysics Bull.,
Y. 2, p. 31-47 [Japanese] ; 1956, abs., Pacific Sci. Cong.,
8th, Proc., V. 2, p. 45.

2905. Fukutomi, Takaharu, and Huzii, Ziro, 1937, On the ther
mal springs of Ito, Izu Peninsula: 'I'okyc Imp. Univ.
Earthquake Research lust. Bull., Y. 15, pt. 2, p. 506--530,
18 flgs., 1 pl., 2 tables. [Japanese, English summary.]

2906. Fukutomi, Takaharu, and Nakada, Musakazu, 1935, On the
Rendaizi thermal spring in southern Idu Peninsula:
Tokyo Imp. Univ. Earthquake Research Inst. Bull., v. 13,
Pt. 3. p. 616-628, 17 flgs., 1 table. [English, Japanese
summary.]

2907. Fushimi, Hiroshi, and Akiyama, 'Iesfhtro, 1955, Geo
chemical study of hot springs and test borings in Masu
tomi district: Chern. Soc. Japan Jour., Pure Chemistry
Sec., v. 76, p. 62()......624, 4 figs., 2 tables [Japanese] ; 1956,
Chern. Abs., v. 50, col. 11569.

2908. Geerts, Antonius Johannes Cornelius, 1881a, The mineral
springs of Ashi-no-yn in the Hnkone Mountains:
Asiatic Soc. Japan [TOkyo] 'I'raus., v. 9, pt. 1, p.48-52.
[English.]

2009. 1881b, Analyses of ten Japanese mineral waters : Asiatic
Soc. Japan [Tokyo] Trans., v. 0, pt. 1, p. 94-105.

2910. Gokan, Bunnosuke, 1939, The European and American in
fluence on the mineralogy and geology of Japan in the
modern age: Tokyo Sci. Mus. Bull. 1, p. 53-104 [Japa
nese, English summary] ;"1940, abs., Bibliography and
Index of Geology EXclusive of North America, Y. 7,
1939, p. 106.

Discusses mineral resources and hot springs of Japan.
2911. Habu, Katakusu, 1938, On the effect of the sea seiches

upon the flow of some thermal springs in Beppu : Nip-
pon Gakuzyutu-Kyokai (Jour. Assoc. Adv. Sci. Japan),
v. 13. [Japanese, English abstract.]

2912. Hamada, Hidenori, 1929, Re-determination of the radio
activity of hot springs in the San-in district and neigh
borhood: Tohoku Imp. Univ. Sci. Repta., 1st ser., v, 18,
p.317-321. [Japanese.]

2913. Haraguehi, Kuman, and others, 1950, Report on the hot
spring researches at Goshiki spa and Shionoha spa,
Kawakamimura, Yoshin o-gun, Nara Prefecture: Japan
Geol. Survey Bull., v. I, no. 4, p. 37-40, illus. [Japanese,
English summary] ; 10ri8, abs., Bibliography and Index
of Geology Exclusive of North America, v. 21, 1956,
p. 238; 1958, abs., Annot. Bibliography Econ. Geology
1056, v. 29, no. 2, p. 306.

2914. Hartel, Fr. F., 1935, Die Heilbader Japans : Balneologie;
Berlin, v, 2, p. 302-317; abs., 'Vasser u. Abwasser, v. 33,
no. 11, p.321.

States that the temperature of the water from 951
springs exceeds 37°C.

2915. Hatsuta, Jinichiro, 1935, GUSh-quantity of the Arima ther
mal springs, Hyogoken : Kyoto, Til~yu (Globe), v. 24,
no. 6, p. 428--436. [Japanese.]

2916. Hatuta, Yorimi, and Suzuki, Masatatu, 1936, On the gey
ser at the "Itaet Hatiman..Digokn": Tikyu-Buturi
(Geophysics), v. 1, p. 94-103. [Japane.se, English
abstract.I

2917. Hayasaka, Ichiro, 1941, Observations on the thermal
springs of Urai, Taihoku Prefecture: Taiwan Tigaku
Kizi, v.12, no. 4, p. 6&-75, iUus. [Japanese.]

2918. Homme (Honma), Fujlo, 1926, Guidebook for the geologi
cal excursion to Beppu, the hot-spring city: Pan-Pacific
[Pacific] Sci. Ooug., 3d Tokyo, Guidebook, Excursion
E-1, 0,16 p., 3 views, maps. [English.]

2919. Honda, Ko, and Sone, To, 1915, On the geyser at Onikobe,
Miyagi Prefecture, in Ishizu, Risaku, The mineral
springs of Japan: pt. I, p. 73-77, 3 figs. [English.]

2920. Honda, Ko, and Terada, Torahiko, 1906a, On the geyser in
Atami: Earthquake Inv. Comm. Pub. in Foreign Lan
guagea 22, Sec. B, art. 4, p. 51-73, 7 flgs., 12 pis., map.
[English.]

2921. 1906b, On the geyser in Atami, Japan: Phys. Rev., v. 22,
no. 5, p. 300-311, 8 figs; repro in Ishizu. Risaku, The
mineral springs of Japan: pt. 1, p. 47-52, 19,15.
[English.]

2922. Horikawa, Yasuichi, 1922, Ohironotntf,8 sp. inhabiting the
hot springs in Japan: Konchu Sek., v. 26, no. 11, p. 359
361, 1 pI. [Japanese.]

2923. Iimori, Satoyasu, and Hata, Shin, 1937, Radon content of
some mineral springs in Japan: Inst. Phys. Chern. Re
search [Tokyo] Bull., Y. 16; p. 1471-1478 [Japanese] ;
1938, Chern. Abs., v. 32, col. 7622.

2924. Ikeda, Nagao, 1949a, Geochemical studies on the hot
springs of Arima. I, General observutions : Chern. Soc.
Japan Jour., Pure Chemistry Sec., v, 70, p. 328-329.
[Japanese.]

2925. 1949b, Geochemical studies on the hot springs of Arima.
II, Chemical composition of Ariake-no-yu, Shln-onsen
(new hot spring), and Hon..onsen (central hot spring).
Contents of rare alkali metals: Chern. Soc. Japan Jour..
Pure Chemistry Sec., V. 70, p. 363-366 [Japanese];
1951, Ohern. Abs., Y. 4ti, col. 3101.

2926. 1954a, Chemical studies on the hot springs of Nasu
[Tochigi Prefecture]. I-III: Chem. Soc. Japan Jour.,
Pure Chemistry Bec., v. 75, p. 362-371, 3 figs., 17 tables
[Japanese] ; Chern. Abs., V. 48, col. 116Sti.

2927. 1954b, Ohemtcal studies on the hot springs of Nasu
[Tochigi Prefecture}. IV-VI: Chem. Soc. Japan Jour.,
Pure Chemistry Sec., Y. 75, p. 463--471, 11 tables [Japa
nese}: Chern. Abs., Y. 48, col. 14051.

2928. 1055a, Chemical studies on the hot springs of Nasu,
VII-VIII, Chemical composition of the Moto-yu spring,
Yumoto, Nasu : Chern. Soc. Japan Jour., Pure Chemistry
Sec., V. 76, no. 7, p. 711-716, 1 fig., 14 tables [Japanese] ;
1956, Chem. Abs., v. 50, col 14152.

2029. 1955b, Chemical studies on the hot springs of Arima.
III-IV, Chemicnl composltlon of the 'I'enmangu-no-yu
spring, Arima Spa: Chem. Soc. Japan Jour., Pure Chem
istry Sec., V. 76, no. 7, p. 716-721, 2 flgs., 9 tables
[Japanese] ; 1956, Ohern. Abs., v. 50, col. 14152.

2930. 1955c, Chemical studies on the hot springs of Nasu.
IX, Chemical composition of the Moto-yu spring, Nasu;
X, Daily variation of the chemical composition of the
Mcto-yu spring: Chern. Soc. Japan Jour., Pure Chem
istry Sec., Y. 76, no. 8. p. &33-S39, 4 flgs., 5 tables [Jap
anese] ; 10ii7, Chern. Abs., Y. 51, col. 9979.

2931. 1955d, Chemical studies on the hot springs of Arima.
V, VI, Investigations on the 'I'enmangu-no-yu spring,
Arima area: Chern. Soc. ·Japan Jour., Pure Chemistry
Sec., v. 76, no. S, p, 839-844, 10 tables [Japanese] j 1957,
Chern. Abs., v, 51, col. 9980.
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2932. Ikeda, Nagao, 1955e, Chemical studies on the hot springs

of Nasu. XI-XIII, On the sinter deposit of Moto-yu
spring, Yumoto, Nasu : Ohern. Soc. Japan Jour., Pure
Chemistry see., v. 76, no. 10, p. 1007-1079, 21 tables.
[Japanese.]

2933. 1955f, Chemical studies on the hot springs of Arima.
VII, Investigation of the 'I'emnangu-no-yu spring,
Arimu area: Chern. Soc..Japan .lour., Pure Chemistry
Sec., v. 76, no. 10, p. 1079-1882, 1 fig., 3 tables.
Lfnpanese.]

2934. 1955g, Chemical studies all the hot springs of Nasu.
XIV, On the sinter deposit of the l\:Ioto-yu spring,
Yumoto, Nasu; XV, On the new compound of naturally
occurtng arsenic sulfide: Chern. Soc. Japan Jour., Pure
Chemistry Sec., v. 76, no. 11, p. 1195-1201, 1 flg., 13
tables. [Japanese.]

2935. Iki, Tsunenana, 1926, Geologic notes on the .aso volcano:
Pan·Pacific [Pacific] Sci. Oong., 3d, Tokyo, Guidebook,
Excursion E-4, 14 p., 8 views, maps. [English.]

States that there are several fumaroles, eolfataras,
and hot springs within the caldera. Mentions Yuno
tani, Tochinoki, Toshita, Tarutama, and Uchfnornakl
springs.

2936. Imperial Geological Survey of Japan, 1926, The geology
and mineral resources of the J npanese Empire: Tokyo,
Govt. Press, 136 p. [English.]

States that the water of more than 250 of the 951 hot
springs is radioactive.

2937. Imperial Japanese Government Railways, 1913-17, An
official guide to eastern Asia: Tokyo, Tsukiji Type
Foundry, 5 Y.; 1913, Y. 2, Southwestern Japan, 370 p.,
111 illus., 15 maps; 1914, v. 3, Northeastern Japan, 488
p., 78 illus., 25 maps j 1915, v. 4, China, 414 p., 173 iUus.,
23 maps; 1917, v. 5, East Indies, including Philippine
Islands, French Indo-China, Siam, Malay Peninsula, and
Dutch East Indies, 519 p., 103 illus., 26 maps. [Eng
lish.]

Describes Doge and Arima spas in southwestern
Japan and Yumoto, Shuzenl, Kusatsu, and Onogawa
spas in northeastern Japan. Also mentions hot springs
at Sawatari, Shima, Takayu, and Azuma in northeast
ern Japan; hot springs 0.5 mile from Tuong-mwong
Gate of Foo-Chow, northwest of Cha-ho-sten, at Tang
shan, and at Yung Male in China; and hot springs at
Los Banos in the Philippine Islands.

2938. 1915, Japan j Travelers' Handy Guide: Tokyo, Imp.
Government Railways, Traffic Dept., 62 p.;: 30 pls.

Mentions some of the hot-spring resorts.
2939. 1922, The hot springs of Japan (and the principal cold

springs), Including Chosen (Korea), Taiwan (For
mosa) , and South Manchuria; together with many
tables giving classification, chemical basis, curative
values, radioactivity, etc.: Tokyo, Japanese Government
Railways. Official series, v. A., 486 p., front., 190 illus.,
maps. [English.]

Includes 85 noted hot springs in list of the important
radioactive springs. Contains several maps showing the
locations of hot springs.

2940. 1933, An official guide to Japan; a handbook for
travellers: Tokyo, Japanese Government Railways
[and] Kobe, Tanaka Printing & Publishing House, Ltd.,
506 p., front., 10 illus., 36 maps, 14 plans.

A revision and condensation of volumes 2 and 3 of
reference 2937. Includes Japan, Formosa (Taiwan),

South Saghalien (Karafuto), and the mandate islands
in the South Seas.

2941. Iriye, Toshikatsu, 1956, The Chemical studies of conducted
hot spring water in Chuzenzi: Chern. Soc. Japan Jour.,
Pure Chemistry Sec. (Nippon Kagaku Zasshi), v, 77,
p, 412-417, 3 flga., 4 tables. Lfapaneae.]

2942. Ishizu, Risaku, 1915, The mineral springs of Japan, with
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3232. Komada, Ikuo, 1925, Thermal springs of Kalundal, Jujo,
Onyo, Shinsen, Angaku, and Ryuko: Chosen (Korea)
Geol. Survey Bull., v. 3, p. 1-49, 30 pls. maps. [English,
Japanese.I

3233.. 1926, Thermal springs of Onseiri, Shuctsu, Lower Shu
otsu, and Helsan, and cold carbondtoxidated spring of
Shoseiri: Chosen (Korea) Geol. Survey Bull., v. 7, p.
1-38. [English, Japanese.I

3234. Koto, B., 1909, Journeys through Korea: Tokyo Imp.
Univ., Call. Sci. Jour., v. 26, art. 2, 207 p-, 36 pls.
[English.]

Describes 'I'ong-nal hot spring.
8235. Tateisi, Iwao, 1928a, On the hot spring of Onyo, Tyosen

[Chosen] : Tyosen (Korea)" Geol. Survey Rept., p. 3-20.
[Japanese]

3236. 1925b, On the hot spring of Onsei, Tyosen [Chosen]:
Tyosen (Korea) Geol. Survey Rept., p. 23-38. [Japa
nese.]

3237. 1928c, On the hot spring of Suianpo, Tyosen [Chosen] :
Tyosen (Korea) Geol. Survey Rept., p. 41-50. [Japa
nese.j

See also references 2937, 2939, 2942, and 2997.

LEBANON AND .sYRIA

3238. Carle, G., 1923, De l'alimentation en eau de Palmyre dans
Ies temps actuels et anciens: Geographte [Paris], v. 40,
no. 2, p. 153-160, 1 pl., 3 figs.

3239. Dubertret, L., 1933, L'hydrologie de In Syria: Rev. geo
graphte phys., et geologie dynamique, v. 6, no. 4, p. 347
452.

3240. Dupre Ia Tour, Francois, 1949, La radtoacttvjte de quel
ques sources au Liban et en Syria: Acad. sci. [Paris]
Oomptee rendus, v. 229, no. 15, p. 712-713.

3241. Mazloum, Soubhi, 1940, Contribution a I'etude des eaux
souterraines de la Syrie Nord: Union Geophyslque In
ternat.; Assoc. Hydrologte Sci., Washington, 7th, As
semblee gen., 1939, Compte rendu, v. 2, Rept. of Inv. 17,
14 p.

See also reference 1737.

MALAYA (FEDERATED MALAY STATES; FEDERATION OF

MALAYA)

3242. Bott, W., 1892, The thermal springs of Selangor and Ma
Iacca : Royal Asiatic Soc., Straits Br. Jour., no. 24, p.
43-62, 1 fig.

3243. Cameron, John, 1865, Our tropical possessions in Malayan
India-being a descriptive account of Singapore, Penang,
Province Wellesley, and Malacca; their peoples, prod
ucts, commerce, and government: London, Smith, Elder
& Co., 408 p., rront., 6 pls.

Describes the hot springs of Ayer Panas.
3244. Jones, W. R., 1914, On the supposed case of tin in statu

nascenti in the Malay Peninsula: Geol. Mag., dec. 6, v. 1,
p.537-54l.

Mentions several hot springs.
3245. Meunier, Stanislas, 1890, Examen chimique d'eaux mine

rales provenant de Malaisie; minerai d'etaln de for
mation actuelle: Acad. sci. [Paris] Comptes rendus, v.
110, p. 10S3-10S5.

3246. Scrivenor, John Brooke, 1931, The geology of Malaya:
London, Macmillan & Co., Ltd., 217 p., 33 figs., map.

Describes the deposits of several thermal springs.
See also reference 1467.

"·MONGOLIA

3247. Berkey, Charles P., and Morris, Frederick K., 1927, Nat
ural history of central Asia; v. 2, Geology of Mongoita :
New York, G. Putnam's Sons, 475 p., 44 pls., 161 illus.

Includes a description of a hot spring at the northeast
base of Sain Noin (mountain) in the Arishan area.

3248. Ossendowski, Ferdinand, 1922, Beasts, men, and gods:
New York, E. P. Dutton & Co., 325 p., map.

Describes Lake Kogoaol and states that it may be fed
by hot springs on its iloor.

See also references 3382 and 3433.

THAILAND (SIAM)

3249. Sresthaputra, Vija, 1951, Hot springs: U.S. Geol. Survey
Bull. 9S4, p. 171-175, 2 flga., 4 tables [1952].

'Contains a list of 27 thermal-spring localities. De
scribes springs near Amphur Fang and 8 km northeast
of SiRacha.

TURKEY AND CYPRUS

3250. Abich, Otto Wilhelm Hermann von, 1877, Das thrialetische
Thermalque1.lensystem in Karthalinien vom geologischen
Standpunkte betrachtet: Deutsche geol. Gesell. Zeitschr.,
v. 29, p. S20--829.

3251. Ainsworth, William Francis, 1842, Travels and research in
Asia Minor, Mesopotamia, Chaldea, and Armenia: Lon
don, J. W. Parker, 2 v., front., illus.

Contains data on thermal springs.
3252. Baker, James, 1877, Turkey in Europe: 3d ed., London

and New York, Cassel, Petter, & Galpin, 650 p., map;
revised ed., 1879, entitled "Turkey": New York, Cassel,
Petter, & Galpin, 495 p.

States that Turkey is rich in thermal springs. Specifi
cally mentions spring at Lija (Ilijah) near Burgas and
another spring near Eski Zaghra. Also mentions ther
mal springs in the vicinity of Therma in Greece.

3253. Blumenthal, Maurice M., 1941, Geologie des montagnea de
Ia transversale d'Eskipazar et leurs sources mlneralea
(vililyet de Cankiri): Maden Tetklk ve Arame, an
kara, Turkey, sene 6, no. 3/24, 4/25, p. 320--352,550-593,
8 pls., 1 fig. [Turkish and French]; 1943, abs., Bibli
ography and Index of Geology Exclusive of North
America, v. 9, 1941-42, p. 29-30.

3254. 1950, Beltrilge zur Geologie des Landschaften am mittle
ren und unteren Ye~il Irmak (Tokat, Amasva, Havsa,
Erbaa, Niksar); Maden Tetkik ve Arama Enstitiis(f
Yayinlarindan, Jeol. Harta Mater., ser. D, no. 4, 153 p.,
illus. [German, Turkish summary] ; 1951, abs., Bibli
ography and Index of Geology Exclusive of North Amer
ica, v. 15, 1950, p. 28.

Includes information on mineral and thermal springs
of the region.

3255. Broughton, John Cam Hobhouse (First Baron), 1858,
Travels in Albania and other provinces of 'I'urkey in
1809 and 1810: London, J. Murray, new ed., revised
and corrected, 2 v.; v. 1, 544 p., 10 illus; v. 2, 528 p.,
3 illus., maps.

Mentions warm spring near Bunarbashi (Bali Dagh)
village, which is close to the site of ancient Troy.

3256. Caglar (Kaglar), Kerim Orner, 1939 [Investigation of the
medicinal springs and waters of Kizilcahamam] : Yule
sek Ziraat Bnstlttlstl Calismalarindan (Arb. Yuksek
Ziraat Enstitiisii Ankara) no. 93, p. 1-20 [Turkish];
abs., Chern. Zentralbl. 1940 [pt.] I, 3506.
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3257. Caglar (Kaglar), Kerim Orner, 1946 [Analyses of Turkish
hot springs]: Maden Tetkik ve Arama Enstdttlsti
Mecmuasi (Ankara), v. 11, no. 36. p. 307-319 [Turk
ish] ; 1948, Ohern. Abs., v. 42, col. 6965.

3258. 1947, Tiirkiye Maden sulari ve kapltcalart [Turkish
mineral waters and thermal springs, Maden Tetkik ve

. Aruma Enstitiisli yayinlarindan: Mineral studies
and research institute publications], ser. B, no. 11, pt. 1,
p.1-94. [Turkish, French summary.]

. Oontadns chemical analyses of water from Kiikiirtlii
(near Bruaa) , Knpeli, Gonen, and Ouma springs.

3259. 1948, Tiirkiye Maden sulari ve kapltcalart [Turkish
mineral waters 'and thermal springs] : Maden Tetkik ve
Aruma Enstittlsii yayinlarindan [Mineral studies and
research institute publications], ser. B, no. 11, pt. 2,
p. 95-318. [Turkish.]

Contains chemical analyses of water and other data
on 174 hot springs. Includes analytical data for springs
at Bademlt, Derman, Kizildere, Yalova, and Kletlca
hammam.

3260. 1950, Tiirkiye maden sulari ve kaplicalari [Turkish min
eral waters 'and thermal springs] Maden Tetkik ve

Arama Enstttttstl yayinlarindan [Mineral studies and
research institute publications], ser. B, no. 11, pt. 3,
p. 319-638. [Turkish.]

Contains chemical analyses and other data on many
thermal springs including those at Gediz, Sakarya,
Kizik, and Kolan.

3261. Chikachev, Petr Aleksandrovich (Tchihatschef, Pierre
de), 1866, Asie Mineure; description physique de cette
contree (8 v., and atlas, 186()-69) : Gotha, Germany, v.tt,
Physical geography, 1866; 20 pls., atlas; Reisen in Klein
esten und Armenien, 1847-1863: Petermanns Mitt. Er
gilnsungaband 4, v. 20; 68 p., map, 1867.

Describes Hieropolis and its thermal springs.

3262. 1887, Klein-Asien, von P. de 'I'chihatschef, Das Wissen
der Gegenwart, Deutsche Universal-Bibliothek fur
Gebildete; Leipzig, Germany, G. Freytag, 188 p., 19
flgs., map.

Mentions Bithya springs near Brusa, Yalova springs,
Elidja Valley springs, and springs near 'I'uzla, at the
ancient city of Hierapolis, and near Karahait.

3263. Clayton, E., 1887, The mountains of Kurdistan: Alpine
Jour. [London], v. 13, no. 97, p. 293-330, 1 pl.

States that there are numerous hot springs in the
crater of Nimroud Dagh.

3264. Davis, (Rev.) Edwin John, 1874, Anatolica; or The journal
of a visit to some of the ancient ruined cities of Carta,
Phrygla, Lycla, and Plsidta : London, Grant & CO., 374 p.,
fronts., Illus., PIs.

3265. 1879, Life in Asiatic Turkey. A journal of travel in
Olldcla (Pedias and Trachoea), Isaurla, and parts of
Lycaonfa and Oappadocia : London, Edward Stanford,
536 p-, front., tnus., pls., 2 maps, 2 plans.

3266. DeKay, James Ellsworth, 1833, Sketches of Turkey in
1831 and 1832, by an American: New York, J. and J.
Harper, 527 p., fllus.

Describes thermal springs near Smyrna.

3267. Dirisu, Niizhet Saklr, 1947 [The thermal springs of Erzu
rum]: Fac. med. Ankara Bull., v. 1, p. 44-46 [Turkish] ;
1948, Chern. Abs., v.42, col. 998.

8268. Fellows, Charles, 1852, Travels and researches in Asia

365
~nnor, more particularly in the province of Lycia:
London, J. Murray, 510p., Illus., map.

Describes the extensive deposits of tufa near the
ancient city of Hlerapolis.

3269. Francis, W., 1930, Mineral springs of Cyprus, in, Ronald
Storrs and B. J. O'Brien, eds., Handbook of Cyprus,
368 p., map.

Describes six thermal-spring localities.
3270. Geary, Grattan, 1878, Through Asiatic 'I'urkey-c-Narratlve

of a journey from Bombay to the Bosphorus : London,
S. Low,Marston, Searle and Rivington, 2 v., fronts., pIS.,
map.

Mentions thermal springs.
3271. Hamilton, William J., 1842, Researches: Asia Minor, Pon

tius, and Armenia; with some account of their antiqui
ties and geology: London, J. Murray, 2 v. j v, I, 544 p.,
6 pls. ; v, 2, 508 p., 6 pls., map.

Describes the Byzantine Baths of Cauvsa and the
extensive deposit of tufa near the ancient city of
Hterapolia. Also contains information on hot springs in
several other localities.

3272. Homer, ca. 850 B.C., Iliad; 1934, Translated into Engtlsh
by Augustus 'Taber- Murray, with title, Homer, The
Iliad: New York, G. P. Putnam's Sons; London, 'Y.
Heinemann, 2 v.: 1. I, 479 p.; v. 2, 643 p.

Mentions warm spring that feeds "eddying Sca
mander," near the site of ancient Troy (v. 2, p. 465,).

·3273. Hubbard, Oliver P., 1847, Notices of Koordistan .... *
derived chiefly from the letters of Rev. A. H. Wright:
Am. Jour. Sci., ser., 2, v, 3, p. 347-354.

Mentions hot sulphur spring west of Julamerk.
3274. Humann, Carl; Cichorius, Conrad; Judeich, Walther; and

Winter, Franz, 1898, Alterttlmer von Hterapolfa : K.
Deutsche, Archaeol. Inst. J ahrb., Ergtlnzuugsheft 4.

3275. Klefnsorge, H., 1939, La source thermale Hthtnlfere de
Akhtlyttk, Province de Konya, district d'Ereglt : Bull.·
trlmestriel Inat. Recherches Mtnreres, no. 4, p. 105-109,
2 flge. j Ankara Ref. in Rev. geologie et sci. connexes, v.
20,pt.3,p.116,1940.

3276. Larsen, Sven, 1950, The petrified waterfalls of Hierapolis;
a 14,0()()..year-old wonder of Anatolia: Itlus. London
News, v. 127, no. 3314, p. 698, 5 Illus.

3277. Luke, Harry Charles, and Jardine, D. J., 1920, Handbook
of Cyprus: London, E. Stanford, 300 p. ; 1913 ed.

Describes six mineral-spring localities, and five other
spring localities.

3278. Lynch, F. H. B., 1901, A:rmenia: Travels and studies:
London, Longmana, 2 v-: v. I, The Russian provinces,
470 p.; 52 pls., 56 Jllus., 7 maps; v. 2, The Turkish prov
inces, 512 p., 45 pls., 41 Illus., 9 maps.

Describes a small warm lake in Ntmrud Crater.
3279. MacFarlane, Charles, 1850, Turkey and its destiny-The

results of journeys made in 1847 and 1848 to examine
into the state of that country: London, J. Murray, 2 v. j

v.l, 543 p.; v. 2, 681 p.
Describes hot springs near Brusa and at base of a

ridge of Ak Daghler.
3280. Marek, Kurt W. (C. W. Ceram, pseud.}, 1949, Getter,

Graber, und Gelehrter : Hamburg and Stuttgart, Ger
many; 1951, translated into English by E. B. Garside,
with title, Gods, Graves, and Scholars: New York,
Knopf, 426 p., 32 pls., many figs.

Mentions the springs near Bunarbashl (Bali Dagh)
village, which is close to the site of ancient Troy.
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3281. Martel, E. A., 1919, Hierapolis (Asie Mineure) : Nature
{Parts}, v. 47, no. 2378, p. 262-266, 5 figs.

3282. Oswald, Felix, 1906, A treatise on the geology of Ar
menia: Iona, England, F. Oswald, 516 p., 19 pls., 12
maps.

Contains maps. showing the hot springs at Htja, near
Arzit, and at Tendurek; also the warm lake in Nimrod
Crater, and deposits of travertine along the Chorokh
River.

3288. Phene, J. S., 1879, On the deposit of carbonate of lime
at Hlerapolfs in Anatolia, and the efflorescence of the
limestone at Les Raux, in Provence: British Assoc. Adv.
Sci. 49th Mtg., 1879, Rept.

3284. Phillippson, Alfred, 1918, Klelnaalen, in C. Winters,
Handb. regtouaten Geologie, v. 22, no. 5, pt. 2, 183 p.,
3 pls., 4 figs.

States that there are 70 thermal-spring localities in
Asia Minor. Names and describes the locations of
several.

3285. Reclus, Jean. Jacques Ellsee, 1884, L'Asie Anterfeure, in
Nouvelle Geographte Universelle; Ia terre et lea
hommes: Paris, Hachette et Cie., v. 9, 950 p., 85 views
and wood engravings, 160 maps;

Describes the deposits of travertine near the site of
ancient Hierapolis.

3286. Richardson, Thomas, and Browell, E. J. J., 1857, On the
analysis of waters from the Turko-Persian frontier:
Geol. Soc. London Quart. Jour.• v. 13, p. 184-187.

Includes a chemical anlysls of water from a hot spring
near Mershut village, north of Lake Van.

3287. Salomon-Calvi, Wilhelm, 1940 [Have the European min
eral springs counterparts in Turkey?]: Turkey, Zeit
schr. hyg. u. exptl. Biol., v. 2, no. 2, p. 63-101 [German] ;
1946, Chem. Abs. v. 40, col. 6717.

Contains chemical analyses of 59 mineral springs
in Turkey.

3288. 1941, Kann man in der Tiirkei Heilb1i.der nach Art der
Warm -Springs von Georgia (U.S.A.) einrichten?:
Maden Tetklk ve Arama, Enstitiisii Mecmuasi, Ankara,
sene 6, no. 3/24, p. 356-360. [Turkish and German.]

Describes 12 thermal springs in Turkey suitable for
development of bathing resorts.

3289. Smith, Eli, and Dwight, H. G. 0., 1834, Missionary re
searches in Armenia, including a journey through Asia
Minor and into Georgia and Persia, with a. visit to the
Nestorian and Chaldean Christians of Oormlah and
Salmas: London, G. Wightman, 472 p., map.

Describes springs near Lori village and at Ilija
village.

3290. Smith, John Lawrence, 1873, Mineralogy and chemistry
Original researches: Louisville, Ky., J. P. Morton
co, 401 p.

Describes the thermal springs in the vicinity of Brusa,
in the Yalova Valley on the south side of the Gulf of
Nicomedia, near the ancient city of Hterapolla, near
Eski-Shehr, near the ancient city of Troy, on Mitylene
Island, and on the west shore of Lake Tiberias.

3291. Stehepinsky, V., 1942, Geologie et ressources mlnerales de
Ia region de Kirsehir-Bogazhijan cayi: Maden Tetklk
ve Arama, Ankara, sene 7, no. 3/28, p. 489-502, map
[Turkish and French]; 1943, Ohern. Abs., v. 37, col.
5341: 1946, abs., Bibliography and Index of Geology Ex
clusive of North America, v. 10. 1943--1944, p. 122.

Describes several thermal springs.

3292. Tamari, M., 1943, Sulphur springs of Cyprus: Nature
[London], v. 152, no. 3853, p. 277-278.

3293. Wilson, Charles William, and Hogarth, David George,
1910, Hlerapolfs in Encyclopaedia Britannica: 11th ed.,
New York, Encylopaedia Britannica, v. 13, p. 452.

Describes the extensive travertine terraces.
3294. Yule, Henry, 1903, The book of Ser Marco Polo, the Ve

netian, concerning the kingdoms and marvels of the east;
translated and edited with notes * * *: London, J.
Murray, 2 v.; v. I, 462 p., illus.; v. 2, 662 p., illus.

States that "Greater Hermenta" possesses "the best
baths from natural springs that are anywhere to be
found." Mentions hot springs at Ilija and at Hassan
Kala'a. Also states that there are many natural hot
baths in the area now known as Iran and mentions sev
eral by name.

See also references 7, 30, 43, 78, 79, 1737, 2024, and .2846.

UNION OF SOVIET SOCIALIST REPUBLICS

3295. Abich, H., 1870 Mineral springs of Titlis]: Titlis. [Rus
sian.]

3296. Abramof, Major-General, 1871, The principality of Ka
rategln : Royal Geog, Soc. [London] Jour., v. 41, p. 338
342; translated from the Russian and communicated by
R. Mitchell.

Mentions the hot springs in the Surkhaa Valley.
3297. Aleksandrov, V. V., 1933, The Dushak thermal springs:

[Russia], Central Geol. lnst. U.S.S.R. Materialy, Region
al geology no. 2, p. 1-19, figs. [Russian, English sum
mary.]

3298. Arsenev, A. A., and Nechaeva, E. A., 1951, Geologo-petro
graficheskii ocherk raiona kurorta Darasun: Akad. Nauk
SSSR., Inst. Geol. Nauk Trudy, 'v. 128, Geol. Ser. 49, p.
120-194, illus.; 1955, abs., Bibliography and Index of
Geology Exclusive of North America, v. 19, 1954, p. 19.

Describes the geology and petrology of the Darasun
mineral springs area.

3299. Atkinson, Thomas WitIam, 1858, Oriental and western Si
beria, a narrative of seven years' .exploratlons and ad
ventures in Siberia, Mongolia, the Kirghis Steppes,
Chinese Tartary, and part of Central Asia: New York,
Harper & Bros., 17-533 p., 52 iUus., map.

3300. Balneologicheskii institut * * * Pyatigorsk, 1927 [Min
era! waters of the Caucasus] : Leningrad, 80 p. [Rus
sian.]

3301. Basharina, L. A., 1956, Fumaroles of Sheveluch volcano
[northern Kamchatka] during Sept.-Dec., 1953: Akad.
Nauk SSSR, Lab. Vulkanologii, Vulkanol. Sta. Byull. 24,
p. 21-27, 1 fig., 9 tables.

3302. Bentkhen, P. P., 1937, Mineral springs of 'Ioulovskaya and
Starikova Rivers, Little Khlngan Range: Acad. Sci.
U.S.S.R., Far Eastern Br., Bull. 25, p, 75-83, 6 figs. [Rus
sian, English summary.]

3303. Barthenson, Leon, 1897, Ressources balneaires de la Rus
sie: Internat. Congo hydrologie, climatologie, et geologie,
4th, Clermont-Ferrand [France], 1896, Compte rendu, p.
1I9-130.

3304. Bickel, Adolf, 1933, Der "warme Berg," ein geolcglsches
und balneclogtschea Unikum auf del' Erde: Zeitscher.
Gesell. physfkal. 'I'herapte, V. 45, no. 2, p. 78-84, 2 figs. ;
1935, abs., Bibliography and Index of Geology Exclusive
of North America, V. 2,1934, p. 20.

"Describes the geology of 'Warm Hill,' and explains
origin of the springs, Ural Region, Russia."
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3305. Billings, Joseph, 1802, An account of n geographical and
astronomical expedition to the northern parts of Russia
* * • in the years 1785-1794; narrated from the origi
nal papers by Martin Sauer, Secretary to the expedition:
London, T. Cadell, 332 p., app., 58 p., 14 pls.

Describes several hot-spring localities.
3306. Bozoyan, O. A., 1956 [The gas contents of the mineral

waters at the Dzhermuk health resort] : Voproay-Geo
logtt i Gidrogeologii Armyanskoi SSR, p. 156-171 [Rus
sian] ; 1958, Chern. Abs., v. 52, col. 1519.

3307. Brudin, I. D., 1935, Goryuchle gazy i mlneralnye vody
yuzhnoi Ukrainy: Priroda {Nature}, no. 3, p. 64-67,
map.

3308. Cochrane, John Dundas, 1824. Narrative of a pedestrian
journey through Russia and Siberian Tartary. from the
frontiers of China to the frozen sea and Kamchatka:
2d ed., London, printed for C. Knight, 2 v. ; v. I, 428 p.,
front., 2 Illus., map j v. 2, 344 p-, front., 2 illus., map.

Mentions hot sulfur springs near Lake BaikaL
3309. Collins, Perry McDonough, 1860, A voyage down the

Amoor j with a land journey through Siberia, and inci
dental notices of Manchooria, Kamchatka, and Japan:
New York, D. Appleton & Oo., 390 p., rront., 3 illus.;
ed., 1864, Overland explorations in Siberia, northern
Asia, and the Great Amoor River country.

Mentions thermal springs in the vtctnltr of Lake Bai
kal and also 50 miles west of Petropaulosky in Kam
chatka.

3310. Denguln, Yury, 1931, Some mineral springs of the south
part of the central Transbaikalian region: East-Siberian
Br. Gecl. and Prosp. Survey, Geology and mineral re
sources East Siberia Recs. no. 4, p. 57-73, 10 figs. [Rus
sian, English summary.]

3311. 1932, Mineral springs of central TransbaikaIia (upper
parts of Chikoi, Onon, and .Ingoda Rivers): [Russia],
Glavnoe geologo-razvedochnoe upravlente Trudy (United
Geol. and Prosp, Service U.S.S.R. 'I'rans.}, no. 184, 43
p., 7 pIs., 11 figs., 21 tables. [Russian, English sum
mary.]

3312. Denisov, P. VOJ 1955, Schematic explanation of the origin
of the thermal springs Tyan-Shan: Gidrokhim. Mate
rialy, v. 23, p. 82-96, 7 flgs., 4 tables [Russian]; 1956,
Ohern. Abs., v.50, col. 14151.

3313. Ditmar, Karl, 1860, Die Vulkane und heissen Quellen
Kamchatka's: Petermanna Geog. Mitt., p. 66-67.

3314. Dombrowskaja, N. S., and Juschlrewitsch, F. F., 1927,
Chemische Zusammensetzung der Dnrassun Mineral
wasser: Univ. Extreme-Orient Mem., 4, 19 p. ; 1931, abs.,
Chern. zentratbt., 1931, Referate 2, p. 980.

3315. Drechev, S. M., 1954 [Hot waters in the valley of the River
Manych]: Gidrokhim. Materialy, v. 22, p. 57-59 [Rus
sian] j 1955, Ohern. Abs., v. 49, col. 15126.

3316. Dru, Leon, 1883, Rapport sur les eaux mlnerales du Oau
case (Mission de 1882) : 115 p., 55 pla.

3317. 1884, Note sur la geologie et I'hydrologte de la region du
Bechtaou (Rusale-Caucase) : Soc. geol. France Bull.,
ser. 3, v. 12; 1883---84, p. 474-515, 4 pIs., 2 figs., 3 tables.

Contains information on many thermal springs.
3318. Durov, S. A" 1955 [The genesis of the water of a sulfate

bicarbonate hot spring (near Kislovodsk)] : Novocher
kasskogo PoIitekh. Inst. imeni Sergo Ordzhonikidze, v.
26, p. 252-264 [Russian] j 1957, Chem. Abs., v. 51, col.
13269.

3319. Dzens-Litovsky, A. I., 1937 [Mineral springs of the Birsk
region, Bashkir Republic]: [Russia], Central Sci.-Inv.

Geol. and Prosp. Inst. Pogrebov Jubilee v., p. 104--109.
[Russian.]

3320. Dzens-Litovsky, A. I., 1940, The mineral sources of the
Caucasian group of mineral waters: Prlroda [Nature],
no. 6, p. 70--83, 6 flgs., 3 tables. [Russian, English title.]

3321. Dzens-Litovsky, A. I., and Tolstikhin, N. I., 1937, Mineral
springs and muds of the Soviet Union: Priroda [Na
ture], no. 10, p. 104-124, 12 figs., 2 tables. [Russian.]

3322. Eristavi, D. I., and Kituashvili, N. A., 1955, The physico
chemical investigation of hot spring waters of Tbilisi
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3407. Rabkin, M. I., 1937, The hot springs of Neshken: Arctica,
v. 5, no. 5, p. 93-101, 1 fig., 1 table. [Russian, English
summary.]

3408. Renngarten, V. P., 1927a, Aper~u des gisements de mi
nereaux utiles et des sources miuerales du Daghestan
meridional: [Russia], Glavnoe geologo-rasvedochnoe
upravlenie Isv. (Oornlte geol. Bulls.), v. 46, no. 3, p. 207
244, 2 flga., map. [Russian, French summary.]

3409. 1927b, Description geologique des environs des sources
minerales de Matsesta et d'Agoura: Geol. Komitet, Ma
terialy (Oomite geol., Materiaux geologie gen. et appl.)
no. 56, 108 p., 3 pls. [Russian, French summary.I

3410. 1932, Mineral springs in the region of the Georgian mili
tary road: [Russia], Glavnoe geologo-raavedochnoe
upravlente Trudy (United Geol. and Prosp. Service
U.S.S.R. Trans.), no. 156, 96 p., 4 pIs., map. [Russian,
English summary p, 93-94; French summary p. 94-96.]

3411. Rodevich, V. M., ed., 1936 [Handbook on water resources
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3412. Sazonov, V. V., 1929, Les sources mtnerajes de Poliustrovo:
[Russia], Glavnoe geologo-raevedochnoe upravlenie Izv.
(Comito geol. Bulls.) , v. 43, pt. 1, p. 535-590, 1 fig. (v. 48,
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3413. Schmidt, K., 1885, Die Thermalwasser Kamtschatka's:
Acad. Sci. St. Petersbourg Mem. 7, v. 32, no. 18.

3414. Schuyler, Eugene, 1877, Turkistan; Notes of a journey in
Russian Turkistan, Khokand, Bukhara, and Kuldja:
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- Describes a visit to the springs of Arassan.
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celestial Mountains, and visit to the upper course of the
Jaxartes or Syr-Daria, in 1857: Royal Geog. Soc. [Lon
don] Jour., v. 31, p. 356-366, map; translated into Eng
lish from the Russian edition by John Michell.

Describes a visit to the springs of Arassan.
3416. Shadin, W. J., 1927, Radix perega Mull, var. geisericola

Beck in einer Therme am Ufer des Baikalsees: Russ
ische hydrohlol. Zeitschr., v. 6, p. 142-143. Russian, Ger
man summary.]
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1926: [Russia], Glavnoe geologo-razvedochnoe uprav
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Gesell. Verh., v. 47, p. 175-191, 193-208. [Russian.]
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cil for research on productive forces, 279 p., pls., flgs.,
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Consists of the following papers: Slavyanov, N. N.,
Thermal springs of the Tian Shan; Grushe, P. A., Geo
logical description of the thermal springs Djety-oguz
and Ak-su; Mashkovtsev, S. F., Thermal springs of the
Issyk-ata; Gatalsky, M. A., The Kara-balty thermal
springs; Grlgoryeva, V. S.. Thermal springs of the Ala
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3426. Sokolov, D. V., and Stopnevich, A. D., 1917, Sources
miner-ales de Stolypino: Geol. Komitet, Materialy
(Comlte geol., Materiaux: geologie gen. et appl. no. 19,
28 p., 2 pls. [Russian, French title.]

3427. Starik, I. E., 1943, Radiological study of Caucasian region
mineral waters: Acad. Sci. U.R.S.S., Cl. SCi. chtm.,
Bull. 1943, p. 435-442 [Russian, English summary];
1945, Chern. Abs., v. 39, col. 1592.

8428. Tageeva, N. V., 1948 [Mineral waters of Dzhermuk (Isti
Su) in Armenia]: Akad. Nauk SSSR, Lab. Gidrogeol.
Problem imeni F. P. Savarenskogo Trudy, v. 1, p. 212
220 [Russian] ; 1952, Chem. Abs., v. 46, col. 4151.

3429. Tkachuk, V. G., 1958, Types of thermal springs in the
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Geol. Sci. Sec., Proc. (Akad. Nauk SSSR Doklady) ;
English translation, V. 118, nos. 1-6, p. 181-184, 3 figs.
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Acad. Sci. U.R.S.S. Bull. 1932, p. 51--64 [Rnssian] ; 1933,
Ohern. Abs., v. 27, p. 3762.

3431. 1933, L'helium dans les gaz des sources thermales du
Pamlr : Acad. Sci. U.R.S.S. (Akad. Nauk) Doklady,
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3432. Tolstikhin, N. I., 1938 [Mineral water provinces of the
U.S.S.R.]: Sovetskaya geologiya, v. 8, no. 3, p. 240-243,
1 fig. [Rnssian]; 1936, Chern. Abs., v. 33, col. 4355.
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3434. Tolstikhin, N. I., and Tambovtseva, O. S., 1938 [Mineral
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Zhur. 2, no. 1, p. 30 j Chem. Abs., v. 9501.

3435. Tolstikhin, O. N., 1958 [The hot springs of the Kamchatka
peninsula, and the problems of their utilization] : Sovet
skaya Geologiya 1958, no. 2, p. 109-133 [Russian] j

Chern. Abs., v. 52, col. 11323.

3436. Tooke, William, 1799, View of the Russian Empire during
the reign of Catherine the second and to the close of the
present century: London, T. N. Longman & O. Rees,
3 v. ; v. 1, 564 p., map; v. 2, 612 p. r.v. 3, 694 p.

Mentions several thermal springs in widely scattered
parts of Russia.

3437. Tsebricoff, P. de, 1928, Quelques observations concernant
les eaux mjnerates du Caucase: Rev. unlveraelle mines,
7th ser., v. 20, no. 2, p. 66-82.
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Ohern. Abs., v. 47, col. 7702.
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L. N., The causes of radioactivity of the thermal springs
of Blelokourfkha ; Kobzeva, A. S., Chemical study of the
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3443. Vasilievsky, M. M., and Ivtchenko, Po, 1927, Aper!;u gee
Iogtque des sources mlnerales du Psecoups : [Russia],
Glavnoe Geologo-Razvedochnoe upravlenle Isv. (Cornlte

. geol. Bulls.), v. 46, no 3, p. 269-279, 3 figs. [Russian,
French summary.]

3444. Vasilievsky, M. Mo, and Naletov, P. L, 1931, Geological
outlines of Pitatelevsky spring of the Selenga River,
Burtat-Mongoltan A.S.8.R. : East-Stbertan Br. Geol. and
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Siberia Recs., no. 4, p. 47-56, map. [Russian, English
summary.]

3445. Veselovskii, N. V., 1941 [Radioactivity of mineral waters
of the resort Socht-Matseata, determined on the location
in the fall of 1938] : Gidrokhim. Matertaly, v. 12, p. 43
46 [Russian, German summary] ; 1943, Chern. Abs., v.
37, col. 4008.

8446. Vinogradov, I. V., 1939 [The Shatki (Gor'kii region) bal
neary resort and the Shatki sapropeltc mud] : voprosy
Kurortologii 1939, no. 2, p. 53-56 [Russian] ; 1939, Khim.
Referat. Zhur., no. 11, p. 29; 1940, Chern. Abs., v. 34,
col. 7493.

3447. Yanovskiy, P. L., compiler, 1957, Mineral waters of the
USSR: 2d ed., Moscow, Food Industries, 120 p., 53 Illus.
[Russian.]

3448. Zavaritsky, A. N., 1936, K voprosu 0 genezice Tifiisskikh
term: Acad. Sci. U.R.8.S. (Akad. Nauk) , Inst. Geol.
Travaux, v. 5, p. 79-94; 1937, abs., Bibliography and In
dex of Geology Exclusive of North America, v. 4, 1936,
p.317.

3449. Zeverev, K. S., Levchenko, V. M., and Miller, E. I., 1947
Determination of gold in Matsesta waters]: Gidro
khim. Materialy, v. 13, p. 258-260 [Russian]; 1951,
Chern. Abs., v. 45, col. 8170.

See also references 43,167,1293,1737,2694,2807.

PACIFIC REGION

AUSTRALIA

3450. Anonymous, 1892, Notes on thermal springs in New South
Wales [Queensland] : Nature [London], v. 46, no. 1185,
p.256.

3451. Anonymous, 1951, Thermal springs in Queensland: Inter
nat. Union Geodesy and Geophysics Assoc. Sci. Hydrol
ogy, Gen. Assem., Oslo 1949, Trans., v. 3, p. 198-200.

3452. Brown, H. Y. Lyell, 1888, The Mesozoic plains of South
Australia: Australian Assoc. Adv. Sci. Proc., v. 1, p.
241-245.

States that warm springs emerge near the contact of
the Cretaceous strata with bedrock.

3453. Bruck, Ludwig, 1891, The mineral springs of Australia:
Australian l\Ied. Gazette, Jan., p. 97-106.

3454. Burge, C. 0., 1907, The artesian water supply of Aus
tralia: Eng. Rec., v, 56, no. 20, p. 551-552.

Includes information on several deep :flowing wells.
3455. Daintree, R., 1872, Notes on the geology of the Colony of

Queensland: Gecl. Soc. London Quart. Jour., v. 28,
p. 271-317, 3 pls., 19 flgs., map.

Describes deposit of trona at a hot spring near Gib
SOn'scattle station on the Saxby River.

3456. David, Tannatt William Edgeworth, 1950, The geology of
the Commonwealth of Australia, edited and much sup
plemented by W. R. Browne: London, E. Arnold & Co.,
3 v.; v. 1, Hlat. geology, 747 p.; v. 2, Physiography,
Eeon. geology, 618 p. ; v. 3, atlas.

Describes. several artesian basins, particularly the
Great Australian Artesian Basin. Mentions several
thermal-spring localities and states that the boring of
wells to tap the artesian reservoirs has reduced or
stopped the flow from several springs.

3457. Grant, Kerr, 1938, The radioactivity and composition of
the water and gases of the Paralana hot spring: Royal
Soc. South Australia Trans., v. 62, pt. 2, p. 357-365, 1pl.,
2 figs.

3458; Gregory, John Walter, 1906, The dead heart of Aus
tralia-A journey around Lake Eyre in the summer
of 1901--1902,with some account of the Lake Eyre basin
and the flowing wells of Central Australia: London, J.
Murray, 384 p., 32 illus.

Contains information on the mound springs of Queens
land and the springs along the lower Flinders River;
discusses the temperature gradient in artesian wells.

3459. 1911, The flowing wells of central Australia: Royal
Geog, Soc. [London] Jour., v. 38, no. 1, p. 34-59; no. 2,
p. 157-181, 16 figs.

Mentions the geysers and hot springs in the Eastern
Highlands of Australia, the hot springs at Herberton,
the geysers along the Einasleigh River, and the high
temperature of the water in deep bore holes.

3460. Henderson, J. Baillie, 1909, Tables of artesian borings,
perennial springs, and water analyses: Queensland,
Water Supply Dept. Rept., 1908, p. 41-52.

Includes data on the Herberton thermal spring, which
probably is a bored well.

3461. Herman, H., 1914, Economic geology and mineral resources
of Victoria: Victoria Geo!. Survey Bull. 34, 36 p.

States that 85 mineral springs are known in Victoria
but gives no information on water temperatures.

3462. Irrigation and Water Supply Commission of Australia,
1954, Srpringleigh Bore: Official commun. to G. A.
Waring.

Contains detailed information on the Springleigb
bore. Also includes information 011 a deep well at
Elderslie and mentions hot springs at Ambo and Innot
Spa. Discusses the thermal gradient in various places
in Australia.
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3463. Jack, Robert Logan, and Etheridge, Robert, Jr., 1892, The
geology and paleontology of Queensland and New
Guinea: Queensland, Minister Mines and Public In
struction Pub. 92, 768 p., 68 pls., map.

Describes the mound springs of South Australia, the
mud springs along the lower Flinders River, two springs
near Mount Brown, the Einasleigh, Innot Creek, and
Inniskillen hot springs, and hot mud springs near 'I'har
gomindah, all in Queensland. Also describes hydrother
mal activity on Fergusson and Dobu (Goulvain)
Islands in the D'Entrecasteaux Group and mentions
that steam issues from the sides of Mount Victory on
the northeast coast of New Guinea.

3464. Marks, Edward Oswald, 1911, The Oaks and eastern per
tion of the Etheridge goldfields: Queensland Geol. Sur
vey Pub. 234, 30 p., 4 pls., 3 flga., 2 maps.

Mentions the Elnaslelgh hot springs, also warm
springs in the Gilbert River 10-12 miles upstream from
Gilberton.

3465. Mawson, Douglas, 1927, The Paralana hot spring: Royal
Soc. South Australia Trans. and Proc., v. 51, p. 391-397.

3466. Miles, Beryl, 1954, The stars my blanket: London, J.'
Murray, 235 p., front., 16 pls., map.

Describes a spring at the Mataranka tourist resort
224 miles southeast of Darwin; also mentions an arte
sian- well near the Springvale cattle station and the
artesian wells at Quilpie, about 100 miles north
northeast of Thargomindah cattle station.

3467. Palmer, E., 1885, Hot springs and mud eruptions on the
Lower Flinders River: Royal Soc. Queensland Proc.,
1884,v. 1, pt. 1,p.19-23.

Describes-the hydrothermal activity along the lower
Flinders River. Also describes springs near Mount
Brown and mentions springs about 10 miles north of
Gamboola Station on the Mitchell River and a spring
on the Einasleigh River about 30 miles from Georgetown.

3468. Ward, L. Keith, 1950, Underground water in Australia.
3, Australian artesian basins;' The Great Australian
Basin: Chern. Eng. Mining Rev., v. 43, no. 3, p. 97-107,
7 figs.

BISMARCK ARCHIPELA.GO A.ND EASTERN NEW
GUINEA

3469. Baker, George, 1946, Preliminary note on volcanic erup
tions in the Goropu Mountains, southeastern Papua,
during the period December, 1943 to August, 1944: Jour.
Geology, v. 54, no. 1, p.I9-31, 5 figs.

Mentions steam and sulfurous vapors related to vol
canic activity in the Goropu Mountains and on the
D'Entrecasteaux Islands.

Best, J. G., 1956, Investigations of recent volcanic ac
tivity in the Territory of New Guinea: Pacific Sci.
Cong., 8th, Quezon City, Philippines, 1953, Proc., v. 2,
p. 189-204, 12 pIs.

Describes fumaroles on Mount Langila on New Britain
Island, on Lou and Baluan Islands in the Admiralty
Group, and on Manam (Vulcan) Island 10 miles from
the northeast coast of New Guinea.

3471. Fisher, N. H., 1957, Melanesia, pt. 5 of Catalogue of active
volcanoes of the world including solfatara fields: Naples,
Italy, Internat. Volcanolog. Assoc., 105 p., 41 flgs., map.

Contains information on volcanoes and associated
solfataras in the Admiralty Group, the coastal islands
of New Guinea, New Britain, Papua, the D'Entrecas-
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teaux Islands, small islands east of New Ireland; Solo
mon Islands, Santa Cruz Islands, New Hebrides Islands,
Matthew Island, and Hunter Island.

3472. Lehmann, E., 1908, Petrographische Untersuchungen an
Eruptivgesteinen von del' Insel Neupommern; unter be
sonderer Bertlcksichtigung der eutektischen Verhaltnisse
pyroxenandesitischer Magmen : Tschermak's mineralog.
petrog. Mitt., v. 27, p. 181-243, 6 figs., 1 table.

Describes hot springs near the shore of Hannam and
North Islands in the Bismarck Archipelago.

3473. Liversidge, A., 1880, Water from a hot spring, New Brit
ain: Chern. News, V. 42, p. 324; Royal Soc. New South
Wales Proc., v. 14, p. 145, 1881.

3474. 1890, Note upon the hot spring waters of Fergusson
Island, D'Entrecasteaux Group: British New Guinea,
Ann. Rept., 1888-89.

3475. Noakes, L. C., 1942, Geological reports on New Britain:
New Guinea, Geol. Bull. 3.

Contains mention of thermal springs.
3476. Sapper, Karl, 1910a, Wissenschaftliche Ergebnisse einer

amtlichen Forschungsrelse nach dem Blsmarck-Archlpel
im Jahre 1908. I, Beitrage zur Landeskunde von Neu
Mecklenburg und seinen Nachbarinseln: Deutsche
Schutzgebiete Mitt. Erganzungsheft 3, p. 1-130.

Mentions spouting hot springs on Ambitle Island off
the coast of New Ireland.

3477. 1910b, Beftrdge zur Kenntnis Neupommerns und des
Kaiser-Wilhelm-Landes: Petermanns Geog. Mitt., v. 56,
p.189-193, 255-256, 2 maps.

Describes fumaroles, solfataras, and boiling mud
springs on New Britain Island.

3478. 1910c, Neu-Mecklenburg: Deutscher Geographentag,
17th, LUbeck, 1-6 Juni, 1909, Verh., p. 141-168.

Mentions hot springs at Lihir (Lir) near Lulsehafen,
and at Feni (AniI') on the Hibernian Islands. Among
those at Feni is Geyser Balamuss6n.

3479. Stanley, Evan R., 1919, Australia, Territory of Papua
annual report, for 1917-1918: 99 p., maps.

Describes hot springs 65 miles west-northwest of the
Goropu Mountains.

3480. 1920, Report on the geology of Fergusson Island (Mora
tau) : Minister for Home and Territories, Terr. Papua,
Bull. 6, 27 p., 13 figs., map.

Mentions several thermal-spring localities.
3481. 1924, The geology of Papua. (To accompany the geo

logical map of the Territory of Papua) : Papua Geol.
Survey, 56 p., 50 figs.

Describes hydrothermal activity at two locations on
Fergusson Island and at three on Normanby Island.

See also references 83, 562, 564, 773, and 3463.

BORNEO

(North Borneo, Brunei, Sarawak. and Kalimantan)

3482. Everett, Alfred Hart, 1878, Volcanic phenomena in Bor
neo: Nature [London], v.17, p. 200-201.

Cites the existence of thermal springs in Borneo as
proof of former volcanic activity on the island.

3483. Posewltz, 'I'irader (Theodor), 1889, Borneo * * -* Ver
breitung del' nutzbaren Mineralien : Berlin; 1892, trans
lated into English by Frederick H. Batch, with title,
Borneo-c-Its.geology and mineral resources: London, E.
Stanford, 495 p., 18 flgs., 4 maps.

Describes several thermal-spring localities in North,
South, and West Borneo and in Sarawak.



374 THERMAL SPRINGS OF THE UNITED STATES AND OTHER COUNTRIES OF THE WORLD

CELEBES

3484. Bickmore, Albert Smith, 1868, Travels in the East Indian
Archipelago: New York, D. Appleton & Co., 553 p-, 36
Iuus., map.

Describes a hot spring near Langowan village and an
area of mud pools at the northeast end of Celebes. Also
mentions a hot sulfur spring on Damar Island and a
warm spring on the :flank of Maninyu volcanic crater
in Sumatra.

3485. Fairchild, David Grandison, 1943, Garden islands of the
great East: New York, C. Scribner's Sons, 239 p., rront.,
124 views.

States that several of the volcanoes on Celebes are in
the solfataric stage: also that steam and sulfur fumes
issue at a sulfur mine on the upper slope of Sapoetan.

3486. Guillemard, Francis Henry Hill, 1894, Australasia, v. 2,
Malaysia and the pacific archipelagoes: London, Ed
ward Stanford, 694 p.; 2d ed., 1908, revised by A. H.
Keane, 574 p., front., 47 illus., 16 maps; London, Ed
ward Stanford, Stanford's compendium of geography
and travel, new issue.

States that there are numerous hot springs, mud vol
canoes, sotrataras, and gas vents on Celebes. Also men
tions boiling springs on Batjan Island in the Moluccas,
the smoking volcano on Ternate Island, hot springs on
'I'Idcre Ialand, hot springs on Ceram Island, and the ac
tive volcano of Goenoeng Api (Gunongapi) Island in the
Banda Group.

3487. Hickson, Sydney John, 1889, A naturalist in North
Celebes: London, J. Murray, 392 p., rront., 35 figs., maps.

Mentions 'hot-water springs near Langowan village in
Celebes.

3488. Van Spreeuwenberg, M. A. F. 1848, A glance at Min-
hassa [Minahassa] : Jour. Indian Archipelago and East
ern Asia, v. 2, p. 825-845.

Mentions the hot springs in northeastern Celebes.
3489. Wallace, Alfred Russel, 1869, The Malay archipelago; the

land of the orangutan, and the bird of paradise-A nar
rative of travel, with studies of man and nature: Lon
don, Macmillan & oo., 2 v. ; v, 1, 478 p., 27 illus., 5 maps;
v. 2, 524 p., front., 23 illus., 4 maps.

Describes hydrothermal activity near Panghu in
Celebes.

See also references 16, 73, 74, 3516, 3532, and 3725.

FIJI

8490. Agassiz, Alexander Emanuel, 1899, The islands and coral
reefs of Fiji: Harvard College Mus. Compo Zoology
Bull., v.33, 167 p., 120 pls., 44 figs.

States that Ngau Island, the Great Astrolabe Reef,
Vanua Mbalavu, and Rambe Islands are either partly
or wholly composed of volcanic rocks. Hot springs on
these islands are related closely to these rocks.

3491. 1903, The coral reefs of the tropical Pacific: Harvard
Call. Mus. Comp. Zoology Mem., v. 28, 410 p., 238 pls.

Describes the geology of the Tonga Islands, several of
which contain hot springs. '

3492. Andrews, Ernest Clayton, 1900, Notes on the limestones
and general geology of the Fiji Islands, with special
reference to the Lau Group, based upon surveys made
for Alexander Agassiz: Harvard Call. Mus. Compo
Zoology Bull., v. 38 (Gool. ser., V. 5, no. 1), 50 p., 40 pls.

Describes two hot springs near the shore of Vanua
Mbalavu.

3493. Brock, Reginald Walter, 1924, Sketch of the geology of
Viti Levu, Great Fiji: Roy.al Soc. Canada Proc. and
Trans., 3d ser., V. 18, sec. 4, p. 63-83, 2 figs.

Mentions hot springs at Tavua and in the Namosi
district.

3494. Buchner, Max, 1878, Reise durch den stillen Ozean.
Mentions hot springs on the coast of Kandavu Island.

3495. Foye, Wilbur Garland, 1918, Geological observations in
Fiji: Am. Acad. Arts and Sci. Proc., v. 54, no. 1, p. 1
145, front., 40 figs.

Mentions hot springs near Lambasa and in the south
ern part of Fiji.

3496. Gordon-Cumming, Constance Frederica, 1881, At home in
Fiji: Edinburgh, W. Blackwood & Sons; new ed., 1882,
New York, A. C. Armstrong, 365 p., front., 3 Illus.

Describes thermal springs on Ngau Island, along the
shore of Savu Savu Bay on Vanua Levu Island, and
near Lama Lama on Vanua Mbalavu Island. Also de
scribes a visit to the geyser region of New Zealand.

3497. Guppy, Henry Brougham. 1903, Observations of a nat
uralist in the Pacific between 1896 and 1899; v. 1, Vanua
Levu, Fiji, a description of its leading physical and
geological characters: London, Macmillan & oo., Ltd.;
New York, Macmillan Co., 392 p., 5 pls., 20 figs.

Contains data on 23 thermal-spring localities on Vanua
Levu Island, including the well known springs of Savu
Savu, watnanu, Nukumbolo, Mbati-ni-Kama, and Na
Kama.

3498. Horne, John, 1881, A year in Fiji, or an inquiry into the
botanical, agricultural, and economical resources of the
colony: London, E. Stanford, 297 p., 1 pl.

Describes visits to several thermal-spring localities in
Fiji.

3499. Kleinschmidt, T., 1879, Reisen auf den vttt-rnsetn : Jour:
Mus. Godeffroy [Hamburg], no. 14.

Contains a description of a vis,it to the warm springs
near Nambualu village on Ono Island.

3500. Ladd, Harry Stephen, 1934, Geology of vttnevu, Fiji:
Bernice P. Bishop Mus. Bull. 119, 263 p., 44 pls., 11 figs.,
7 tables.

Contains information on several thermal sprtngs.
3501. Liversidge, A., 1880, Water from a hot spring, Fiji Islands:

Chern. News [London], v. 42, p. 324--325; Royal Soc. New
South Wales Jour. and Proc., v. 14 j p. 147-148, 1881.

3502. MacDonald, John Denis, 1857, Proceedings of the expedi
tion for the exploration of the Rewa River and its tribu
taries, in Na Viti Levu, Fiji Islands: Royal Geog. Soc.
[London] Jour., v. 27, p. 232-268, map.

Mentions two warm springs near Na Seivau village.
3503. Thiele, H. H., 1891, Rewa River, Fiji: Scottish Geog. Mag.,

v. 7, no. 8, p. 434-441, 1 pl., map.
Cites hot springs in the Wai-Dina as evidence of vol

canic activity on Viti Levu.

3504. Usher, Leonard G•• ed., 1943, Fiji-Handbook of the
Colony: Suva, Fiji j A. Barker, 96 p., 16 pls., map.

Cites thermal springs as evidence of volcanic activity
on Vanua Levu.

3505. Wilkes, Charles, 1845, Narrative of the United States
Exploring Expedition during the years 1838-1842:
Philadelphia, Pa., Lee & Blanchard, 5 V. and atlas; v. 3,
438 p.,l1 pls., 50 woodcuts, 10 vignettes.

Describes hot springs along the shore of Savu Savu
Bay on Vanua Levu Island.
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3506. Williams, Thomas, and Calvert, James, 1870, Fiji and the
Fijians, edited by George Stringer Rowe: 3d ed., Lon
don, Hodder & Stoughton, 592 p., front., 41 Illus., map.

Cites the presence of thermal springs on Vanna Levu
and Ngau Islands as proof of the volcanic orgin of the
Fiji Islands.

3507. Wright, C. Harold, 1922, The hot springs of Nasavusavu:
Fiji Dept. Agriculture, Agr. Orrc., v. 3, no. 1, p. 5-7.
Suva, Fiji.

3508. 1926, The hot springs at Nasavusavu: Analyst [Lon
don], v. 51, p. 235-237.

See also references 20. 73, 74, and 347.

GALAPAGOS ISLANDS

3509. Banfield, A. F.; Dehre, Charles H., Jr.; and St. Clair,
David, 1956, Geology of Isabela (Albemarle) Island,
Archlpielago de Colon (Galapagos): Geo!. Soc. .am
eriea Bull., v. 67, no. 2, p. 215-234, 4 pls., 4 flgs., 2 tables.

Describes hydrothermal activity in the craters and on
the slopes of vorcan Alcedo, Volcan Grande, and Volcan
Wolf.

3510. Beebe, Charles William, 1926, The Arcturus adventure;
'an account of the New York Zoological Society's first
oceanographic expedition: New York and London, G. P.
Putnam's Sons, 439 p., 8 pls., 69 figs.

Describes an eruption of Volcan Wolf in 1925 and
states that several fumaroles were produced.

3511. Chubb, Lawrence John, 1933, Geology of Galapagos, Cocos,
and Easter Islands: B. P. Bishop Mus. Bull. 110, 68 p.,
9 figs.

States that vapors were discharged and fumaroles
formed during eruption in northern part of Albemarle
Island in 1926.

See also reference 43.

JAVA

3512. Abel, Clarke, 1818, Narrative of a journey in the interior
of China, and of a voyage to and from that country, in
the years 1816 and 1817: London, Longman, Hurst, Rees,
Orme, & Brown, 420 p., quarto, rront., 6 pls., map.

Describes mineral springs at Epetan in Java and Los
Banos on Luzon Island in the Philippines.

·8518. Adams, William Henry Davenport, 1880, The Eastern
Archipelago-A description of the scenery, animal and
vegetable life, people, and physical wonders of the
islands in the eastern seas: London and New York, T.
Nelson & Sons, 576 p., rront., 54 illus., map.

Mentions several thermal-spring localities in Java,
also hot springs and geysers on Batjan Island in the
Moluccas.

3514. d'Almeida, William Barrington, 1864, Life in Java; with
sketches of the Javanese: London, Hurst & Blackett, 2
v. ; v.l, 319 p., front. ; v. 2, 303 p., front.

Mentions several hydrothermal localities.
3515. Bemmelen, Reinout Willem van, 1934, Gecloglsche Kaart

van Java, 1: 100,000 Schaal; Toelichting btj Dienst
Mijnb. Ned-Ind : The Hague, Govt. Printer, p. 1-95, pla.,
figs.

Shows the locations of several thermal springs.

3516. 1949, The geology of Indonesia: The Hague, Govt. Print
ing Office, 2 v. and portfolio; v. l.A., General geology of
Indonesia and adjacent archipelagoes, 732 p., 378 flgs.,
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124 tables; V. 1B, Portfolio, 41 pls., figs., table; v. 2,
Economic geology of Indonesia, 265 p., 52 figs., 56 tables.

Discusses the mineral deposits associated with hydro
thermal activity in several places in Java.

3517. FIiickiger, F. A., 1862, Ueber den Salzaurebaeh Sungi
Paft in Om-Java: Naturf. Gesell. Bern Mitt., p. 17-20.

Describes a saline sulfate brook fed in part by thermal
springs.

3518. Forbes, Henry Ogg, 1885, A naturalist's wanderings in the
Eastern Archipelago; A narrative of travel and ex
ploration from 1878 to 1883: New York, Harper & Bros.,
536 p., rront., 78 illus., 82 flgs., 6 maps.

Mentions thermal springs at Tjipanas village, along
the south border of Ranau Lake, and at the east base of
Kaba volcano.

3519. Fresenius, C. Remigius, 1843, Chemische Untersuchung
zweier Mineralwasser der Insel Java: Annalen Chemie
u. Pharmacie (Liebig), v. 45, p. 308-318; Beltque Jour.
Pharmacie, v. 4, p. 63-66,1843.

Describes the warm springs of Platungen.
3520. Hartmann, M., 1933, Bljdrage tot de kennis van gaesen,

sublimatie-en inkrustatieprodukten en thermale wateren
in de Merapi-Ladoe's: Vulkanol. en seismol. Mededeel.
12, Dienst van den M!ijnbouw in Nederlandsch Indie,
p. 117-131, 1 fig.; 1935, abs., Rev. geclogl, v. 15, p, 242.

3521. Horsfield, Thomas, 1816, On the mineralogy of Java.
Essay I: Batavia, Genoot. Verh., v. 8, p.141-173.

Describes a thermal lake in the crater of 'Iunkubau
Prahu volcano, hot-water wells at the base of the Pana
wangan hills in Ohertbon, and warm mud pools between
the districts of Grobogan on the west and Blora and
Jfpang on the east.

3522. Jukes, Joseph Beete, 1847, Narrative of the surveying voy
age of H.M.S. Fly, commanded by Captain F. P. Black
wood, R.N., in Torres Strait, New Guinea, and other
islands of the Eastern Archipelago, during the years
1842-1846; together with an excursion into the interior
of the eastern part of Java: London, T. & W. Boone, 2
v.; v. 1, 423 p., front., 24 illus; v. 2, 362 p-, front., 11
illus.

Describes hot springs in a small valley about 2 miles
from Batu in Java.

3523. Junghuhn, Franz Wilhelm, 1845, Reise dutch die Insel
Java [Journey through Java] : Annalen Nat. History,
v. 16, p. 329-332, 462-466; v. 17, p. 46-48, 469-476.

8524. 1852-54, Java, seine Gestalt, Pflanzendecke, und innere
Bauart: Leipzig, Germany, Arnold, 3 V., atlas; 1852, v.
1, Die Gestalt und Bekleidung des Landes, 483 p., iUus. ;
1854, v. 2, Die Vulkane und vulkanischen Erschelnungen.
964 p., illus.; 1854, v. 3, Die neptunisehen Gebirge, 314
p., iUus.

Includes a description of Platungen springs; also con
tains information on several other thermal springs and
fumaroles.

3525. Junghuhn, Friedrich, 1845, Topographische und natur
wissenschaftliche Reisen durch Java, with introduction
by C. G. Nees von Esenbeck: Magdeburg, Germany, K.
Leopold-Carol Akad. Naturf., 520 p., 38 pls., 2 maps.

Contains chemical analyses of water from three
thermal springs and from thermal lake 'I'elaga-bodaa.
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3526. Kemmerling, Georg Laure Louis, 1919, Bet Idgen-Hoog
land. De Geologie en Geomorphologie van den Idgen:
Batavia, G. Kolff & Oo., Koninkl. Natuur. ver., 169 p.,
58 pIs., 24 figs., 3 maps.

Describes fumaroles, solfataras, and roofettes of the
Kawah-Idgen and Goenoeng Raoeng areas in eastern
Java, also several thermal springs and their deposits
of travertine. Contains chemical analyses of water
from thermal springs and the crater lake in the Idgen
Merapi volcanic area.

3527. Maier, P. J., 1850-51 [Analyses of mineral waters of
Java] : Naturk. Tijdschr. Nederland. IndHt

3528. Meunier, Stanislas, 1886, Examen d'eaux mtnerales de
Java: Acad. sci. [Paris] Comptes rendus, v.103, p.1205
1207.

Contains information on three mineral springs near
Kapouran.

3529. Neumann van Padang, Maur, 1933, De Uitbarsting van
den Merapi (Midden Java) in de Jaren 1930-31:
Vulkanol. en selamol. Mededeel., Dienst. van den
Mijnbouw in Nederlandsch Indle, no. 12, 135 p., 7
pls., figs.; appendix and English summary by M. Hart
mann.

Contains map showing the location of hot springs
near Merapi volcano.

3530. Raffles, Thomas Stamford, 1817, The history of Java:
London, Black, Parbury, & Allen, 2 v.; v.1, 479 p., rront.,
24 pls., map; 2d ed., 2 v., 1830, London, J. Murray.

Quotes the information given in reference 3521 on
thermal water.

3531. Stevens, Horace J., 1904--05 [Copper in Java] : Chicago.
M. A. Donohue & Co., Copper Handb., 1904, v. 4, 1903,
p. 156 ; 1905, v. 5, 19M, p. 156.

States that iodide of copper is obtained by evaporat
ing water from springs in the Kendeng district.

3532. Verbeek, Rogier Diederik Martus, and Fennema, Reinder,
1896. Geologlsche Beschrijving van Java en Madoera:
Amsterdam, J. G. Stemler Co., 2 v.; atlas; v. I, p. 1-503,
11 pls., 17 views; v. 2, p. 504-1135, 8 views; French ed.,
1896, 2 v., 1183 p., atlas; 1898, summary, Petermanns
Geog. Mitt., v. 44, p, 24-33, 1 pI.

Contains data on thermal springs in nine localities in
east Java.

See also references 16, 20, 83, 94, 109, 3725, and 3727.

KERMADEC ISLANDS

3533. Smith, Stephenson Percy, 1887, The Kermadec Islands,
their capabilities and extent: Wellington, New Zealand,
G. Didsbury, 29 p.

Mentions steam vents on the banks of Green Lake, and
steam vents and a small warm spring at Denham Bay,
both on Sunday Island.

3534. 1888, Geological notes on the Kermadec Group: New
Zealand Inst. Trans. and Proc., 1887, v. 20, p. 333-344.

Contains information, similar to that in reference
3533, on hydrothermal activity on Sunday Island. Also
mentions solfataras, fumaroles, boiling mud ponds, and
a hot spring on the eastern of the two Curtis Islands
90 miles south of Sunday Island.

MOLUCCA ISLANDS

3535. Encyclopedia Britannica, 1910, Amboyna (Dutch Ambon) :
11th ed., New York, Encyclopaedia Britannica, v. I, p.
797.

Mentions the hot springs and solfataras on Wawani
and Salhutu mountains.

3536. Emmons, William Harvey, 1931, Geology of petroleum:
2d ed., New York and London, McGraw-Hill BOOk Oo.,
736 p., 435 figs.

Mentions the hot sulfur springs and mud volcanoes on
the northeast side of Oeram.

3537. Ten Kate, Herman F. C., 1894 [Mud volcanoes in Samau
Island]: Tidjschr. Konlnkl, Nederland. Aard. Gen., p.
350-358.

3538. United States Navy Department, 1935, Sailing directions
for Celebes: Washington, HO 163, 628 p.

Mentions the hot springs on the beach near the mouth
of Wai Mantana and in the basin of River Made, both
localities in the Sula (Xulla) Islands.

3539. Verbeek, Rogier Diedrik Marins, 1905, Description geo
logique de I'Jsle d'Ambon. French edition translated
from Mijnw. in Nederlandsch Oost-Indie .rcarb.: v. 35,
pt. sci., 323 p., flgs., maps.

Contains information on several thermal spr-ings.

3540. 1908, Rapport sur lea Moluques. French edition trans
Iated from Mijnw. in Nederlandsch Ocst-Indle .raarb.:
v. 37, pt. sei., 844 p.,10 pls., atlas.

Mentions hydrothermal activity on the islands of
Batjan, Tidore, Ternate, Halmahera, Rott, Samau,
Timor, Pantar, Roma, Gunongapl, Damar, NUa, Seroe,
and Manouk.

3541. Wichmann, Arthur, 1892 [Mud volcanoes on Samau
Island]: Tijdschr. KoninkI. Nederland. Aard. Gen., p.
223-226.

See also references 74, 596, 1086, 3485, 3486, 3513,3524, and 3725.

NEW CALEDONIA

3542. Avias, Jacques, 1953, Note sur les sources thermales de
Nouvelle CaIedonie: Pacific' Sci. Cong., 7th, New Zea
land 1949, Proc., v. 2, Geology, p. 482-484, 4 figs.

NEW HEBRIDES

3543. Atkin, Joseph, 1868a, On volcanoes in the New Hebrides
and Banks's Islands: GeoI. Soc. London Quart. Jour., v.
24, p. 305-307.

Mentions hot sulfur springs and vapor vents on Vanua
Lava (Great Banks Island) ;, also vapor vents on other
islands in the New Hebrides.

3544. _ 1868b, On volcanoes in the New Hebrides and Banks
Islands (communication): London, Edinburgh, and
Dublin Philos. Mag. and Jour. Sci., ser. 4, v. 36, p. 72-73.

Mentions the hot sulfur springs on Vanua Lava
(Great Banks Island).

3545. Mawson, D., 1905, The geology of the New Hebrides:
Linnean Soc. New South wales Proc., Y. 3D, pt. 3, p. 400
485,16 pls., 5 figs.

Contains information on hot springs on Vanua Lava
(Great Banks Island), Tanna, Ambrym, and Efate.

See also reference 43.

NEW ZEALAND

3546. Abbay, R., 1878, On the building-up of the white sinter
terraces of Rotomahana: GeoI. Soc. London Quart.
Jour., v. 34, p. 17D-178, 6 figs.

3547. Aitken, J. B., 1914, Medicinal and other springs of New
Zealand: Pharm. Jour. [London], v. 92, p. 71D-712;
Chern. Abs., v. 8, p. 2665.
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354$. Anonymous, 1949, Seventh Pacific Science Congress, sec
ond report; geology, volcanology, and geophysics: New
Zealand Sci. Rev., v. 7, no. 3, p. 29-32, 2 figs.; 1950, abs.,
Bibliography-and Index of Geology Exclusive of North
America, v.14,l949, p. 294.

3549. Bell, James Mackintosh, 1906, The great Tarawera vol
canic rift, New Zealand: Royal Geog. Soc. [London]
Jour., v. 27, no. 4, p. 369-382, 7 views, 2 maps.

Describes the changes in hydrothermal activity caused
by the eruption of Mount Tarawera in 1886.

3550. 1907, Report of surveys: New Zealand Geol. Survey 1st
Ann. Rept. (new eer.j .

States that the- siliceous sinter at Wbakarewarewa
contains gold and silver.

8551. Bell, James Mackintosh, and Clarke, E. de Co, 1909, The
geology of the Whangaroa Subdivision, Hoklanga Divi
sion; New Zealand Dept. Mines, Geol. Survey Bull. 8,
(new ser.), 115 p.,17 pls., 8 maps.

Contains information on hot springs and hot pools.
3552. Boord, Hilda, 1904, On the Hot Lakes district, New Zea

land; Victoria Inst., Journal of the Transactions, v.
36, p.12\}-147, 1 pl., London.

Mentions 10 geysers and also other indications of
hydrothermal activity.

3553. Bruce, J. A., and Shorland, F. B., 1932-33, Utilization of
natural heat resources in thermal regions: New Zea
land Jour. Agriculture, v. 45, p. 272-278, 1932; v. 47, p.
29--32, 1933.

3554. Bruce, J. Arthur, 1942, Nature's heat resources; their
post-war utilization in thermal regions: Dunedin, N.Z.,
J 000 McIndoe, 40 p., 9 illus.

Discusses the possibilities of utilizing natural heat
in the thermal areas of New Zealand. Describes the
use of natural steam in Iceland for heating and at
Larderello in Italy for the production of power.

3555. Becke, E. W., 1887, Geysers of the Rotorua District, North
Island of New Zealand: Geol. Mag. [London], new ser.,
dec. 3, v. 4, no. 1, p. 39-40; 1887, British Assoc. Adv.
Sci. Rept., 1886, p. 644.

3556. Bunhury, C., 1879, The geysers of New Zealand: Frazer's
Mag. [London], p. 761; Living Age [London], p. 812.

3557. Cadell, Henry M., 1897, A visit to Mount Tarawera: Scot
tish Geog. Mag., v. 13, p. 246-259, 7 views, maps.

Describes hydrothennal activity near Lake Rotorua
and the geyser area near Whakarewarewa village.

3558. 1899, A visit to the New Zealand volcanic zone: Edin
burgh Geol. Soc. Trans., v. 7, p. 183-200, 6 pls., 3 figs.

Mentions the geysers near 'whakarewarewa village.
3559. Carpenter, William Lant, 18828, On the siliceous and other

hot springs in the volcanic district of the North Island
of New Zealand: British Assoc. Adv. Sci. Rept., 1881, p.
580-582.

3560. 1882b, On the Hot Lake district and the glacier scenery
and fjords of New Zealand: British Assoc. Adv. Sci.
Rept., 1881, p. 742.

Mentions the many hot springs, mud volcanoes, and
fumaroles near Lake Taupo and the hot springs near
Lake Rotorua. Also mentions the terraces at Lake
Rotomahana whiCh were destroyed by the eruption of
Tarawera volcano.

3561. Chamberlain, G., 1944, Fluorine in New Zealand waters.
Part I, North Island waters: New Zealand Jour. Sci.
and Technology, v. 26, Sec. B, no. 2, p. 90-94.
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3562. Clarke, Frank Wigglesworth, 1890, A report of work done

. in the Division of Chemistry and Physics, mainly during
the fiscal year 1888-89: U.S. Geol. Survey Bull. 64, 60 p.

Contains chemical analyses of three samples of gey
serite from New Zealand.

3563. Cleaver, Ao So, 1895, Through the Hat Lake district of
New Zealand: Belfast Nat. History and Philos. Soc.
Rept. and Proc., 1894-95, p. 34-42.

Mentions the geysers and hot springs.
3564. Collie, W., 1880, Remarks on volcanoes and geysers of

New Zealand: New Zealand Inst. Trans. and Proc.,
1879; v.12, p.418-420.

3565. Collins, B. W., 1953, Thermal waters of Banks Peninsula,
Canterbury, New Zealand: Pacific Sci. Cong., 7th, New
zealand 1949, Proc., v. 2, Geology, p. 469-481, 2 flga.,
1 table.

3566. Corbett, J. Go, 1870, An account of a remarkable phe
nomenon observed at a hot spring near Lake Taupo:
New Zealand Inst. Trans. and Prcc., 1869, v. 2, p. 414.

3567. Cropp, Wo H., 1922, The genesis of the Puhipuhi cinnabar
deposits; a working hypothesis: New Zealand Jour. Sci.
and Technology, v. 5, no. 3, p.173-177, 1 pl.

States that cinnabar was deposited in fractures in the
sinter deposited by thermal springs.

3568. Cussen, L., 1887, Thermal activity in the Ruapehu Crater:
New Zealand Inst. Trans. and Proc., 1886, v. 19, p. 374
380.

States that the water of the crater lake appears to be
boiling.

3569. Day, Arthur Louis, 1939, Studies of the hot springs of
New Zealand: Carnegie Inst. Washington Yearbook 38,
p.290-293.

Summarizes the chemical character of thermal waters
in New Zealand. Mentions hydrothermal activity in
Iceland and in Yellowstone National Park.

3570. Dieffenbach, Ernst, 1843, Travels in New Zealand, with
contributions to the geography, geology, botany, and

. natural history of that country: London, J, Murray, 2
v. ; v. 1, 431 p., front., 2 illus.; v. 2, 396 p., rront., 1 Illus.

Describes several areas of hydrothermal activity.
3571. Dollimore, Edward Stewart, compiler, 1952, The New

Zealand Guide: Dunedin, N.Z., Wise, 926 p., 33 views.
Includes information on the hot-spring and geyser

areas.
3572. Du Ponteil, Carl Graf, 1855, Analyse des Wassers aus

einem vulkanischen See auf Neu-Seeland: Annalen
Chemie u. Pharmacie (Liebig), v. 96, pt. 2, p- 193-198.

Contains a chemical analysis of water from a hot
lake on White Island.

3573. Farr, C. Coleridge, and Rogers, M. N., 1929, Helium in
New Zealand: New Zealand Jour. Sci. and Technology,
v. 10, no. 5, p. 30Q-308,3 figs.

Contains chemical analyses of the gas from five ther
mal springs.

3574. Fenton, F. D., 1882, New Zealand thermal spring dis
tricts: Wellington, N.Z., Govt. Printers, 36 p-

3575. Ferrar, H. To, and others, 1925, The geology of the Whan
garei-Bay of Islands Subdivision, Kaipura Division:
New Zealand Dept. Mines, Geol. Survey Br., Bull. 27
(new ser.) , 134 p., front., 5 pls., 3 flgs., 2 sheets geol.
sections, 11 maps.

Contains information on the chemical quality of water
from two springs at Ruatangata.
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3576. Fleming, C. A., 1944, Hydrothermal activity at Ngawha,
North Auckland; with a section on underground water
by James Healy: New Zealand Jour. Sci. and Technol
ogy, v. 26, Sec. B, no. 5, p. 255-276, 5 figs.

3577. Gillies, R.J 1869, Thermal spring near Wangape: New
Zealand lust. Trans. and Proe., 1868, v. I, p.477.

3578. 1870, Account of a visit to a hot spring called "Te Puta"
near Wangape Lake, central Waikato, Auckland, in
August 1868: New Zealand Inat. Trans. and Proe., 1869,
v. 2, p.169--173.

3579. Ginders, A., 1894, Rotorua Springs, in New Zealand Year
book for 1894: Wellington.

3580. Grange, Leslie I., 1927a, Rotorua district: New Zealand
Dept. Sci. and Indus. Research, Geol. Survey Br., 21st
Ann. Rept. (new ser.) , p.14-15.

Contains information on five groups of hot springs,
five fumaroles, and the Pohutu geyser.

3581. 1927b, White Island: New Zealand Dept. Sci. and Indus.
Research, Geol. Survey Br., 21st Ann. Rept. (new ser.) ,
p. 19--20.

States that there are 11 fumaroles of considerable
size and many small vents on White Island.

3582. 1928, Rotorua-Taupo Subdivision: New Zealand Dept.
Sci. and Indus. Research, Geol. Survey Br., 22d Ann.
Rept. (new ser.) , p. 8-11.

Mentions geysers, hot springs, and fumaroles in sev
.erallocalities.

3583. 1937, The geology of the Rotorua-Taupo Subdivision,
Rotorua and Kaimanawa Divisions: New Zealand Dept.
Sci. and Indus. Research, GeoI. Survey Br., Bull. 37
(new ser.) , 138 p., front., 39 pls., 11 figs., 19 maps.

Describes hot springs and fumaroles in 18 areas.
3584. Grange, Leslie I., and Hurst, J. A., 1929, Tongariro sub

division: New Zealand Dept. Sci. and Indus. Research,
Geol. Survey Office, 23d Ann. Rept. (new ser.) , p. 5-8.

Describes hot springs, mud pools, and fumaroles in
several localities.

3585. Gregory, John Walter, 1905, The geysers and how they
work, in Marshall, Patrick, The geography of New Zea
land: Christchurch, N.Z., A. Hamilton and G. Hogben,
p. 189--200, 2 pIs., 3 figs. ; 1908 ed., London, Whitcombe &
Toombs, p. 211-223.

Describes Waimangu geyser, the geyser basins of
Wairakei, and geysers near Rotorua.

3586. Grigg, F. T. J., and Rogers, M. N., 1929, Radioactivity and
chemical composition of some New Zealand thermal
waters: New Zealand Jour. Sci. and Technology, v. 11,
no. 4, p. 216-219.

3587. Grimmett, R. E. R., 1939, Arsenical soils of the Waiotapu
Valley. Evidence of stock poisoning at Reporoa: New
Zealand Jour. Agriculture, v. 58, p. 383-391; 1940, Chem.
Abs., v. 34, col. 1112.

Contains data on the arsenic content of some warm
springs.

3588. Grindley, G. WOJ 1957, Geothermal power, in Science in
New Zealand (Australian and New Zealand Assoc. Adv.
Sci. Handb.) : 11 p., illus.; 1958, abs., Bibliography and
Index of Geology Exclusive of North America, v. 22,
1957, p. 203.

3589. Haast, Julius von, 1871, Notes on the thermal springs in
the Hanmer Plains, Province of Nelson: New Zealand
Inst. Trans. and Proc., 1870, v. 3, p. 293-298.

3590. 1882, Further notes on the thermal springs in the Han-

mer Plains, Provincial district of Nelson: New Zealand
Inat. Proc. and Trans., 1881, v. 14, p. 414-417.

3591. Haszard, H. D. M., 1891, Thermal springs in Lake Waikare,
Waikato: New Zealand lnst. Trans. and Proc., 1890, v.
23, p. 527-528, 1 pI.

3592. Healy, James, 1941, Sulphur at Rotokaua, Taupo: New
Zealand Jour. Sci. and Technology, v. 23, Sec. 3B, p.
84B-92B.

Describes hydrothermal activity in the vicinity of
Rotokaua Lake.

3593. 1942, Boron in hot springs at Toknanu, Lake Taupo:
New Zealand Jour. Sci. and Technology, v. 24, Sec; lB,
p.1B-17B, 2 flgs., map, 5 tables.

3594. 1945, The present state of volcanicity of New Zealand:
New Zealand lnst. Trans. and Proc., 1944, v, 77, pt. 5.
p.277-281.

Mentions hydrothermal activity in several localities.
3595. 1949, Summary of New Zealand springs: New Zealand

Sci. Rev., v. 7, no. 7, p.122-123.
3596. 1951, The thermal springs of New Zealand (summary) :

lnternat. Union Geodesy and Geophysics; Assoc. Sci.
Hydrology Gen. Assembly, Oslo 1948, Trans., v. 3, p. 197.

3597. 1953a, Utilization of geothermal resources in New Zea
land [abs.]: Pacific Sci. Oong., 7th, New Zealand 1949,
Proc., v. 2, Geology, p. 500.

3598. 1953b, Preliminary account of hydrothermal conditions
at Wairakei, New Zealand [abs.]: Pacific Set. Cong.,
8th, Quezon City, Philippines, 1953, Abstract of Papers,
p.1-2.

3599. 1956, Preliminary account of hydrothermal conditions
at watraket, New Zealand: Pacific Sci. Cong., 8th, Que
zon City, Philippines, 1953, Prcc., v. 2, p. 214--227.

3600. Healy, James, and Foster, R. W., 1947, Utilization of nat
ural thermal resources at Rotorua: New Zealand Dept.
Sci. and Indus. Research, Auckland Indus. Devel. Labs.,
Rept.5.

3601. Hector, James, 1869a [On hot springs at Rotorua]: New
Zealand Inst. Trans. and Proc., 1868, v. 1, p. 441.

3602. 1869b, Analyses of waters from hot springs at 'watwera,
near Mahurangi, Auckland: New Zealand Inst. Trans.
and Proc., 1868, v. 1, p. 476-477.

3603. 1871a, Notes on the geology of White Island; with ob
servations on the crystalline forms of the specimens of
sulphur obtained, by E. H. Davis: New Zealand Inst.
Trans. and Proc., 1870, v. 3, p. 278-285, 2 pla.

Mentions spouting springs and pools of boiling mud
near the margin of the crater lake.

3604. 1871b, Further notes on the thermal springs of the Han
mer Plains: New Zealand lnst. Trans. and Proc., 1870,
v. 3, p. 297-298.

3605. 1878, On the mercurial springs of the Bay of Islands
[abs.]: New Zealand Inst. Proc. and Trans., 1877, v.
10, p. 535.

3606. 1880, Mineral springs of New Zealand, in Handbook
of New Zealand, p. 102-109: 1883 ed., p. 133-144; 1886
ed., p.11Q-119; and later eels.

3607. 1901, The mineral springs of New Zealand Iabs-L:
Australasian Assoc. Adv. Sci.,8th Mtg., Melbourne 1900,
Proc., Sec. E, p. 273-299.

3608. Henderson, John, 1937, The Aroha thermal water: New
Zealand Jour. Sci. and Technology, v. 19, no. 12, p. 721
731,3 figs.
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3609. Henderson, John, 1938, Marula Hot springs: New Zealand
Dept. Sci. and Indus. Research, Geol. Survey Br., 32d
Ann. Rept., p. 19-20.

3610. 1939, Rotorua thermal water: New Zealand Dept. Sci.
and Indus. Research, Geol. Survey Br., 33d Ann. Rept.,
p.13-14.

3611. 1941, Underground water in New Zealand: New Zealand
Jour. Sci. and Technology, v. 23, Sec. B, no. 3. p. 97B
112B, 2 figs.; summary in Internat. Union Geodesy and
Geophysics; Assoc. Sci. Hydrology. Washington 1939,
Trans., 1942.

Contains much information on thermal springs.
3612. 1944, Cinnabar at Puhlpuhl and Ngawha, North Auck

land: New Zealand Jour. Sci. and Technology, v. 26,
Sec. B, no. 2, p. 47-60, 2 figs.

States that the cinnabar was deposited by thermal
waters.

3613. Henderson, John, and Bartrum, J. A., 1913, The geology
of the Aroha subdivision, Hauraki, Auckland: New
Zealand Geol. Survey Bull. 16, new ser., 127 p., 11 maps.

Contains information, including chemical-quality data,
on the Te Aroha, Okaula, Waitoa, and Katikati groups
of thermal springs.

3614. Herbert, Arthur Stanley, 1921, The hot springs of New
·Zealand: London, H. K. Lewis & Co., Ltd., 284 p., 87
illus., 3 maps.

3615. Hert, R. P. F. de, 1887, Les terasses blanche et rose de la
Nouvelle-Zelande : Soc. Royale geographte Anvers Bull.
7, p.289.

3616. Hill, H., 1895, The Nuhaka hat springs: New Zealand
lnst. Trans. and Proc., 1894, v. 27, p. 478-479.

3617. 1896, Ruapehu and the volcanic zone in 1895: New gea
land Inst. Trans. and proc., 1895, v. 28, p. 681-688.

Describes the effect of an eruption (1895) on the
crater lake. .Also mentions the warm springs on the
west side of the volcano.

3618. 1905, Taupo plateau and lake; a retrospect and prospect:
New Zealand Inst. Trans. and Proc., 1904, v. 31, p. 445
464.

Mentions the geysers, hot springs, and fumaroles.
3619. Hochstetter, Ferdinand Christian von, 1862, Roto mahana

oder del' Warme See in del' Provinz Auckland auf del'
Nordinsel von Neu-Seeland: Petermanns Geog. Mitt.,
p. 263-266, map.

3620. 1863, Neu Seeland: Stuttgart, Germany, 556 p. ; English
ed., 1861, New Zealand, Its physical geography, geology,
and natural history, with special reference to the results
of Government expeditions in the provinces of Auckland
and Nelson: Stuttgart, Germany, 515 p-, 7 pls., 10 wood
cuts, 93 iUus., maps; translated by Edward Sauter from
the German original. published in 1863, with additions
and revisions by the author.

Discusses hydrothermal activity. Includes descrip
tions of the principal groups of geysers and hot springs.

3621. 1864, Geologie von Neu-Seeland : Beitr. Geologie del'
Provinzen Auckland und Nelson-Reise del' Novara,
Geol. Theil, v. 1, Abt. 1, p. 64-66, 92-95, 105-152; Eng
lish ed., 1864, F. von Hochstetter and A. Petermann, The
geology of New Zealand; in explanation of the geo
graphical and topographical atlas of New Zealand, from
the scientific publications of the Novara expedition:
Auckland, N.Z.,: translated by C. F. Fischer; Lectures
by Dr. F. von Hochstetter delivered in New Zealand.
113 p.

379

Includes descriptions of thermal springs in_ 10
localities in Auckland.

3622. Hovey, Edmund Otis, 1924a, Geysers of New Zealand and
their deposits: Am. Mineralogist, v. 9, p. 95.

States that there are many thousand hot springs in
New Zealand, some of which are geysers. Describes
some of the principal geysers.

3623. 1924b, Geyser region of New Zealand [abs.] : Geol. Soc.
America Proc., v. 35, p. 113-114.

3624. Hutton, Frederick Wollaston, 1869a, Notes on the basin of
Te Tarata, Rotomahana : New Zealand lust. Trans. and
Proc., 1S68, v.1, p.106-10S, 2 figs.

3625. 1869b, Description of the 'Wangape hot springs [abs.]:
New Zealand Inst. Trans. and Proc., 1868, v. 1, p. 477.

3626. 1885, Sketch of the geology of New Zealand: GeoI. Soc.
London Quart. Jour., v. 41, p. 191-220, 4 figs.

Discusses the distribution of solfataras, fumaroles,
geysers, and hot springs.

3627. 1887, The eruption of Mount Tarawera: Geol. Soc. Lon
don Quart. Jour., Y. 43, p.178--189, 2 figs.

States that the eruption was hydrothermal, no lava
being extruded. Mentions the hot springs and their
deposits, which were destroyed by the eruption.

3628. Kearn, R. F., 1955, Volcanic wonderland, the scenery and
spectacle of the New Zealand thermal region: Auck
land, N.Z., G. B. Scott, Publishers, 49 p., 125 views.

3629. Laing, R. M., 1884, A few notes on thermal springs at
Lyttelton : New Zealand Inst. Trans. and Proc., 1883, v.
16, p. 447-443.

3630. Ldverstdge, A., Skey, W., and Gray, G., 1898, On the com
position and properties of the mineral waters of Aus~

traliasia: Australlastan Assoc. Adv. Sci. Rept., 7th Mtg.,
p. S7-10S, Sydney.

Contains chemical analyses of the water from several
springs in the Rotorua, Taupo, and Te Aroha areas in
New Zealand.

3631. Maclaren, J. Malcolm, 1906, The source of the waters of
geysers: lGeol. Mag. [London], new ser., dec. 5, v. 3,
p.511-514.

States that the water of geysers in New Zealand is
believed to be of meteroic, rather than of magmatic,
origin.

3632. Maelaurln, James Scott, 1906, Colonial Laboratory, 39th
report: New Zealand Mines Dept.

Contains a chemical analysis of the water in the
crater lake on White Island.

8633. 1912, Occurrence of pentathionic acid in natural waters:
Chern. Soc. London Proe., v. 27, p.l0-12.

Contains information on the chemical quality of the
water in the crater lake on White Island.

3634. Maclaurin, James Scott, and Wright, C. M., 1911, Radio
activity of the thermal waters of Rotorua-Tuupo and Te
Aroha : Dominion Lab., 44th Ann. Rept., p. 63-70.

3635. Macpherson, Eric Ogilvy, 1944, Notes on the geology of
'whakatane district and Whale Island: New Zealand
Jour. Sci. and Technology, v. 26, Sec. B, no. 2, p. 66-76,
5 figs.

Contains information on several thermal springs and
wells.

8636. 1945, Te Pula hot springs: New Zealand Jour. Sci. and
Technology, v. 26, Sec. B. no. 5, p. 244-254, 4 figs.
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3637. Mair, Gilbert, 1877, Notes on the influence of atmospheric
changes on the hot springs and geysers in the Roto-rua
district: New Zealand lust. Trans. and Proc., 1876, v. 9,
p. 27-29, 623.

3638. Mair, Robert, 1872, Notes on a thermal spring near Helens
ville, Kaipara: New Zealand lust. Trans. and Proe..
1871, v. 4, p. 396.

3639. Malfroy. Camille, 1892, On geyser-action at Rotorua: New
Zealand lnst. Trans. and Proc., 1891, v. 24, p. 579-590,
3 pis.

3640. 1894, Report on the geyser at Orakei Korako: New Zea
land Dept. Lands and Surveys Ann. Rept., G-l, p. 68-69.

3641. Mallet, J. William, 1853, Results of analyses of siliceous
deposits from the hot springs of Taupo, New Zealand:
Dublin Geol. Soc. Jour.• v. 5, p. 263-264; Erdmann
prakt. Ohemte Jour., v. 59, p. 158-159, 1853.

3642. Marshall, Patrick, 1912, Geology of New Zealand: Wel
lington, N.Z., J. Mackay, Govt. Printer, 218 p., rront.,
112 flgs., map.

Mentions fumaroles, mud pots, geysers, and hot
springs in several localities.

3643. Martin, Josiah, 1879, The geysers, hot springs, and ter
races of New Zealand: Pop. Sci. Rev..[London], v, 18
(new ser., v. 3), p. 366-384,1 pl., 2 figs.

3644. 1887a, The terraces of Rotomahana, N.Z.: Geol. Soc.
London Quart. Jour., v. 43, p. 165-177, 1 fig.; Geol. Mag.

. [London], new ser., dec. 3, v. 4, p. 135-136, 1887.
3645. 1887b, A descriptive account of the White Terrace at

Rotomahana [abs.]: New Zealand Inst. Trans. and
Proc., 1886, v. 19, p. 605-606.

3646. Modriniak, N., 1944, Geophysical investigation of the
Puhlpuht mercury deposit: _New Zealand Jour. Sci. and
Technology, v. 26, Sec. B, no. 2, p. 61-65, map.

States that there is a close connection between the
loss of magnetic properties and thermal activity.

3647. 1945, Thermal resources of Rotorua: New Zealand Jour.
Sci. and Technology, v. 26, Sec. B, no. 5, p. 277-289, map.

3648. 1948, Geophysical investigation of Rotorua: New Zea
land Jour. Sci. and Technology, v. 30, Sec. B, no. I, p.
1-19,5 figs.

Describes the use of thermal water for heating.

3649. Morgan, Percy Gates, 1908, The geology of the Mikonui
Subdivision, North Westland: New Zealand Geol. Sur
vey Bull. 6 (new ser.), 175 p., 29 pls., 12 maps, 2 dia
grams, 2 geol. sections.

Mentions thermal springs in several localities.
3650. 1917, Eruption of Frying-pan Flat, near watmangu,

Rotorua district: New Zealand Geol. Survey 11th Ann.
Rept., C-2B, p. 11-12.

3651. 1927, Minerals and mineral substances of New Zealand:
New Zealand Dept. Sci. and Indus. Research, Geol. Sur
vey Br. Bull. 32, new ser., 110 p., maps.

Contains information on the thermal springs.

3652. Mundy, D. L., and Hochstatter, Ferdinand von, 1875, Roto
mahana, and the boiling springs of New Zealand: Lon
don, Samson, Low.

3653. Ongley, Montague, Director, 1948, The outline of the
geology of New Zealand, by officers of the Geological
Survey: Wellington, N.Z., Harry H. Tooms, 47 p., map.

Map sho-ws the location of some of the volcanoes and
the geology of the thermal-spring regions.

3654. Ongley, Montague, and Macpherson, Eric Ogilvy, 1928,
The geology of the watapu Subdivision, Raukumara

Division: New Zealand Dept. Sci. and Indus. Research,
Geol. Survey Br. Bull. 30, new ser., 79 p., 6 pls., maps.

Mentions the hot springs at Te Puia.
3655. Park, lames, 1910, The geology of New Zealand; an in

troduction to the historical, structural, and eco-nomic
geology: Christchurch and London, Whitcombe &
Tombs, Ltd., 488 p-, front., 17 pls., 145 flgs., 6 maps.

Describes hydrothermal activity in several localities.
Contains data on 35 thermal springs.

3656. 1911, Tarawera eruption and after: Royal Geog. Soc.
[London] Jour., v. 37, no. 1, p. 42-49, 4 pla., map.

Describes the effect of the eruption on hydrothermal
activity.

3657. Pond, lames Alexander, and Smith, Stephenson Percy,
1887, Observations on the eruption of Mount 'I'arawera,
Bay of Plenty, New Zealand, 10th June,1886: New Zea
land Inst. Trans. and Proc., 1886, v. 19, p. 342-371.

Mentions ho-t springs in the volcanic district.
3658. Poynton, 1. W.. 1904, Notes on an insect found in some

hot springs at Taupo: New Zealand Inst. Trans. and
Proc., 1903, v. 36, p. 170-172.

3659. Ralph, W. Bo,1874, Communication regarding a hot spring
in the bed of Wataroa River Westland: New Zealand
Inst. Trans. and Proc., 1873, v, 6, p. 380.

3660. Reaney, R. H., 1899, Thermal springs, Rotorua: New
Zealand Dept. Lands and Surveys Ann. Rept., C-l, p.
125.

3661. Rogers, M. N., 1927, The radtoaettvttr of the Karapiti
blowhole: New Zealand lnst. Trans. and Proc., v. 57,
p.892.

States that the blowhole emits much steam and other'
gases at a high velocity. Contains information on the
radon content of the gases.

3662. Rolston, Edward, and Edwin, R. A., 1869, On the crater
of White Island [abs.] : New Zealand Inst. Trans. and
Proc., 1868, v. I, p. 463-465, 1 pI.

Mentions the steam jet and mud geyser near the
shore of the crater lake.

3663. Savage, Joseph, 1889, The Pink and White Terraces of
New Zealand: Kansas Acad. Sci. Trans., 1887-88, v. 11,
p.28-30.

3664. Sewell, William, 1874, Notes o-n a visit to White Island,
in the course o-f a trip made in H.M.S. "Basilisk" [abs.] :
New Zealand Inst. Trans. and Proc., 1873, v. 6, p. 386
387.

Mentions hydrothermal activity in the crater on White
Island.

3665. Shaw, G. Co, 1954, The angry mountains; New Zealand's
volcanic belt: Pacific Disco-very, v. 7, no. 4, p. 13-18,
9 views.

Mentions the warm lake in the crater of Ruapehu
volcano and hydrothermal activity in the volcanic belt
of the North Island.

3666. Skey, William, 1878, On certain of the mineral waters of
New Zealand: New Zealand Inst. Trans. and Proc.,
1877, v.10, p. 423-448.

3667. Smith, Stephenson Percy, 1886, The eruption of Tara
wera; a report to- the surveyor general: Wellington,
N,Z'1 Govt. Printer, 84 p., 21 pls., maps.

3668. Springall, Percy Wo, 1888, A trip through the Ho-t Lake
district, New Zealand: Royal Geog. Soc. Australasia
Proc. and Trans., V. 3, pt. 1, p. 53-63.

Contains information on hot springs in severat ioceu-
ties. .
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3669. Steiner, A., 1953, Hydrothermal rock alteration at Waira
kei, New Zealand: Econ. Geology, v.48, no. 1, p. 1-13, 4
figs.

3670. Studt, F. Eo, 1957, Wairakei hydrothermal system and the
influence of ground water: New Zealand Jour. Sci. and
Technology, Sec. B, v. 38, no. 6, p. 595-622, illus.; 1958.
eba, Bibliography and Index of Geology Exclusive
of North America, v. 22, 1957, p. 521.

3671. Tucker, 1895, Description of the Hot Springs District, in
Pictorial New Zealand: London, SOl p.

3672. Wallace, Alfred Russel, 1879, Australasia; based on Hell
wald's "Die Erde und ihre Volker" ; edited and extended
by A. R. Wallace, with ethnological appendix by A. H.
Keane: London, Edward Stanford, 672 p., rront., 54
tllua., 29 maps.

Briefly describes the hot springs and geysers of New
Zealand.

3673. Warbrick, Alfred, 1934, Adventures in Geyserland j life in
New Zealand's thermal regions, including the story of
the Tarawera eruption and the destruction of the
famous terraces of Rotomahana : Dunedin and Welling
ton, N.Z., A. H. and A. W. Reed.

3674. Wilson, Stuart H., 1953, The chemical investigation of the
hot springs of the New Zealand thermal region: Pa
cific" Sci. Cong., 7th, New Zealand 1949, Proc., v. 2, Geol
ogy, p. 449, 6 figs.

3675. 1955, Chemical investigations, in Grange, L. I., compiler,
Geothermal steam for power in New Zealand: New Zea
land Dept. Sci. and IndUS. Research Bull. 117, chap. 4,
p. 27-42, flgs., tables.

Contains information on the chemical character of
the thermal waters and their evolved gases in several
areas.

3676. Winkelmann, C. P., 1887, Notes on the hot springs Nos.
1 and 2, Great Barrier Island, with sketches showing
temperature of the waters: New Zealand Inst. Trans.
and Proc., 1886, v. 19, p. 388--392, 1 pl.

3677. WohImann, H. S., 1907, The mineral waters and health.
resorts of New Zealand. Part I, Rotorua: Wellington,
N.Z., New Zealand Tourist and Health Resort Dept.,
48 p.

3678. Wright, Alfred, 1887, Te Aroha, New Zealand; a guide
for invalids and visitors to the thermal springs and
baths: Te Aroha, Hot Springs Domain Board, 34 p.,
front., map.

See references 20, 21, 73, 106, 108, 109, 347, 649, 672, 687, 700,
2092, 2248, 2644, and 8496.

PHILIPPINE REPUBLIC

3679. Abella y Casariego, Enrique, 1884a, La isla de Biliran
(Filipinas) y sus azufrales: Spain, oomtstcn Mapa
Geol. Espana Bol., v. 11, pt. 2, p. 359-373, map; Madrid,
Ministerio de Ultramar, Tello, 1885.

3680. 1884b, EI Monte Maquiling (Filipinas) y sus actuales
emanaciones volclinicas: Spain, Comisi6n Mapa Geol.
Espana"Bol., v. 11, pt. 2, p. 374--391 j 1937, translated into
English by Jose B. Blando, m Philippine Agriculturist
(Univ. Philippines Pub., ser. A), v. 26, no. 2, p. 199-221.

Contains information on six thermal-spring localities.
3681. 1884c, Emanaciones vorcantcas subordinadas al Malinao

(Filipinas) : Spain, ComisiOn Mapa Geol. Espafia Bol.,
v. 11, pt. 2, p. 395--404, 3 pis.; Madrid, Minis'terio de
Ultramar, Tello, 1885.

3682. Abella y Casariego, Enrique, and Vera y Gomez, Jose de,
1893, Estudio descriptivo de algunos manantiales mine
rales de Filipinas: Manila, 150 p.

Includes chemical analyses of water from several
thermal springs, descriptions of some of the springs,
and a list of reported springs.

3683. Adams, George I., 1909, Geological reconnaissance of the
Island of Leyte--with notes and observations on the
adjacent smaller islands and southwestern Samar: Phil
ippine Jour. Sci., v. 4, Sec. A, no. 5, p. 339--358, map.

Contains information on several solfataras, mud pots,
and thermal springs.

3684. Adams, George I., and Pratt, Wallace Everette, 1911, Geo-
logic reconnaissance of southeastern Luzon: Philippine
Jour. Sci., v. 6, Sec. A, no. 6, p. 449-481, 6 pla., 4 figs.

Mentions Tiui hot springs, Naglagbong springs, Lanot
mineral spring, and hot springs on the beach near
Maniti.

3685. Alcaraz, Arturo, 1956, Taal Volcano: Pacific Sci. Cong.,
8th, Quezon City, Philippines, 1953, Proc., v. 2, p. 34.

Mentions lake in volcanic crater and steam vents on
southwest shore of the lake.

3686. Alcaraz, Arturo; Abad, Leopolda F.; and Quema, Jose C.,
1952, Hibok-Hibok volcano, Philippine Islands, and its
activity since 1948; Volcano Letter 516, p.1-6j no. 517,
p. 1-4, 7 figs.

Mentions that a hot spring issues near s-ealevel on the
north side of the volcano; also mentions that eruption
of volcano (1948) began with steam blasts.

3687. Alcaraz, Arturo; Abad, Leopolda F.; and Tupas, M. H.,
1953, The Didicas submarine volcano Iubs.I : Pacific Sci.
Cong., 8th, Quezon Oity, Philippines, 1953, Abstract of
Papers, p. 4.

Mentions that steam was given off during the eruption
of Didicas volcano in 195~.

3688. Alvir, A. D., 1956, A cluster of'"little known Philippine
volcanoes: Pacific Sci. Cong., 8th, Quezon City, Philip
pines, 1953, Proc., v, 2, p. 205-206.

Mentions hot springs and steam vents in the craters
of Ambalatungan, Bumbag, and Podakan volcanoes.

3689. Becker, George Ferdinand, 1901, Report on the geology
of the Philippine Islands: U.S. Geol. Survey 21st Ann.
Rept., pt. 3, p. 487-614, 3 pla., 2 figs.

Describes the principal volcanoes, both active and
extinct j includes information on the fumaroles, sol
rataras, hot springs, and crater lakes.

3690. Bowring, John, 1859, A visit to the Philippine Islands:
London, Smith, Elder, & Co" 438 p., front., 14 Illus.

States that three are many mineral and thermal
springs in the La Laguna district of Luzon; also states
that there are boiling springs at pueblo of Mafnlt.

3691. Brown, Glen Francis, 1943, Thermal springs in Mindanao:
Unpublished notes.

3692. Centeno y Garcia, Jose, 1876, Memoria geol6gico-minera
de las Islas Filipinas: Spain, Comisi6n Mapa Geol.
Espana Bol., v. 3, p. 181-234, map; Madrid, Ministerio
de Ultramar, Tello 8, 64 p-, map.

Contains descriptions Of thermal springs and analyses.

3693. 1885a, EI vorcan de Taal: Spain, Comisi6n Mapa Geol.
Espana Bol., v. 12, pt. 2, p. 169--208; Madrid, Ministerio
de Ultramar, Tello, 1885, 53 p., 4 pls.
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3694. Centeno y Garcia, Jose, 1885b, Noticia acerca de 1013
manantiales termc-mlueralea de Bambang y de las
salinas de Monte Blanco: Spain, Comisi6n Mapa Geo!.
Espana Bolo, v. 12, p. 223-236. map; Madrid, Ministerio
de Ultramar, Tello, 1885, 14 p., map.

3695. Centeno y Garcia, Jose, and others, 1889, Memoria de
cripttva de los manantiales minero-medicinales de la
Isla de Luzon: 'Spain, Oomtston Mapa Geol. Espana
Bot, v. 16. p. 177-295; Madrid, Ministero de Ultramar,
Tello, 1890, II7 p.

3696. Cox, Alvin Joseph, and Dar Juan, T., 1915, Salt industry
and resources of the Philippine Islands; Philippine Jour.
SeL, v. 10, Sec. A, no. 6, p. 375-401, 17 pla., 5 figs.

Contains information on Maylnft hot spring and
Salina springs, both in Luzon.

3697. Cox, Alvin Joseph; Heise, George William; and Gana,
V. Q., 1914, Water supplies in the Philippine Islands:
Philippine Jour. Bcl., v. 9, Sec. A., no. 4, p. 273-410, 5 pIs.,
8 tables.

Includes information on nine thermal springs.
3698. Feliciano, J. M., 1928, A study of thermal springs in the

Philippines: Pan-Pacific [Pacific] Sci. Cong., 3d, Tokyo
1926, Proc., v. I, p. 804-811, map.

Contains information on 54 thermal springs.
3699. Ferguson, Henry Gardiner, 1908, Contributions to the

physiography of the Philippine Islands. II, Batanea Is
lands: Philippine Jour. Sci., v. 3, Sec. A, no. 1, p. 1-25,
9 pla., 4 figs., 3 maps.

3700.. Goodman, Maurice, 1907, Sulphur in the Philippines: Far
Eastern Rev., v, 4, p.12Q-121.

Mentions sulfur deposits near some of the solfataras.

3701. Heise, George William, 1915, Water supplies in the Phil
ippine Islands, II: Philippine Jour. Sci., v. 10, Sec. A,
no. 2, p.13l>-169, 8 tables.

Includes chemical analyses of water from the hot
springs at Hocos Sur, a hot spring near Punta Galera,
and a hot spring at Tiui.

3702. 1917, The radioactivity of the waters of the mountain
ous region of northern Luzon: Philippine Jour. Sct., v.
12, Sec. A, no. 6, p. 293-307, 1 pl., 2 flgs., map, 2 tables.

Contains information on 11 thermal springs and 1
solfatara.

3703. Heise, George William, and Behrman, Abraham S., 1918,
Philippine water supplies: Philippine Dept. Agricul
ture and Nat. Resources, Bur. Sci. Pub. 11, 218 p., 19
pls., 4 flgs., 16 tables.

Describes 20 mineral springs, some of which are
thermal.

3704. Jager, Fedor, IB73, Reisen in den Philippinen: Berlin,
381 p., map; Spanish ed., 1875, Madrid; English ed., with
some omissions, Travels in the Philippines: London,
Chapman & Hall, 370 p., 1875.

Mentions several thermal springs.

3705. Marche, Alfred de Ia, 1843, Description des sources ther
males nommees Los Banos et du volcan de Taal, dans Ies
environs de Manille: Soc. geographie [Paris] Bull., ser.
2, v. 19, p. 7l}-S3.

3706. Montano, Joseph, 1885, Voyage aux Philippines, in Rap
port a M. le Ministre de l'Instruction pubflque sur une
mission aux fles Philippines et en Malaisie (1879--1881) :
Paris, Hachette et Cie., p. 271-479.

+"!entions hot springs in the mountains near Lake
Mainit in Mindanao Island.

3707. Neumann van Padang, Maul', 1953, Philippine Island and
Cochin, China, pt. 2 Of Catalogue of active volcanoes of
the world including solfatara fields: Naples, Italy, In
ternat. Volcanolog. Assoc., 49 p., 16 figs., map.

Contains information on volcanoes or solfataras at
31 localities in the Philippines and 2 in Cochin China
(southern Viet Nam). Mentions thermal springs in some
of the localities.

3708. Pelaez, Vinicio R., 1953a, The behaviour and character
istics of volcanoes in the solfataric and fumarolic stage
of activity: Pacific Sci. Oong., 7th, New Zealand 1949.
Proc., v. 2, Geology, p. 364.-368.

Mentions several localities in the Philippines where
there are fumaroles, solfataras, and thermal and min
eral springs.

3709. 1953b, The volcanic activity of Catarman and Hibole
Hibok, Camiguin Island, Mindanao, of September, 1948
[abs.] : Pacific Sci. Oong., 8th, Quezon City, Philippines,
1953, Abstract of Papers, p. 4-5.

Mentions steam as one of the products of eruption.
3710. 1956, The volcanic activity of Catarman and Hibok

Hibole, Oamlguin Island: Mindanao, of September 1948:
Pacific Sci. Cong., 8th, Quezon City, Philippines, ·1953,
Proc., v. 2, p. 89--112, 5 flga., 2 tables.

States that solfataras and fumaroles are present on
Mount Catarman : also states that release of water
vapor characterized eruotrons of Camiguin and Hibole
Hibok craters.

3711. Pratt, Wallace Everette, 1911, The eruption of Taal vol
cano, January 30, 1911: Philippine Jour. Sci., v. 6, Sec.
A, no. 2., p. 63-86,14 ple., 3 flgs., map.

Mentions that two streams of hot water fed. the new
lake that formed in the crater of Taal volcano after the
eruption.

3712. 1916, Philippine lakes: Philippine Jour. Sci., v. 11, Sec.
A, no. 5, p- 223-239, 1 pl., 2 figs.

Describes the hot lake in the crater of 'I'aal volcano
in Luzon, also Lake Mainit in Mindanao and Lake
Naujan in Mindoro. Both the latter are considered to
be crater lakes and have thermal springs near their
shore.

3713. Rosario, Mariano V. del, 1938 [Crenotherapy with refer
ence to the Philippines] : Rev. filipina medecina y far
macia, v. 29, p. 51-78 [Spanish] ; Ohern, Abs., v. 32, col.
4257.

Describes some of the more important mineral springs.

3714. Smith, Warren DuPre, 1925, Geology and mineral re
sources of the Philippine Islands: Philippine Dept.
Agriculture and Nat. Resources, Bur. Sci. Pub. 19, 559
p., 39 pls., 23 flgs., 41 tables.

Mentions several thermal areas containing soltataras,
fumaroles, steam vents, and hot springs. Contains brief
descriptions of several thermal springs.

3715. U.S. Department of Commerce, Coast and Geodetic Sur
vey, 1940, U.S. Coast Pilot, Philippine Islands, Part 2.
Palawan, Mindanao and Sulu : 3d ed., Washington, 542 p.

Mentions two hot springs near the shore of Balut
Island.

3716. Worcester, Dean C., 1912, Taal volcano and its recent
destructive eruption: Natl. Geog. Mag., v. 23, no. 4, p.
313-867,41 views, maps.

Mentions that great columns of steam accompanied
the eruption in 1911.
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3717. Wright, J. R., and Heise, George William, 1917, The radio
activity of Philippine waters: Philippine Jour. SeL, v.
12, Sec. A, no. 3, p. 145-165, 1 pl., 2 flga., 2 tables.

Contains information on the radioactivity of the
water from six thermal springs and on the chemical
quality of the water from four others.

See also references 20-22, 73, 83, 347. 1086, 2684, and 3512.

SAMOA

3718. Jensen, H. I., 1907, The geology of Samoa and the erup
tiona in Savaii: Linnean Soc. New South Wales Proc.,
1906-07, v. 31, p. 641-672, 11 ple., 6 figs.

Mentions that immense steam clouds rose from the
main crater and that vapors issued from a vent near
the crater during the eruptions of 1905 and 1906.

SOLOMON ISLANDS

3719. Guppy, Henry Brougham, 1887a, The Solomon Islands.
their geology, general features, and suitability for
colonization: London, S. Sonnenschein, Lowery & Co.,
152p.

Mentions hydrothermal activity on Simbo (Zimboa'n
and Savo Islands.

3720. 1887b, The Solomon Islands and their natives: London,
S. Sonnenschein, Lowrey & Co., 384 p., 9 illus.

Mentions fumaroles and solfataras on Eddystone
Island, fumaroles on Vella-la-vella Island, and fumaroles
and steam vents on Simbo (Zimboa1).

SUMATRA

3721. Dernmerman, Karel William, 1948, The fauna of Kraka
tau, 1883-1933: Verh. del' Konink. Nederlandisch Akad.
van wlssen., Md. Natuurkunde : Amsterdam, Noord
Hollandsche Uitj.-Mij., Tweede Beetle, pt. 44, 594 p.,
rront., 11 pls., 46 figs.

States that crater of Anak Krakatau Island contains
a lake, probably of hot water. Contains a photograph
showing steam vents on Anak Krakatau.

3722. Kemmerling, Georg Laure Louis, 1920, Vulkanen en Vul
kanlsche. verscntjnselen' in de Residentien Sumatra's
Westkust (noordelijk deel) en Tapanoeli door den
tijdelijken geoloog bij s'Lands Mijndiensten: Vulkanol.
¥,ededeel. Mijnw. Nederlandsch Oost-Indie, no. 1, p.
1-93, 27 pla., atlas.

3723. Marsden, William, 1811, The history of Sumatra, contain
ing an account of the government, laws, customs, and
manners of the native inhabitants, with a description
of the natural productions, and a relation of the ancient
political state of that island: 3d ed, London, Longman,
Hurst, Reese, Orme, & Brown, 479 p., and index, 8 p.,
map.

Mentions hot springs northeast of Ipu, a warm spring
on the bank of the Ipu River, hot springs close to AyeI'
Grau stream, and hot mineral springs at Priangan
near Goenoeng Merapi volcano.

3724. Netherlands East Indian Volcanological Survey, 1927-49:
Bull. 1-98; nearly all numbers contain maps, diagrams,
and photo views.

Includes a few chemical analyses of thermal waters
and many comments on changes in the temperature and
outlet points of hot springs, solfataras, and fumaroles.

3725. Neumann van Padang, Maul', 1951, Indonesia, ptv-L of
Catalogue of the active volcanoes of the world including

solfatara fields: Naples, Italy, Internat. Volcanol. Assoc.,
271 p., 110 flgs., map.

Contains data on 30 localities of volcanoes or sotra
taraa in Sumatra, 28 in the Lesser Sunda Islands, 13
in Celebes, 1 in New Guinea, and 21 in minor islands.
Includes information on thermal springs and wells in
Sumatra. Java, Flores, and Celebes.

3726. Stehn, Chi E., ca. 1929, Krakatau: Pacific Sci. Oong., 4th,
Java 1929, Rept., Pt. 1, The geology and volcanism of
the Krakatau group: p. 1-55, 20 pls.

Describes hydrothermal activity associated with
eruptions of Krakatau in 1927-29.

3727. Verbeek, Rogier Diederik Marius, 1886, Krakatau: Ba
tavia, Java, Imprimerie Etat, 567 p-, 43 flgs., 25 chro
molithographs.

States that the hot springs of Poeloesart volcano boiled
more vigorously and that the great hot springs of Dieng
spouted with increased energy after the great eruption
of Krakatau. Both springs are in Java.

3728. Westerveld, J., 1952, Quaternary volcanism on Sumatra:
Geol. Soc. America Bull., v. 63, no. 6, p. 561-594, 5 pls.,
3 flgs., 11 tables.

Mentions that fumaroles, solfataras, and hot springs
are the only active signs of volcanism on Sumatra.

See also references 84, 3470, 3519, and 3525.

TONGA ISLANDS

37~9. Jaggar, Thomas Augustus, 1935, Living on a volcano:
Natl. Geog. Mag., v. 68, p, 91-106, 18 Jllus., map.

Mentions a steam eruption in 1946.

VOLCANO ISLANDS

3730. Swenson, Frank Albert, 1948, Geology and ground-water
resources of Iwo Jima: Geol. Soc. America Bull., v. 59,
no. 10, p. 995-1008, 2 pls., 2 figs., 3 tables.

States that fumaroles are numerous and that the tem
perature of the water in wells ranges from 105°F to
l00°F. Includes a chemical analysis of the water from
a well.

3731. Tsuya, Hiromichi, 1936, Geology and petrography of 10
sima (Sulphur Island), Volcano Islands Group: Tokyo
Imp. Univ. Earthquake Research Inst. Bull. 14, pt. 3,
p. 453-480, 3 pIs., 10 figs. [English.]

States that there are more than 20 solfataras on the
island (Iwo Jima).

ANTARCTIC REGION

(Balleny Islands, Ross Island, and South Shetland Islands)

3732. Encyclopedia Britannica, 1911, South Shetland Islands:
Encyclopaedia Britannica: 11th ed., New York, En
cyclopaedia Britannica, v. 25, p. 516.

States that voyagers in 1828 and 1842 reported that
steam issued from numerous vents on Deception Island.

3738. Shackleton, Ernest Henry, 1909, The heart of the Ant
arctic: Philadelphia, Pa., J. B. Lippincott Oo., 2 v. j v. 1,
372 p., rront., 131 pls. j v. 2, 419 p., rront., 139 pls., 38
illus,. 3 maps.

Describes Mount Erebus and other volcanic cones,
remarking on the huge column of steam rising from the
crater of Mount Erebus, on the ice mounds formed from
the vapor escaping from fumaroles in the crater, and on
the steam eruptions ~t a low point between Mount
Erebus and Mount Bird.

See also reference 43.
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