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REPORT.

—_—

The work of the -Geological Survey has been carried forward during
the year 1891 (1) in the study of the surface or Pleistocene formations
of the northern part of the State; (2) in an examination of the oak-
land and pine-land belts of the southern part of the State; (3} in the
continued study of the stream-flows and the water-sheds, for the re-
port on water-supply and water-power, and (4), in co-operation with
the United States Geological Survey, in the study of the crystalline
rocks of the Highlands of northern New Jersey.

Some notes on*the active iron mines and on the artesian wells have
been collected.

STUDY OF THE SURFACE OR PLEISTOCENE FORMATIONB.

The production of a geological map of the State was one of the
leading objects of the present Burvey, as indicated in the last annual
report. Particular siress was put on the need and desirability of a
map which should exhibit by appropriate colors or symbols the
various surface formations, as distinguished from the underlying rock
formations, commonly shown on geological maps, and to the exclusion
of the former class. The work of preparing such a map has been
begun by the State in conformity to the plan agreed upon with the
United States Geological Survey, whereby the latter undertakes the
study of the crystalline rocks, and the State is to map the, surface
formations. According to this plan of co-operation the National
Survey has about three-sevenths of the State to map geologically,

1
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2 ANNUAL REPORT OF

irrespective of the surface formations. The State work will cover
the whole, excepting the comparatively small areas of outceropping
older formations which may be exhibited by the maps of the United
States Survey. The result of their work will be important and help-
ful in the study of these newer and overlying surface formations.
Some difficulties will be thus eliminated in advauce of the State work.
Prof. Rollin D. Salisbury, of the United States Geological Survey,
has been put in charge of the study of the sarface or Pleistocene
formations, and of the work of mapping them, His experience in
the study of glacial phenomena and wide observations will, ne
doubt, be of much service in differentiating the various elements
entering into the complex nature of the drift in New Jersey.
He began his work in a reconnoissance across the northern-central
pert of the State, and in tracing the southward extension of the
glacial drift beyond the belt known as the “terminal moraine”
of the Survey reports. The existence of a glacial drift south of
this line was announced in the first published notice or descrip-
tion of the moraine by the Survey.* In a repoft on the “Sar-
face Geology,” made in 1880, this more scattered southern drift was
again referred to, and localities of occurrence were cited.t The desig-
pation of “preglacial drift” was given it in accord with a belief
that it was older than the terminal moraine. The posgible southern
line or limit, from the Raritan to the Delaware, along the valleys of
Lawrence brook and the Assanpink creek, was also stated in that
report.] The relation of these deposits and scattered bowlders to the
terminal moraine had been left unstudied. Prof. Salisbury’s observa-
tions corroborate the hypothesis that the glacial drift extends south of
the moraine of our maps, and marks an earlier stage in the ice epoch,
The subject of glaciers in general, their origin, formation, move-
ment and effects, has been discussed by him in an instructive, inter-
esting and clear way, which is commended to the reader familiar with

*Ann. Rep. of the State Geologist, for 1877, p. 19.
tAnn. Rep. of the State Geologist, for 1880, pp. 81-87.
I See page 81.
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THE STATE GEOLOGIST. 3

glacial phenomena but ignorant of its origin, Reference is made to
the great North American ice-sheet, and to the work it did. The
application of these facts of wide, continental range, and of the laws
governing the movement of a great ice-sheet, is made to New Jersey,
and some details relating thereto are given. The various forms of
drift are classified and described with references to localities in the
State in illustration of these forms. The action of waters flowing
from the ice, in transporting further and in sorting the burden of the
glacier, as well as in re-working glacier drift and in medifying older
deposits, is stated briefly. It is hoped that this fresh presentation of
the subject in its general relations and in this clear and concise way
will suggest more observation of the drift deposits, and lead to the
-discovery of facts as a contribution to science in its study of this phase
of the earth’s later history.

Of more interest and importance are the further studies, in detail,
made by him in the survey of Essex, Union and Middlesex counties.
They show the complex constitution of the drift in that part of the
State. Its resolution into the elements of ice-deposits, deposits in
flowing waters, deposits in the glacial lakelets of the epoch, and those
made by the re-working of ice-laid materials, tells an interesting story
in the history not so far beyond the coming of man or the historic
period. The mapping has necessarily to follow closely the geological
-classification and show these several kinds of surface materials. A
great difficulty is met with in mapping on account of the lack of
sections or excavations showing the nature of the material. The
whole ground has to be traversed and in some places gone over in
review to get correct observations and to reach a proper conclusion as
to its real nature or particular class of deposits to which it belongs.
The importance of such an accurate map of the surface to the farmer,
or to the capitalist seeking farming lands, to the builder in locating
where drainage is good and dry, to the landscape artist in search of
forms of beauty and lines that may produce the desired effect, to the
-engineer looking for water-supply and a desirable water-shed whence
it may be had, is such as to justify the time amd care necessary to
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4 ANNUAL REPORT OF

produce it. Prof. Salisbury’s report as here given shows the amount
of work done. It has been thought best to defer the publication of
the map until a whole sheet of the atlas has been gone over. Farly
in the coming field season, the territory of sheet No. 6 will have been
thus traversed and that sheet will be ready for printing,

GEOLOGICAL WORK IN THE SOUTHERN PART OF THE STATE.

C. W. Coman, Assistant Geologist, has given nearly all of the year
to the work in the southern part of the State. The latter part of
1890 and the first half of the current year were devoted to a recon-
noissance survey of Cape May county, preparatory to detailed work
and the production of an accurate map of the surface-beds which
crop out within the limits of the county, and the adjacent parts of
Atlantic and Cumberland, covered by sheet No. 17 of the Topograph-
ical Atlas. The narrow range in the variation of the surface beds of
clays, sands and gravel, their irregularity in outcrop, and the nearly
level nature of the whole surface make it difficult to represent them
by any scheme of classification whose division lines are drawn sharply.
The absence of good sections showing the succession of the beds,
except in the artesian-well borings at Sea Isle City and Cape May
City, makes the study of the geological structure more difficult than
elsewhere in the State, or where the order of succession can be seen.
The outcrops, as noted in their characteristic features, must be com-
pared with the surface-beds in the adjacent parts of the State, and
with outerops whose geological horizon is known. This correlation
work is necessary before the geological map of the county can be
made. The data accumulated by this reconnoissance is, therefore,
withheld from publication until the whole southern part of the State
has been traversed, and a scheme of classification made to include
these outcrops in Cape May. The question is & geological one, and
the delay does not affect the economic results flowing from the publi-
cation of such studies. In fact, the map published in the report of
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the late Dr. Cook on the geology of the county shows on a large
scale and in detail the clearings, forests, tide-marshes and sea-beaches.

In view of the necessity for a more detailed study of the geologic
structure than the limited field season would permit, the work in
Cape May was suspended, and Mr. Coman was transferred to the
division of economic geology. He devoted the latter part of the
eummer and the autumn to an examination of the oak-land and pine-
land belts of the southern part of the State, and their agricultural
capabilities. A prominent object in this survey was to find the loca-
tion and approximate areas of uncultivated lands southeast of the
greensand-marl belt, which are adapted to agricultural improvement,
or, in other words, which can be cleared and farmed with profit. This
part of the State has been so long and so generally misrepresented as
a region of barren wastes, “ pines,” ‘ sands,” and by other disparag-
ing names, that it is difficult to correct the common opinion as to its
agricultural capabilities.*

« The wants of our first settlers required that they should clear and
#il! land that would produce erops at once, and without manure ; and
such were the only lands cultivated in the early settlement of our
State. All lands which did pot posdess this degree of available fer-
tility were considered to be barren and worthless. A large area in
New Jersey, especially in the southeast parts, came under this con-
demnation, and was held in disrepute until very recently. * * ¥
Tt is one of the discoveries of modern farming that such lands can
profitably be tilled.” ¥

Another reason for the lack of agricultural development has been
the comparative inaccessibility of the region, excepting the narrow
shore belt. Without railroads and with sand paths as roads, large
areas had no rapid means of communication with the outer world.
The construction of several lines of railway from the cities to the
sea-shore within the last decade, has made nearly all parts of South

Jersey easily accessible.

#Ann. Rep. of State Geologiat, for the year 1867, p. 11.
+Ann. Rep. of State Geologist, for the year 1871, p. 23.
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6 ANNUAL REPORT OF

The large size of the tracts of woodland held for the supply of
wood and charcoal to the iron works and glass-houses of the district,
retarded clearing and prevented settlements. The decline of the iron
works, and the concentration of the glass-manufacturing industry at
a few points, have left nearly all of these large tracts valueless except
for farming purposes or for the production of firewood for local
demands. The increasing danger of fire threatens the destruction of
their value as wood-producers,

Attention has been directed to these lands in the annual reports of
the Survey, and particularly in that for 1878. In the report for
that year a map was given which showed the location and extent
of these so-called oak-land and pine-land belts. The results were
considered as approximate only, and preliminary to a full and
detailed survey. The development since that report was published
has been rapid, particularly in Cumberland and Atlantic counties,
near the railway lines. The importance of the gubject has made it
neceseary and desirable to publish again notes on this region, which
may help on its development, and in advance of the issue of the
detailed maps of the surface geology.

The geological map of the St'a.te, as now proposed, will show the
various tracts of available lands for agriculture as well as forestry,
and will give their boundaries in detail corresponding to that of the
topographic sheets. The demand for information about our unim-
proved lands by incoming and by prospective settlers, and the value
of such precise data in developing the natural wealth of the State,
suggested an advance publication of reliable facts bearing upon the
location, extent, character and comparative advantages of these South
Jersey lands. The work of Mr. Coman has been to traverse the
territory and to examine the soil and note its forest growth and its
possible capabilities. The map and report of 1878 have been valua-
ble guides in this survey, and constitute, in part, the basis for his
scheme of arrangement and treatment of the subject. As will be
noted in his statement, the work shows results which tend to modify
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greatly those of 1878. A more careful study shows that the area of
pine lands or pine barrens is less than it was represented to be at that
time. Tt is difficult, however, to exhibit on a map the extent of these
several oak-land and pine-land belts, because they merge into one
another by almost imperceptible gradations, and are not well defined,
excepting where streams form the boundaries. No attempt has been
made to show them on the State map which accompanies this annual
report. The detailed descriptions given by Mr. Coman will enable
the reader to locate them on this map, and their relation to the
political divisions, and the railways and mavigable water-ways to
them. The map shows the large area of tide-marsh and the swamp
lands of the interior, the former of which is not included in the de-
scriptions of the several belts. The names which were used in 1878
have been retained so far as they are applicable and descriptive in
location.

The soils of this part of the State may be described as sandy, and
the percentage of sand is greater than in the more clayey soils of the
central and northern counties of the State. The grains of sand are
generally coarse and grade into fine gravel in many cases. Gravelly
soils also are common. They consist generally of quartzose pebbles
of yellowish and red shades of color, well rounded and from the size
of small peas to masses as large as one’s fist, with a very few silicified
fossiliferous fragments and some chert, and the whole held tegether
by a clayey admixture. - A distinguishing mark of the gravelly soils
of the region is the clay, in contrast with the more sandy gravels of
the northern part of the State. The former are not as porous, and
are more retentive soils than the latter. The “clay ” soils of South
Jersey are more sandy than clay soils generally, and would be classi-
fied as “sandy” in a general scheme of classification of soils.

The small amount of vegetable matter in the soils of the pine-land
belts, generally, is owing to the frequent forest fires, which have con-
sumed that in the superficial layer and left bare, glistening, white
sands only. In the oak-land belts, where leaf-mould has been
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accumulating undisturbed by fires, the soil contains a larger percent-
age of organic matter. A recently-made analysis of the white sandy
soil typical of the poorer pine lands shows two-tenths of one per cent.
of organic matter, whereas the yellow subsoil contained nearly four-
tenths of one per cent., or twice as much, Analysis shows also the
deficiency in phosphoric acid and in lime as compared with naturaily
fertile soils. Some have scarcely enough of these constituents neces-
sary for a single crop of wheat. The scanty and stunted growth of
timber on the Burlington Plains and on other pine-land belts is
evidence of the poverty of the land. There is, however, a wide
range in composition between the soils of the oak lands and those of
the poorer pine barrens. On the former the growth of wood shows,
s well as chemical analyses, the greater capabilities of production.
The clearings are further evidence of their adaptation to farming.
The soils of the oak lands are not naturally so rich as to be suited to
continuous cropping or pasturage without the addition of fertilizers of
some kind. They are better adapted to the raising of vegetables,
melons, sweet potatoes and small fruits than to cereals and grass, and
& lack of attention to this peculiar adaptation has in many cases
resulted in failure and brought discredit upon the country. The suc-
cess at Hammonton, Egg Harbor City, Vineland and other places is
noteworthy and suggestive of imitation over wide areas of land now
uncultivated.* The ease with which these lands can be cleared and
tilled, the nearness to the great cities and the mildress of the climate
as compared with the long winter seasons of the New England
States, New York and the far Northwest, are other advantages of
South Jersey. So much has been published on the soils and the
farming of that part of the State that it is unnecessary to do more
than add references to these publications.*

The Survey of the past season gives the following summarized
statement of oak lands, pine lands and cleared upland :

*For notes on soils of South Jersey, see Ann. Rep. of State Geologist, for 1879,
p. 113; Ann. Rep. of State Geologist, for 1886, pp. 90-94; First Ann. Rep. State
Board of Agriculture, 1884, pp. 23, 24,
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1. Oak 1And8..vvcerarssreersinserianrass srannsreinnaass 1,300,309 acres.
2. Pine 1andu...eseesnersessesinnerssrnesesisesnsnaenneens 486,000 acres.
3. Cleared UPland....ccoruemsirermmisiensns sssseseeens 438,208 ncres.

Assuming that nearly or all of the clearings are in the oak-land
belts, there would remain over 800,000 acres in forest which are
available for farms. Inasmuch as some of the clearings are in the
pine-land belts, it is safe to estimate the available area at 200,000
acres. Should all of the oak lands be put in farms, the forested areas
would still amount to 20 per cent. of the total upland. The distri-
bution of these available oak lands and the pine lands in the several
«<counties i3 shown on page 140 of this report.

¢ These uncleared lands constitute the largest body of undeveloped
wealth in the State, and they offer a most inviting field for those who
wish to get cheap farms and homes for themselves, and at the same
time retain the advantages which come from proximity to the great
business centers of the country.”*

The cutting off the timber on the oak lands and putting them all
into farms would, however, be disadvantageous to the country, on
account of the great stretches which, thus bared of all wind-breaks,
would be exposed to the full force of on-sweeping winds, and be more
liable to suffer from both drought and cold. For a fruit-raising
region, it is highly important that these possible drawbacks be avoided
and some belts of wood be retained. The pine-land belts are not so
situated as to afford this distribution of their shelter. They will be
left to wood-growing largely, and in tracts of large size. Their value
is now diminishing, in view of the low price of the wood which they
produce, and the insecurity of the standing timber because of the
danger from fires, State protection is opposed to our policy and
impracticable, hence it is suggested that the best and most efficient
way to deal with these pine lands is to encourage their distribution
among a greater number of owners, and the opening of farms and
clearings, which may serve as barriers to fires, and also enlist the ser-
vices of more owners interested in the protection of the wood. In

%Ann, Rep. State Geologist, for 1871, pp. 28, 24.
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this way it is believed that ravages of great spreading fires can be
much lessened and the timber on larger areas reach maturity, or at
least an age to make it of more value than the fire-scarred poles which
now make so unsightly a view over many miles of South Jersey.
Besides, the increased farm population on the cleared oak lands would
make a large force of natural protectors, where now both oak and
pine lands are swept over by fire with few to offer successful resistance
to it. In this way it is believed that the produets of the 400,000 or
more zcres of pine lands may be made to amount to as much as is
now obtained from the whole timbered area. The enhanced value
which must attach to the pine lands, thus protected, warrants the cost
of clearing the oak lands as an economic measure, and a part also of
a prudent forestry management. It is to this end that Mr. Coman’s
survey has been directed as initiatory and specific.

WATER-S8UPPLY AND WATER-POWER.

Warkgs-8urpLY.—The sources of available supply of wholesome:
water for domestic consumption have been referred to in the “Geology
of New Jersey,” published in 1868, and in several of the annual
reports since published. The importance of the subject has been
proven by the widespread demand for these reports, and for informa-
tion relative to the location of these sources of supply. The rapid
growth of population in the cities of the State also shows the import-
ance of accurate knowledge of the districts and streams which can
yield a supply of good water adequate to their needs. The supply
from deep-bored or artesian wells is a subject of inquiry in some
places, and the data then sought have reference to the possible exist-
ence of subterranean reservoirs or water-bearing horizons and their
depth below the surface of the ground. These inquiries come from
cities and towns seeking a public supply, and from individuals and
manufacturing establishments interested in getting either more water
or better quality than that of the common dug well or that of cisterns.
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storing rain-water. The improved sanitary arrangements of houses
both in eountry and in city cause a demand for an increasing supply
of wholesome water,

It has been one of the leading objects of the Geological Survey to
contribute that kind of information which may be helpful to the
people of the State in the development of its natural resources in
water. A short reference to some of its work in this direction is
here given to show what has been done and the relation of the data
put in print to the present needs of our population. One of the
earliest references to water-supply is in the “ Geology of New Jersey,”
published in 1868, in the chapter on © Water,” * in which the chemi-
cal apalyses were given, showing the composition of well-waters in
old-settled parts of cities, of waters from the Delaware, Passaic and
Raritan rivers, and from artesian wells. The results of these exami-
nations at that time were such as to show that the comparison between
these well-waters and “ the pure waters from streams is the best argu-
ment that can be made for the superior wholesomeness of the latter.”

The subject was introduced in the annual report of the State Geolo-
gist for 1874, with the following sentence: “Another of our natural
products that is coming to be of great value, is pure and wholesome
water.” 1 In that report the areas of the several drainage basins in
the Passaic water-shed were given, and their capacity for storage and
supply. The Delaware river and the streams of the southern part of
the State were also referred to in their relation to the needs of cities near
them. In the annual report for 1875 the subject was again discussed,
with references to analyses of polluted waters, and the possible dangers
in the use of waters gf doubtful purity. The question of a supply for
“ Newark, Jersey City and the other towns and villages in the thickly-
settled part of the State near New York City ” was again discussed,
and the necessity for another source than ihe Passaic was pointed out
as urgent.] The subject was studied in greater detail in 1876, at the

* Geology of New Jersey, Newark, 1868, pp. 701-708,
1 Ann. Rep. of the State Geologist, for 1874, p. 60.
1 Ann, Rep. of the State Geologist, for 1875, p. 31.
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request of a committee of the Mayors of Newark, Jersey City,
Hoboken, Bayonne, Orange, Bloomfield and Montclair, preferred
by the Governor as President of the Board of Managers of the
Geological Survey. Following this direction, Geo. W. Howell,
of Morristown, was employed by the State Geologist to make
a survey of the lakes and natural reservoirs of the Highlands.
Full statistics of the drainage areas and of the storage reservoir
sites and analyses of the Passaic waters were given in the report
for that year.,* Plans for supplying the several cities were indicated
in broad outline. A map of the Passaic river system accompanied
that report. The frequent references to it, the copious extracts from
it, and the demands for it show its value and the interest in‘the sub-
Ject of water-supply. The importance of a new supply for Newark
and Jersey City was set forth briefly in the annual report for 1878,
and that of the Upper Passaic was shown to be adequate to the needs
of a large population.t The report for 1881 had a short section
devoted to the subject.i In 1882 the topographic survey of the
State had progressed so far as to afford precise information about
the limits, slopes, character and areas of the several drainage basins
of the northern part of the State, and it was published in the report
for that year, supplemented by a reprint of descriptive notes on
the lakes and natural reservoirs contained in the report for 1876.§
Statistics of rainfall, of drainage-basin areas, analyses of Passaic
waters, and plans for supplying the larger cities and towns were given.
In 1887 it was stated that “ The topographic maps, 4 and 7, of the
Passaic water-shed, with its area and elevation, contain the informa-
tion which is sought by those inquiring into the garticulars desired in
a plan for a water-supply for these cities, and a study of them will
show the numerous and well-adapted localities which are available
for the storage and supply of water.”§ In the last annual report

* Ann. Rep. of the State Geologist, for 1876, pp. 13-50.
+ Ann. Rep. of the State Geologist, for 1880, pp. 93-97.
1 Ann. Rep. of the State (ieologist, for 1881, pp. 73, 74.
4 Ann. Rep,, 1882, pp. 96-132.

9 Ann. Rep., 1887, p. 25.
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made by the late Dr. Cook, are these words: “ At Little Falls al}
this water is in one stream, at an elevation of 158 feet above mean
tide. * * * * By going a few miles further up the siream
most of the water could be collected at an elevation of 250 feet, or
high enough to supply all of these cities by gravity. The quality of
this water is unquestionable in purity. It is mostly gathered from a
country which is mountainous, mostly in forest and likely to remain
so for a long time te come. As a substitute for the filthy water sup-
plied to almost half of the people of the State it is of incalculable
value, and there should be no delay in securing its health-giving bene-
fits.”* A clear presentation of the whole case and a strong argument,
and representing the result of years of patient and painstaking labor
summed up almost in a single sentence. These references to the
Geological Survey reports show what has been done by the State in
giving information of value upon this question of water-supply.
Under the wise and far-sighted direction of Dr. Cook the subject
was kept prominently beforg the people.

It would seem as if the State had done nearly all that was neces-
sary, so far as surveys of the territory capable of furnishing a public
water-supply were concerned. The study of the surface forma-
tions in the northern part of the State, which has been begun
recently, promises to give a more nearly correct knowledge of the
nature of the surface and of its forested covering, and its cleared
areas—and hence a more detailed survey with geological maps, show-
ing the surface deposits and their relations to the several streams which
flow from them. At this point the problem of water-supply to the
geveral cities is so related to engineering, business management and
inter-city and municipal control, that the Geological Survey of the
State finds here a proper limit to its investigations. It continues,
however, to be one of great public interest and importance, affecting
as it does about half of the population of the State, And the
question of an abundant supply of wholesome water in place of

* Ann. Rep. of the State Geologist, for 1889, p. 72.
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what is now unsatisfactory in quality, is one of sanitary import-
ance. In view of what has been referred to, as bearing on this
subject, it may be stated here that little more can be dome than
to emphasize the arguments of these reports and show the in-
creasing urgency of attention to it, because of the rapid increase
in our population and the prospective cities which are destined to
occupy the northeastern part of the State. The Upper Passaic valley
with its several streams is the natural source whence these cities
and towns are to be supplied with good water. The geologic struc-
ture and the geographic positions indicate it. The red sandstone
plain through which the lower Passaic flows, from Paterson to the
sea, ie so situated that it is to be covered by towns and cities and
by market-gardens, which cluster around centers of dense popula-
tions. Once an agricultural district, it has lost much of its older
character, and is to-day in process of transformation, and new towns
are springing up between the rapidly-approaching lines of the older
cities. Jersey City, Newark, Paterson angi Elizabeth will be so close
within a decade that the railway traveler may not recognize their
confines as he whirls across that part of the State. Bordering this
plain on the northwest there is an upland valley, almost completely
shut in by ranges of hills, in which are many beautiful sites for
suburban homes and for quiet villages, attractive to the smaller class
of people, who may live further from the toil of the city. Pompton,
Little Falls, Montville, Hanover, Caldwell, Chatham, Madison and
Morristown are in this valley. The density of population which it
is highly probable will mark this upper valley of the Middle Passaio
within a few years is opposed to it as good gathering-ground for a
city water-supply, and it is excluded from consideration on this
account. The extensive tracts of wet meadows {which will no doubt
be reclaimed a5 rich agricultural, and particularly as pasturage lands)
are ao undesirable feature in collecting water from it. Flanking this
valley on the north and west are the Highlands, a hill country, which
riges from 400 to 800 feet above it. A land of wooded hills, studded
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here and there with natural ponds and beautiful lakes, it is the ideal
territory on which to collect and store water for city use. Some of
its advantages may be stated. 1. Its geological structure is such
that there are many springs flowing out along the hillsides and
in its valleys which are of excellent water, and some of them are
noted for their tonic effects. The granitic, gneissic and quartzose
rocks, which make up the structure of the Highlands, afford better
water than is ebtainable from rock formations of adjacent territory
and of later geological age. The purity of waters of granitic rock
districts is almost a proverbial truth, 2. The large part of this
Highlands district which is in forest is remarkable in a country so
old settled and 8o near New York. Sixty-seven per cent. of the area
of the Passaic valley above Paterson is in forest. For its tributaries,
the following are the respective figures of percentages : *

Pompton river........ieiiciinnenineean... 69 per cent. in forest.
Ramapo river....couvcneisnnrscininn 72 % 8w
WADAGUS FIVer. i viein i ierniccisssernnens 88 % 6 80 @
Pequannock river............. eriieasessanterans 78 ¢ M@
Rockaway river.. ... 80 o o
Whippany Fiver..vcriinreirecscveen 36 % 8 8w
Pasgaic (above Chatham)........ccuivevvuvens 23 ¢« o« o u

Similar figures obtain for the water-sheds of other streams on the
Highlands west and south of the Passaic system. This forest
area offers little chance for pollution from agricultural operations
or from dense population. It iz not at all likely that the rain-
fall on this hill country will be affected injuriously, as is possible on
one which is deforested. In fact, the amount of precipitation
thereon is slightly greater than on one bare of forest. The con-
formations of the country with their wooded surfaces are conditions
favorable to the increase of precipitated moisture. No doubt the
rainfall is more uniformly distributed through the several calendar
months and the seasons than it is in the red sandstone plain to the

* Topography of New Jersey, Final Report, Vol. L, pp. 190, 191,
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southeast, or, in other words, the droughts are less severe. The sta-
tistics, so far as obtainable, seem to show that this favorable condition
exists. The hilly surface conduces to a more rapid loss by surface
drainage and to floods in its streams, but this drainage is in part
counteracted by the wooded condition of the surface. The well-
known absorptive tendency of forest mould, which holds back the
flow, as a sponge, is here largely active. The forests also tend to
prevent loss by evaporation from the surface, and the concentra-
tion of saline matters characteristic of surface-waters in times of
drought in a cleared country and on bare ground. The action of the
forests is therefore favorable to the quality as well as conducive to
quantity of steady flow. 3. The nature of the surfece is such as
to be almost prohibitory of agricultural development. The extent
in forest and the comparatively small percentage of the total area
in farms or under cultivation, is explained by the numerous rock
outcrops and the stony soil, where the ledges do not appear on the
surface. There is no other equal area in our Eastern States com-
parable with it excepting those on the same range in New York
and Pennsylvania and New England. The Bearfort and Green
Pond and Copperss mountains are as rough and rocky as the Sierra
Nevada or the Rocky mountains of our Western States, Their cul-
tivation in farms would seem to be an impossibility. Even for timber
they are almost forbidding because of difficulties of access. The
goeissic rock areas are less rocky in general, but the mantle of glacial
drift, which covers a large part of the gneissic strata, is almost as
forbidding to prospective cultivation as the rock outcrops or solid
ledges. The small fields with their wide stone rows for fencing show
the abundance of stone picked off the surface, and closer inspection
shows that in many cases the soil is still filled with stone, This
abundance of cobbles and bowlders makes tillage difficult, expensive
and undesirable, and, as a result, the farms are being devoted more
to pasturage than they were formerly. A part of the territory is
reverting to the forested condition. The ease of tilling lands else-
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where draws away the farmers from the toilsome labor of farming
such stony soils. The profits from the rapid growth of some kinds
of wood, notably the chestnut, on these stony hills, also operates
against their devotion to farming and to their clearing. This
unsuitability to agriculture makes the territory more desirable
a3 a source whence to draw a public water-supply. 4. A
remarkable advantage in these Highlands is in the number of
streams and in their geographic position. The geologic con-
formation which has determined their lines of drainage and their
water-sheds, is such that there are five principal or leading basins
emptying into the Passaic as they come out of the Highlands and
debouch on the Red Sandstone or the Upper Valley, as here termed.
The comparatively small size of these streams is unfavorable to the
concentration of large city populations about any mill-sites on them.
The growth of the town is offset by the decrease in the rural districts.
5. The small population on the Highlands conduces to the excellence
of the water and minimizes the dangers arising from possible polla-
tion through man’s agency. According to the census of 1890 there
are 75,000 inhabitants on the Passaic water-shed, above Paterson, or
about 3,000 increase in fifteen years, but the greater part of the in-
crease has been in the towns of the Middle Passaic and not in the
Highlands.*

There are some indirect advantages in making that part of the
State a gathering-ground whence to draw an abundant supply of water
which may be presented at this time. The preservation of the forests,
particularly on the steep mountain sides, and the enlargement of the
area in growing wood, might be of much value a8 a factor in climate.
Opportunities and desirable locations would be given for the beginning
of successful experiments in forestry, which might serve as valuable
examples to foresters and to land-owners of the whole State. The
judicious management of these protected woodlands would yield a
larger return in the form of forestry products than that which is now

* Croes & Howell; Report on Additional Water-Supply of Newark, 1869, pp. 15-17.
2
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obtained from these tracts of wood or from the farms on these stony
soils. The natural beauties of the Highlands offer advantages in the
location of natural parks and game preserves, which are deserving of
the attention of the crowded dwellers in the suburban districts and in
the great metropolis across the Hudson, The success of Tuxedo
Park, in the adjacent part of the Highlands, in New York, is sug-
gestive in this relation. There is room for a group of such parks,
easily accessible by railway lines from the cities and yet 8o situated as
to inclose secluded glens and bits of scenery as wild and as unim-
proved a8 any country in our middle Eastern States. Greenwood
lake, Lake Hopatcong, Budd’s lake, Green pond, Splitrock pond,
Macopin pond and Wawayanda lake are among the larger and more
widely-known sheets of water in this region. There are many smaller
natural lakes and lakelets which are set in picturesque landscapes and
attractive to the lover of scenery.

City and country may in this way hecome mutually helpful,
although the characteristic development of each one may be more
intense, and in lines peculiarly its own.

WatER-PowER.—The increasing scarcity of wood along the lines
of transportation, the cost of coal, and the urgent need of attention
to greater economy in some kinds of manufacturing work, are produc-
ing a notable tendency toward a more general and more efficient use
of the power which is to be had in the many streams of the State.
The more thorough utilization of the water-power heretofore allowed
to run idly away, or left in large part unused, is an 'important element
in the development of the resources of the State. A view of the
relief map shows that the streams of the Highlands fall rapidly and
afford many sites for power. The streams flowing out of the High-
lands and across the northern-central, or piedmont division of the
Btate, gather in volume as they cross the latter, and on them there are
notable water-powers, as at Paterson, Dundee and other points. In
the southern or coastal-plain division of the State there are many
streams, some of which as the Mullica, Great Egg Harbor, Maurice,
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Cohansey and Rancocas rivers, are large in volume, but generally the
descent of the streams in this part of the State is so slight that there
are fewer mill-sites than in the northern part of the State. Their
more equable flow is compensatory to some extent, affording a more
steady power throughout the whole year than that in the hill-country
streams, This equable flow has been discussed fully in the report of
Mr. Vermeule. The Delaware river, on our western border, is an
inter-state river, and flows out of the Highlands across the piedmont
and coastal-plain belts to the sea. It furnishes power at a few sites
in the State, but the aggregate thus utilized is a small part of what
could be had at any one of several sites, if the whole stream were putl
at work. An extract from the first annual report of the late Dr.
Cock is here pertinent. After referring to the advantages for loca-
tion of manufacturing towns in New Jersey, he says: *Take the
Delaware river as a source of power for driving machinery. Its
volume of water is immense even in the driest weather—greater by
far than the Merrimac at Lowell. Its fall from Port Jervis to Tren-
ton is not less than four hundred feet. * * * The power which
is here lying idle would, if improved, be sufficient to drive the
machinery of a Lowell every ten miles, would furnish profitable in-
vestment for millions of capital, and create a large and constant home
market for our farm * and market-garden products.” After the lapse
of 28 years, this note on the Delaware river has lost none of its
force; although it may be said that there are other interests which
affect the case and retard development, and difficulties arising from
inter-state relations which are in the way.

The use of water-power in the State has declined apparently within
the last half century, because of the change in the location of the
iron-making industry. The forges and furnaces which were located
on nearly all of the streams have disappeared, and in some places
they have not been replaced by other industries, but remain as aban-
doned mill-sites.

#Annusl Report of Prof. Geo. H. Cook, State Geologiat, for the year 1864, Tren-
ton, 1865, p. 20.
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The importance of accurate information on this subject, and the
need of it, is evident from the numerous inquiries which are made
concerning sites, capacity and availability of water-power. On
account of its practical importance, the subject of water-supply and
water-power has been made a separate study, and it has been decided
to give the results of this work in one volume of the series known
as the Final Report of the State Geologist. The necessary surveys
and studies and the preparation of the volume have been in charge of
C. C. Vermeule. They were begun in 1890. The census of the
water-powers in the northern part of the State, and the data obtained
from the measurement of stream-flows, with a discussion of the
relation of these flows to the amount and distribution of the rainfall,
evaporation, ground storage, floods and droughts, and storage in sur-
face reservoirs, were given in the annual report of the State Geologist
for that year. The work hss been carried forward throughout the
year. The canvass of mill-sites where water-power is used, has been
completed.

The data obtained from the period of observation on the flow of
streams and its relation to rainfall is discussed in this report. The
marked difference between the streams of the northern and southern
parts of the State is worthy of attention, and has a practical bearing
upon the important subjects of water-supply and water-power. The
two-year period of observation, which will be available for use in the
spring of 1892 for the final report, approximates closely to the normal
or standard which is had from a looger observing period. Climatio,
geologic and topographic features enter into the discussion of the
problem of flow, and the peculiarities of the streams in these measures
refiect the inflaences of these features of their water-sheds. The loss
by greater evaporation in the winter months in the case of the streams
in the southern part of the State, the heavier spring flows of those
of the northern and mountainous districts, and the more equable flow
of the former for the year, are noteworthy facts shown in the discus-
gion of these records in Mr. Vermeules report.
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The canvass of water-power has been completed, and the sites of
power thus utilized and those undeveloped are given in this report.
The power by industries, the increase of utilized power, its value and
importance to the development of the natural resources of the State,
are topics there discussed. . The aggregate value of the water-powers
and their improvements is put at $20,000,000. The further state-
ment that in the southern part of the State there is an aggregate of
6,000 horse-power unused in stream falls, is full of suggestive hints to
capitalists and workers in search of this kind of material help. The
importance of development at all of these unused sites to the sym-
metrical growth of population, and favorable to better social condi-
tions of the workers, is worthy of the attention of all of our people.
The highest degree of utilization of the water-power is an economy
in our stores of fuel as well as a saving of power now running away
and lost. The accessible lines of railway near or parallel to nearly
all of the larger streams of the State afford easy transportation to the
large cities on the borders. There is not a place within the State on
any of these streams which is not less than 100 miles of both Phila-
delphia and New York by existing railroads. Navigable waters are
at several of the larger stream-falls, and water-power sites—New
Brunswick, Trenton, Bridgeton, Millville and Mays Landing—are at
such meeting-points of tidal and river waters and at fall lines, '

The list of water-powers for the State is given, with kind of work
done, fall, horse-power utilized and ownership, that of the streams of
the northern part of the State being reprinted from the last annual
report. The list for the southern part of the State is complementary
in some degree to the notes on the undeveloped and cleared lands of
that part of the State, which also are given in this report. It shows
that the development of the stream-powers has gone on faster than
the clearing of the forest and the cultivation of the soil. The latter
is in great part untouched, except as it is robbed of its wood by cut-
ting or ravaged by fire. From the location of the power-sites on the
streams near tide-water and in the shore belt and near the better and
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more available farm lands there is 2n indication of their development,
as likely to help forward that of the land also. The light and more
sandy soils and pine lands farther in the interior and about the head-
waters of these streams, where there is little water-power, are indica-
tive of forest conditions as best suited to them. These interior and
more distant lands from navigable waters are needed in forest in order
to a preservation of that equable flow which now marks these streams
of the southern part of the State, and makes them valuable for water-
power on their lower reaches.

The fall report on water-supply and water-power is in course of
preparation and is to be published in 1892 as Volume III. of the
Final Report.

ARTESIAN WELLS.

Water-supply from artesian and deep wells is attracting more atten~
tion each succeeding year, and many inquiries are addressed to the
Geological Survey for information on the nature of the strata, posi-
tion of water-bearing beds or subterranean reservoirs, quality of water
to be had and volumes of flow, at localities in all parts of the State.
Bome notes on new wells, of which the Survey has had notice, are
given in this report, but no attempt to present a complete statement
of the wells put down during the year has been made.

In response to my request, Lewis Woolman, of Overbrook, Pa,,
has continued his investigations of water-bearing horizons in the
southern part of the State, and has prepared a short paper thereon,
with a few notes on wells in Philadelphia and Milford, Delaware.

This subject is of so great practical importance, and the discoveries
made in boring are so valuable helps in the study of geological struc-
ture, that a full report on our artesian wells is suggested as a proper
subject for the Geological Survey, and steps are being taken to obtain
complete records of well borings and suites of specimens to illustrate
the same. The co-operation of the firms engaged in sinking wells in
the State is earnestly asked to facilitate the work.
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DRAINAGE.

The Geological Survey is authorized and empowered by law to
make surveys and plans for drainage of tracts of land “subject to
overflow from freshets, or which are in a low, marshy, boggy or wet
condition,” on the application of at least five owners of separate lots
of land included in such wet tracts.*

Under the provisions of the laws on drainage, the Survey has been
enabled to prepare a plan for the improvement of the drainage by the
Pequest river through the Great Meadows, in Warren county. The
results there are such as to commend dratnage for the improvement of
other tracts in the State similarly situated. Of course all drainage
plans of this nature imply the necessity of constant watchfulness and
care that there may not be any impairment through obstructions in
the stream or unlawful interference with a free channel or water-way.
And the maintenance of the benefits accruing to any tract through
drainage improvements seems to demand the oversight of some com-
mon superintendence continned after the work of drainage has been
done.

The improvement of the channel of the Passaic river at Little
Falls, with the object of draining more efficiently the waters which
in times of flood cover a large part of the level lowlands in that
valley, has been in ¢harge of the commissioners of the Passaic drain-
age, appointed in pursuance of an act of the Legislature, and the plan
of drainage is that proposed by the Geological Survey and authorized
by this Board. The work in the channel below the falls is nearly all
done. There remains to deepen the cut near the dam and the removal
of the bar at Two Bridges. The report of Geo. W. Howell, one of
the commissioners, refers to the necessity of some changes which are
desirable in continuing the work. (See page 233.)

* This sct does not extend to lands flowed by tide. (See Aon. Rep. for 1888, pp. 49-60.)
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UNITED STATES GEOLOGICAL SURVEY WORK IN NEW JERSEY.

The U. 8. Geological Survey, in fulfillment of its promise to co-
operate with the State Survey, has begun the study of the crystalline
rocks of the Highlands of northern New Jersey, and the preparation
of the geological map of the areas occupied by these rocks. By
direetion of Hon, J, W. Powell, the work was put in charge of Prof,
R. Pumpelly. The field work has been under the more immediate
charge of Dr. J. E. Wolff. The difficulties in the way of the classi-
fication of the various rocks found in the distriet, and a correct differ-
entiation of the horizons represented has made it necessary to do some
preliminary work in a general survey of the whole district. The cor-
relation of these rocks with the crystalline schists of New England
and New York and the gneissoid rocks of Pennsylvania is studied to
advantage in connection with comparative examinations and surveys
of these extra-limital outcrops, and more easily by the U. S. Survey,
whose wider range of observation is better able to grasp all of the
facts. The experience and practical direction which Prof, Pumpelly
can give to this department leads to the confident expectation that the
results will be of great geological importance and of substantial
economic value to the State. The relation of these crystalline rocks
and the iron, zinc and other metallic ores, and minerals which occur
associated with them, is intimate. The discovery of the laws of their
occurrence must be of service in the search for new mineral localities
and new ore deposits. In the iron-mining districts it will be of great
impertance 1o ascertain what are the relations between the ores and
the various rocks in order to discover new ore-ranges or trace the con-
tinuation of ore-shoots beyond the limits of mines now actively
worked or nearly exhausted. The recent abandonment of two of the
large and historic iron mines of the State, and the apparent exhaus-
tion of others in the near future, show the want of practical help—
from geologic science—and accurate knowledge of the facts of occur-
rence which can he put to service by the miner and prospector.
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The work of the season has been in part to determine the areas
ocoupied by various rock outerops, and to prepare a detailed map of
these areas. The northern part of the Jenny Jump mountain range,
Warren county, the Alamuche mountain and the outcrops in Byram
and Andover townships, in Sussex county, and an area in the vicinity
of Mount Hope and Hibernia, in Morris county, have been mapped
in detail. The full geological maps cannot, however, be published
until the general survey of the district has been completed, and the
classification scheme determined. Al of this work is preparatory to
a complete geological map of the State on the scale of the topographic
survey atlas sheets.

PUBLICATIONS,

In consequence of the incompletion of the rooms for the Geologi-
<cal Survey in the State House, the distribution of its publications has
been continued at the New Brunswick office, under the direction of
Irving 8. Upson, the assistant in charge.

The demand for the volumes of the annual and final reports of
the State Geologist, as well as for the maps of the topographic atlas
increases from year to year, and demands daily attention. No addi-
tional volume of the final report series has been published, and the
limited edition of the first volume, upon the topography, magnetism
and climate of the State, is nearly exhausted, as are also most of the
annual reports previous to 1883.

The large edition of the clay report of 1878, for which there is
continuous demand, was burned in the State House fire of 1885, and
has not been reprinted. The Geological Survey has no oopies of
thia report for distribution.

It is the wish of the Geological Survey to complete, as far as pos-
sible, imperfect sets of its publications in the public libraries of New
Jersey and adjacent cities, and Mr. Upson will give correspondence
relative thereto immediate attention.

It is very gratifying to note the interest manifested in the Survey
by the increasing number of requests for its publications from intel-
ligent citizens throughout the State.
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OFFICE WORK.

The office work is largely correspondence and distribution of pub-
lications. The correspondence has an ever-widening range, as the
demand for information grows with the acquaintance with the opera-
tions of the Survey. Inquiries from citizens of the State are numer-
ous, and refer to all kinds of material sought for in mining, quarrying
and even in farming and manufactoring, to some extent. They are
anrwered as fully as possible by letter or by publications on the sub-
ject of inquiry. The subject of water-supply is prominent, Cities,
towns, factory-owners and individuals seek information on it. The
letters from capitalists outside of the State, who are looking for oppor-
tunities within our limits, are an important feature of the correspond-
ence. The State has so great advantages in location that citizens of”
other States and of foreign nations are studying closely all of our
reports, and noting chances for investment in our lands and mineral
products. And the Survey appears to be the bureau to which such
letters are addressed. While it is possible to answer these inquiries
officially without imparting much information and in a comparatively
short time, the careful attention given to them in the conscientious:
discharge of one’s duty requires much more time. It is believed that
the State gains by this attention to details in answering even individual
letters from those cutside of it.

The distribution of publications embraces (1) that to the pablic
schools of the Btate, paid for out of the School Fuud 5 (2) the distri-
bution of aunual reports and other publications to individuals, and
(3} the sale of maps of the Atlas of New Jersey. This work was
done from the office at New Brunswick, through a part of the year.
It is being transferred to Trenton as rapidly as is possible, in view of”
our restricted room at present. The sale of maps continues to be
large. Their usefulness is attested by this demand for them. The
annual reports are also in brisk demand, and the editions of all of the-
earlier reports are exhausted. The demand for the volume on topog-
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raphy and climate, of the final report, has so far reduced the size of
the edition that great care is exercised in the distribution. During
the year, Volume II., Part IL, has been distributed to all of the
public schools, thus completing that work to date. The Atlas of New
Jersey had been supplied to them in previous years. The time given
to the distribution is productive of valuable results. The dissemina-
tion of information is recognized as important, as its collection and
the prompt and widespread distribution of what is collected is appre-
ciated by the people.

REMOVAL.

The collections of geological specimens, ores, minerals, clays, marls,
goils and other material for the illustration of the geologic structure
and economic resources of the State, heretofore deposited at Rutgers
College, New Brunswick, have been removed to the State House,
Trenton. They are stored temporarily in the basement, and awaiting
the construction of cases for the new museum-room in the old library
part of the building.

The storage of maps and reports also is now at Trenton, excepting
a small part of the later editions of the Atlas of New Jersey, which
are distributed by sales from Mr. Upson’s office at New Brunswick.

In consequence of this removal the laboratory fixtures and chemicals
are in part packed away in cases, and the Survey is not equipped with
a chemical laboratory, and is not prepared to make assays or do
analytical work. At present the necessary chemical work has to be
done at a private laboratory, and is paid for out of the appropriation.
Many specimens which are sent in by citizens of the State and many
applications for chemical examinations have to be returned untested
and unanswered because of the want of a laboratory. Facilities for
doing such work are needed and are hoped for in connection with the
equipment of the State museum in the State House. The ability to
answer all inquiries in reference to the composition and value of ores,
minerals, marls, clays, soils, &c , occurring in the State will tend to
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the increase in the number of such inquiries which may come to the
office, and thereby be the means of distributing valuable information
promptly, and popularize the work of the Survey among the people
of the State,

STAFF OF THE BURVEY.

The working force of the Survey has been changed by the resigna-
tion of Frank L. Nason, Assistant Geologist, and by the engagement
of Rellin D. Salisbury as geologist in charge of the studies of the
surface or Pleistocene formations, Mr. Nason left at the beginning
of the field season, to accept an important position on the staff of the
Geological Survey of Missouri. The special work in'which he had
been employed is now being done by the United States Geological
Survey, in co-operation with the State Survey, and is under the direc-
tion of Prof, Raphael Pumpelly,

Prof. Balisbury, of the University of Wisconsin, and formerly in
the service of the United States Geological Survey, was engaged early
in June. He was in the field about two months, and was assisted by
Charles E. Peet, a student in geology.

Charles W. Coman, Assistant Geologist, spent nearly the whole of
the year in the southern part of the State, excepting three weeks in
the summer which were given to a reconnoissance along the Delaware
river in studying the river terraces of that valley,

Irving S. Upson, so long the efficient clerk of the late Dr. Cook,
has been retained as the financial clerk, ard has had charge of the
distribution of the publications from the office at New Brunswick.

C. C. Vermeule, Consulting Engineer and former Topographer of
the Burvey, has continued his work in preparing a report on water-
supply and water-power. He has also given some time to the proof-
reading and the revision of the editions of the sheets of the State
Topographic Atlas, .
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The United States Geological Survey, in its work in New Jersey,
has had Dr.J. E. Wolff, of Harvard University, in charge of the field
studies of the crystalline schists of the Highlands of the northern
part of the State, under the general direction of Prof. Pumpelly.
He has had several assistants with him.

Geo. C. Bullock, Alfred A. Cannon and Burton 8. Philbrook have
given a part of their time to the work of distribution, under Mr.
Upson, at the office at New Brunswick.

Hatfield Smith is retained as general assistant. He has given a
part of his time to the work of removal to Trenton.
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UNITED STATES GEOLOGICAL SURVEY WORK
IN NEW ]JERSEY.

[ —

UNITED STATES GEOLOGICAL SURVEY,

DEPARTMENT OF THE INTERIOR.
WasnINaToN, D. C., December 17th, 1891.

Dr. J. C. Smock, Stale Geologist, Trenton, N. J.:

81r—In accordance with the arrangement between the State Survey
of New Jersey and the U. 8. Geological Survey, for co-operative
work, the U. 8. Survey has carried on work upon the crystalline
schists as follows:

The work was placed under the general charge of Prof. R. Pum-
pelly and under the immediate direction of Dr. J. E. Wolff. Prof,
Pumpelly has been for many years in charge of & division haviog for
its field the crystalline rocks of New England, and Dr. Wolff has
been one of his principal assistants, The special assignment of this
work was made for the purpose of giving to the investigation in New
Jersey the advantage of the experience acquired in New England in
the study of similar rocks,

Dr. Wolff has been assisted for various periods by Mr, R. 8. Tarr,
Mr. L. G. Westgate, Dr. August F. Foerste and Mr. H. J. Rich-
mond.

The work has been directed to the accomplishment of two general
results—first, the discovery of the true classifieation of the formations
making up the crystalline area, and, second, the delineation on the
map of the boundaries of these formations, As the classification is
essential to the mapping, the first of these works might logically be
completed before beginning the second, but it was thought best to do

(81)
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as much as possible of the preliminary work of classification in such
manner as to furnish final data for areal delineation. Three of the
assistants were therefure employed in the delineation en maps of the
lithologic elements found in the districts assigned to them, marking
their boundaries upon the map in advance of the determination of
their classification and sequence, while Dr, Wolff himself was occu-
pied with the general examination of the formations of the district
and of the continuation of the belt into the State of New York. Dr,
Foerste was sent from point to point to search for fossils to be used
in the identification of metamorphic rock, and thus aid in the classifi-
cation of the formations.

The areas covered by the local detailed work indicated on the
accompanying map, are small, but they do not properly represent the
general progress of the work. As clearer ideas are obtained in regard
to the classification of the formations, the areal work will come to
consist of the tracing of a comparatively small number of boundaries
and will advance much more rapidly.

Yours, with respect,

J. W. POWELL,
Direclor,
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UNITED STATES COAST AND GEODETIC
SURVEY OF NEW JERSEY,
1891,

BY EDWARD A, BOWBER.

In the month of April an observing tower 64 feet high was built
at Colsons; and in June and the first half of July a reconnoissance
was made for opening vistas through the tree-tops from Colsons to
Taylors, Bridgeton, Burden and Lippincott.

On July 15th this reconnoissance was completed, and the measure-
ments of the horizontal angles at Colsons were begun, While these
measurements progressed, the vistas were cut through the tree-tops on
the lines from Colsons to Bridgeton and Taylor. Many of the trees
on the latter line were very large and from 90 to 125 feet high.

A careful search was made for the monuments at Lippincott, Burden
and Pine Mount stations, but they could not be found. Signals were
therefore erected at Lippincott and Burden as near the old stations as
we could tell, and observed upon from Colsons,

Granite monuments were get in hydraulic cement, at each of the
stations Colsons, Bridgeton, Taylor, Kellogg, and Russia, to mark the
center of the station. On September 5th the observations at Colsons
were completed, and the instruments were moved to New Brunswick.

In December the latitudes and longitudes of a number of points
were computed, including Colsons, Vineland Catholic Seminary,
Clayton Church and Whiglane.

The next stations to be occupied are Taylor, Lippincott and Bridge-
ton, requiring observing towers about 48, 16 and 64 feet high respec-
tively, and probably a long vista will have to be opened through the
tree-tops on the line Bridgeton-Burden.

If this work is continued this summer, it is desirable to build the
observing tower at Taylor during April or Juue, so as to be prepared

3 (38)
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to begin measuring angles at Taylor on July Ist. We should then
determine Lippincott during the summer of 1892, If there is an
allotment of $400 for the present fiscal year, for New Jersey, the
observing tower at Taylor can be built, and a part of the reconnois-
sance can be made before June 30th.
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A PRELIMINARY PAPER

ON DRIFT OR PLEISTOCENE FORMATIONS OF
" NEW JERSEY.

BY PROF. R. D. BALISBURY.

L

INTRODUCTORY.

The detailed survey of the Pleistocene (drift) formations of New
Jersey was begun about the first of July of the past summer. It is
the purpose of this survey to prepare maps which shall represent the
distribution and the relation of the various types of drift formed by
the ice, and by the waters emanating from i, during the glacial or
Pleistocene period. It is also the purpose of the survey to prepare
maps showing the distribution and relations of sueh other formations
as shall be found to exist within the State, which were made contem-
poraneously with the drift, or during any part of the Pleistocene
period.

The preparation of such maps involves much time and labor. No
more than a beginning has been made. Their preparation makes it
necessary to traverse practically the whole area of the State which
was receiving deposits, of whatever sort, during the Pleistocene period.
It will involve the careful study of the topography of each square
mile of the territory mapped, the study of the cuts made by railways
and roadways, the study of the excavations made in the process of
building, the construction of sewers, the laying of water and gas-
pipes, the sinking of wells, &c. The detailed results of the survey,
therefore, cannot be expacted to be ready for publication before much
time has been given to the work,

With each sectional map of the Pleistocene formations it is proposed
to publish a descriptive text, explaining and describing the nature of
the various formations mapped, the method by which they originated,

(85)
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their relations to each other and to underlying formations, and the
notable changes which they have undergone since their formation.
Along with such descriptions, which will be adequate to the under-
standing of the maps, and of the surface formations of the areas repre-
sented on the maps, there may be suggestions concerning the economic
significance of the formations,

Obligations contracted before this work wgs undertaken have
limited the time which has thus far been devoted to it. Of the two
months spent in the field, a considerable part was given to a general
reconnoissance of that part of the drift-bearing area adjacent to the
terminal moraine. Some of the general results of this reconnoissance
will be embodied in the general discussion which follows. Others are
of such a pature as not to be available for immediate publication,
though they will be of service in the further prosecution of detailed
work, and were necessary to it.

In addition to the work of reconnoissance, the detailed study and
mapping of the surface formations has been begun, and has covered
that part of Middlesex county which lies north of the Raritan, most
of Union county and the southeastern portion of Essex county. Since
the details of a scheme for mapping cannot be definitely fixed in ad-
vance of the work itself, it is probable that some portions of the area
already studied in detail, will need to be reviewed in the light of
facts which were subsequently developed. For this reason it is
thought advisable not to publish maps for any portion of the State
until a larger area has been studied. This plan will insure better
results in the end, though delaying the time of the first publication.

Under these circumstances it is deemed advisable to make this
report no more than a general discussion of the drift and of the
Pleistocene formations in general, with especial reference to the phe-
nomena of New Jersey. This report may therefore be regarded as in
some sense a preface to the more detailed reports which will follow,
when the work which must form their basis i3 completed.

According to the present basis of classification, the Pleistocene period
of geological history began with the first of the two or more glacial
epochs, during which the body of the drift which covers the northeastern
part of the United States was produced. All the formations laid down
upon the surface of the earth, at whatever point, during the Pleisto-
cene period, are Pleistocene formations. At first thought, this state-
ment of the case seems to give a definite basis for separating the
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formations which belong to the Pleistocene period from those of
earlier date, But a little consideration will make it clear that even so
definite a beginning as the advent of a glacial period might seem to
be, does not remove all difficulty in defining the earlier limit of the
Pleistocene period and of the Pleistocene deposits.

The especial feature of the ice period was an ice-sheet, But the
ice-sheet was not universal, and, at the outset, its proportions were
small. Its starting-point was a snow-field somewhere north of the
eastern part of the United States. From this snow-field, which was
its beginning, the ice-sheet extended itself until it covered the large
drift-bearing area of North America, Between the date of its incep-
tion and the date of its maximum expansion, there was a long interval
of time.

When the snow-field had been converted into an ice-field, as in
snow regions of to-day, and when the ice had begun to move out from
its center, after the fashion of glaciers of to-day, the Pleistocene period
was well begun in the regions where the ice existed. But at that time
the ice-sheet had in no direct way affected New Jersey, so far as her
geological formations are concerned, We have no knowledge that, at
the time the ice-sheet began its motion in the north, the course of
geological history in New Jersey was anything more than a continu-
ation of that which had preceded. No new chapter had begun,
though, as the sequel shows, the last one was drawiog to a close. The
formations which were being made in New Jersey at the time the ice
began its motion in Canada, bore none of the marks which the ice-
sheet was impressing upon the deposits which were making further
north. They bore none of-the marks of the Pleistocene formations
which were afterward made in New Jersey, when the ice had advanced
further south. Shall the formations made in New Jersey while the ice
was still confined to Canada, formations which were not influenced by
ice-action in aby direct way, be classed as Pleistocene ?

What is true of New Jersey is true of a wide range of territory.
The Pleistocene ice-sheet had an earlier existence in Canada than in
the United States. Did the Pleistocene period begin with the begin-
ning of the ice-sheet in Canada, or is it to be regarded as beginning in
any region when the influence of the ice-epoch first made itself felt in
the ongoings of geological history in that region?

Again, there were large areas which were never covered by the ice,
and whose formations, accumulated during the time when the ice existed
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further north, do not appear to have been influenced thereby. They
were made during Pleistocene time, as reckoned for the region further
north. But if the Pleistocene period began at different times in differ-
ent portions of the regions ultimately covered by the ice-sheet, and if
it is there difficult to determine just when it began, it is yet more
difficult to say, in regions never invaded by the ice and not directly
influaenced by it, when the Pleistocene began. It is difficult to deter-
mine the time relations of formations which have no community of
origin, and in which, or in one of which, fossils are not present. It
is extremely difficult, when, ir addition, they are so situated as to
sustain no stratigraphical relation to each other. From these consid-
erations it will be seen that the division between Pleistocene and Pre-
pleistocene is not so simple as it first seemed. Leaving the interesting
questions which here arise concerning the exact point of time at which
the Pleistocene began, it will be agreed that when the formations of
New Jersey, or any other region, began to be directly influenced by
the conditions of the ice-epoch, the Pleistocene history of such a region
was begun.

There is no evidence now in hand which indicates that ice ever
invaded southern New Jersey. But it cannot be doubted that geo-
logical history was there in progress while the ice lay further north.
Such deposits as were then makiog in southern New Jersey were of
Pleistocene age, and it is the business of the geologist to determine,
if posrible, the extent of such formations, and the manner in which
they were formed.

It may not be out of place to remark that the difficulty encountered
in attempting to draw the line of division between the Pleistocene and
Pre-pleistocene formations is no greater than that encountered in the
case of many other formations, The Pre-pleistocene formations graded
into the Pleistocene. There is not everywhere a sharp break between
them. The division between geological periods, in general, is of the
same character, It is not always, or generally, the sharp line which
it is popularly thought to be.

The Pleistocene formations of New Jersey embrace at least all
which were made by the ice in the northern part of the State, and all
which were made contemporaneously by water further south, whether
the depositing water arose from the melting of the ice, or whether it
was sea-water invading the territory now above its level, It is the
purpose of the survey to determine the nature and extent of the vari-
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ous classes of deposits made by different agencies during the Pleisto-
cene period, and to delineate them upon the maps. If there be
portions of the State, as may well be, where deposition was not taking
place during Pleistocene time, such areas would not appear upon maps
showing the Pleistocene formations only. The velue of such study
and mapping is manifold. They will have an important bearing
upon various questions which are of universal interest.

The availability of land for building sites is a matter of the first
importance to a State situated as New Jersey is. Already consider-
able areas, especially in the northeastern part of the State, have been
made use of for this purpose, and the future is sure to show still fur-
ther development in this direction, The availability of land for
building sites is dependent, to no inconsiderable extent, on the nature
of the surface formations. The nature of the subsoil, to the depth
reached by the foundations of buildings, by sewers, by water and gas-
pipes, is a matter which receives attention wherever new sites are
sought for building purposes. The local water-supply, as well as
surface-drainage, is often influenced, in kind and quantity, by the
depth and character of the surface formations, and no town or resi-
dence site is wisely selected without consideration of these questions.

Again, the surface formations inflaence, and often largely deter-
mine, the cost of constructing and maintaining good roads. The
surface formations, too, influence and often determine, not only the
nature and the character of the native vegetation available for orna-
mental purposes, but also the character of that which can be made to
flourish by cultivation. These considerations cannot but have an
influence, and sometimes a deciding influence, in determining the areas
likely to be chosen for residence purposes. These are considerations
which are of especial importance in the territory tributary to the great
metropolis. They are considerations which will receive more atten-
tion in the future than they have received in the past,

The value of land for agricultural purposes, as well as for all other
purposes to which land is put, is mainly dependent, apart from con-
siderations of climate, on the character of the soil and subsoil. Ina
general way, this will be shown by the Pleistocene maps, which will
therefore be directly serviceable to the agricultural interest of the
State. The value of maps of the surface formations for agricultural
purposes is much greater than may at first thought appear. It is
probable that progress in agricultural pursuits, in the immediate
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future, will be greater than at any time in the past. In this progress,
the knowledge which is to be its basis will be the results of experi-
ments among agriculturists. Experiments which prove to be suc-
cessful in one area, on a given kind of soil, will be likely to prove
successful in other regions where the soil is similar. The Pleistocene
maps will not be soil maps primarily, but they will so far indicate
the general character of the soil and subsoil, in indicating the geo-
logical formations that form them, that it will be possible to make
intelligent inferences concerning the areal limits within which the
successful results of experience in one region are likely to be profit-
ably extended. The results in this line, which it is possible to reach
by the intelligent use of geological data, have never yet been adequately
tested, but it seems reasonable to suppose that they may be very
considerable, .

The scientific and educational results which will follow, directly
and indirectly, from the prosecution of the work, if it be well done,
will be great, and will possess an interest and a value which will not
be bounded by the confies of the State. New Jersey has the honor
of being the first State to attempt a detailed mapping of its surface
formation. '

II

AN OUTLINE OF THE PLEISTOCENE (DRIFT) FORMATIONS OF
NEW JERSEY.

The Nature of the Drift.

The northern part of New Jersey is covered by a mantle of clay,
sand, gravel and bowlders, These various materials may be con-
fusedly mingled, or they may be more or less distinctly arranged in
layers, one above another. Any one of the above classes of material
may predominate over the others to any extent, or all may be agso-
ciated in approximately equal proportions. This aggregation of sur-
face material is called drift.

The thickness of the drift varies greatly, In some places it is so
thin that the underlying rock is frequently exposed. Much more
commonly it is eo thick that the rock upon which it rests is exposed
only where deep excavations have been made by natural or human
agencies. In still other regions the covering of drift is so massive
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that even deep wells fail to penetrate it to its base. These variations
in thickness may be great within short distances. It frequently
happens that one hill has barely drift enough to cover the rock, while
the next adjacent hill may be essentially composed of drift. The
drift may be thin on the hills, while it is deep in adjacent valleys, or
the reverse may be the case. Thicknesses of drift varying from
nothing to 100 feet may occur within a single equare mile, or even
within narrower limits. Within the city of Newark, for example,
quarries show but a few feet of drift, overlying the rock at certain
points, while at others, according to data derived from well-borings,
the drift appears to have a thickness of 200 feet or more. While
these variations in the thickness of the drift characterize certain
regions, they are not universal, Over large areas its thickness may
be nearly uniform, In such cases the depth of drift may be great or
small.

In the early days of geology this surface material, which often
effectually conceals the rock beneath, was commonly regarded as an
obstacle to the stady of the underlyiog formations, which were looked
upon as the proper field for geological investigations. So long as
this view concerning it prevailed, the drift received little attention.
But within recent years it has become the object of critical investiga-
tion, and there is perbaps no department of geology which is now
attracting a larger measure of popular and scientific attention, and no
department which has yielded, and is yielding, more important results,

It was long since recognized that the materials of the drift did not
originate where they now lie, and that, in consequence, they sustain no
genetic relationship to the strata which they overspread. Long be-
fore the drift received special attention at the hands of geologists, it
was well known that it had been transported from some other locality
to that where it now occurs. The early conception was that this
material had been drifted into its present position from some outside
source by water. Hence it was designated “ drift.” There are con-
clusive reasons for believing that water was not the transporting
agency, but the term * drift” is still retained. To clearly understand
the origin of the drift, and the method by which it came to 'be where
it is, it may be well to consider some elementary facts concerning
climate in its geological relationships, even at the risk of repeating
what is already familiar. '
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The Formation and Movements of Glacier Ice.

The temperature and the snowfall of a given region may stand in
such a relationship to each other that the summer’s heat may barely suf-
fice to melt the winter’s snows. If under these circumstances the an-
nual temperature were to be reduced, or the fall of snow increased, the
summer’s heat would fail to melt the winter’s snows, and some portion
of the snowfall would endure through the summer, and through sue-
cessive summers, and constitute a perennial snow-field. Were this
process once inaugurated, the depth of the snow would increase from
year to year. The area of the snow-field would extend itself at the
same time, since the snow-field would so far reduce the temperature
of the surrounding territory as to increase the proportion of the annual
precipitation which would there fall as snow. In the course of time,
and under favorable conditions, the area of the snow-field would attain
great dimensions, and the depth of the snow would become very great.

As in the case of snow-fields of to-day, the lower part of the snow-
mass would eventually be converted into ice. Two factors would
be effective in accomplishing thisresult. 1. The pressure of the over-
lying snow would tend to compact the lower portions of the snow into
ice. 2. Water, arising from the melting of the surface snow by the
sun’s heat, would percolate through the superficial layers of the snow,
and, freezing below, would take the form of ice. By these means the
snow-field becomes an ice-field, the snow being restricted to its super-
ficial parts.

Eventually the increase in the depth of the snow will give rise to
new phenomena. Let us suppose that, in the case of a given snow-
field, the depth of snow or ice is greatest at its center, and that its
thickness gradually diminishes toward its edges. The field of snow,
if resting on a level base, would have some such form as that repre-
sented in the diagram.

e T £

Fig. 1.

a, b, level roek ~urfaes om which the snow and ice accumulate ; r, the snow and {ce
accumulated on the rock surfoce.

When the thickness of the ice has become considerable it is evident
that the pressure upon its lower parts will be great. We are wont to

NEW JERSEY GEOLOGICAL SURVEY



THE STATE GEOLOGIST. 43

think of ice as a brittle solid. If in its place we had some slightly
plastic body, which would yield to pressure, it is evident that the
weight of the overlying portions would press out the lower parts of
the mass, and that these would extend themselves in all directions by
a sort of flowing motion.

Under great pressure many substances which otherwise appear to
be solid exhibit the characteristics of plastic bodies. Among the
substances exhibiting this property ice is perhaps best known.  Brittle
and resistant as it seems, it may be moulded into almost any desired
form if subjected to sufficient pressure, steadily applied through long
intervals of time. The changes of form which may thus be produced
in ice are brought about without visible fractures in its mass. Con-
cerning the exact nature of the movement which takes place between
the particles of ice there may be some question, but the result appears
to be just such as might be brought about if the ice were capable of
flowing, with extreme slowness, under great pressure continuously
applied.

In the ice-field supposed we have the conditions for great pressure
and for its continuous application. If the ice be capable of mation,
as a plastic body, the result would be that the great weight of ice,
pressing down upon the lower parts of the ice-field, would indace a
gradual movement of the ice outward from the center of the field,
so that areas surrounding the region of snow accumulation would
gradually be encroached upon by the spreading of the ice. Observa-
tion shows that this is what takes place in every snow-field of suf-
ficiently great extent and depth. Motion thus brought about is
glacier motion, and ice thus moving is glacier ice.

Two factors wounld determine the limit to which the ice would
extend itself: 1, The rate at which it advances, and 2. The rate at
which the advancing edge is wasted. The rate of advance would
depend upon several conditions, one of which, in all cases, would be
the amount of pressure of the ice-mass which started and which per-
petuates the motion. If the pressure be increased, the ice will
advance more rapidly. If the ice advance more rapidly, it will
advance further before it is melted. Other things remaining con-
stant, therefore, increase of pressure will cause the ice-sheet to extend
itself further from the center of motion. Increase of snowfall will
increase the pressure of the snow- and ice-field by increasing its mass.
If, therefore, the precipitation over a given snow-field be increased for
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a period of years, the ice-sheet’s marginal motion will be accelerated
and its area enlarged. A decrease of precipitation, taken in connec-
tion with unchanged wastage, would decrease the pressure of the ice
and retard its movement., If, while the rate of advance diminished,
the rate of wastage remained constant, the edge of the ice would
recede, and the snow- and ice-field would be contracted.

The rate at which the edge of the advancing ice will be wasted
will depend largely upon the climate. If, while the rate of advance
remains constant, the climate becomes warmer, the melting will be
more rapid, and the ratio between melting and advance will be increased.
The edge of the ice will therefore recede. The same result will follow,
if, while temperature remains constant, the atmosphere becomes drier,
since this will increase the wastage of the ice by evaporation.
Were the climate to become warmer and drier at the same time, the
rate of recession of the ice would be greater than if but one of these
changes occurred.

If, on the other hand, the temperature over and about the ice-field
be lowered, melting will be diminished, and if the rate of flowage be
constant, the edge of the ice will advance further than under the
earlier condition of temperature, since it has more time to advance
before it is melted. An increase in the humidity of the atmosphere,
while the temperature remains constant, will produce the same result,
since increased humidity of the atmosphere diminishes evaporation,
A decrease of temperature decreasing the melting, and an increase in
humidity decreasing the evaporation, wonld cause the ice to advance
farther than either change alone would do, since by both changes
wastage is diminished.

If, at the same time that conditions so change as to increase the
rate of movement of the ice, the climatic capditions so change as to
reduce the rate of wastage, the advance of the ice before it is melted
will be greater than when only one set of conditions is altered. If,
instead of favoring advance, the two series of conditions conspire to
cause the ice to recede, the recession will, likewise, be greater than
when but one set of conditions is favorable thereto.

Greenland affords an example of the conditions here described. A
large part of the half million square miles which this body of land
is estimated to contain, is covered by a vast sheet of snow and ice,
hundreds and thousands of feet in thickness. In this field of ice
and snow there is a continuous, though very slow movement. The
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ice creeps slowly out from the heart of the icy continent, by a sort of
flowing motion, and advances to the south and east and west until it
reaches territory where the climate is such as to waste (melt and
evaporate) the ice as rapidly as it advances. The edge of the ice
does not remain fixed in position. There is reason to believe that it
alternately advances and retreats, according as the ratio between flow
and waste increases or decreases. These oscillations in position are
doubtless connected with climatic changes. When the ice edge retreats
this may be because the rate of ice wastage is increased, or because
the snowfall is decreased. Incressed wastage may accompany in-
creased precipitation, when the recession will be greater than when
but one of the two is operating. In any case when the ice recedes
from the coast, it recedes until its edge reaches a position where the
melting is less rapid than in its former position, and where the ad-
~vance is exactly counterbalanced by the wastage. This represents a
condition of equilibrium so far as the edge of the ice is concerned,
and here the edge of the ice will remain stationary so long as the con-
ditions are unchanged.

When for a period of years the rate of melting of the ice is dimiy-
ished or the snowfall increased, or both, the ice edge advances to a
new line where melting is more rapid than at its former edge. The
edge of the ice will ultimately reach a position where waste and ad-
vance balance each other, and here its advance will cease, and here
the edge of the ice will remain so long as climatic conditions remain
unchanged. If the conditions determining melting and flowage be
continually changing, the ice edge will not find a position of equili-
brium, but will advance when conditions are favorable for advance,
and will retreat when the conditions for advance are reversed.

Not only the edge of the ice in Greenland, but the ends of existing
mountain glaciers as well, are subject to these fluctuations, and are
delicate indicators of changes of climate in the ice regions where they
oceur.

The Work Effected by Glacier Ice.

As the edge of an ice-sheet, or as the end of a glacier, retreats, the
land which it has previously covered is laid bare, and the effects
which the passage of the ice has had may be secen, Some existing
glaciers and ice-fields are now diminishing in size, and are therefore
surrounded by areas which they recently occupied. In some cases
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one may actually go back under the ice now in motion, and see its
method of work and the results it is accomplishing. The beds of
living glaciers and beds which they have but recently abandoned, are
found to present identical features. Because of their greater accessi-
bility, the latter offer the better facilities for determining the effects
of glaciation.

The conspicuous phenomena of abandoned glacier-beds fall into
two classes: 1. Those which pertain to the bed-rock over which the
ice moved, #nd 2. Those which pertain to the deposits of loose debris

made by the ice,

1. Ejffects of the ice on the bed-rock.—The leading features of the
rock-bed over which glacier ice has moved, are easily recognized.
Its surface is generally smoothed and polished, and frequently
marked by lines (stris) or grooves, parallel to one another. An'
examination of the under surface of a living glacier, such as may be
made from many s subglacial ice-cave, discloses the method by
which the polishing and scouring are accomplished. The lower sur-
face of the ice is seen to be thickly set with a quantity of clay, sand,
and stony material of all grades of coarseness and fineness. Still
more of the same material is pushed along beneath the ice. These
earthy and stony materials in the lower portion of the ice, and
beneath it, are the tools with which it works.

Thus rock-shed, the glacier ice moves slowly forward, resting
down upon the surfaces over which it passes, with the whole weight
of its mass. The grinding action between the stony layer at the
base of the ice and the rock-bed over which the glacier moves is
most powerful, If the material forced along over the surface of the
rock, under the pressure of the ice, be fine, like clay, the rock-hed is
polished. If coarser materials, harder than the bed-rock, be mingled
with the fine, the rock-bed of the glacier will be striated as well as
polished, If bowlders exist beneath the ice, or in its base, these may
cut grooves or gouges in the underlying rock. The grooves may
subsequently be polished by the passage of clay over and through
them, under the pressure of the ice.

All these phases of rock wear may be seen beneath glaciers, where
circumstances are favorable for observation, and about the termini of
receding glaciers, on territory which they have but recently aban-
doned. There can thus be no possible doubt as to the origin of the
polishing, planing and scouring.
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There are other peculiarities less easily defined, which characterize
the surface of glaciers’ beds. The wear effected by the ice is not con-
fined to a mere marking of the surface over which it passes, If
prominences of rock exist in the path of glaciers, as is often the case,
such obstacles oppose great resistance to the movement of the ice, and
receive a corresponding measure of abrasion from it, They receive
their greatest wear on the sides which oppose the current, Because
the ice is so slightly viscous, it will not rest on the lee side of a
prominence with the same pressure as upon the opposite (*stoss”)
side. That side of an obstacle, as a hill, which faces the direction in
which the glacier is moving, will therefore suffer most wear. All
roughnesses of surface and all projecting angles will be pressed upon
with especial force, and in the course of time they will be worn or
broken off. In time, rock prominences overridden by the ice will
come to have not merely polished and striated surfaces, but rounded
forms, exhibiting most wear on the sides which front the motion of
the ice. Even the minor rugosities of a glacier’s bed will suffer wear
in a similar manner, and, until entirely effaced, will present sifnilar
forms,

AL

L

Pig. 2.

Form of hill after it haa been worn by the ice. The movement of tho ice was
fromatob. aisthe *“stoss’ side,

So distinctive are the striations and planations accomplished by
glacier ice, and so characteristic the topographic forms it produces,
that, once they are familiar, they become the means by which the
former extenston of glaciers may be measured, and by which the
former existence of glaciers, in areas now altogether free from them,
may be demonstrated.

2. Characteristics of glacial drift—When the ice of any given
glacier began its motion, it did not carry the stony and earthy
materials that may be observed in the basal parts of glaciers which
have advanced some distance from their source. The materials carried
in the lower part of the ice and pushed along beneath it, have been
derived from the soil and rock over which the ice has moved. When
the ice melts, these materials are left as an irregnlar covering on the
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bed-rock over which it earlier passed. This covering represents the
material which the ice gathered in its course, and carried in the direc-
tion of its movement, Its position marks the spot where the power
of the ice for further transport failed. When the ice has disappeared,
the whole surface previously occupied by it may be strewn with ice-
transported debris. This material is known as glacial drift. From
the method by which it has been gathered it is evident that it may
contain fragments of rock of every variety which occurs along the
course of the path followed by the ice. If the course of the glacier
has been a long one, or if there be frequent changes in the character
of the rock constituting its bed, the variety of materials in the drift
may be great. The heterogeneity of the drift arising from the
diverse nature of the rocks which contribute to it may be called
lithological heterogeneity—a term which implies the commingling of
materials derived from rock formations of different characters. Thus,
it is common to find large and small fragments of shale, sandstone,
limestone, granite, gneiss, schist, trap, &c., intimately commingled in
the Urift, wherever the ice which produced it passed over forma-
tions of these several rocks. Lithological heterogeneity is one of the
notable characteristics of glacial formations.

Besides lithological heterogeneity, there is a physical heterogeneity,
which owes its origin to the mechanical action of the ice. As first gath-
ered from the bed of the moving ice, some of the materials are fine and
some are coarse. The action of the ice in all cases is to reduce its
underload to a still finer state. Some of the softer materials, as soft
shale, may be crushed or ground to a powder. This constitutes what
is known in common parlance as clay ; not such clay as is used for the
manufacture of pottery, but such as constitutes many of our clayey
subsoils. Clayey material is likewise produced by the grinding action
of ice-carried bowlders upon the rock-bed, and upon each other, when
they are too resistant to be reduced bodily to the physical condition of
clay. Other materials, such as soft sandstone, may be reduced to the
physical condition of sand, instead of clay, and from sand to bowlders
all grades of coarseness and fineness are represented in the glacial

_ drift,

Since the ice does not assort the material which it carries, as water
does, the clay and sand and gravel and bowlders will not, by the
action of the ice, be separated from one another. As left by the ice,
these physically heterogeneous materials are confusedly commingled.
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The finer parts constitute a matrix in which the coarser are imbedded.
Physical heterogeneity, therefore, is another characteristic of glacial
drift. Tt is not to be understood that the proportions of these various
physical elements, clay, sand, gravel, and bowlders, areat all constant.
Liocally, any one of these physical elements may be more abundant
than the others, may even so far predominate as to nearly or quite
exclude some or all of them. (See Plates I. and II.)

Since lithological and physical heterogeneity are characteristics of
glacial drift, they constitute, together, a feature which is often of ser-
vice in distinguishing glacial drift from other surface formations. It
follows that this double heterogeneity constitutes a feature which can
be utilized in determining the former extension of existing glaciers,
as well as the former existence of glaciers where glaciers do not now
exist.

Another characteristic of glacial drift, and one which clearly dis-
tinguishes it from ali other formations with which it might be con-
founded, is easily understood from its method of formation. If the
ice in its motion holds down rock debris upon the rock surface over
which it passes, with such pressure as to polish and striate such sur-
face, the material thus used as a tool will itself suffer wear, comparable
to that which it infliets on the surface over which it passes. Thus.
the stones, large and small, of glacial drift, will be smoothed and
striated, This sort of wear on the transported blocks of rock, is
effected both by the bed-rock reacting on the bowlders transported
over it, and by bowlders acting on each other in and under the ice.
The wear of bowlders by bowlders is effected wherever adjacent ones
are carried along at different rates. Since the rate of motion of the
ice is different in different parts of the glacier, the mutual abrasion of
transported materials is a process constantly in operation. A large
proportion of the transported stone .and blocks of rock may thus
eventually become striated.

From the nature of the wear to which the stones are subjected when
carried in the base of the ice or beneath it, it is easy to understand
that their shapes must be different from those of water-worn materials.
The latter are rolled over and over, and thus lose all their angles and
assume a more or less rounded form, The former, held more or less
firmly in the ice or beneath it, and pressed against the underlying
rock or rock debris while they are carried slowly forward, have their
faces planed and striated. The planation and striation of a stone need

4
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not be confined to its under side. On either side or above it other
stones, moving at different rates, are made to abrade it, so that its top
and sides may be planed and scored. If the ice-carried stones shift
their positions, as they may under various circumstances, new faces
will be worn. The new face thus planed off may meet those which
already existed at sharp angles, altogether unlike anything which
water-wear is capable of producing. The stone thus acted upon
shows a surface bounded by planes and more or less beveled, instead
of a rounded surface such as water-wear produces, We find, then, in
the shape of the bowlders and smaller stones of the drift, and in the
markings upon their surfaces, additional criteria for the identification
of glacier drift.

Pig. 8.

Illustreting forms of glaclated stone. The sub-angularity, and ln some cases cven the sharp
angularity, distinguish these pebbles from those worn by water. The smoothness of some of
the flat surfacer {s no less eharacteristic than the forms of the pebbles,

Of the specific features which have been enumerated as characteriz-
ing territory over which ice has passed, but which it has now
abandoned, viz., (1) the lithological and (2) the physical heterogeneity
of the surface material ; (3) the shape of and (4) the markings on the
stone which constitute one element of the surface deposits; (5) the
smoothing and striating of the bed-rock beneath the same, and (6)
the form of the underlying rock-prominences (certain ones alone) may,
under proper circumstances, be sufficient to demonstrate the former
presence of ice. But it generally happens that where one of these
marks is found some or all of the others accompany it, and in such
cases the evidence of former ice occupancy is overwhelming.

Taken singly, the individual phenomena noted above may be
imitated by the work of other agencies. There are other agents than
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glacier ice which may striate bed-rock, and bowlders as well. In
special cases striee produced by other means may closely simulate
those made by glaciers, though the difference may generally be detected
without difficulty by discriminating cobservation. So, too, confused
deposits of materials of varying degrees of coarseness and fineness
may be made by other agencies than glaciers. But such deposits
will lack the other associated marks which characterize glacier forma-
tions.

The markings on the rock which once constituted a glacier’s bed ;
the form or topography of its prominences; the heterogeneity, both
lithologieal and physical, of its deposits ; the striation and form of
the ice-transported materials, taken together, constitute a volume of
testimony whose meaning cannot be mistaken. Where these several
features co-exist it may safely be concluded that glaciers have existed.
Conversely, where glaciers have existed, some or all these features
will testify to their former presence. This being true, it becomes
possible to determine, as in Switzerland and Norway, how far existing
glaciers have receded in recent times. It becomes possible also to
determine the former existence of ice, wherever it has acted with force
in recent geological times, even though no glaciers remain. The
qualification as to time is to be constantly borne in mind, for in the
course of the ages evén the most distinct signs of glaciation may be
obliterated. The winds and frosts, the rains and streams, working
copjointly, may destroy the polished surfaces of the rock and the
smooth contours of its hills. They may destroy the physical
heterogeneity of the drift by reducing it all to fineness, or they may
carry it away to some new resting place, destroying its distinctively
glacial marks in the process.

The foregoing are not the only marks of abandoned glacier-beds.
They are but the simplest and most easily-applicable criteria. There
are other marks of glaciation, some of which are less susceptible of
brief statement, and some of which are of less universal application,
The foregoing are sufficient for our present purpose.

‘CRITERIA OF GLACIATION APPLIED TO NEW JERSEY AND ADJACERT

TERRITORY,

Northern New Jersey presents all the phenomena here described.
At many places within the Highland region of the State, the surface
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of the rock shows planation and striation, identical, in all essential
respects, with the planation and striation produced by the moving ice-
sheets and glaciers of to-day, and the rock-hills: frequently show the
peculiar form which is characteristic of ice-wear. Overlying these
worn and polished surfaces of rock, there is the formation of drift,
lithologically and physically heterogeneous, composed in part of mate-
rials transported from other and distant regions to that in which they
now occur. The rock masses, great and small, of which the drift is
largely made up, frequently possess the forms and the surface mark-
ings which characterize the materials deposited by glaciers at the
present time, In many cases, the direction whence the bowlders have
come is known, and the direction of transport corresponds with the
direction of striz upon the bed-rock. These phenomena, as well as
many others scarcely less conclusive, leave little room for doubt
that the region where they occur has been at some time covered by
glacier ice.

The phenomena of New Jersey do not stand alone. They are
similar to those of & very large area in the northeastern portion of the
United States. Over the whole of the area where these phenomena
oceur it is believed that glacier ice once extended. To have covered
so wide an area, including mountains and highlands, as, well as
valleys, the ice must have had such an areal extent that it is common
to speak of it as a continental ice-sheet, rather than as a glacier, com-
parable to those of mountain valleys at the present time.

In New Jersey the direction of movement of this ice-sheet, as
shown by the striee, by the contours of the rock-hills, and by the
direction in which the material has been transported, was east of
south. Loeally, the direction of ice movement departed from the
general direction here indicated. Such variations appear to have been
the result of local topographic influences. In New England the
direction of movement departs still further from the meridional
line, West of New Jersey the movement of the ice was at firat
more nearly to the south, while in the interior of the continent it was,
in general, somewhat west of south,

If these varying directions of movement be followed back toward
their source, they seem to radiate from an area north of the eastern
portion of the United States. From an area in this part of the con-
tinent which seemed to serve as a center of dispersal, the ice moved to
the southeast, south and southwest, as shown by the phenomena of
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stris and transportation in the United States. The phenomena of the
region further to the north show that there were also movements in
other directions from this general center of distribution, but it is not
to our purpose to enter into details concerning them.

SUMMARY STATEMENT OF THE DEVELOPMENT AND MOVEMENTS
OF THE NORTH AMERICAN ICE-SHEET AND THE
WORK WHICH IT ACCOMPLISHED.

The Area of the Toe-Sheet.

In an area north of the eastern part of the United States it is be-
lieved that an ice-sheet similar to that which now covers Greenland,
accumulated in time past, From this area as a center, it spread in
all directions, urged forward by the pressure of the ice and snow
within the area of acoumulation. From the Canadian territory the
ice invaded the territory of the United States, and overspread nearly
the whole of New York and considerable portions of New Jersey and
Pennsylvania. To the east, New England was buried by the ice.
To the west, its southern extension was still greater. It crossed the
Ohio river in the vicinity of Cincinnati, and pushed out wpon the
uplands a few miles south of the river valley. Further west, its
margin lay in southern Indiana, and reached nearly to the southern
point of Ilinois. "West of the Mississippi, the line which marks the
limit of its advance curves to the northward, and follows, in a general
way, the course of the Missouri river.

The total area of the North American ice-sheet, at the time of its
maximum expansion, has been estimated to be something like
4,000,000 square miles, and about thirteen times as large as the esti-
mated area of the snow-field of Greenland at the present day. To
have afforded the pressure requisite to such extensive movement, the
ice must have possessed a thickness of many thousand feet at its
center.

The Mobility of the Ice.

To a clear understanding of the work accomplished by glaciers,
and especially of the formations made by them, definite conceptions
of the nature and method of ice movement, and of the work which
this movement effects, are necessary. The nearly-universal notion of
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the rigidity of ice, based on the phenomena of ice as ordinarily seen,
is likely to lead to erroneous conceptions concerning the work of
glaciers and ice-sheets,

It belongs to viscous bodies, when in motion, to adapt themselves
to the irregularities of form of the channels or beds over which they
move. The degree of adaptation will depend primarily upon the
degree of mobility of the plastic body. It belongs to rigid bodies in
motion over irregular surfaces to adapt their beds to themselves.
Their tendency is to plane off such irregularities of surface as they
meet, An obstacle which opposes a perfectly-rigid body will either
stop it altogether, or will be overcome by it.

Between viecous and rigid hodies there is no sharp line to be drawn.
The terms are relative. There are all degrees of rigidity and viscosity,.
and the substance which, under one set of conditions, seems to be per-
fectly rigid, may show itself to be viscous when conditions are suffi-
ciently changed. The same body or substance may exhibit different
degrees of viscosity under different circumstances, Such substances.
as tar, whose viscosity varies with temperature, are familiar illustra-
tions. A viscous body with but a slight degree of internal mobility
may so far approach rigidity that, when in motion, it exerts great
pressure against any oppoging body, and is reacted upon by it, in turn,
with great force before its particles move upon each other in such wise:
as to reveal its viscosity. Moving bodies of viscous nature exert their
greatest pressure against that side of an opposing object which faces
the direction of their motion—that is, the struck, or “stoss’ side.
The disparity between the force exerted on this and other sides of
the opposing body increases as the viscous body approaches rigidity.

In spite of its seemingly solid and brittle character, ice is viscous,
or at any rate behaves as a viscous body when under great pressure,
The degree of mobility of its particles is so slight, that ice in the form
of a glacier does not readily yield to opposing obstacles, and, unless
they be very resistant, may overcome them. If they be sufficiently
resistant, however, and if the pressure behind the moving ice be
powerful enough, it will move over or around them. But so grudg-
ingly does the moving ice yield its right of way, and so reluctantly
does it conform to irregularities in its path, that prominences are
likely to suffer great abrasion from the passage of theice. Ice appears
to yield more readily uader certain circumstances than under others.
Glaciers move more freely in summer than in winter, Whether this.
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is the result of increased mobility of the ice itself, or the effect of the
greater amount of water contained in the ice, and produced by its
melting, or whether it is the result of both these conditions, is an open
question, Certainly the ice seems to have acted with much greater
rigidity in some places than in others. This apparent difference is
doubtless due in part to the differences in the amount of resistance
opposed. It may also be due in part to variations in the mobility of
the ice itself. ~

The Preglacial Land Surface.

Before the time of the ice invasion, the surface which it over-
spread had long been exposed to the common processes of degrada-
tion. It had been cut into valleys and ridges by the streams, and the
ridges had been further dissected into hills. It is certain that its topog-
raphy was comparable to that of many regions now known to us,
over which the ice did not spread.

The characteristic features of a topography fashloned by running
water are such as to mark it clearly from surfaces fashioned by other
agencies. Rivers end at the sea (or in lakes). Generally speaking,
every point at the bottom of a river’s valley is higher than any other
point in the bottom of the same valley nearer the sea, and lower than
any other point correspondingly situated farther from the sea. This
follows from the fact that rivers make their own valleys for the most
part, and a river’s course is necessarily downward. This statement
does not take into account the minor roughnesses of a stream’s
channel, or the lakes which may occur in its course. Such excep-
tions are so slight, or so rare, as not to merit consideration here. In
a region of erosion topography the main valleys lead directly down
to thesea. Tributary valleys lead down to their mains, and secondary
tributaries lead down to the first, and so on. Or to state the same
thing in reverse order, in every region where the surface configura-
tion has been determined by rain and river erosion, every gully and
every ravine descends to a valley. The smaller valleys descend to
larger and lower ones, which in turn descend to those still larger and
lower. The lowest valley of a system ends at the ees, so that the
valley which joins the sea is the last member of the series of erosion
channels, of which the ravines and gullies are the first. It will thus
be seen that all depressions in the surface, worn out by rivers, lead
down to lower ones. The surface of a region sculptured by rivers is
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therefore marked by deeper and shallower valleys and intervening
ridges and hills, the slopes of which descend to the valleys. It fol-
lows that the surface is well drained. Ponds and lakes, as well as
basin-like depressions without water, are absent or rare, The surface
of the driftless area of southwestern Wisconsin, an area surrounded
by the ice, but not covered by it, is 2 good illustration of the surface
configuration developed by rain and running water. Other regions
altogether beyond the limit of ice advance present the same general
features. Such was the surface configuration of the drift-covered
region in general, and of northern New Jersey in particular, before
the ice invaded it. The details of its topography had been deter-
mined by river erosion.

The preglacial surface, characterized by hills and valleys, was
doubtless overspread to a depth of several feet by a mantle of soil and
earth which had resulted from the decomposition of underlying rock.
This earthy material doubtless contained fragments and even large
masses of rock like that beneath. These fragments and masses had
escaped disintegration because of their greater resistance, while the
surronnding rock had been destroyed. Such masses of roek charac-
terize most soils and surface earths arising from the decomposition of
underlying rock.

Fig. 4.

Diugram llustrating the relation of roek to the overlying soil derived Ly decompesition
from it.  The upper surface of the rock s irregular and much decomposed, and the overlylug
earth tilis all the erpcks.

The topography and the surface mantle of earth above noted, are
the superficial features which characterize, in general, the territory out-
gide the limit of ice advance, although they are less clearly illustrated
in much of the extra-drift territory of New Jersey than in most other
parts of the United States. The driftless area of Wisconsin shows
the typical characteristics of a non-glaciated region with respect to
snrface soils, as well as surface configuration. From this and other
areas we learn that it was a region of hills and valleys, the details of
whose topography had been developed by streams, and whose surface
was covered by a shallow layer of soil and residuary earth, that the
ice invaded.
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Glacial Modification of the Preglacial Surface by Abrasion.

As the ice advanced, seemingly more rigid when it encountered yield-
ing bodies, and more viscous when it encountered resistant ones, it
denuded the surface of the land of its loose and movable materials,
and carried them along beneath itself or imbedded in its basal portions.
‘This accumulation of earthy and stony material beneath the ice and
in its basal portions, gave it a rough and grinding lower surface, which
enabled it to sbrade the surface over which it passed much more
powerfully than the ice alone could have doue.

Every hill and every mound which the ice encountered contested
its advance. Every sufficiently resistant elevation compelled the ice
to pass around or over it. But even in these cases the ice left its marks
upon the surface to which it yielded. The powerful pressure of pure
ice, which is relatively soft, upon strong, firm hills of rock, which are
relatively hard, would be likely to effect little. The hills would wear
the ice, but the effect of the ice on the hills would be slight. But
when the ice is shod with earthy and stony debris derived from the
rock iteelf, and therefore equally hard, the case is very different.
Under these conditions the ice, yielding only under great pressure and
as little as may be, rubs its rock-shod base over every opposing sur-
face, and with greatest severity where it meets with greatest resistance.
Tts action may be compared to that of a huge “flexible rasp” fitting
down snugly over hills and valleys alike, and working under enormous
pressure,

The abrasion effected by a moving body of ice under such conditions
would be great. Every inch of ice advance would be likely to be
attended by loss to the surface of any obstacle over or around which
it is compelled to move. The loss will be greatest at the most resist-
ant and weakest points. It follows that the sharp summits of the
hills, and all the angular rugosities of their surfaces, will be filed oft
and smoothed down to such forms as will offer progressively less and
less resistance. If the process of abrasion be continued long enough,
the forms, even of large hills, may be greatly altered and their dimen-
sions greatly reduced.

Among the results of ice wear, therefore, will be a lowering of the
hills and a smoothing and softening of their contours, while their
surfaces will bear the marks of the tools which fashioned them, and
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Fig. 8.

Jliustrating the form of o hill shaped by rain and river erosion, The upper ling represents
the surface of the lce ag it tirst passes over the hily,

will be polished, or striated, or grooved, according to the nature of the
material which the ice presses down upon them during its passage.

Fig. 8.

Ilustrating form of hill, such as that represented in Fig. 5, after it has long been acted upon
by the ice. The arrow indicates the dlrection of the {ce movement, and the dotted line above
suggests the position of the upper ~urface of the ice when it passed over the hill in great
thickness,

It was not the hills alone which the moving ice affected. Where it
encountered valleys in its course, they likewise suffered modification,
Where the course of a valley was parallel to the direction of the ice
movement, the ice occupied its depression. The depth of moving ice
is one of the determinants of its velocity, and because of the greater-
depth of ice in valleys, its motion here was most rapid, and its abrad-
ing action powerful. Under these conditions the valleys were deep-
ened and widened.

Where the courses of the valleys were transverse to the direction of
ice movement, the case was different. The ice was too viscous to gpan
the valleys, and therefore filled them, But in this case it is evident
that the greater depth of ice in any valley will not accelerate its
motion, since the ice in the valley-trough and that above it are in a
measure opposing each other, If left to itself, the ice in the valley
would tend to flow in the direction of the axis of the valley. But in
the case under consideration, the ice which lies above the valley
depression is in motion at right angles to the axis of the valley,
Under these circumstances, three cases might arise:

1. If the movement of the ice-sheet over the valley in any case was.
able to push the valley ice up the further valley slope and out upon
the opposite highland, this work would retard the movement of the:
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upper ice, since the resistance opposing such movement would be -
great. In this case, the thickness of the ice is not directly and simply
a determinant of its velocity. The depth of ice above the bottom of
the valley will be influenced by the depth of the valley. The deeper
the valley the deeper the ice. The deeper the valley and the more
the volume of ice it contains, the more difficalt will it be for the ice,
moving at right angles to the valley, to push the valley ice up out of’

T i — | T 7 1

Pig. 7.

Diagtam illustrating the movement of fce across & valley in- the relations here described.
i, 1, is the ice, moving at right angles to the valley c, as indicated by the arrows; theslope g, ¢,
will be so rediced that its angle of slope is less than that of b, ¢.

the valley-trough and upon the opposite highland. While, therefore,
increasing the depth of the valley will increase the thickness of ice
above its bottom, it will increase the rate of movement. On the
other hand, if the great depth of ice over any valley be the result
not of the depth of the valley, but of the thickness of ice above the
valley, the velocity will be greater, the greater the thickness of the ice.

In the case under consideration, the bottom of the valley will not
suffer great erosion, since ice does not move along it or press with the
greatest stress upon it. That slope of the valley against which the
ice movement is projected will suffer great abrasion. The valley will
be widened, and the slope suffering greatest wear will be reduced to a
lower angle. Shallow valleys, and those possessing gentle slopes, will
favor the phase of ice movement here noted.

2, The upper ice crossing the valley might pass over the ice filling
the valley-trough, leaving the latter stationary. In this case, the
total depth of ice will not be a determinant of its velocity. It would
be the thickness of the moving ice only, which would influence the
velocity. 'The stationary ice in the valley would serve as a bridge, on
which the upper ice would cross. In this case the valley would not
suffer great wear by the ice, s0 long as this condition of things con-
tinued. Valleys which have great depth relative to the thickness of
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Fig. 8.

Dagram 1llnstrating the retations specified 1n the text (2); the ice, 7,1, tills the valley hut
remains siatlouary, the ice above crossing the valley on the ice which fils it,

the ice, and valleys whose slopes are steep, will favor this phase of
movement,

3. In the valleys whose course is transverse to the direction of gen-
eral ice movement, it is conceivable that transverse currents of ice
might arise, following the direction of the valleys. If the thickness
of the ice be much greater than the depth of the valley crossed, and
if the valley be capacious, and if one end of the same be open and
much lower than the other, it is conceivable that the ice filling the
valley-trough might move along its course, while the upper ice con-
tinued in its primary eourse at right angles to the valley, crossing the
#same on the ice which is moving along it. In this case the valley
would be deepened and widened, but this effect would be due to the
movement along its course, and not to that transverse to it. So far
as the writer is aware, no instance of this type of movement has been
demonstrated, but it is possible that such movements existed where
conditions were favorable.

The corrasive effects of ice action, therefore, upon the surface over
which the ice-sheet passed, were locally dependent on pre-existent
topography, and its relation to the direction of ice movement. In
general, the effect was to cut down prominences. Thus, the ice acted
as a leveling agent. But when it encountered valleys parallel to its
movement, these were deepened, thus locally increasing relief. Whether
the reduction of the hills exceeded the deepening of the valleys, or
whether the reverse was true, so far as corrasion alone is concerned,
is a question about which there is difference of opinion. But what-
ever the fact with reference to the corrasive effect of ice action upon
the total amount of relief, the effect upon the contours was to make
them more gentle. Not only were the sharp hills rounded off, but
even the valleys which were deepened were widened as well, and in
the process their slopes became more gentle, A river-erosion topog-
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raphy, modified by the wearing (apart from the depositing) action of
the ice, would be notably different from the original, by reason of its
gentler slopes and softer contours.

Glacial Modification of Preglacial Surface by Deposition,

Reference has already been made to the fact that glacier ice on
melting leaves its bed covered with the debris which it carried along,
on and in and beneath itself. Were this material equally distributed
on and in and beneath the ice during its motion, and were the condi-
tions under which this material was deposited everywhere the same,
the drift would copstitute a mantle of uniform thickness over the
underlying rock. Such a mantle of drift would not greatly alter
the topography. It would simply raise the surface by an amount
equal to the thickness of the drift, leaving elevations and depressions
of the same magnitude as before, and sustaining the same relations to
each other. But the drift carried by the ice, in whatever pogition, is
not equally distributed during the process of transportation, and the
conditions under which it is deposited are not constant in the same
area, or uniform in different areas.

The larger part of the drift transported by the ice in America
appears to have been carried beneath the same, and in its basal por-
tions. But since the surface over which the ice passed was variable,
it yielded a variable amount of material to the ice. Where it was
hilly the friction between it and the ice was greater than where it was
plane, and the ice carried away more load. From areas where the
surface was overspread by a great depth of soil and loose material,
more load was carried away by the ice than from areas where there
was less material in a condition to be readily transported. And again,
when the subjacent rock formations were soft and readily worn, the
amount of material carried away by the ice was_greater than where
the formations were hard and resistant. Because of the topographic
diversity and petrographic heterogeneity of the surface of the country
over which the ice passed, some portions of the ice carried much more
drift beneath themselves than other portions. When, therefore, the
ice finally dropped its load, greater depths of drift were left in some
places than in others.

Not all of the material transported by the ice from its former posi-
tion was carried forward until the ice melted. Some of it was
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probably carried but a short distance from its original position before
it lodged. Drift was thus accumulating at some points beneath the
ice during its onward motion. At such points the surface was being
built up, while at other points, abrasion was lowering it. The drift
mantle now existing does not, therefore, represent simply the material
which was on and in and beneath the ice at the time of its melting,
but it represents, in addition, all that lodged beneath the ice during
its movement.

A considerable part of the drift transported by the ice was carried
forward toward its thinned edge and there deposited. It follows that
if the edge of the ice remained constant for any considerable period
of time in the history of glaciation, large quantities of material would
here accumulate, and a sort of ridge, or belt of drift, would be built
up where the ice edge was stationary. Other things being equal, the
longer the time during which the position of the edge of the ice was
constant, the greater would be the accumulation of drift. Certain
ridge like belts, where the drift is thicker than on either hand, are
confidently believed to mark the position in which the edge of the
ice-sheet was constant, or nearly constant, for considerable periods
of time.

Because of the unequal amounts of material carried by different
parts of the ice, and because of the unequal and inconstant conditions
of deposition under the body of the ice and its edge, the mantle of
drift has a very variable thickness. And a mantle of drift of variable
thickness cannot fail to modify the topography of the region it covers.
The extent of the modification will be dependent on the extent of the
variation in thickness, This amounts, in the aggregate, to hundreds
of feet. The continental ice-sheet, therefore, modified the topography
of the region it covered, not only by the wear it effected, but also by
the deposits it made,

In some places it chanced that the greater thicknesses of drift were
left in the positions formerly marked by valleys. In some cases the
thickness of drift was so great that the valleys were completely filled,
and therefore completely obliterated as surface features, Less fre-
quently, drift not only fills the valleys, but even rises higher over
their former positions than on either side, thus leaving low hills or
ridges of drift along the site of the old valleys.

In other instances, instead of being deposited in the valleys, the
greater depths of drift were left on the pre-existing elevations, making
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them still higher. In short,the mantle of drift of unequal thickness
was laid down upon the pre-existing surface in such wise that the
thicker parts sometimes rest upon hills and ridges, sometimes upon the
slopes, sometimes upon the plains, and sometimes in the valleys. In
regions where the thickness of the drift is great relative to the pre-
existing relief, the topography may be completely changed. Not only
may some of the valleys be obliterated by being filled, but some
of the hills may be obliterated by having the lower land between
them built up to their level or above it. In regions where the thick-
ness of the drift is slight, relative to the pre-existing relief, the
hills and mountains cannot be buried, and the valleys cannot be com-
pletely filled, so that the relative positions of the hills and valleys will
remain much the same after the deposition of the drift as before.

In case the pre-glacial valleys were filled and the hills buried, the
new valleys which in time the surface waters will carve out of the
drift surface, will not always correspond in pesition with those which
existed before the ice incursion. A new system of valleys, and there-
fore a new system of ridges and hills, will be developed, in some
measure independent of the old. These facts and relations may be
illustrated by the accompanying diagram:

Fig. 9.

Illustrating the relation of drift to the underlying rock. The surfece of the rock is firm, not
decomposed as in Fig. 4. The rock slopes are also gentler and smoother. The drift covers the
rock In such wise that the higher pofnts of the drift surface do not always correspond to tho
higher polnta of the rock surface. Post-glacial valleys now in process of excavalion at a, bande
sustain no definite relation to the preglacial valley,

The inequality in the thickness of the drift leads to a further modi-
fication of topography. It frequently happened that in a plane or
nearly plane region a slight thickness of drift was deposited at one
point, whileall about it much greater thicknesses were left. The area
of thin drift would then constitute a depression, surrounded by higher
lands representing the thicker deposits. Such depressions wounld have
at the first no outlet, They are altogether unlike the depressions in
a region whose topography has been shaped by rain and river erosion,
for in such a region the depressions have outlets, A drift-covered

]
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(glaciated) country is, therefore, marked by the presence of depressions
without outlets. In these depressions water may collect, forming lakes
or ponds, or in some cases only marshes and bogs.

Depressions without outlets, in which water may collect, may arise
through the agency of the drift in other ways. If deep deposits of
drift be made at one point in a valley, while above it there is little or
none, the deep deposit will form a sort of dam, above which waters
may accumulate, forming a pond or lake. A ridge of drift may be
deposited in the form of a curve or loop, with its ends against a rock-
ridge, or against a second drift-ridge, in such wise as to leave a
depression between them. In these and other ways depressions were
made in the drift without outlets, many of which gave rise to lakes.
So abundant are lakes and ponds in a drift-covered country, and so
rare in other regions, that they constitute one of the more-easily
recognized characteristics of a glaciated region.

In the course of time, the lakes and ponds formed on the surface of
the drift will be destroyed by the action of streams, which work out
a new system of valleys, draining or filling the lakes in the process.
The process of destruction of the lakes is a gradual one, and so it
comes about that the abundance and the condition of undrained areas
in & drift-covered region is, in some sense, an index of the relative
length of time, reckoned in terms of erosion, which has elapsed since
the drift period.

The action of the ice was accompanied by the action of water on a
somewhat extensive scale. The upper surface of the ice was con-
tinually melting by reason of the influence of the sun. The lower
surface was likewise continually melting by reason both of the heat
received from the earth beneath, and of that generated by the friction
of the ice motion. From the margin of the ice, therefore, consider-
able volumes of water must have flowed, just as streams issue from
beneath glaciers at the present time. In some cases the water issued
from beneath the ice in valleys and coursed down them. Elsewhere,
it issued on plains and spread widely over them, having no valley to
confine it. In both cases the waters flowing from the ice carried such
loads of silt, sand or gravel as they were able to transport. These
materials were deposited whenever the transporting power of the
water failed, building up level or gently-sloping plane surfaces.

The material thus carried forward by water beyond the edge of the
ice, falls within the general class of drift. The materials were first
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carried by the ice and subsequently by the water. But since the
transportation by water came last, the material was water-worn after it
was ice-worn, and its glacial markings were in part or altogether
destroyed. Water, too, assorts and stratifies the material which it
deposits, so that drift deposited by water differs notably in physical
constitution and in structure from that deposited by the ice, Its
physical heterogeneity is much less, though the variety of rock con-
stituents which it contains may be the same.

Since large streams sometimes issue from beneath glaciers at the
present time, it must be that they have some course beneath the ice
itself. In the much larger bodies of glacier ice in the past, the same
must have been true on a yet larger scale, so that deposits of drift
made by streams beneath the ice must have accompanied the move-
ment of the ice itself. Such deposits are sometimes found above ,
those made by the ice, sometimes below them, and sometimes inter-
bedded with them,

Classification of the Drift.

The formations made by the ice and by the water accompanying it are
highly complex. They vary in constitution, in structure, in topog-
raphy, in topographical relations and in genesis. This is the result
(1) of the various phases of ice action, dependent on a variety of con-
ditions and relations, such as the topography and constitution of the
land over which the ice passed, the thickness of the ice, nearness to
its margin, &c.; and (2) of the nature and extent and relation of
water action, contemporaneous with the ice or immediately subsequent
toit. The two agencies, water and ice, seem to have co-operated in
divers ways with the greatest degree of intimacy.

Broadly spesking, the drift falls into two great classes—(1)
the stratified or assorted drift, and (2) the unstratified or unassorted
drift. Generally speaking, the former is the drift deposited by water,
and the latter that deposited by ice. But to this general statement
many qualifications and minor amendments are necessary. These two
general classes of drift are so intimately related to one another that
it is sometimes very difficult to draw lines of definition between them.
It frequently happens that the one lies above the other, and not rarely
they alternate with each other several times between the surface and

. the bottom of the drift.
b
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Til.—A large part of the drift is made up of an unassorted mass of
clay, sand, pebbles and small stone, intimately commingled, together
with larger masses of rock, known as bowlders, Any one of these
constituents may be more abundant than the others, and the clay or
sand (rarely the coarser constituents) may so far predominate over
the others as to nearly exclude them. Those portions of the drift
having this constitution and this structure, or lack of structure, are
known as till,

The till* was deposited by the ice directly, not by the water accom-
panying it. In part, the till was deposited beneath the body of the
ice during its onward motion. Wherever obstacles to the progress of
the ice lay across its path, there was a chance that these ohastacles,
rising somewhat into the lower part of the ice, would constitute bar-
riers against which stony debris from the lower part of the ice would
lodge. It might happen also that the ice, under a given set of con-
ditions favoring erosion, would gather a greater load of rock-debris
beneath itself than it would be able to transport under the changed
conditions into which its advance brought it. In this case, some part
of the load would be dropped, and overridden by the ice,

Fspecially near the margin of the ice, where its thickness was
slight and diminishing, the ice must have found itself unable to
carry forward the loads of debris, which it had gathered further back
in its course, where its action was more vigorous; for it will be
readily seen that, if not earlier deposited, all material gathered by
the under surface of the ice, however distant from its edge, will pres-
ently find itself at the edge of the glacier. For, given time
enough, ablation will waste all that part of the ice occupying the
space between the original position of the debris and the margin of
the ice. Under the thinned margin of the ice, therefore, consider-
able accumulations of drift must have been taking place while the
ice was still advancing. Under these circumstances, while the edge
of the ice-sheet was advancing into territory before uninvaded, the
material accumulated beneath the edge of the ice at one time, found
itself much farther from the margin at another and later time.
Under the more forcible ice action which existed back from the mar-
gin, the earlier accumnlations made under the thin edge were par-
tially or wholly removed, and carried down to or toward the new

* No account is here taken of berg till, which may closely simulate glacier till,
though deposited by icebergs,
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and more advanced margin, and here deposited, to be in turn dis- *
turbed and still further transported by the further advance of the ice.

Since in its final retreat the margin of the ice must have stood,
necessarily, at all points once covered by it, these submarginal
accumulations of drift must have been made over the whole country
once covered by the ice. These deposits of drift, made beneath the
marginal part of the ice during its retreat, would either cover these
deposits made under the body of the ice at an earlier time or be left
alongside them. The constitution of the two phases of till is essen-
tially the same, and there is nothing in their relative positions to
sharply differentiate them. They are classed together as subglacial
till.

It will be seen that these subglacial accumulations of till were
made under the pressure of the overlying ice. In keeping with these
conditions of accumulation the till often possesses a firmness suggestive
of great compression. It is often remarkably tough where its consti-
tution is clayey, Where this is the case the quality here referred to
has given rise to the suggestive name “hard-pan.” Where the consti-
tution of the till is sandy, rather than clayey, this firmness and tough-
ness are less developed, or may be altogether wanting, since sand
cannot be.compressed into solid masses like clay.

The constitution of the till—The till is composed of the more or
Jess comminuted materials derived from the land across which the ice
passed. The soil and all the loose materials which covered the rock
entered into its composition. Where the ice was thick and its action
vigorous it not only carried away the loose material which it found
in its path, but, armed with this material, it abraded the underlying
rock, wearing down its surface and detaching large and small blocks
of rock from it. It follows that the constitution of the till at any
point is dependent upon the nature of the soil and rock from which it
was derived,

If sandstone be the formation which has contributed most largely
to the till, the matrix of the till will be sandy. It sometimes chanced
that the ice traversed areas of loose sand. In such cases it incorpor-
ated large quantities of sand into its lower portion, or pushed it
forward beneath itself, sometimes mingling it but slightly with
material of other kinds derived from other sources. Sand derived
in this way, and deposited directly by the ice, falls within the general
class of subglacial till. Occasionally sand nearly free from ail other
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constituents thus comea to make up the body of the till. Such devel-
opments are generally local, and beneath them or above them there
may be till of a very different constitution. In New Jersey such till
was seen within the limits of Orange, on High street, where expo-
sures, several feet in depth, were open to observation during the laying
of sewer-pipes it the summer of 1891,

Where shale instead of sandstone made the leading contribution to
it, the till has a clayey matrix. Any sort of rock which will be
very generally reduced to a fine state of division under the mechanical
action of the ice, will give rise to a clayey till.

The nature and the number of the bowlders in the till, no less than
the finer parts, depend on the character of the rock overridden. A
hard and resistant rock, such as quartzite or trap, will give rise to
more bowlders in proportion to the total amount of material furnished
to the ice than will softer rock. Shale or soft sandstone, possessing
relatively slight resistance, will be much more completely ecrushed.
They will, therefore, yield proportionately fewer bowlders than will
harder rocks, and more of the finer coustituents of till.

The bowlders taken up by the ice as it advanced over one sort of
rock and another, possessed different degrees of resistance. The softer
ones were worn to smaller dimensions or. crushed with relative ease
and speed. Bowlders of soft rock are, therefore, not commonly found
in any abundance at great distances from the point of their origin,
The harder ones yielded less readily to abrasion, and were carried
rouch farther before being destroyed, though even such must have
suffered constant reduction in size during their subglacial Jjourney,
In general it is true that bowlders in the till, near their parent forma-
tions, are larger and less worn than those which have been transported
great distances,

The bowlders which are carried furthest beneath the ice will be
subjected to most wear, If bowlders were all of the same constitu-
tion, the relative measure of wear would be, in some rough sense, a
measure of the distance of their subglacial transportation. And for
any given kind of rock this is true. But since bowlders of certain
kinds of rock are much softer than those of other kinds, and therefore
are more readily worn, it follows that the softer bowlders may suffer
mere wear in a short journey than barder ones in a long one. For
example, bowlders of shale, being but slightly resistant, generally
suffer but a limited transportation before they show notable marks of
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wear, both in the forms they assume and in the markings which their
surfaces receive.

Since the ice which covered the northern part of New Jersey had
passed over wide stretches of territory before reaching this latitude,
it had also passed over rocks of many varieties. The till of New
Jersey, therefore, contains elements gathered from a wide range of
territory. But .in general it is true that the till of any locality is
made up very largely of material derived from the formations close
at hand. In the counties of Union and Middlesex, for example, the
drift is very red, being derived largely from the red shales and sand-
stones of the immediate vicinity. A much lesser constituent of the
drift has been derived from formations lying further north in Neéw
Jersey, and still further north in New York. Where the widely-trans-
ported material is in the condition’of clay or sand it may be mingled
with constituents of local derivation, in such wise that it is not easily
recognized. But when in masses of sufficient size for ready identifi-
cation, such as pebbles, cobbles and bowlders, it may be distinguished
without difficulty. Since much of the till is in a fine state of divi-
sion, it may be that a much larger proportion is derived from a
somewhat distant source than would at first appear. But it is yet
true, as observations over a wide range of territory demonstrate, that
distant formations have contributed much less than those near at
hand, to the till of any locality.

This fact seems to afford sufficient warrant for the conclusion that
a considerable amount of deposition must be going on beneath the ice
during its movement, even back from its margin. To take a concrete
illustration? it would seem that the drift of northern New Jersey
should have had a much larger contribution of material, derived from
central and northern New York, than it has, if material once taken
up by the ice was mostly, or even in large measure, carried down to
its thinned edge before deposition. The fact that so little has come
from these distant sources would seem to prove that a large part of
the material moved by the ice is moved a relatively short dis-
tance only. If this be true, the ice must be conceived of as con-
tinually depositing parts of its load, and parts which it has carried
but a short distance, as it takes up new material from the territory
newly invaded.

Where rock is very soft and easily reduced to fineness it sometimes
happens that the fine parts of the till overlying it and covering the
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regions in its lee, are mainly of local origin, while the bowlders are
mainly from some more distant source, where the rock was harder,
and therefore better able to endure transport without destruction. In
case the ice has come from a region of soft rock to one of harder, the
till might have a similar constitution. But in this case it would be
the finer part instead of the coarser which had suffered the wider
transport, and the bowlders would show less wear than in the other
case,

For one reason or another, material which has been widely trans-
ported may be almost wholly wanting in the till. In such cases both
the finer parts of the till and the bowlders are of local origin. The
bowlders may be few or abundant. In some cases the till is largely
composed of blocks of rock that seem hardly to have been carried
from their original area. They have been disturbed in their positions
and have had the fine parts of the till mixed with them so that they
appear to have been kneaded into it. In such cases the rock masses
are angular and rough, and frequently increase in size and number
from the top of the till to its base. At the base they may be so
abundant as to nearly exclude all other constituents. If the surface
of the rock be much broken and its uppermost layers disrupted and
crumpled, as is sometimes the case, and if the angular masses of rock
in the basal part of the till become so abundant as to nearly exclude
the finer constituents, it is sometimes difficult to say where the line
between the bottom of the till and the surface of the underlying rock
18 to be drawn. The till overlying the rock at one of the quarries in
Newark affords a good illustration of' the relationship here described.
(See Plate IT.)

The subglacial till forms a somewhat general mantle over the
glaciated area, and yet it is not universal; it failed of deposition in
some places ; it has been subsequently carried away by runniog water
in others; it has been buried by the silts, sands and gravels deposited
by the meltmg-lce waters in still others.

Subglacial till is frequently termed bowlder clay, a name which
seems most appropriate where the till is largely composed of clay
and imbedded bowlders. (See Plate I., representing cut through
bowlder clay in Newark.) But “bowlder clay” would fail to be 2
definitive term for till composed of clay alone, or for that composed
privcipally of sand or stony material. Another term which is
synonymous with subglacial till is ground moraine, In the broader
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sense of the term, all deposits made by the ice are moraines. Those
made beneath the ice and back from its immediate margin are desig-
nated “ground ” moraine, to distinguish them from other deposits
made by the ice. Of all the glacier deposits, the ground moraine has
the greatest extent, whether its area or its volume be considered. It
also contains a greater proportion of planed and striated stone than
any other part of the drift. Any stone or bowlder in the ground
moraine stood a chance of being rubbed over other stone, or over the
bed-rock beneath it, and of being rubbed over by sand or stone or
clay imbedded in the ice above it, or on either side. In many places
more than half of the rock fragments of the ground moraine show
distinet glacial markings. The proportion of the fragments of the
softer varieties of rock which show these markings is often much
greater, '

The topography of the ground moraine is, in general, the topography
already described in considering the modifications of preglacial
topography, effected by the ice. As left by the ice, its surface was
undulating. The undulations did not take the form of hills and
intervening valleys, but of swells and depressions standing in no
orderly relationship to each other.

Special Forms of Till Hills—Drumlins.

In various parts of the great drift-fields of the United States, there
are aggregations of till of such symmetrical form and regular
arrangement, that they have attracted wide attention, The most
notable of these are hills of somewhat elongate form, smooth and
flowing contours, and regular slopes. Their horizontal azes sustain
to each other a ratio varying from 1:2 to 1 :6. Their end slopes,
from 3° to 10°, are commonly gentler than their side slopes (10°
to 20°).* In any given region their longer axes are approximately
parallel with each other, and correspond in direction with the course
of the.ice movement in the same region. In length they vary from
one-eighth of a mile to two or more miles. In height they range up
to 300 feet, though drumlins more than 75 feet or 100 feet high are
rare, They are composed of till, which is generally very compact..
The proportion of striated material which they contain is high.

* Davis, Ameriean Journal of Science, ITT, Series, Vol. 28, p. 408 (1884).
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Such hills are known as drumlins (sometimes drums). The definitive
terms elliptical hills, lenticular hills, and mammillary kills, have also
been applied to them, and these names may still be serviceable, for
the purpose of designating varieties of drumlins.

There may be stratified drift within the body of the drumlins,
overlain and underlain by till. The core of the drumlins is some-
times stratified material.* Certain drumlins have been thought to
indicate periodic growth, as if layer after layer of till were added
through a period of years.t

Various suggestions have been made concerning the mode by which
drumlins have been developed. Their form has been ascribed to
waves, or to waves assisted by subaérial erosion, but it is not easy to
see how waves could develop such forms, or why, if they could, the
longer axes of the drumlins in any region should be so constantly
parallel to the direction of ice movement in that region, as the strim
show them to be. Furihermore, they oecur where there is no inde-
pendent evidence that lake or sea-water has existed since the drift was
deposited.

Their form, their structure and their arrangement seem to leave no
room to doubt that they were made beneath the ice—that they are but
phases or special developments of the ground moraine, Bat, thus
restricted, there are various hypotheses as to the mode by which the
drumlins came into existence. They have been regarded as hills first
carved out of an older sheet of drift by subaérial erosion, and later
modified in form and contour by the passage of a second ice-sheet
over them, §

Were this the true explanation of the drumling, they should be
composed mainly of old drift. At most, they would be merely coated
with new drift, deposited by the later ice invasion. So far as the
drumlins with which the writer is familiar are concerned, they appear
to be composed wholly of new drift. If all the weathered portion of
the old till were worn away by the later ice-sheet, leaving the
unweathered portion only, it is not certain that this could be dis-
tinguiched from the new till. In this case, the point here suggested
would be without force. Again, the drumlins have been regarded as

* Upham, Proc. Bost. Soc. Nat. Hist,, Vol. 24, pp. 232-3 {1839).
# Upham, op, ¢it., pp. 235-6.

$ Shaler, Illustrations of the Earth's Surface, p. 63.

¢ Shaler, Ninth Annual Report U. 8. G. 8., pp. 650-1,
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the hills of older terminal moraines, overridden and reshaped by later
glaciers. But neither the distribution nor the composition of drumlins
seems to favor this hypothesis. It seems altogether probable that the
drumlins are built up beneath the ice, and not fashioned from hills
overridden by it. It has been suggested that their development
beneath the ice is analogous to the development of sand-bars* in a
stream, and this suggestion probably has some measure of truth in it.

‘Wherever any slight obstruction which? the ice could not remove,
stood in its way, debris, urged forward beneath the ice, might lodge
against it. Such an obstacle might be a prominence of resistant
rock,t or a mound of drift which, for one reason or another, the ice
at that point was unable to remove. The obstacle was thus enlarged
by the lodgment of drift against it, though its obstructive effect was
not necessarily thereby increased, since the additions would so dispose
themselves as to give the obstacle that form which would offer least
resistance to the moving ice. Under special conditions such an
obstacle, once its growth was started, might continue to grow so long
as ice passed over it, and its resulting form would correspond to that
of a drumlin,

Were such accumulations made in any place beneath the thin outer
portion of the ice during the period of its advance, they might sub-
sequently be destroyed by the greater erosion accomplished by the
greater depths of ice which would come to rest upon them at a later
time. Even were all the drumloid forms which might be accumu-
lated bemeath the thin part of the ice-sheet during its advance,
destroyed by the ice resting upon them when it had spread further, it
might yet be true that they would accumulate beneath the thinner
part of the ice as it receded. For it is to be borne in mind that even
in receding there was forward movement, though this movement was
mare than counterbalanced by edge-melting. The drumlins are some-
times regarded as thus formed beneath the ice, but so near its margin
that its thickness and eroding strength were not great, and its tran-
sportive power slight.

But it is not altogether clear that drumlins or drumloid aggrega-
tions of till formed beneath the thinner parts of the advancing ice,
would be always destroyed when the ice became thicker at the same
point. The erosive power of the ice would doubtless increase with

# Kinahan and Close, General Glaciation of Iar-Connaught {Dublin, 1872).
+Chamberlin, Third Anaual Report U. 8. G. 8, p. 306 (1881-2).
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increasing thickness up to a certain undetermined point, beyond which
it might not continue to increase, at least not in the same ratio. In-
creased depth of ice means increased pressure upon its lower parts,
Increased pressure upon the ice means increased fluidity (mobility),
and increased fluidity means decreased erosive power. It is conceiv-
able that the eresive power of the edge of the ice may have been
relatively low, because of lack of pressure upon the underlying surface ;
that further back from it edge the erosive power may have been
greater, because of the increased weight with which the ice rested
upon its substratum ; but that still further back, the erosive power
ceased to increase, because the greater pressure of the ice rendered it
too mobile, or too fluid, to be effective as an abrading agent.

If there be anything in this suggestion, drumloid forms developed
in the vicinity of the ice’s edge during its advance might, to some
extent, escape destruction during further progress of the ice, and might
have another period of growth, when, in its recesgion, the thin part of
the ice-sheet again lay over the same region. Indeed, it is not clear’
that growth might not take place beneath the very thick ice.

The drumlins have never seemed to the writer the anomalous forms
that they are sometimes thought to be. It seems to him the strange
thing, rather, that drumlins are not more common. Their occurrence
in certain regions, and in certain regions only, seems to him the only
anomalous thing about them. Their distribution needs explanation.
It is not clear that any of the suggestions which have yet been made
concerning their development, would not apply to one region as well
as to another. Much less would they seem to apply only to the areas
where the drumlins oceur,

In New Jersey, drumlins are not now known to have much develop-
ment. The elliptically-shaped hill in East Orange (the corner of
Munn street and Central avenue being at about its center) appears to-
be a drumlin, Another occurs a mile and a half west of Rahway, on
the road running east and west along the south side of Robinson’s
branch; on the topographic map its height is shown to be 106 feet
above mean tide. '

While the dramlin type is fairly distinet, drumlins grade into hills
which are not drumlins. When they become somewhat irregular in
form they are sometimes designated drumloids, drumloid hills or
immature drumlins, It is not certain that some of them may not be
over-mature drumlins—that is, dramlins made irregular by unequal
surface deposits upon regular drumlin forms.
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Hills, the greater part of whose mass is rock, may have drift so
banked against them, and spread over them, as to closely resemble
drumlins. Such hills are known as veneered hills.* If there be no-
exposure to reveal the rock, vencered hills may be mistaken for
drumlins. Some of the lenticular hills about Newark appear to-
belong to this class,

A deposit closely simulating glacier till may be made by water and
ice jointly. When shallow lakes existed along the margin of the ice,.
as was somelimes the case, bergs of ice detached from the ice sheet
floated out upon it, carrying burdens of stone and clay which were
distributed over the lake’s bed.” Such materials would be dropped
from the ice wherever in its melting its hold upon them was loosened,
or wherever the berg grounded. In some cases but a slight degree of”
stratification was developed in the fine materials thus deposited, and
the coarser are scattered through the fine much as in true till. Till
thus formed is known as subaqueoua till or berg till. It can generally
be distinguished from glacier till (1) by a more homogeneous clayey
base ; (2) by a more uniform distribution of imbedded erratics; (3)
by oocasional traces of indistinct lamination ; (4) by its surface ex-
pression ; (5) by its distribution, and (6) by its stratigraphical rela-
tions. It is manifest, upon consideration, that the finer material
gettling down from suspevsion in water would distribute itself with
greater uniformity than is possible to clay accumulated under a moving.
glacier. Tt is also evident under the law of probabilities that erratics,
falling from floating ice as it melts, would be dispersed with a general
regularity unless there were currents or other circumstances that
determined concentration along certain lines or in certain areas. The
rock fragments often stand in the clay on their edges or points, as
though they had been received on a goft mud bottom as they fell
through the water. Where lamination is observed, the lower clayey
leaves may sometimes be seen to be flexed beneath the stone, while
the upper ones curve over it as though it had depressed the former
in its fall, while the latter had been subsequently formed over it.” 1
Berg till has not as yet been recognized in New Jersey. If it exists
it will be found in some of the plane tracts of the State, where the
topographic relations were such as to allow the formation of tem-
porary lakes at the margin of the ice.

* Chamberlin.
+ Chamberlin, Third Anoual Report U. 8. G. 8., pp- 297-8 (1881-2).
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Englacial and Superglacial Tl

Mountain glaciers of the present day carry considerable loads of
rock debris upon their surfaces. This is derived, for the most part,
from the slopes of the mountains between which they flow. This
surface material is composed of large and small blocks of rock,
Mot of it was not detached by the glaciers themselves, and its pres-
ence upon them is not the result of any activity on the part of the ice.
Whatever causes operate to loosen masses of rock from mountain
slopes, have detached these blocks, and they have rolled or fallen
down into the valleys below. Where a glacier occupies the bottom
of & valley, its surface becomes the lodging-ground for such debris,

It will be readily seen that this superglacial material would be
markedly unlike the drift subglacially transported. In the first
place, it is carried quietly along without being subjected to ice-pres-
sure, or to the abrasion which rock moving over rock effects. It
would, therefore, be carried forward, if no accident, such as falling
into crevasses, befall it, until it arrives at the end of the glacier—
that is, until it has reached the point where the melting (and evapora-
tion) of the ice counterbalances its forward movement, Among the
surface blocks of rock there might be a slight amount of motion,
and therefore of wear, since all parts of the surface of the underly-
ing ice do not move with equal velocity. Such movement would
tend to wear the rock masses and produce finer products. But much
of the rock thus borne arrives at the edge of the ice in a physical
condition much like that which it possessed at the beginning of its
journey. The blocks of rock are largely angular, exhibiting still
the fracture-faces which they possessed at the time of their disruption
from their parent mountains. Some fine material would fall upon
the ice, along with the coarse, and some might be washed upon it by
waters descending from the slopes above, while, from wider sources,
the wind might mingle dust and sand with the debris otherwise
accumulated upon the ice. In this way it is conceivable that the
stones upon the ice might come to have associated with them a con-
siderable quantity of clayey earth and sand. On existing glaciers
the amount of this fine material is generaily very subordinate to that
of the coarse. Rarely does it become sufficiently abundant to form a
matrix for the coarser material.

Bince the end of the glacier is being constantly melted off, the
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material it bore upon its surface is continually being dropped at its
end. Such material as the ice-sheet bore upon its surface in glacial
times would have been treated in a similar manser, and since, in its
retreat, the edge of the ice lay along all lines morthward from the
position of its extreme advance, such surface material as may have
existed would have been dropped upon the surface of the ground
moraine, and should now overlie it. So far as it consisted of
bowlders, these should be more angular than those of subglacial
till, and if found in the relations in which the ice left them, should
be scattered over the surface of the ground moraine. If in any case
there was fine material upon the ice in such quantity as to form a
matrix for the bowlders, or in such quantity that the whole of the
surface drift was enough to form a distinct layer, this material,
deposited upon the surface of the ground moraine, would constitute
superglacial or “ upper” till, and would be so classified wherever its
surface origin could be determined.

Such materials as were carried forward in the ice above its basal
portions and below its upper surface may be called englacial. By the
melting of the upper surface of the ice englacial material would ap-
proach the upper surface. By the melting of the lower surface of the
ice the englacial material would continually approach the bottom of
the ice. All englacial material will ultimately become subglacial or
superglacial. It cannot remain englacial permanently. Whether in
any given instance the englacial material reaches the upper or the
lower surface depends (1) upon the relative thickness of the ice above
and below it, and (2) upon the relative rates of waste of the two surfaces.
Could the material which had suffered transport in the ice above its
basal parts be distinguished, after its deposition, from that which is
carried forward at the upper and lower surfaces, it would receive the
name of englacial till. Such a class of till has a theoretical existence
in regions once glaciated, though ite discrimination from super- and
subglacial by transported material would be difficult, if ever possible.

In the case of such an ice-sheet as that which invaded the United
States, little material could get upon the surface of the ice after the
fashion of mountain glaciers, unless in the early stages of its develop-
ment, for elevations of land which projected through the ice, and
which could have yielded materials to its upper surface, were mostly
wanting, Like the ice-sheet of Greenland to-day, the surface of the
jce-sheet with whose work we are dealing must have been essentially
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free from surface debris at the time of its maximum advance, as well
as during all the time of its great extension. Where the ice covered
hills and mountains it must have derived material from their tops
which projected up into its mass. This material was englacial until
it became either superglacial or subglacial.

It has been held by some glacialists that drift which starts in a sub-
glacial position may become englacial * or even superglacial, by rising,
by one process or another, through the ice. This hypothesis would
seem to be necessary if the amount of superglacial and englacial
(““ upper ") till be so great as it is sometimes believed to be, for it is
altogether improbable that any such amount of material as is some-
times reckoned to the classes of till under consideration, existed upon
the ice at the outset, or so near the upper surface as to finally become
superglacial by the ablation of this surface. Tt is not difficult to con-
ceive that much of the englacial material carried by ice which has
passed over a mountainous region, might become superglacial, as a
result of superficial melting, But in plane regions, and in ice which
has passed over plane regions, for the most part, it is not clear that
much englacial drift could become superglacial by surface ablation,
since most of the englacial material, in the beginning, must have been
near the lower surface of the ice.

The hypothesis that subglacial material worked its way to the top
of the ice is made necessary further, in order to explain the presence
of material which has suffered very little transportation, and that
over a flat country, in the so-called superglacial (““ upper”) or englacial
till. The same hypothesis would seem to be called for to explain the
somewhat abundant presence of striated bowlders in the till which is
regarded as superglacial. For, like the superglacial material, the
englacial drift, unless its quantity be very great (at least locally), rela-
tive to the amount of inclosing ice, is not likely to receive much
wear. There is likely to be little grinding and erushing, the products
of which are “rock-flour” or the “clay” of subglacial till. The
differential motion of the ice would involve some friction among the
englacial material, so that wear, similar to that of the debris beneath
the ice, might affect it. But such wear would be on a much less
extensive scale in englacial than in subglacial material unless the
amount of englacial material was very great.

* By englacial, as here used, is meant s position shove the base! part of the ice.
The basal purt of the ice is very generally believed to have carried much debris.
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As might be inferred from the preceding paragraphs, there is much
difference of opinion among glacialists as to the amount of till which
is to be classed as superglacial (counting as superglacial all that was
ultimately transferred from a subglacial or englacial to a superglacial
position). Since this difference of opinion exists, it is clear either that
the criteria for distinguishing the two classes of till are not well
defined or that many glacialists have not been able to apply them
successfully.

In general, superglacial till, having been subject to less pressure,
should be less compact than subglacial. Its bowlders should be less
worn, and a large portion of them should be of more distant origin.
The finer material of the drift, if existing glaciers give us safe data
to reason from, should be relatively less abundant in superglacial till
than in subglacial. The finer material, too, should be, to a less extent,
the produet of mechanical comminution,

There is another source than mechanical comminution for the finer
materials of superglacial till, This has been alluded to already.
During the course of the glacial period, the winds doubtless blew
much dust upon the accumulating snow which made the ice, and
later, after it had spread beyond the region of accumulation, upon the
ice itself. Much of that which was buried in the accumulating snow
would come to be superglacial in the end, though for a time englacial.
When the drift deposits were first made, the dust which had such an
origin may have been sufficiently different from that made by the
mechanical action of the ice to have afforded means of discrimination,
But in the course of the time that has elapsed since the deposition of
the drift, the action of rains and frosts, and of plants and animals,
has very materially altered the uppermost part of the till, and the

" changes which these agencies have produced when operating upon
subglacial earths, have been such as to render them more and more
like the earths which might have accumulated upon the ice by the
process indicated, thus obscuring any differences that might have
existed at the outset. Any distinction, therefore, between superglacial
(and englacial) and subglacial till, based on the character of the finer
materials, is one which cannot always be made.

Some of the criteria relied upon for the indentification of super-
glacial till, have the misfortune to be such as can be produced in
other ways, and in particular such as must be produced by the
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weathering of the surface of subglacial till.* The weathering of
such till includes the action of frost and heat, drought and rain, sun
and air, plants and animals. These agencies tend to loosen up the
compacted material of the subglacial till. The material thus changed
lies at the surface of the unaltered subglacial till, just the position
which the loose superglacial till, when present, must occupy. The
upper surface of subglacial till which thus loses its compactness comes
to be very like the superglacial till which was never compressed.
The difficulty in the application of this criterion does not hold where
the depth of the till, regarded as superglacial, is greater than the
depth to which the loosening effect of weathering has extended, as is
sometimes the case,

Again, the greater oxidation and leaching which is claimed for the
superglacial till must be the necessary accompaniment of the loose
texture which characterizes the upper surface of the drift, whether
this looseness of texture be original (superglacial till) or acquired
(weathered surface of subglacial till),

The greater infrequency of striated Bowlders in the uppermost part
of the drift, regarded as “upper till,” might be accounted for, in
many cases, by the corrosion which their surfaces have suffered since
their deposition. This suggestion does not necessarily vitiate the eri-
terion in all cases, or perhaps in most, but it indicates that there are
limits to its application. So with other criteria which have been
relied npon for the discrimination of upper till. Some which appear
to be good are rarely applicable. Others which are more widely
applicable do not appear to be decisive,

For discriminating superglacial from subglacial material, the cri-
terion which seems to the writer most decisive, and most easy of
application as well, is the relative abundance of unworn or slightly-
worn bowlders of distant origin. This criterion is liable to more
exceptions in mountainous regions than in plane ones,

The writer is not disposed to believe that superglacial (and engla-
cial) till has not a real existence, though he is inclined to believe that
its quantity has been overestimated, so far as our country is concerned,
and that the criteria, which are commonly relied upon for its identifi-
cation, are by no means such as to make its recognition certain, except
in favored localities,

* For criteria of englacial and superglacial till, see American Geologist, December,
1891, Upham.
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Terminal Moraines.

It has already been indicated that the ice carried much of the
material gathered beneath itself to or mearly to the limit of its
advance. It is generally held that the marginal portion of the ice-
sheet was more heavily loaded—certainly more heavily loaded rela-
tive to its thickness—than any other. The thinned ice toward its
margin was constantly losing ite transportive power, and at its edge
this power was altogether gone. Since the ice was continually bring-
ing drift down to its margin, the rate of accumulation of drift beneath
the edge of the ice must have been greater than elsewhere.

Whenever, at any stage in its history, the terminus of the ice
remained constant in position for a long period of time, the submar-
ginal accumulation of drift would come to be great; and when the
ice disappeared the site of the margin, for the time during which it
was stationary, would be marked by a broad ridge or belt of drift,
thicker than that on either side. Such thickened belts of drift, due
to the causes here noted, are known as terminal moraines. The terms
marginal, submarginal and frontal moraines have also been applied
to them, because of their positions with reference to the margin of
the ice during the time of their accumulation, and the term lodge
moraine,* referring to the method of their formation. The last term
was first used to distinguish moraines accumulated in the manner here
indicated from other and subordinate varieties of terminal moraines,

From the conditions of their development it will be seen that these
submarginal moraines may be made up of materials identical with
those which constitute the ground moraine within (north of) it. As
might be inferred, many a section of a terminal moraine shows material
identical, in all essential respects, with that of the subglacial till, close
at hand. Bat water, arising from the melting of the ice, played a much
more important role at its margin than further back beneath it. One
result of its greater activity may be seen in the greater coarseness
which generally characterizes the material of the marginal moraine, as
compared with that of the adjacent ground moraine. This arises, in
part, at any rate, from the fact that the water carried away some of
the finer constituents, which it was able to transport, leaving behind
the coarser parts, which it was not able to transport. A further evi-

# Chamberlin, Bulletin Geological Society of America, Vol. 1, p. 28 (1890).
6
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dence of the relatively greater activity of the water near the margin of
the ice is to be seen in the greater proportion of stratified material,
as compared with the ground moraine.

Such materials as were carried upon the ice would be dropped at
the edge of the ice, and would rest upon the surface of the marginal
and submarginal acenmulations, If the surface of the ice carried
many bowlders, it might happen that great numbers of them would
be dropped along the line corresponding to the ice’s edge, wherever
the edge remained practically without motion for a considerable time.
In this way a sort of bowlder-wall might be built up, resting upon
the material accumulated at the edge of the ice. Such bowlder-walls
have not been described in America, but they exist in Germany and
perhaps in other parts of Europe. In Germany it is these bowlder-
walls which have received the name of terminal moraines (End-
morine). In the United States suchk bowlder-walls, were they
known, would be classed as dump * moraines—a variety of terminal
moraines made from the material which was carried on the ice and
“dumped ” at its terminus. To restrict the name terminal moraine to
these bowlder-walls or “dump ” moraines, is to shut out from the
category of terminal moraines other varieties of moraine formed at
the terminus of the ice. In this country the material, where such
there was, having such a mode of deposition, has not been generally
distinguished from other marginal accumulations made by the ice.
The bowlder belts, which have a somewhat local development in some
of the interior States, are probably identical in genesis, though not in
form, with the bowlder-walls or Endmordine of Germany.

Since all the marginal accumulations are essentially one in position,
and since all are phenomena of the margin of the ice, and for the
most part not yet satisfactorily discriminated from each other, no
attempt will be made to delineate them separately upon the maps.
But for a clear conception of the multitudinous phases of the ice’s
work, it is important to bear in mind that a part of the material of a
terminal moraine may have had such an origin.

The terminal moraines therefore embrace (1) the material accumu-
lated beneath the edge of the ice while it was stationary, or nearly
stationary, for a considerable period of tfme, so as to form thick
ridges or belts of drift; (2) that carried on the surface of the ice and
dumped at its margin, as well 2s (3) such material as the ice pushed

* Chumberlin, Bulletin Geulogical Soviety of America, Vol. 1, p. 28 (1890},
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up in front of itself by the forward motion of its edge. Of these
three classes of material, that accumulated beneath the edge of the
ice is believed to have been much more important than the others—
that is, the material # lodged ” beneath the ice edge is greatly in ex-
cess of that “ dumped ” at its margin or “ pushed ™ before it.

At various stages in its final retreat the ice made more or less pro-
tracted halts. The halting-places are marked by marginal moraines,
greater or smaller, in proportion to the duration of the Halt.

A terminal moraine is not the sharp and continuous ridge we are
wont to think it. The great terminal moraine of New Jersey, like
terminal moraines in general, is a belt, rather than a ridge, of drift.
In width it varies from a fraction of a mile to several miles. Itis
often but slightly higher than the area on either side, and sometimes
even lower than that on the one side or the other. But the depth of
drift is generally greater than that on either hand.

Topography of Terminal Moraines.

By far the most distinctive feature of the terminal moraine is not
its ridge-like character, but its topography. Nearly everywhere it is
characterized by depressions without outlets, associated with hillocks
and short ridges comparable in dimensions to the depressions. In the
depressions occur many marshes, bogs, ponds and small lakes. The
shape and abundance of round and roundish hills have locally given
rise to such pames as the “ knobs,” “short-hills,” &, In other
places the moraine has been named the “kettle range” from the
number of the kettle-like depressions upon its surface, But it is to
be kept in mind that it is the association of the *knobs” and the
« kettles,” and not either feature alone, which is the especially charac-
teristic mark of the terminal-moraine topography.

The accompanying plates, III, and IV, illustrate the topography
and the topographic relations of the terminal moraine. Plate IIL. is
a reproduction of a portion of the topographic map (sheet 6), in the
vicinity of Plainfield. Through the area represented on the map
runs the terminal moraine. The course of the moraine may be
readily traced by the irregularity of the contour lines, Beginning
northwest of Westfield the moraine runs slightly west of south
through Fanwood ; thence, in the same general direction, just east of
Netherwood ; thence, in a southerly direction, to Oak Tree, bearing
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slightly to the east. Its average width is about one mile. The
abundance of hills and short ridges, with their intervening depressions,
which mark the surface of the terminal moraine, express themselves
on the map hy the irregularity of the contour lines along the belt
indicated. The contour lines on either side of the moraioe belt are
much more regular. Some of the depressions among the hills con-
tain water, thus constituting ponds or small lakes.

It will be seen that the altitude of the moraine belt, as a whole, is
greater than that of the land on either side. The moraine belt is,
therefore, ridge-like, and the short hills and abrupt little ridges which
mark its surface are but constituent parts of the larger, broader ridge,
or terminal-moraine belt.

The area immediately west of the moraine represents an “ overwash”
plain (see p. 96). It consists of gravel and sand deposited by waters
emanating from the melting ice. The high land in the northwest
corner of the map, rising with steep and regular slope above Scotch
Plains, represents the slope of a rock ridge. The regularity of its
slopes, as shown by the regularity of the contour lines, is in striking
contrast to the irregularity of the slopes of the moraine.

East of the terminal belt, the edge of the ground moraine is
shown. Between this and the terminal moraine there is no sharp
line of demarkation. The one grades into the other. Ash swamp
represents a feature common to the inner face of a terminal moraine,
where ill-drained areas are likely to occur.

Plate I'V. represents a portion of the same area on a much larger
scale.  On this plate the contour lines are at intervals of five feet
instead of ten. All the depressions which contain water (ponds) are
here indicated. It will be seen that the terminal-moraime belt is a
belt marked by an abundance of ponds. It should be borne in mind
that the actual number of hollows or depressions is much greater than
the number of ponds, since only those depressions whose bottoms are
relatively impervious, retain the water which falls and flows into
them, thus making ponds.

The following are among the many localities in New Jersey where
the moraine may be seen in its typical development:* The north-
west part of Perth Amboy ; just north of Metuchen; at Oak Tree,
and between Oak Tree and Netherwood and Fanwood, east of Plain-

* J'ur general description of terminal moraine of last ice epoch, see Third Annual
Report 1. 8. G. 8, pp. 291-402. Chamberlin,
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field ; east and southeast of Morristown; a mile or two north of
Hackettstown; and north of Butzville. A subordinate terminal
moraine, marking a halt in the retreat of the ice, has an interrupted
course west-southwest from Waverly, passing by Lyons Farms and
south of Union (Conpecticut Farms). It has its best development
about two miles northeast of Cranford. Other recessional moraines
will probably be found when the whole glaciated area of the State
shall have been studied.

The manner in which the peculiar topography of terminal moraines
has been developed is worthy of note. In the first place, the various
parts of the ice margin had unequal amounts of drift to deposit.
This alone would have caused the moraine to have been of unequal
height and width at, different points. In the second place, the margin
of the ice, while having the same general position during the making
of a moraine, was yet subject to many oscillations. It doubtless
receded to some slight extent becanse of increased melting during the
summer, to advance again during the winter, when the melting was
less. In its recession, the ice margin probably did not remain exactly
parallel with its former position, Some parts receded more and some
less, so that the details of the line of its margin may have been quite
different at the close of a summer’s season from those at the begin-
ning. When the ice again advanced, its margin may have again
changed form in some slight measure because of unequal rates of
motion, so as to be parallel neither with its former advanced position
nor with its position after its greatest temporary retreat. With each
successive fluctuation in position, the details of the ice margin may
have altered, and all the time the depositions beneath the edge would
conform in position to the varying margin., There might be consid-
erable change in the outline of the edge of the ice, even when there
was no general recession or advance, as existing glaciers show. Any
cause which would induce variable rates of melting or advance at the
margin of the ice would help to bring about this result,

Tt may have been true of the margin of the ice-sheet, as of glaciers
at the present time, that there were periods of years when the edge of
the ice receded, followed by like periods when it remained stationary
or nearly so, and these in turn followed by periods of advance.
During such advances, the deposits made during the period of reces-
sion would be overridden and disturbed.

If the margin of the ice during a halt following the re-advance,
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did not correspond exactly in position with the earlier advanced mar-
gin, the submarginal ridges of drift formed at the two stages of
advance would not correspond in position. The later might touch
the earlier at some points, when the two submarginal ridges would
become one, and fail to reach it at other points, when there would be
a depression between them. The ice in its re-advance might pass
beyond its earlier position at some points, overriding such deposits as
had been earlier made. If the ice were to retreat and advance repeat-
edly during a considerable period of time, but always within narrow
limits, while the details of its margin were frequently changing, the
result would be a complex or “tangle” of minor morainic ridges of
varigble heights and widths, formed beneath the edge of the ice
during the halts which intervened between the periods of movement,
Between and among these minor ridges there would be depressions of
large and small size and of variable shepes. Thus, it is conceived,
the pecnliar hillocks and hollows which characterize the terminal
moraine may have arisen.

DRIFT DEPOSITS MADE BY WATER.
1, In Connection with the Ice.

Even during the advance of the ice, and while it was in most
vigorous action, continuous melting was in progress. It is to be kept
in mind that it is the ratio between the advance and the wastage which
determined the position of the edge of the ice at every time and place,
The surface wastage was greatest near the edge of the ice, because here
the climate was warmer than elsewhere upon the ice. At the edge,
and reaching back considerable distances from it, surface melting was
always in progress. This gave rise to large quantities of water, some
of which ran over the surface of the ice to its edge, and was there
precipitated upon the surface of the land beyond it, and some of which
fell into erevasses in the ice. Part of the water which found its way
into the crevasses was doubtless carried forward, for greater or less
distances, in the ice itself, but most of it found its way ultimately, if
not immediately, to the surface of the ground beneath the ice, and
flowed along this surface.

The water which flowed over the surface of the ice often formed
more or less well-defined streams, which from their position are known
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as superglacial streams. The water which flowed upon the land sur-
face beneath the ice was likewise often concentrated into well-defined
streams called subglacial streams. Some of these attained the dimen-
sions of large rivers. The Rhone river of to-day issues as a consider-
able stream from beneath the Rhone glacier. Above the terminus of
this glacier the river has a subglacial course of undetermined length.
In this part of its course it is a subglacial stream.

The water which descended into the ice from its surface through
crevasses, or through smaller cracks or pores, had a various cowurse.
It is possible that it was sometimes concentrated into streams which
had longer or shorter courses within the ice itself. On one of the
Alaskan glaciers* at the present time, an englacial stream appears at
the surface of the ice, issuing from an ice tunnel, pursues a super-
glacial course for a short distance, and plunges again beneath an ice
arch and pursues for an undetermined distance an englacial course.
Such streams may be designated as englacial streams. It is probable
that englacial streams had but short courses, in general, before they
reached a subglacial position. .

The rain which fell upon the surface of the ice augmenied the
volume of surface water produced by melting, and swelled the various
classes of glacial streams, in proportion to its quantity. The sub-
glacial waters derived from above would be increased by the melting
of the under surface of the ice. The friction generated by the move-
ment of the rock-shod ice over the surface of the land, as well as the
heat derived from the earth by conduction, would bring about this
under-surface melting, which would not be restricted, like the surface
melting, to a wide margin of the ice-sheet, but would take place
everywhere beneath it. "The total volume of water originating by the
melting of its under surface, was probably greater than that which
arose from superficial melting during the time when the ice was
in vigorous motion. Near the margin of the ice, the melting at the
upper surface was probably greater than that at the lower, at all
times. In the later stages of the history of the ice-sheet, its motion
became very sluggish, and while its areal extent was still great, parts
of it appeared to have lost their motion altogether, and to have become
stagnant. W here this condition of things obtained, and especially if
it were due to warmer climate, as it may have been, the superficial
melting probably exceeded the basal.

* Russell, An Expedition to Mount St. Eliss, Nat. Geog. Mag,, Vol. 3, p. 106 (1891).
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It is conceivable that, under special conditions of topography, sub-
glacial waters might have become englacial. But, at best, this was a
rare occurrence, and no instance of the kind is known to the writer
among present glaciers. In the nature of the case, it would be diffi-
cult to observe the phenomenon here referred to, even if it were a
common faet,

The melting of the ice was not confined to its upper and lower sur-
faces, though here the wastage was greater than elsewhere. In its
motior, various parts of the ice were under varying strains and
stresses at the same time, and the same part at different times.
Wherever the stress was such as to crush the ice, as must have some-
times been the case, the crushing would involve friction, and there-
fore heat and more or less of melting, Again, pressure lowers the
melting point of ice, and, under pressure, various parts of the ice
might be reduced to a liquid condition because of increased pressure,
especially if the temperature, before such increase, was near the melt-
ing point. In either case, the movement of the water would probably
be but slight before the conditions which caused the change from the
solid form would be altered, and the water would again be converted
into ice. But, meantime, some part of it might have joined an en-
glacial or subglacial stream, and thus be brought into conditions
which prevented its return to a solid form. Data are not at band for
determining, even approximately, the amount of water which is pro-
duced by the process here indicated, or what proportion of it joins the
glacial drainage.

Not all the water on the surface of the ice was concentrated in
streams during its superficial course, Where the surface of the ice
was smooth and plane and the rate of melting very uniform, the
water, doubtless, formed thin, superficial sheets rather than definite
streams. Likewise, and to a much greater extent, the subglacial
waters failed to be confined along well-defined channels. Subglacial
pools (miniature lakes) probably had a temporary existence at many
times and places, and thin sheets (rather than streams) of water
probably covered small plane or depressed areas beneath the ice, where
the ice temporarily failed to rest upon the land surface. Such areas
would correspond to hollows on the under side of the ice, or to small
depressions in the land surface, which the ice failed to fit into and fill
during its passage.
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Osars. Eskers.—In all these various positions the water did its
peculiar work. The superglacial streams wore channels and valleys
in the ice, much as streams wear channels and valleys in the surface
of the land. Other things being equal, valleys would be more easily
excavated in ice than in rock, since ice is softer than rock, and since
the streams would deepen their courses by melting their beds, as well
2s by abrasion. Wherever there was rock debris upon the surface of
the ice this would be slowly gathered into the channels of the streams
by the movement of the water into them, as well as by the action of
gravity, which would carry it down the ice-slopes bordering the
valleye. If the ice which occupied the space of the valley-trough
before the latter was excavated, contained drift, such drift would accu-
mulate at the bottom of the valley as the imbedding ice was melting
or worn away. Some part of the material, accumulated by one process
or another in the superglacial valley, would be removed by the water
coursing through it. If the water was unable to remove all of the
material, the finer would go and the coarser.would remain.

In process of time, if the stream held its course without interrup-
tion, a very considerable filling of gravel and bowlders might be made
in the bottom of the superglacial valley. Over and through this filling,
the water would move. Should the ice on which such a valley exists
become stagnant, as ice did to some extent during the declining stages
of glaciation, the ice beneath and around the valley would melt, and
the sand and gravel and bowlders accumulated in it would be let
down, gradually and gently, upon the surface of the land immediately
beneath the original channel in the ice. When the ice was gone, this
ice-channel drift wonld appear as a ridge, coinciding in geographic
position with the old superglacial stream. If the superglacial stream
had tributaries, as is possible,. their valleys might have beer partially
filled with debris like that of the main stream, and when the ice had
melted, the position of the tributaries would be likewise marked by
ridges of assorted drift. Such ridges would stand in the same relation
to the ridge of the main stream as the tributary rivers to their main.
Since the slope of the upper surface of the ice was toward its edge, the
surface streams would have their courses determined thereby, and the
courses of the resulting ridges would correspond in a general way
with the course of the ice movement.

It is not necessary that the ice should become stagnant before its
melting in order that the material accumulated in the superglacial
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valley should be deposited as a ridge upon the land. Although over-
halanced by melting, the ice had a forward motion during its recession
in many if not in most places. In this case there might be super-
glacial streams, as in the case of the stagnant ice, and such streams
might accumulate much gravel in their channels if the surface or
upper part of the ice furnished it. As the edge of the ice is melted
the ice-valley drift would be delivered on the land in proper form, as
the ice melted from beneath it, and by the progressive recession of the
ice’s edge the superglacial valley drift would come to constitute a ridge
of stratified sand and gravel marking the site of the superglacial
valley.

Ridges of assorted drift, such as we may conceive wounld arise under
the circumstances as here sketched, are known, and it is believed that
they may have been formed in the manner deseribed. Such ridges ot
driftare known as osars (Asar) or eskers. They have sometimes been
described under the name of kames and serpentine kames, but there
seems to be sufficient reason for discrimination between them and the
formations usually described under the term kame,

The superglacial valley might become very deep, even cutting
through the ice. In this case the stream would come to rest upon
the land heneath the ice and would flow through an ice cafion. The
accumulation of drift in its bed would be much the same as before.
The only important modifieation that would result would be from a
tendency of the ice to move in on either side of the ice cafion, ag if to
close it up. Even if worn back by the stream as rapidly as it tended
to close in, it would still bring debris to the stream channel from
either side, thus adding a new contribution to the debris accumulated
by the stream’s own action. This contribution might be less assorted
and less definitely stratified than that finding its way into the ice
valley by other means, The lateral movement of the ice toward the
caflon would probably be so slow, and its contribution of drift so slowly
made, that the stream would rework all or most of it, carrying away
the finer parts and arranging the coarser in more or less regular layers.
The movement of the ice, as here suggested, would be likely to disturb
and contort the regular stratification of the material arranged by
water alone.

In the channels of streams beneath the ice a very similar process of
accumulation might be going on. The stream beneath the ice would
be subject to conditions much more variable than those of streams on
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land surfaces, where there is no ice. The velocity of a subglacial
stream would probably vary greatly from time to time, and from
place to place.

On passing from their subglacial to their open-air courses, existing
streams carry much silt and sand and gravel. The same is probably
true of them during their subglacial courses. If so, wherever their
velocity is checked they are likely to deposit some portion of their
load, and the portion deposited would be the coarser portion, since this
is most difficult to carry. A subglacial stream might thus build up
its channel, and if the subglacial course of the stream was closely con-
fined by the overarching ice, the stream might not be able to abandon
its bed, even though this be higher than the land surface on either
hand, Thus the subglacial stream might come to flow on a subglacial
ridge accumulated in its channel, because the only course accessible to
it was along the crest of this ridge. In this case the ice would tend
to press in on either hand and close up the valley, the same as if the
channel had been cut down through the ice from surface to base. In
the one case, as in the other, the more or less reguler stratification
produced by the stream in the deposits made in its channel would be
disturbed and contorted.

After the melting of the ice, ridges thus developed, and representing
the courses of subglacial streams, would have the same general aspect
as ridges formed in the channels of superglacial streams, and let
down upon the surface of the land by the melting of the ice, or the
same as that of ridges formed in eafions which have been cut from the
top of the ice to the land surface beneath. Among the gravel ridges
known as osars, it is altogether possible that some may have been
formed in subglacial stresms. Such osars might have lateral osars
joining them, just as those formed on the ice in superglacial valleys.

It is not to be inferred that every superglacial stream or every
stream beneath the ice constructed osars. They may have failed to
do so because of insufficient material, or because their life histories
were too brief; for all the streams on and in and beneath the ice are
subject to great vicissitudes of conditions, and their existence, in any
given position at least, is liable to be brought to a sudden end.

Not every stream which built an osar, or which gathered the
material that might have become an osar, left permanent record of its
work. If the stream ceased to exist, or if its position was changed
before the movement of the ice ceased, the ice would be likely to
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override the ridge which might otherwise have been an osar, partially
or completely destroying it, or burying it by a deposit of till made
directly by the ice,

The water on and under the ice which was not confined in channels
was doing & work comparable to that of the streams. Instead of
ridges, patches of gravel and sand were probably accumulated on the
ice, where the surface waters could get the materials to work upon.
When the ice melted such of these patches as had not been earlier
destroyed were let down upon the surface of the land. It is not
probable that such accumulations were extensive, and it would be
very diflicult, if not impossible, to discriminate them from other like
deposity which might now be similarly disposed, though produced by
very different methods.

Subglacial waters likewise, even though not confined in channels,
would exhibit their proper activity. As on plains at the present
time, such waters might spread sand and gravel over such areas as
were subject to their action, burying whatever deposits had been
earlier made in the same locality.

Such deposits of sand and gravel would be stratified as water de-
posits are, They might be subsequently disturbed or altogether
destroyed by the action of the ice, or they might be buried by its
deposits (till), if it subsequently came to rest upon the surface earlier
covered by the water, but not pressed upon by the ice. Such changes
were probably not of infrequent occurrence during the ice period.

Kames.~—Associated with the terminal moraines in many places,
there are hillocks of variable shapes and sizes, composed of stratified
sand and gravel. As their composition and structure show, they are
the resuit of water action, not of ice action—or, at any rate, not of
ice action alone, The common association of these hills and hillocks
with the terminal moraine suggests that they are features developed
at the margin of the ice. The gravel of these hills is often but little
worn. Some of the rock fragments composing it are angular, and
many are but slightly de-angulated. The stratification of the sand
and gravel is generally very distinct, but often very irregular, The
irregularity has arisen in two ways. Part of it is original, indicating
peculiar conditions of deposition, and part of it is acquired, for it is
of such a character as to indicate that the original stratification has
been much disturbed since it was produced. In these cases, the lines
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of lamination show bendings and contortions and even sharp foldings,
which water could not produce in its deposits without the co-operation
of some other disturbing agent. The structure of these hills and
hillocks seems to warrant the conclusion that their material, once
stratified by water, and by water moving with swift and changeable
currents, as indicated by the original irregularity of the stratification,
was contemporaneously or subsequently subjected to pressure by some
powerful agent which was able to distort the original bedding planes
produced by the water. Bo far has this disturbance gone in many
places that it is probable that the shape of the hills themselves may
have been materially changed by it. Hillocks of the structure, com-
position and associations here noted are known as kames.

It is frequently the case that otherwise well-defined kames are
covered by a thin mantle of till. The till indicates the presence of
glacier ice, and this was probably the disturbing agent which displaced
and distorted the stratification which the water had earlier developed.
A till-covered kame may be seen in the western part of Rahway, south
of Robinson’s branch, and in the valley of the East Rahway, from
Orange mountain to South Orange and beyond, several such kames

* OCcur.

While most abundant in and near the terminal morsine, kames are
by no means confined to it. If they be the phenomena peculiar to
the ice margin, as their frequent association with the terminal
moraine suggests, they might occur in any region where the ice margin
has been. Since, during its retreat, the ice margin covered all the
territory north of the position of its maximum advance, kames might
be found anywhere north of the moraine, where conditions were favor-
able for their development, if they be marginal phenomena. And
such is their distribution. But north of the main terminal moraine
they are less numerous than in and near it, and are much more com-
monly than otherwise, associated with secondary or recessional termi-
nal moraines. Such moraines are sometimes essentially composed of
an aggregation of kames. In New Jersey, the recessional moraine
already referred to, running west-southwest from Waverly, is locally
made up of kames, so far as its constitution is indicated by present
exposures. That kames were made by water seems certain from their
constitution and structure. That they were frequently made in the
immediate presence of ice and somewhat modified by it, seems certain
from the till which sometimes covers them, and from the pressure to
which they have clearly been subject.
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It is mot the habit of water, unaided, to construct hills of the
materials it carries. When tributary streams, much swollen by
floods, and carrying heavy loads of debris, meet a more sluggish
main stream, it is possible that the water-carried debris would be so
deposited, and the deposits so shaped by the currents, as to constitute
small hillocks. It is conceivable that where strong currents meet in
such wise as to antagonize each other, both would drop their loads of
debris, and the eddies, which would result from their contest with
each other, might help to heap these deposits into hillocks, and
might excavate hollows between them. Basin-like and irregular
hollows, such as might have been produced by eddies in conflicting
currents, are frequent accompaniments of kames. But while such
activities as those here suggested seem to adequately explain certain
kames, they do not seem adequate as an explanation of all the hills
which are now grouped together under the name kames. It is not
improbable that further study will result in the recognition of
various types of kames, formed in different ways.

It is possible that some of the kames may have had their forms
impressed nupon them beneath the ice; that they are cast, so to speak,
in ice moulds. Then, too, the activity of the waters at and beneath .
the margin of the ice, where the latter no longer rested heavily upon
the ground, was doubtless great, and constantly varying in strength,
and the currents constantly shifting in position. The work of the
water in this position, and under these circumstances, would be ever
and anon interfered with and modified by the action of the ice, whose
margin was subject to constant fluctuations from the seasonal and
periodic changes in climate, and from the variation in the activity of
the marginal and submarginal waters. While these seem to be the
general conditions under which kames were developed, the precise
method by which all kames may have been builded is difficult of con-
ception.

Kames differ from osars (1) in being mounds and hills rather
than ridges, though kames may be somewhat elongate, and (2) in
being commonly arranged in positions at right angles to the move-
ment of the ice, instead of parallel with it, as is the case with osars.
Isolated kames camnot be said to exhibit arrangement. But when
the kames are in belts, as when associated with terminal moraines,
the belts are approximately at right angles to the motion of the ice,
or parallel to its margin. Such belts of kames were produced by
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waters whose direction of movement, thongh frequently shifting, was
mainly at a high angle to the belt itself. On the other hand, the
movement of the water producing osars was approximately parallel
to the direction of ice movement, and parallel to the direction of the
resulting ridge. Where single kames are elongate, their greatest
diameter is, more commonly than otherwise, parallel to the edge of
the ice, and at right angles to the direction of its motion—that is, the
reverse of the relationship shown by the osar ridges.

In size kames vary greatly. From mounds a few rods across and
a few feet high, they range to hills a mile or more in diameter, and a
hundred feet or more in height. With a diameter so great as the
maximum here stated, a kame is usually elongate and more or less
ridge-like. Their slopes are frequently about as steep as the incoherent
material of which they are composed will lie.

2. Water Deposits Beyond the Margin of the Ice.

A. Valley drift.—So far as the water which flowed beyond the margin
of the ice was confined in valleys its current was swift, wherever the
gradient was not very low. This follows from the great volume of
water which such streams had. TUnder these circumstances the
streams issuing from the glaciers must have carried great quantities
of debris, since the glacial grinding was constantly producing it under
circumstances such that it might be taken up readily by the streams.
Much of the debris was deposited in the valleys through which the
swollen streams coursed. Drift, therefore, is not confined to the limit
of ice advance, though the strictly glacier drift is so confined. That
which lies beyond was deposited by water. The valley drift carried
beyond the edge of the ice, by streams originating from it, was coarser
when the streams were swift, and finer where they were slow, From
the nature of the deposits of valley drift, therefore, the relative
velocity of the streams which did the depositing may be inferred.
At the time of that glaciation of New Jersey which is represented by
the heavy drift-sheet which is bordered on the south by the terminal
moraine, the streams which flowed from the ice were swift, for they
carried down large quantities of gravel and sand, with which they
partially filled their valleys. The gravel and sand thus deposited have
been designated valley drift, to distinguish it from other forms of
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stratified drift, The drift thus deposited in a valley has sometimes
been called a valley train of sand and gravel.

Such valley trains have their source, at any given stage of their
deposition, at the margin of the ice. As the ice margin changed, the
geographic source of the gravel likewise changed. Where the ice
margin remained constant in a position for a long period, the gravels
would take their source for a corresponding length of time. It thus
happens that the terminal moraine, which represents a long period of
time during which the ice edge was nearly constant in position, marks
the source of heavy valley trains of river-carried sand and gravel.

In New Jersey such valley trains of gravel occur in the valleys of
several streams. In the judgment of the writer, the gravels compos-
ing the terrace at Trenton belong to this class. These gravels have
long been known under the name of “Trenton Gravels.” Their
geological relations have been the subject of much dispute. Especial
interest attaches to them, because of the association of paleolithic
implements with them. Gravels corresponding to them occur at
various points in the valley of the Delaware, generally forming a
well-defined terrace. Though not now uninterruptedly present from
the moraine at Belvidere to Trenton, these gravels doubtless once
filled the bottom of the valley throughout this entire distance, and
even further south, although they are said to have no development
below the vicinity of Trenton on the east side of the river at the
present time. Where they are not present on the New Jersey side of
the valley, they often cccur on the Pennsylvania side. Where they
are present on neither side, they are confidently believed to have been
removed by the river since the time of the last glaciation.

The materials of this valley train are coarsest in the vicinity of the
moraine, and become finer and finer further down the stream. The
occasional large bowlders which occur in the gravel and at its surface,
were probably carried down the stream by icebergs detached from the
edge of the ice-sheet, and carried southward by the current. If
bowlders were imbedded in it or frozen to it, even a small berg of ice,
because of the lightness of ice, would be able to carry large masses of
rock and still float upon the water,

B. Overwash plains.—Where the country beyond the margin of the
ice was flat, the water spread widely over it, carrying its burden of
gravel and sand, depositing it where its transportive power failed.
Since the velocity of such waters was slight, compared with that of
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waters having a similar origin but confined in channels whose banks
might retard the flow, they would not be able to carry material of so
great size, nor such as they might at first move, to any considerable
distance. Water, marginal to the ice and arising from it, would
cover the flat tracts of land over which it spread, with stratified
gravel, sand or silt—according to its strength of movement. Such
plains of drift deposited by water beyond the edge of the ice have
received various names. Among them, overwash plains, morainic
aprons and border plains, may be mentioned. Where the plain of
deposition is narrow and extended in the direction parallel to the
movement of the water, the deposits will closely resemble those made
in a wide valley, both in kind and distribution. Overwash plains
may thus merge into valley trains.

The gravel and sand plain on the edge of which Plainfield stands,
is an example of such an overwash plain; or, more accurately, it is a
plain partaking of the nature both of a valley train and of an over-
wash plain. So far as it was built up from the northward, it was by
water starting from the ice margin about one mile northeast of Scotch
Plains, and flowing west of south through a preglacial valley. Thus
far it corresponds to a valley train, and has a slope down the valley
to the west of south. So far as it was built up by waters discharged
from the ice’s edge lying east of the valley, and flowing in a westerly
direction toward the valley, it partakes of the nature of a morainie
apron. The position of the ice-edge from which the water thus flow-
ing emanated, is marked by the terminal moraine from Netherwood
southward, That part of the plain thus built up has a slope to
the south of west. The deposition from the two directions was
probably going on at the same time, and the resulting plain is a unit,
though two slightly-different phases of the activity of water co-operated
in its construction.

Tt sometimes happens that the slope of the land which the ice
invaded was locally against it. In such cases water sometimes accu-
mulated between the ice barrier behind and the land barrier before,
making a temporary lake. Under such circumstances the melting ice
discharged its waters into the lake. Since the currents would be
arrested on meeting the quiet body of water, its load would be dropped,
and formations of gravel and sand would be made on the iceward
border of the lake, If the waters joining the lake had little current,
gilt, instead of sand and gravel, might constitute the deposit. The

7
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growth of the formation would be on the same prineciple as the growth
of a delta. The finer material carried by the water would sink less
readily than the coarser products. They would therefore be more
widely distributed over the lake bottom. In the interior of the
United States there are exiensive plains of silt thus accumulated.
No formations known to be of this character have come under the
observation of the writer in New Jersey, but they may yet be found.
They are not rare in other parts of the drift-covered area.

As the ice retreated, border plains of gravel and sand were some-
times developed similar to those which were found at the margins of
the ice at the time of its maximum advance. The plains of stratified
drift made along its border during the recession of the ice, buried the
till or whatever phase of drift previously occupied the ground.
Gravels accumulated beneath the ice by subglacial waters might stand
in the same relation to underlying till.

If, after a border plain of gravel had accumulated, the ice tem-
porarily advanced over it, the border plain might be destroyed or its
stratification disturbed, or it might be buried by till deposited upon it.
Gravels deposited by subglacial waters might be covered with tiil sub-
sequently, in such wise as to be indistinguishable from overwash
plains buried by till.

The thickness of the sand and gravel of these border plains was
dependent in large measure, upon the length of time the ice stood in
such a position as to allow the border waters to flow over the same
territory and make deposits upon it. The rate of supply of detritus
would be a second determinant of the depth of the gravel and sand.
The actnal variations in thickness are great. It may be several scores
of feet or it may be so thin as to be scarcely recognized as a layer
independent of the material beneath it. Overwash plains generally
have less depth of drift than valley trains.

Pitted plains.—The plains of stratified drift are not always plane,
Their surfaces are sometimes marked by depressions, These may be
deep and kettle-like, or more rarely trough-like in form ; or shallow,
being mere sags in the surface. Plains thus characterized are known
as pilted plains. Their position generally corresponds with that of
overwash plains, though they sometimes occur where there is no
terminal moraine associated. Where the depressions become conspic-
uous, they are sometimes accompanied by meunds and small hillocks,
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_ 80 that the plain becomes undulating. When this character is marked,
the hillocks take on a form and structure such that, individually, they
correspond to small kames. Overwash gravel plains may thus merge
into pitted plains, and pitted plains into areas of kames. In origin,
pitted plains and kame areas probably have much in common. It is
probable that the ice played an important réle in shaping the surface
of those plains which beeome so rough as to be classed as kame areas
rather than as overwash plains, Valley trains likewise are some-
times pitted.

Gradation of Types of Drift Into Each Other.

The various classes of drift here enumerated are sufficiently distinct
from each other to be easy of recognition where typically developed.
But from the circumstances under which they were made it will be
readily seen that any form of drift may grade into others. This
results from the fact that one phase of ice action grades into another,
and from the fact that water and ice co-operated and alternated with
each other in all conceivable relations. It follows that distinet as the
various phases of drift are, taken in their typical development, it is
often extremely difficult to make sharp distinctions between them in
the field.

No types of drift are better defined than the till and stratified
gravel. But it has already been pointed out that till may assume
different phases, according to the nature of the rock from which it
was derived. It may be more or less clayey, more or less sandy,
more or less gravelly, more or less bowldery. But the difficulty of
discriminating till does not lie here. When the ice passed over beds
of gravel which had been made by subglacial or extra-glacial waters,
its action upon them was various, If it simply buried them they
would be gravel beds still, though overlain by ground moraine, If
the ice 8o worked upon them as to roughen their surfaces and distort
their stratification, without destroying it, undulatory tracts of gravel
would result, the hillocks of which might bear some resemblance to
kames, though their material would generally be more water-worn.
If the gravel deposits were buried by till in the process, the kame-
like hills would be till-coated, as is sometimes the ease. If the ice so
worked upon the stratified gravel beds as to destroy their stratifica-
tion, removing them never so little and depositing them anew, with
little admixture of other material, the gravel, though gravel still,
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would become ground moraine. Its structure, or its absence of
structure, wonld be the result of ice action, and not the result of
water action, The original stratified gravel, even if deposited in
advance by waters emanating from the ice itself, constitutes the forma-
tion over whieh the ice afterward passes, upon which it works, and
from which it makes its ground moraine. And here, as elsewhere,
the ground moraine is dependent on the character of the formation
from which it is derived. If the ice’s work upon the gravel was
protracted or vigorous, the Iatter might be worn and crushed so that
its character as gravel was largely or even completely destroyed. In
this case the gravel might be changed to typical till. But the work
of the ice upon the gravel was sometimes only enough to destroy its
stratification. It would be but unstratified gravel, though deposited
by the ice, and therefore moraine,

The process of destruction of the stratification may have proceeded
to any extent. It may be disturbed only ; it may be largely destroyed
though locally preserved, and the ratio between that part which has
lost its stratification and that which has not, may vary in either
direction until the one class or the other is excluded. If the stratifi-
cation has been completely destroyed, the gravel is to be regarded as
ground moraine. Bat if it has just failed of complete destruction,
the gravel seems hardly to belong to the category of assorted drift or to
that of unassorted. It is customary to speak of such deposits as
made up of stratified drift, re-worked or re-arranged by the ice. But
it is not found practicable in the mapping of the drift formation to
recognize a class of drift intermediate between that which is stratified
and that which is not, although drift possessing an intermediate
character occurs. To carry the classification thus far in the mapping of
the drift would lead to endless complications. It goes without saying
that stratified sand deposits may stand in the same relations to till as
the stratified gravel deposits. Thus it often becomes a matter of
extreme difficulty to draw a line, separating till on the one hand from
etratified sand and gravel on the other. Often no such line can be
drawn without doing violence to the facts.

In another way the till and the stratified deposits of drift present
difficulties when their delineation upon maps is attempted. The
stratified drift may overlie the unstratified, or vice versa, to any
depth. One foot of stratified sand may overlie many feet of till, or
the reverse may be the case. The areas where this condition of things
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obtains might be mapped as sand, because their uppermost por-
tion is sand, or they might be mapped as till, because the main
part of the drift material is till. Were the thickness of the surface
layer in such cases uniform the matter would be simplified. But it
is often very variable. A surface layer of sand may be wanting at
certain points, thin over associated areas of small extent and deeper
over other areas of like extent and relation, and the thickening and
thinning follow no law which expresses itself at the surface. The
areas where such changes occur are often very small—too small to be
separately represented on maps of the scale in use. Here there is
another obstacle to the accurate delineation of the drift formations.

Ag if the lateral and vertical variations and gradations between
till and stratified drift were not enough, a further difficulty is encoun-
tered, in that the extent of the complicated conditions of things which
is known to exist cannot be defined. Exposures revealing the facts
are only here and there, and all that is left by which to judge of the
pature of the drift is the surface soil and its products, and the local
topography.

The diseriminations between the stratified and unstratified drift are
hardly more difficult to make than those between certain other classes
of drift. 'The lines which must be drawn upon the map limiting the
position of the terminal moraine are sometimes arbitrary. Its outer
border is frequently well marked, as, for example, where it is bor-
dered by an overwash plain with a smooth surface. When the border
plain is undulatory, as it sometimes is, the definition is less gharp.
But the inner border of the moraine is frequently ill-defined. The
main part of the terminal moraine is formed beneath the margin of
the ice, and under the peculiar conditions there existent. The con-
ditions which are peculiar to the margin of the ice become less and
less pronounced back from the edge. They disappear gradually ;
they do not cease suddenly, and it is not easy to say how far back
from the absolute edge of the ice the strictly marginal conditions
extended. The distance is probably. a variable one, dependent on
many factors, such as local topography, thickness of the ice, vigor of
its action, softness or hardoess of the rock, &e.

The terminal moraine corresponds to this condition of things. Its
outer and central portions are often sharply enough marked, but on
the inner face it grades back by almost imperceptible degrees into
the ground moraine. The line between the inner face of a terminal
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moraine and the adjacent ground moraine is, therefore, in many
instances an arbitrary one.

These and many other complications make the delineations of drift
formations upon the map a matter of extreme difficulty. And not
only & matter of difficulty, but they make it impossible to make per-
fectly-accurate maps, Such maps would require exposures many
times more abundant than they now are. For definiteness of repre-
sentation upon a map, too, lines must needs be drawn between
formations, when the separation between them is not marked by a
lice, but by a belt or area of gradation,

EXTRA-MORAINIC GLACIAL DRIFT.

Until the present study of the Pleistocene formations of the State
was undertaken, in the summer of 1891, no evidence had been pub-
lished, so far as the writer is aware, that glacier drift existed in New
Jersey south of the terminal moraine which crosses the State from
Belvidere to Perth Amboy. That drift deposited hy water had a
considerable distribution south of the moraine, as at Trenton, was
well known.

In 1889 President T, C. Chamberlin and the writer visited certain
localities in New Jersey and Pennsylvania, south of the terminal
moraine. In New Jersey, south of Belvidere and between that point
and Phillipsburg, as well as at corresponding points on the west side
of the Delaware, surface features were observed at that time which led
us to suspect that an older glacial drift existed in New Jersey and
Pennsylvania, and that its exposed portion lay south of the terminal
moraine referred to above. It was inferred that this extra-morainic
drift corresponded in age to that lying south of the terminal moraines
in the interior. But the observations made were too few and too
indecisive to make their conclusion certain, and it was never published.

When the writer first visited New Jersey, early in the summer of
1891, he learned from Prof. Smock that he likewise had been led to
think that there might be an older sheet of drift in New Jersey, south
of the terminal moraine, deposited by an ice-sheet which antedated
that whose southern limit was marked by the well-known terminal
moraine. The relevent facts which Prof. Smock had accumulated were
generously put into my possession, together with the inferences which
had been drawn from them. Prof. Smock further pointed out several
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localities where the surface formations which seemed to justify the
inference concerning an older drift, could be well seen.

These localities were visited, and the materials whose origin was in
question were examined in detail. Two of these localities were rail-
way cuts near Pattenburg and High Bridge respectively, in Hun-
terdon county. In both situations the surface formations were found
to be such as to make it seem certain that they were glacier drift;
not drift transported beyond the terminal moraine by water, con-
temporaneous with the formation of the moraine ; not material trans-
ported by water at any time either before or since the formation of
the moraine; and not a *fringe “—whatever that may be—nor any
dependency whatever of the terminal moraine, nor any form of deriva-
tion from it.

The cut at High Bridge is about fifteen miles south of the terminal
moraine. Here the drift has a maximume thickness of about thirty
fest. It is composed of a clayey material, which, in some parts of the
cut, is mingled with sandy and gravelly material, and set with
bowlders, the largest of which reach a diameter of geveral feet.
Among the stony material there are bowlders of various sorts,
Bowlders of shale cannot be said to be abundant, but they are cer-
tainly not rare. Repeated examinations failed to discover a single
piece of shale so much as three inches in diameter, and which still
retained the form it possessed when the drift was deposited, which did
not show glacial strie upon its surface. In many cases the pieces of

‘shale had disintegrated into fragments, and even among the fragments,

those which still preserved portions of the original surface, frequently
showed strie in great perfection upon such surfaces. In some cases
small bowlders or bowlderets of shale were seen, whose surfaces
showed glacial markings in the clearest manner, but which were yet
so far disintegrated that they could not be lifted from their places
without falling into scores of pieces. Though the striz were found
to be much more common on the shale than on harder sorts of rock,
as would be expected, they were not wanting on other kinds of rock.
More than one hard sandstone and quartzite showed strie no less
decisively than the shale, and one large bowlder in the face of the cut
has one surface, seven feet across, planed and striated.

Just east of Pattenburg a railway cut shows the same condition of
things, with the additional feature that the stratum of shale on which
the drift rests, shows evidence of having suffered violent mechanical
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action. It is crushed and crumpled, as if pushed upon horizontally
by great force.

A similar condition of things is found to exist over the whole of
the northern part of Hunterdon county, and over that part of Morris
county which lies south of the moraine. Along the highways shallow
cuts frequently expose material which shows physical and lithological
heterogeneity, an absence of stratification, and the presence, and often
the abundant presence, of striated stomes imbedded in a matrix of
clayey earth. These phenomena may be seen at various points
between Oxford Church and Little York, between Little York and
Ozxford Furnace and between the latter place and Washington, They
are especially well exhibited at and mear Little York, where this
extra-morainie till lies considerably higher than the moraine to the
north,

In places this drift forms a tolerably continuous sheet. This is
especially true where the topography is such as to have been unfavor-
able to erosion. On steep slopes and sharp summits it is generally
wanting, as also in the narrower valleys. On the broader uplands
and gently-sloping hills, and in broad valleys, it finds its chief devel-
opment at the present time. It can hardly be doubted that it once
formed an essentially continuous sheet over a large area south of the
terminal moraine, and that its interrupted existence at the present
time is the result of subsequent erosion,

Concerning the relation of this drift to the terminal moraine, we
hold no doubtful opinion. That it could not have been derived
from the moraine by overwash or by any phase of water transporta-
tion, is clear, since (1) it does not possess the structure of an aqueous
formation ; (2) it is much too heterogeneous to represent the work of
an assorting agent; (3) the surface upon which it rests sometimes
shows the effects of mechanical force, such as water could not pro-
duce; (4) the soft shale bowlderets could not have suffered trans-
portation by water, even for a few miles, without having lost all
traces of strie, especially in the presence of abundant harder stone ;
and (5} its topographic distribution is such that water, issuing from
the ice which made the terminal moraine, could not have been the
transportiog agent, for, as at Mount Bethel, it covera the tops of high
elevations three hundred feet or so above the moraine, a mile or two
further north, and, without modification of character, occupies depres-
sions at least five hundred and fifty feet below its greatest known
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altitude. Such a formation with such a distribution and such rela-
tions, is not the work of water.

The case is no better if it be looked upon—as the eorresponding
formation in Pennsylvania has been—as a “fringe” of the moraine;
for, however this “fringe” may be conceived to have arisen, we
suppose that it is assumed to have an intimate connection, both in
time and in genesis, with the moraine itself. But the drift here
under discussion is not believed to have had any genetic connection
with the moraine, or any time relation to it, except one of great separ-
ation. It is composed of materials which are, in some measure,
inherently unlike those which compose the moraine. But espacially
its physical and chemical condition puts it into sharp contrast with
the material of the moraine and with the sheet of drift of which the
moraine is the southern border. Essentially, all the stony material it
contains, except the hard sandstones and quartzites, shows the effects
of long-continued weathering. Much of the granitic material has so
far lost its integrity that it cannot be handled without falling
into pieces. The matrix, both by its color and by its chemical
character, shows that oxidation and leaching, both as regards exten-
gion and intention, have taken place on an extensive scale,

To adequately appreciate the difference between this drift and that
of the moraine the two should be set in contrast. While the one
exhibits oxidation, leaching and disintegration in an advanced stage
of development, even to its base, where it is thirty feet thick, the other
has not suffered oxidation and leaching en any such scale as to make
them apparent more than two or three feet from the surface, and the
softest and most easily-disintegrated varieties of rock often present a
degree of freshness which, so far as the eye can see, might charac-
terize masses of rock worked out of their parent ledges within the
memory of living men. We hold, therefore, that this extra-morainic
drift represents the remnant of a drift-covering once much more
extensive and more uniformly present than now, and that, like the
drift in and north of the great terminal moraine, it was formed by
an ice-sheet, but by an ice-sheet which overspread New Jersey much
earlier than that which made the terminal moraine and the main body
of drift which lies north of it,

It is a matter of great interest to know how much earlier. But to
this question no definite answer can now be given. Suffice it to say
that if the chemical and physical condition of the material be a safe
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criterion to gauge by, the extra-morainic drift must be at least several
times as old as the morainic. That is, according to this standard of
measurement, the interval which elapsed between the first and the
last glacial formations of New Jersey was several times as long as
that which has elapsed since the last. This extra-morainic drift is
regarded by the writer as the equivalent of the oldest glacial drift of
the interior.

The phenomena here described as indicating a drift-sheet older than
that represented by the moraine and the drifs north of it, are not con-
fined to Hunterdon and Morris counties. The extent of the territory
over which these phenomena occur is not known, though many facts
concerning its extension are already in the possession of the Survey.
The railway cuts southeast of New Brunswick afford similar evidence
in this part of the State. Glacial-striated bowlders have also been

Fig. 10,

Iirift resting oo distorted shele. The latter appears to have been disturbed by mechanieal
force, the upper portions of the minfature folds being worn nwey. Kallway cut Just southeast
of New Brunswick. 1°rom a photograph.

found between Monmouth Junction and Deans, along the line of the
Pennsylvania railway, and at Kingston, on the Millstone river, three
miles portheast of Princeton, though they are by no means common
in either place.

In Pennsylvania there are drift deposits well south of the moraine
in similar situations, Glaciated bowlders, imbedded in clay which
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presents the general aspect of till, have been found near South
Bethlehern, several hundred feet above the Lehigh river, and at
various other points south of the Lehigh, at distances from the
moraine comparable to those at which the corresponding formation
in New Jersey occurs. Drift closely resembling till, and containing
striated rock material, occurs on the west side of the Delaware near
Fallsington,* three or four miles southwest of Trenton, and, with Mr.
C. E. Peet, the writer found similar deposits at Bridgeport, Pa,
opposite Norristown, still further south. Bridgeport is the southern-
most point at which glacially-striated material has been seen by the
writer. Glaciated bowlderets were here taken from clay of such char-
acter that, were the locality known to have been covered by ice, its
reference to till would be fully warranted. Bridgeport is about fifty
miles south of the terminal moraine. )

It is not intended to convey the impression that every region where
glaciated stone may be found was necessarily once covered by glacier
ice. The possibility of transportation of glaciated material beyond
the edge of the ice by water, is distinctly recognized. But it is not
believed that water alone, or water-bearing glacially-derived bergs,
could produce all the results which are here recorded. Neither the
structure of the extra-morainic drift, nor its physical make-up, nor its
geographic or topographic distribution, is consistent with such an
hypothesis.

At several points in New Jersey south of all the localities thus far
mentioned within the State, there are topographic features which are
easy of explanation if ice once extended to the region where they
necur, but which seem to be very difficult of explanation on any other
hypothesis. The features here referred to characterize the region from
Washington, Middlesex county, southwest to Fresh Ponds and be-
yond, and also the region east of Trenton, from White Horse to
Hamilton Square, The topography in these regions is very much
like that of a subdued termipal moraine.

The determination of the southern limit of ice action during the
earlier glaciation is likely to be a matter of some difficulty. In its
gouthern extension the ice reached the region of the “yellow-gravel ”
formation, Invading a region whose surface was composed of such
loose material, the thin edge of the ice would probably do little more
than work it over, destroying such structure as it once had, and de-

#* This locality was first made known to the writer by Prof. Smock.
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positing it again without wide transportation in much the same con-
dition as that in which it found it. There would be some admixture
of material brought from more northerly sources, but this might be
but slight. This condition of things would be especially favored if
the region invaded by the edge of the ice were 50 low as to be covered
by a shallow depth of water, as might have been the case. In this
event bowlders would have been carried beyond the edge of the ice-
sheet by floating ice, and scattered over a wide area beyond the reach
of the glacier, so that a sharp line marking the limit of drift, or even
of glacier drift, would not exist.

The age of the ¢ yellow-gravel ” formation has been long in ques-
tion, and, so far as the writer is aware, no certain conclusion has yet
been definitely reached concerning it. But from its relation to the
older glacial drift, the writer is inclined to believe that it antedates
this drift, and that it is therefore Pre-pleistocene. The definite deter-
mination of this question is one of the problems which will engage
the attention of the Survey in the further prosecution of its work.
New Jersey is probably the best locality for the determination of the
relation of this formation to the drift, and this determination will
have an important bearing upon the problems of coastal-plain
geology, now under investigation at the hands of Mr. McGee, of the
United States Geological Survey. The relation of the *yellow
gravel 7 to the earlier glacial drift and the age of the former are,
therefore, problems which have a wide interest beyond the limits of
the State. It is perhaps true that no other area of equal extent
affords a more inviting field for the study of Pleistocene geology, or
within which determinations of more importance can be made con-
cerning the later stages of geological history, Within the State
occurs the passage from the Pleistocene glacial formations of the
North to the Pleistoeene water and land (non-glacial) formations of
the South. The determination of the relations of these two phases
of the Pleistocene formations is of prime importance.

Nore.—It is proper to note here that the proof of this report
was not read by Prof. Salisbury.
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GEOLOGICAL WORK IN SOUTHERN
NEW JERSEY.

BY C. W. COMAN,

OAK-LANRD AND PINE-LAND BELTS AND THEIR RELATION
TO AGRICULTURE.

The region here considered is that part of the State which lies to
the southeast of the belt of marl outcrops, and is bounded on the
southeast and southwest by the Atlantic ocean and Delaware bay
respectively. The area so delimited, the form of which approximates
a right-angled triangle, with a considerable spur extending from its
right angle in Cape May county, includes about two-fifths of the whole
State. Its greatest breadth, or the base of the triangle, from Salem
to a point on the sea-shore five miles south of Sea Isle City, is fifty-
three miles; and from Long Branch, the apex of the triangle, to Cape
May Point'the distance is nearly one hundred and ten miles, The
outerops of the upper marl-bed in Monmouth county are here included,
but as with these inconsiderable exgeptions, the upper marl from
Brindletown, near New Egypt, northeastward is deeply buried
beneath later deposits, the middle marl may be considered as the
western boundary from New Egypt to the sea-shore at Long Branch.

The political divisions covering this area include the whole of Cum-
berland, Cape May, Atlantic and QOcean counties, considerably more
than balf of Salem, Gloucester and Camden counties, nearly three-
fourths of Burlington and the southeastern half of Monmouth county.

The surface is in general level or gently-rolling, nowhere greatly
elevated above sea-level, the highest point being only 308 feet above
tide-water. The streams have nowhere cut deeply into their beds,
but flow generally in inconspicuous valleys very nearly on the general
level of the surface. This topography is due partly to its newness,
the streams not having yet had time (with their small inclination and
elevation) to excavate deep valleys; in part to the nature of the surface
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materials, loose sand and gravel not readily lending themselves to the
production of bold contours; and in part to the undisturbed condition
of the strata, lying as they do almost horizontally without fold or
distortion of any kind.

The following excerpts from the report of C. C. Vermeule in the
Final Report of the State Geologist—Vol. I., Topography, Magnetism
and Climate—describe this region from the topographer’s standpoint :

*“From Long Branch southward sixteen miles, to Bay Head, the
fast land comes out to the ocean front and rises at the north in a
bluff, 30 to 40 * feet high ; southerly, it is a low coast, fringed with
sand dunes. * * * The shore is broken by Shark River bay,
some 3 miles long, which has a contracted inlet which occasionally
closes, cutting off the tides, and by Manasquan river, a tidal estuary 5
miles long with a width of one-quarter to one-half mile, and bold, pic-
turesque banks from 70 to 100 feet high in places, Deal lake and
Wreck pond are similar estuaries. A line of fresh-water ponds, just
back from the coast line, have been utilized to add to the attractive-
ness of the several settlements.

“ The ridge running off from Frechold east to Asbury Park, and
forming the divide between the Navesink and the Manasquan, and
the Shark river water-sheds, has already been noticed. It is an
irregular line of gravel-capped hills. The highest of these, known
as the Hominy hills, 21 miles south of Colt’s Neck, is 308
feet above tide. A spur of this irregular, gravelly ridge runs
off southeast between Shark and Manasquan rivers to Manasquan
village, carrying an elevation of 100 feet within two miles of the
occean, F ¥ ¥

“ Bouthward from Bay Head, the piny region is fringed along the
ocean front by a strip of tide-marsh, bays and creeks from 3 to 6
miles in width, * * *

“The drainage of the eastern slope of southern New Jersey is
southeast, along lines running quite direct from the water-shed line to
the ocean. * * *

“As we proceed southwest, the slope becomes more gentle. It
rises from 10 to 20 feet per mile, or in places steeper, north of Tuck-
erton, but southward from there, the rise from the marsh back to 100
feet elevation averages only 3 feet per mile. In this portion the area
above 100 feet elevation within 25 miles of the gea is very trifling,
The highest point of Cape May county is but 50 feet above mean
sea-level, and more than half of Atlantic county iz below 50 feet, as
is nearly half of Cumberland. The fall of the streams of this slope
is quite uniform. Above the head of tide the average fall of the
Manasquan is 5} feet per mile. The Metedeconk falls 63 feet, and

* An error hos in some way here crept in, The bluff is now only about 26 feet high.
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Toms river 6} feet, the distance used in each of these three cases
being 12 miles. Cedar creek falls 7 feet per mile for 7 miles, Mul-
lica river 5 feet for 16 miles, and Great Kgg Harbor river 5 feet for
25 miles. Maurice river averages 5% feet for 20 miles. The head
of tide, however, while it is but 3 to 5 miles back from the edge of
the fast land on the first three streams, is 17 miles back on the Mul-
lica and 12 miles on the Great Xgg Harbor rivers. These figures
are sufficient to show that it is not a lack of fall along the stream-
lines which causes the swampy borders, but a lack of lateral fall at
right angles to these lines.*

“ Ridges and valleys and slopes have been spoken of in a way which
may distract the reader’s attention from the extremely level character
of this whole pine country, but to guard against this he must keep
in mind the figures which have been given. Casting the eye over
this plain from any point of vantage, such as one of the small round
hills which rise from its surface here and there at wide intervals, we
see an-unbroken extent of dark-green pine forest as far as the limit of
vision, stretching away in long, gentle swells, as level as the ocean
itself. " So level is it in places that the greater height of the timber
in the swamps gives the appearance of a ridge on what is reslly the
lowest ground of the plain, and the unipitiated may be easily
deceived thereby. It is often impossible for even a practiced eye to
judge which way the ground descends, and in passing along the long,
straight roads cut through the timber, it frequently seems that one 1s
always at the boitom of a hollow, the ground appearing to rise in
both directions, whereas it is either level or sloping all one way.”

Until within a few years the agricultural possibilities of this part
of the State have received little attention. With notable exceptions
in Salem and Cumberland counties, which bave rich, heavy loam
soils, and bave long been cleared of forest and under cultivation, the
soils are generally light, and farmers have viewed them with dis-
favor, deeming them incapable of productive cultivation. By far
the greater part is still in forest, the proportion of cleared to
uncleared land in 1888, at the completion of the topographic sur-
vey, being less than one to four, and the total acreage of cleared land
at that date was only 430,730 acres, while 1,326,000 acres stili
remained in forest. And of this cleared area the greater part lies in
the old-settled portions of Balem, Cumberland and Monmouth
couniies. The timber of the uplands consists chiefly of the short-
leaved pitch pine (P. rigida), and white, red, black and chestaut oaks.

*That is, the streams are bordered by swamps because of the extreme shallowness

of their valleys.
8
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The pine occupies the poorest tracts almost to the exclusion of other
trees, hut is by no means confined to such tracts.

Oun the Delaware bay slope the Jersey pine (P. inops) is quite
common. A heavy undergrowth of the dwarf or chinquapin oak
renders much of the forest almost impassable, especially where it is
interlaced with the thorny greenbriar, abundant on nearly all of the
low ground which is not actual swamp. Where the coarser under-
brush is not too dense, the ground is generally well covered with the
various species of huckleberry bushes, the fruit of which forms a
natural crop of considerable value, and the gathering of which, in
season, furnishes employment to hundreds of berry-pickers.

The swamps, except a few, mostly in Burlington and Ocean
counties, which are nearly treeless and overgrown with grass, cran-
berry vines, &ec., are even more densely wooded than the upland.
From a little distance a cedar swamp presents the appearance of a solid
mass of dark green, while even when in'the midst of it the eye can
penetrate but a few yards among the thickly-clustering, smooth, gray
trunks. The gum and maple swamps are scarcely less dense, and
are even more difficult to penetrate, because of the abundance of
underbrush, amid which the poison sumac ( Rhus venenata) is sure to
be encouutered by the unwary. The trees are often very large, ex-
ceeding 100 feet in height. The demand for white cedar for shingles,
siding, planking for boats and such other purposes as require great
durability under exposure to weather, far exceeds the supply. As
the early growth of a tree is much more rapid than when approaching
maturity, the swamps are cut off before the cedars are much more
than half grown, with a view to securing as much timber as possible
within a given number of years, and as a result of this system there
is little large cedar in market. But a more urgent reason for cutting
as soom as the timber iy at all marketable lies in the danger from
forest fires, which annually sweep over thousands of acres of South
Jersey, destroying the timber of the uplands and penetrating the
cedar swamps as well, where the latter are not well filled with water,

The pine and vak timber, too, is generally cut off young; seldom
allowed to stand twenty years, and in more cases cut after ten to
fifteen years’ growth, and to this, with the frequent burnings, is due
the small xize and stunted appearance of the trees over most of the
region, giving it a forbiddingly-barrea aspect, which is only in part
really deserved, The name “ Jersey Barrens,” loosely applied to this
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part of the State, which expresses the popular opinion of the character
of its soil, is, as the detailed description following will show, mislead-
ing, being fairly applicable to less than one-third of its area. That
timber may attain a good size on such soil is evidenced by the few
examples where the trees have been allowed to attain a natural growtb.
The grove at Point Pleasant, just south of the Manasquan river, con-
tains many large trees; there are a few very fine oaks and pines about
Absecon, on the mainland, abreast of Atlantic City; and the grove
just south of Winslow contains as heavy timber as is often seen in
the State.

Most of the older clearings border navigable water, their owners
having been fishermen, oystermen, or, in earlier days, whalers, and
depending more on the water than on their farms for a livelihood.
Then, too, when travel was chiefly by water the interior was cut off
from communication with the markets. Moreover, the privilege of
access to the salt marshes and bays for salt hay and seaweed, fish,
mussels, crabs and salt-marsh-mud (cheap and convenient fertilizers,
enjoyed by the shore farms), had much weight in determining their
location. Thus it oceurs that while the sea and Delaware bay shores
have had for years a border of clearings and villages, the greater part
of the interior has been, until & time comparatively recent, an almost
unbroken wilderness, although the soil of the interior is on the whole
in no way inferior to that nearer the shore.

The advent of artificial fertilizers and the extension of railway
facilities have removed the disadvantages of the inland farms, and
new settlements are now rapidly springing up along the lines of the
various railroads, *

The region is well watered. The principal streams are, beginning
at the north: Shark river, Manasquan river, Metedeconk river, Toms
river, Mullica river, Wading river and Great Egg Harbor river.
These flow into the Atlantic. Flowing into Delaware bay are:
Maurice river, Cohansey creek, Stow creek and Alloways creek.
"And, in addition, all the large creeks flowing into the Delaware river
south of Trenton, take their rise in this region.

Several of these streams are navigable for some distance from their
mouths. Three-masted schooners ascend Cohansey creek as far as
Bridgeton, and the Maurice river to Millville. At the shipyard on
Dennis creek, near Dennisville, coasters of several hundred tons are
launched and taken down the creek to the bay. Great Egg Harbor
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river is navigable to Mays Landing, and Mulliea river to Greem
Bank, but not to vessels of such size as enter the Maurice river.

These streams also furnish valuable water-power. That at Mill-
ville is one of the finest in the State, and those of Mays Landing,
Weymouth, Pleasant Mills, Batsto and Harrisville are not much
inferior, A feature of peculiar value with these streams is their
equable flow, running full with scarcely any variation summer and
winter, with no disastrous floods and no season of extreme low water.
The cedar swamps in which most of the streams take rise, yield their
water slowly and thus form storage reserveirs for maintaining this
equable flow notwithstanding inequalities of rainfall.

Geologically, this is the most recently-formed portion of New
Jerse), with the exception of the later glacial drift, and the recent
river alluviums.

With the exception of the beaches, the recent alluvium of the
shores, and the marl of Cumberland county, which is Miocene, it is
all provisionally classed as Pliocene Tertiary.

The beds exposed, either in outcrop or section, are clays, sands and
sandy or loamy gravels, In places the sand and gravel have been
cemented, since deposition, by infiltration of iron in solution, to a stony
mass of considerable hardness. These “ledges,” though never of any
considerable extent, are pretty generally distributed, and as the stone
is easily quarried and fairly durable, it is much used for foundation
walls aud other rongh work. In the neighborhood of Millville, Vine-
land and Bridgeton much of the ironstone has a very pretty, subdued,
reddish-brown tint, and has been used in buildings with good effect.

Unlike the marl and the other older formations Iying to the west
and north, these Pliocene and recent formations are seldom uniform
over any great area, the lithological aspect of a given horizon varying
greatly from place to place—that is, a stratum which is at one place
clay may at another place appear as sand, gravel or perhaps a clay of
entirely different appearance from the first. These changes are not .
due, except in a few cases, to displacement of the strats, but to varia-
tions in deposition. Before or during the deposition of the upper
gravel, the subjacent clays and glass-sands were considerably eroded,
and the gullies and channels of the uneven surface thus formed being
filled with gravel, are a further cause of the apparent lack of con-
tinuity of the strata. These cases, however, are easily distinguished
from the above. The variations may be abrupt, as where a lens-
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shaped mass of clay lies in a stratum of sand, which incloses it, with
a distinet line of demarkation between the two, or so gradual that it
would be difficult to fix upon a dividing line. Examples of both
the interposition of the lenses of clay in sand, and of the gradual
passage from one to the other, were to be seen last summer at the clay-
pit of the Clayville Manufscturing Company, between Vineland and
Millville. At the gravel-pit just south of Absecon, on the Camden
and Atlantic railroad, are lenses, or “ pockets,” of clay, some of
which are only a few feet in extent. These are not ercded remnants
of more extensive beds, but were originally laid down as they now
occur.  Many other examples might be given.

This Jack of continuity, or uniformity of the strata, makes the
task of classifying the formations overlying the upper marl, one of
difficulty. It appears safe to assume, however, that they lie parallel
with the upper marl—that is, dipping toward the southeast at the rate
of about 27 feet per mile. From observations taken, the dip of the
clays and glass-sands appears to vary from 8 to 30 feet per mile, but
it is probable that this discrepancy is due not to any real distortion
of the strata, but to the error of confounding beds similar in appear-
.ance but belonging to ditferent horizons.

Most of the clays are suitable for ordinary brick and tile manufac-
ture, and some have long been used for terra-cotta and other better-
class ware.

All of the specimens examined microscopically contained a high
percentage of silica, consisting, in fact, of fine quartz-sand held
together by a little true clay (kaolin), the proportion of the latter
never rising as high as 50 per cent.

The purer of the siliceous white sands are used in glass-making,
and being found in practically inexhaustible quantity, and of easy
access, are the foundation of one of South Jersey’s largest industries.

The gravel with an admixture of loam, particularly that of a deep-
reddish tinge, indicating the presence of considerable oxide of irem,
akes excellent road-building material, and its abundance and excel-
lent quality make good roads, no less essential in the rural districts
than in the cities, possible throughout nearly every part of South
Jersey.

The soils of this region may be loosely classified as yellow gravel
.or gravelly loam, and white-sand soils, or, gince the differences of
forest growth correspond pretty closely with variations in the nature
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of the soil, a3 oak-land and pine-land soils; oak preponderating om
the better gravelly loam, and pine on the white sand.

This is the elassification adopted in the report of 1878, and in the
map accompanying that report the respective oak and pine areas are
provisionally marked out. It should be used with caution, since the
kind of timber is not an invariable indication of the quality of soil
heneath. The same areas may be clad in oak and pine forests suc-
cessively, oak succeeding pine, and pine, oak, when either is cut off.
But, as stated in that report, the term “pine land ” is used to desig-
nate land too poor to support a thrifty growth of oak, while the term
“oak land ” is applied to that on which the oak timber attains a fair
size, whether the timber actually predominating be oak or pine,

MONMOUTH COUNTY,

Within the limits of Monmouth county there are two pretty well~
defined tracts of pine land, namely, the Hominy Hills pine land and
the Manasquan river pine land. There is a small tract lying west of”
Asbury Park, of inconsiderable extent, which may be called the
Whitesville pine land.

Hominy Hills Pine Land.

The Hominy Hills pine land extends from near Centreville and
Green Grove westward about 8 miles, and its greatest breadth from
north to sonth is a little more than 3 miles. It includes the southern
part of Bhrewsbury and Atlantic townships, and about 2 square
miles of Howell township. The surface is quite hilly, the highest of
the Hominy hills rising to 308 feet above tide, and the whole tract
is very poor, the soil being white sand on the lowlands and white
sandy gravel and coarse white sand on the hills. A great deal of the
lowland is also too wet for cultivation, even if otherwise fit. With a
few exceptions this tract is all in forest, the timber nearly all pine,
small and stunted-looking.

Manasquan River Pine Land.

The Manasquan river pine lands extend in a narrow belt, with an
average breadth of a little more than a mile, from the Manasquan river
below Herbertsville to the outcrop of the middle marl along the head-
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waters of the same stream, The clearings about Herbertsville show
a good yellow-gravel soil, but south of the small stream bordering
these clearings is only clean white sand, About the junction of the
Lakewood and Squan Bridge road and the road leading southwest from
Herbertsville, there is a little dark, sandy loam which has been cleared
and appears to be good. That part of this tract lying northwest of
Southard was not visited, but judging from the number of clearings,
there must be a considerable part of it fit for cultivation. This belt
comprises a part of the towns of Freehold and Howell.

North of the Hominy Hills pine land lies the fertile and well-cul-
tivated area, comprised in the towns of Ocean, Eatontown and Long
Branch, and south, between it and the Mapasquan pine, stretches the
belt of Squankum oak land, most of which possesses a heavy loam or
gravelly-loam soil.

The Squankum oak land is well cleared between Shark river and
Manasquan river for a distance of two or three miles back from the
sea-shore, and along two narrow belts, on each side of the gravelly
ridge running down from the Hominy hills, one following the course
of the Manasquan river and including Allenwood, Allaire, Squankum,
Farmiogdale, West Farms and Fairfield ; the other occupying the
shallow valley in which runs the Hopeville road. The ridge itself
which forms the divide between the Shark and Manasquan rivers, is
still well covered with timber, the soil being slightly inferior to that
of the adjoining lowlands, There is, in fact, a marked difference in
the distribution of good and poor soils between Monmouth county
and most of the region south of the Metedeconk river.

Here the best land is found along the river slopes, while in Ocean,
Burlington, Atlantic and .eastern Cumberland counties the soil of the
valleys is almost invariably poorer than that of the higher ground
forming the divides, In Salem county, western Cumberland and
Cape May the character of the soils does not appear to bear any
relation to the topography.

The explanation of these differences, which depend on geological
structure, cannot here be entered into, s the study of the stratigraphy
of this region is still in progress, The clearings on the northern side
of Shark river include some of the best farm-land of Neptune town-
ship. West of the New Jersey Southern railroad, the swamps
bordering branches of the Manasquan river occupy about 1,000
acres, but these are partly utilized for cranberry-growing.
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OCEANR COUNTY.

Leaving out about 2,600 acres of the northwest corner of the town
of Plumstead, this county would lie wholly beyond the marl belt,
and it also contains a greater area of Jand worthless, except for forest,
than any other county except Burlington. The difference between
the heavy marl soils and the lighter gravelly loam and eandy soils of
the country east of the marl is nowhere more forcibly presented than
in the contrast in Plumstead, between the northwestern corner, in
which marl occurs, and the remainder of the township. The marl
area is all cleared and in productive farms. Adjoining the marl are
scattered clearings, while still farther away the forest is unbroken.

This county includes the following pine-land and oak-land tracts,
beginning at the porth: Metedeconk river oak land, which over-
laps into Monmouth county; Metedeconk river pine land, Toms
river ouk land, Upper and Lower Toms river pine lands, Forked
river ogk land, and most of the Forked River-Rancocas pine land,
and Baroegat oak land, The Burliogton Plains pine tract overlaps
the western border a little, and the northeastern corner takes in about
7,000 acres of the poorest of the Manasquan river pine lands,

Metedeconk River Oak Land.

The Metedeconk river oak-land tract extends from the junction of
the north and south branches of the Metedeconk river northwestward
to the county line. It is bounded on the north by the Manasquan
pine-land, along a line passing through Southard and Georgia and
terminating near Clayton’s Corners. The southerr boundary is
formed by the south branch of Metedeconk river, and the Toms
river oak land, which adjoins it, from a point on the river about
three miles above Lakewood, to its western termipation. The
quality of soil on this tract varies considerably, The farmed tracts
east and porth of Lakewood havea fine, light, sandy-loam soil, in places
apparently very good, with quite heavy sod along the roadside and
thrifty-looking crops and orchard treee, while adjoining fields, with
a soil only a little more sandy, appear scarcely worth planting.
Much of this ditference is undoubtedly due to different methods of
cultivation. This belt is pretty well cleared up along the north
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branch of the Metedeconk river, and between Jackson’s Mills and
New Prospect. There are some good-looking farms also along the
Squan Bridge road, but most of the remainder is gtill in forest. The
timber is mixed pine and oak, with rather a preponderance of pine.

Metedeconk River Pine Land.

The Metedeconk river pine land lies south of the south branch of
Metedeconk river, in a belt which is at Lakewood about one mile
‘broad, widening southward so as to take in the headwaters of Kettle
creek, and reaching the alluvium of the shore from Mosquito cove
to the mouth of Metedeconk river, where it is continuous with the
Manasquan pine land. As the wooded land between Toms river and
Mosquito cove, lying east of a line drawn from Island Heights
through a point just east of the White Oak Bottom clearings, is nearly
all poor and sandy, it also may be properly included in this pine belt.
The soil throughout is very poor. From the Lakewood clearings to
4the shore road there is not a single cultivated field, except those lying
about the villages of Silverton and Cedar Bridge. This barren
expanse of white sand covered by a forest of stunted pine trees,
which is unbroken save by the bare patches where the poverty of the
soil is such that not even the hardy pitch pine can maintain its place,
is never likely to be profitably cultivated. As a source of timber
and firewood, and for climatic reasons, such land has its value. The
presence of so large a body of pine adds greatly to the attractiveness
of Lakewood as a resort for invalids, the air of a pine forest being
popularly believed to be peculiarly health-giving. This very poor
land includes most of the town of Brick and the eastern end of
Dover. Metedeconk Neck and the neck lying between Moequito
cove and Kettle cove have a somewhat better soil and are partly
cleared, but even here three-fourths of the area is still in forest.

In the immediate vicinity of Point Pleasant, extending to about a
mile west of the railroad, there is a heavy, gravelly-loam soil, appar-
ently fertile.

Toms River OQak Land.

South of the Metedeconk river pine land is the Toms river oak-
land belt, the southern border of which is defined by the Toms river
and the pine swamp skirting the Ridgeway branch, while on the
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north, west of the termination of the Metedeconk river pine land, it
merges with the Metedeconk river oak land. It is nearly divided
into two by a parrow strip of pine land, bordering both sides of the
north branch of Toms river from Berksville nearly down to the
village of Toms River, which may be called the Upper Toms river
pine land.  This strip is less than a mile in breadth below Holmans-
ville, but widens at the head of the river to about 2 miles. The soil
and subsoil are white sand, very poor, and the timber is chiefly pine,
with white cedar, sum and maple in the deeper swamps, The clear-
ing at Cussville, aud others between that place and Holmeansville, are
on this strip; hut their appearance is not encouraging.

The largest clearings in the Toms river oak belt lie between White
Oak Bottom and Toms River village. The well-to-do appearance of
most of these farms, with thrifty orchards and well-cultivated fielde,
attests the good quality of the soil, which varies from sandy loam to
heavy clay loam, generally with much gravel. The farms along the
road leading through White’s Bridge, Holmansville and Vanhiseville
show an excellent soil of yellow-gravel loam. The clearings of
Siloam, Jackson’s Mills, New Prospect and Pleasant Grove also are
on this tract. Bouthwest of the Upper Toms river strip of pine land
the soil is inferior. There are quite extensive clearings south and
southeast of Cassville, but they are only partly cultivated and do not
look promising. The timber is mixed pine and oak, the latter pre-
dominating. The poorer land above mentioned is largely covered
with chestnut oak, which rivals the pitch pine in ability to live on the
driest and most sandy of soils,

Toms River Pine Lands.

The Toms river pine land includes the town of Berkeley and part
of Manchester and Jackson.

It is well defined along its northeastern border, which conforms
quite closely to the course of the Ridgeway branch and Toms river,
but on the south the demarkation is not equally sharp, as much of the
oak land on that xide (the Forked river belt) is nearly as poor as the
adjoining pine land. The timber of both belts consists almoat wholly
of pine, but south of a line following the course of Cedar creek to
Dover Forge, running thence by Giberson’s Mills and Horicon, to the
edge of the Collins’ Mills clearing, and then northward to within
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about a mile of Midwood, the soil is chiefly gravelly loam, or at any
rate underlaid by the gravel at a depth of a few inches, while on the
north is found little but white sand, and this line may be considered
the boundary. East of the Toms river and Waretown branch of the
New Jersey Southern railroad, south of Toms river, onk trees mingle
with the pioes, the soil is evidently better than farther inland, and
there are numerous clearings. There is also a tract of three or four
hundred acres on the Manchester-Toms River road wiih a fairly-good
gravelly-loam soil. The remainder of the upland of this tract is a
dreary waste of stunted pines growing from a white-sand soil, scarcely
an acre of which is fit for cultivation. At Horicon, just on the edge
of this belt, grapes and garden vegetables are successfully cultivated,
but the vineyards between that place and Manchester have been aban-
doned and are now scantily overgrown with weeds and bushes.

In this tract of nearly 70,000 acres, exclusive of that lying between
Toms river and Cedar creek, and east of the railroad, less than 200
acres of upland are under cultivation. There are, however, between
four and five hundred acres of cranberry meadow, and the area of
swamp available for cranberry-growing is many times this, Ascran-
berries, where the meadows are properly located and cared for, yield
better returns than almost any other crop, it is possible that even the
poorest of these tracts may in time sapport a considerable population
engaged in this kind of farming.

Forked River Oak Land.

The Forked river oak land is a belt, averaging about 3 wiles in
breadth, bordering the Toms river pine land on the south; covered
with pine timber, but distinguishable from the pine-land on either
side by a greater proportion of gravelly-loam soil. This belt crosses
the towns of Plumstead, Manchester and Lacey. The best land of
this tract lies about Whiting’s, on the Forked River-Bamber road,
near Lacey station, and in the vicinity of Cedar Creek, Good Luck
and Forked River, near Barnegat bay. Most of the cultivated land
is near the bay, but this is mainly because it lies near salt water.
The early settlers never liked to live more than an hour’s journey
from their clam-beds and fishing banke. The forest growth on this
belt is not such as indicates a fertile soil, and the appearance of the
Lacey and Bamber clearings, which are practically uncultivated, is
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not encouragiog, but the subsoil is sufficiently retentive to make the
gradual improvement of the soil possible, and this, with its railway
facilities, should make it worthy the attention of prospective settlers.

Forked River-Rancocas Pine Land.

The next belt south, the Forked River-Rancocas pice land, is
narrow where it crosses the New Jersey Southern railroad, probably
not more than a mile wide, although its limits are not well defined,
but widens towards both ends. Measured along the course of
Oyster creek, which marks the southern border, to about a mile
above Welly” Mills, it is between 5 and 6 miles wide. Thence, the
line runs with a sweep westward nearly to Howardsville, through
Webb's Mills, and a little south of Buckingham, beyond which point
the belt widens rapidly, extending westward through the swamp and
Hat pine land, south of Brown’s Mills and New Lisbon, until it joins
the Atsion river pine-land in the town of Southampton, Burlington
county. This belt includes about half of Lacey township, crosses
western Manchester, and takes in the southwestern corner of Plum-
stead and southeastern Pemberton. East of the New J ersey Southern
railroad there are no swamps, except the cedar swamps which
<losely border the streams, and the land, which has a mean elevation
of aver 100 feet, is somewhat rolling, the Forked River mountain, a
saddle-backed mound of gravel, partly iron-cemented, 180 feet high,
being the most conspicuous prominence. The very slight relief of
this region may be inferred from the term * mountain » being applied
to a hillock which rises less than 80 feet above the general level of the
surrounding country. West of the railroad are extensive cedar
swamps, and flat pine land, which is overflowed every wet season.
The Philadelphia and Long Branch railroad crosses this part of the
belt between New Lisbon and Whiting’s. The soil of these wet pine-
lands is white sand and white gravel, from which most of the ele-
ments of plant-food have been leached away. It is not probable that
they wounld ever repay the expense of drainage; but the deeper
swamps having an unfailing supply of water, are well adapted to
cranberry-growing, and several hundred acres, mostly in the town
of Pemberton, have been put to this use,
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Barnegat Oak Land.

The Barnegat oak land, the next in order, also lies partly in Ocean
and partly in Burlington counties. It may fairly be made to inclade
all the shore settlements from Waretown to the Mullica river, a belt
of the woodland extending back from these clearings three to five
miles, and a tongue running northwest, with an average breadth of
between four and five miles, to the New Jersey Soutbern railroad,
and from there curving around westward until it meets the Shamong
oak land. The best lands of Little Egg Hurbor and Bass River
townships, in Burlington county, and Bagleswood, Stafford, Union
and Ocean townships, in Ocean county, lie in this tract. Wheatland
is on it. The prosperous appearance of the farms at Four Mile and
Hedger Honse shows the excellence of some of the soil in the western
part of the belt. The quality of the soil varies much in different
localities. About Nugentown it is sandy and poor emough to be
classed as pine land, while just south, about Tuckerton, a heavy
gravelly loam prevails. Not all the best land is confined to the
shore, although this has been most extensively cleared. The Wheat-
land clearings have a good, gravelly-loam soil, and at Millville, five
miles west of Barnegat village, there is a heavy loam, with much
gravel on the higher ground, similar and equal to the best of the pro-
ductive Hammonton land.

BURLINGTON COUNTY.

As Barlington county extends entirely across the State, from the
Delaware river to the Atlantic ocean, it exhibits a great diversity of
soils. A belt between fifteen and twenty miles wide across the north-
western end includes the outcrops of the three marl-beds, with their
intervening sands, the clay marl, plastic clays and the Delaware river
alluvium, and on these formations are found the heaviest and most
fertile farm lands of the State. But southeast of this beit lies a tract
containing more than 500 square miles, four-fifths of which is a deso-
late wilderness of fire-scarred pines interlaced with swamps, through
which the traveler may journey for hours without seeing a house or
meeting another human being. This description is applicable to
nearly the whole of the Burlington Plains pine land, which oecupies
all the central part of this tract, extending from the Barnegat oak
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land on the northeast to the Atsion river (below Atsion) on the south-
west, and has an extreme northwest-southeast dimension of about
twenty miles, The Shamong oak land and the upper part of the
Atsion river pine land are also included in this part of Burlington
county, as well as the western extension of the Forked River-Rancocas
pine land and Barnegat oak land, which have already been mentioned
in the description of Ocean county.

Burlington Plains Pine Land,

Lyiog northwest of Munion Field and drained by the east branch
of Wading river, is the region known as the East and West Plaine,
on which little of the timber exceeds the height of a man, and some
considerable stretches are entirely bare. Standing on any little knoll
one can look over miles of scrubby little pines from two to ten fect
high, with here aud there a patch of bare sand, dazzling white in the
sunshine, without a trace of vegetation. In places there is a rather
dense undergrowth of huckleberry and other bushes and coarse grass,
but most of the surface, where covered at all, is carpeted with the
grayish-green poverty grass (a kind of moss or lichen, the name of
which is sufficiently suggestive of the quality of s6il on which it is
found). Yet the soil of & part, and the subsoil throughout nearly
the whole of the plains is a heavy, retentive loam, in appearance not
inferior to other soils on which large crops have been produced.
Analyses of the plains’ soil and subsoil show them to be deficient in
lime and potash. Neither of these elements of plant-food is difficult
to obtain or very expensive. The greensand marl furnishes both in
a cheap, though rather inconveniently-bulky form. If either of
the two lines of railroad surveyed from the sea-shore to Atco and
Medford respectively, during the past year, be built, this region will
be made accessible to settlers, and experiment will determine the
feasibility of its cultivation. At present, aside from the cranberry
bogs, this region is almost worthless, That parts, at least, of the
plains have not always been in their present treeless condition is
evinced by the blackened circles occasionally found, relics of former
charcoal-burning, which, of course, could be carried on only where there
was timber.  North of the plains, in Woodland township and eastern
Sbamong, the country is almost equally poor, and much of it is pine
swamp. The soil is white sand, with gravel on the higher knolls,
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Along the Maullica river there is considerable good, loamy soil in
small tracts, alternating with white sand, which have been partly
cleared. The villages of Bass River; New Gretna, Wading River,
Lower Bank, Green Bank, Herman and Crowleytown mark these.
Some of the land about Batsto is very fair, and much of the southern
part of Washington township, south of Washington village, has a
gravelly soil, although interrupted by sandy areas which are exceed-
ingly poor. The timber here is mixed oak and pine, showing the
Letter character of the soil. This pine-land belt is crossed by the
New Jersey Southern railroad, and clearings have been made at
Woodmansie, Shamong and Harrie stations, but the attempt to culti-
vate such soils is of questionable advisability. If protected from fire
they yield, as woodland, a good annual percentage on their present
valuation, but for farming they hardly warrant the expense of clearing.

Shamong Oak Land.*

The Shamong oak land is an area with a very irregular boundary,
which includes Tabernacle, Sooy Place, Friendship, Fox Chase,
Flyat, Small’s and Dellett’s, with a southward spur to Atsion, between
the main Atsion river and Wesickaman creek. Northeastward from
Sooy Place it joins the Barnegat oak land. The best lands of Sha-
mong township and a little of western Woodland lie in this tract.
South of Atsion, between the Atsion and Batsto rivers, the timber is
nearly all oak, but the soil is poor and sandy. West of Batsto river,
near Batsto, the soil becomes better again, with the re-appearance of
gravel,

The best soil of this tract is peculiar, and unlike that of any of
the other oak-land tracts. It is a fine loam, free from pebbles—not
of the usual yellow or reddish-yellow tinge, but nearly black, The
subsoil at a depth of ten inches or a foot is yellow, and rather sandy.
‘While all the staple crops—corn, small grain, potatoes—yield well on
this dark, loamy soil, it appears to be especially adapted to the growth
of grass, and hay forms a principal crop. The roadsides are well
grass-grown, and the turf resembles in thickness and toughness that
of o Western prairie. There are also some gravelly soils and some

* Named from Shamong township, in which it partly lies, and not to be confounded
with the Shamong on the New Jersey Southern railroad, which lies in the Burlingion
Plains pine lands.
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pretty poor sand on this tract. Doubtless much of this land owes a
good share of its fertility to the care it has received, as the farmers
bhaul marl from the pits at Chairville and near Red Lion, and have
continved this practice for years, probably more formerly than at
present, since the use of marl has lessened under the competition of
manufactured or “chemical” fertilizers. But the character of the
soil along the roads, which presumably have never been marled,
shows the superiority of this tract over the surrounding pine Jand.
A great drawback is the lack of shipping facilities, but this would
be removed by the construction of one of the proposed new railroads.

Atsion River Pine Land.

The Atsion river pine land lies west of the Mullica and Atsion
rivers, beginning at a poiot about ten miles from the head of Great
bay, widening toward the northwest, to two or three miles above
Atsion, where it is crossed by the river of that name. North of the
Atsion it becomes still broader, and extends to within about a mile of
the marl belt. At Batsto, it is about one and one-half miles wide;
at Atsion, about four miles. That part of this pine-land tract which
lies within the limits of Burlington county has much more oak than
pine timber, except the borders of the swamps, which are studded
with sickly-looking pines, but the oak is chiefly chestnut oak, which
oo poverty of soil can displace. The soil is white sand, and white,
randy gravel. There are some large cranberry bogs in the town of
Medford, but very little of the upland is cultivated.

As the remainder of the oak-land and pine-land belts are so appor-
tioned among the counties that each can be more intelligibly described
as & unit than with primary reference to the county lines, they will
be taken up in this manner.

South and west of the river from which it takes its name, the
Atsion river pine-land belt is poorer than the part already described
in Barlington county. The timber is nearly all pine, the soil white
sand, south of Atsion, and white gravel and sand west of that place.
This white gravel is quite different from the ordinary yellow gravel
of the surface, the pebbles being smaller and more angular. It may
be the outcrop of another bed. About twenty square miles of this
part of the belt are in Camden county, the remainder in Atlantic
county.

NEW JERSEY GEOLOGICAL SURVEY



THE STATE GEOLOGIST. 129

Mullica and Egg Harbor Divide Oak Land.

The Mullica and Egg Harbor divide oak-land belt extends
from the marl district to the sea-shore, along both sides of the Cam-
den and Atlantic and Reading railroads, and includes nearly two-
thirds of Atlantic county and most of the southeastern half of Cam-
den county.

At the shore this tract extends from the tidal marshes of the Great
Egg Harbor river to those skirting the Mulliea river, a distance of
nearly twenty miles, but farther inland the pine-land belts converge,
narrowing the oak land to about eight miles at Hammonton. The
timber is mixed pine and oak. The character of the soil varies
considerably from place to place, but is usually a yellow, gravelly
loam, and even where the surface is light and sandy the subsoil is
generally sufficiently retentive. In a few place, as at Winslow, out-
cropping clay-beds give heavy clay soils over limited areas.

This tract is worthy of especial examination, because here, more
than in any of the other areas which have been reviewed, the farmers
have adapted their methods to suit the peculiarities of the soil.
Unable to compete with Western farmers, or even with those of more
favored parts of their own State in producing live stock and the other
general staples of the farm—grain, hay, &c.—they have turned their
attention to raising fruit, particularly small fruits, grapes and the
various berries, and to truck-farming. Not enough corn and hay
are preduced to satisfy-the local demand. It does not pay to raise
them. The land is more valuable for other purposes.

The Hammonton tract includes some of the oldest and best-cunlti-
vated farms in the belt, and as it embraces a variety of soils, from
heavy clay loam to white sand, the experience of its farmers may be
congidered 2s typical of what can be done with such land. The figures
given below were furnished by Mr. L. H. Parkhurst, one of the
largest and most successful fruit-growers of Hammonton. The fig-
ures are considerable higher than the average for the town, but they
are instructive, as showing what may be accomplished with proper

skill and experience.
9
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YIELD PER ACRE IN 1801,

Strawberries ......., coeeres serusasses e 3,000 quarts,
Raspberries, red.....cv i iiirnnine e ecrersnneenns 2,000 *
Raspberries, black cap.iies svivmcinnnnennnn 2,800
Blackberries .. coceerenrnnes e raenthe it reatsrstnten e anan 1,200 ¢
GIBPES.cevamrne core vrmmmmmseiiecssnismrrsrnnaenrnas sseneneen 5,000 pounda,
Pears i it s e st s e 80 barrels.

Peaches and apples also yield well. In comparing these returns
with others from different localities, it should be remembered that
these were not the results of kitchen-garden experiment, but of cul-
tivation on a large scale. The farm referred to has 140 acres in
fruit alone. The German settlers of Egg Harbor City have made a
specialty of grape culture and wine-producing, in which they have
been eminently successful. It is elaimed that the red and white still
wines and champagne of Egg Harbor are equal to the best imported
from Europe. While this may be rather warm commendation, it is
certain that these native wines have many admirers and find ready
purchasers. A few years ago it was feared that this industry would
be totally destroyed by the prevalence of mildew and black-rot on
the vines and fruit, but these fungi are now readily destroyed by
epraying the vines with some fungicide. The most approved prepara-
tion for this purpose is * Bordeaux mixture,” composed of lime and
sulphate of copper. The production of wine this year exceeded
100,000 gallone, '

Although most of the Hammonton tract has a good, gravelly-loam
soil there are parts which are very light. To the farmer accustomed
to deal only with heavy clay soils, the sight of these fields of white
sand, with their rows of blackberry and raspberry canes, overbur-
dened with luscious fruit, is a singular one. In reality such fields
are less sandy than they appear, as beneath the surface film, weather-
bleached, and in part coasisting of fine sand drifted on by the wind,
the soil is darker in color and less purely siliceous, But the secret of
success with such land is in the liberal use of superphosphate and
other artific’al fertilizers. Barnyard manure, muck, composts, &c.,
are not much used except for top-dreseing grass plats, and mulching
trees, It is the prevalent opinion that on these very light soils the
greater part of slow-acting manures is lost by leaching away during
the winter, or wasted in forming wood and leaf during the season
that the plant is not producing fruit, while the more concentrated
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-and soluble fertilizers can be applied directly to the roots just at the
right time to force the buds or aid in ripening the fruit. This prac-
tice brings greater immediate returns. Whether in the long run
such usage results in the deterioration of the land, is a disputed point.
1t is certain that some of the shore farms, on which, for generations,
the farmers have been hauling muck and salt-marsh mud, have
leen greatly improved thereby, but at a great expenditure of time
and labor,

The sea-shore front of this belt, as elsewhere, is well cleared and
settled. From Somers Point, on Great Egg harbor, to Leeds Point
on Great bay, the estuary of Mullica river, a distance of 16 miles,
there is a continuous clearing, varying in width from one-half to
one and one-half miles, and to drive along the road between these
points is like passing along a village street, so closely set are the
farm-houses and summer residences. The villages of S8omers Point,
Bethel, Sea View, Uncle Tom, Linwood, Bakersville, Newell,
Smith’s Landing, Pleasantville, Mount Pleasant, Absecon, Conover-
ville, Bomersville, Oceanville, Centerville and Leeds Point are on
this shore clearing, and Smithville, Higbeeville, Johnsontown, Port
Republic and Unionville continue the line back along Great bay and
the Mullica river. :

A rear line of clearing, following the course of Patcong creek,
includes Steelmanville and Bargaintown. Originally selected because
adjacent to the sea, this shore belt now enjoys the additional advantage
of being crossed by several lines of railroad, constructed chiefly to
meet the increasing demands of summer travel, but affording an outlet
for the produce of the region as well,

Besides Egg Harbor City and Hammonton, already mentioned, there
have sprung up on the lines of the Camden and Atlantic and Philadel-
phia and Atlantic (Reading) railroads many newer agricultnral towns.
Pomona and Germania are east of Egg Harbor City, and, like the
latter, are the centers for thriving German colonies. In the vicinity
of Ellwood there are about 1,000 acres of cleared land, most of it
equal to any at Hammoaoton. The clearings about New Germany,
southwest of Hammonton, embracing about 1,200 acres, most of
which has an excellent gravelly-loam soil, are also tributary to these
roads. Winslow, Waterford and Atco are glass-manufacturing places,
but, baving much good farm land about them, are not wholly depen-
dent on this industry. On the West Jersey and Atlantic railroad,
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east of Mays Landing, two new towns, Riga and McKeetown, have
recently been laid out, with a view to attracting the stream of Hebrew
immigration now flowing into this part of the State.

Egy Harbor River Pine Land.

Bordering the Mullica and Egg Harbor divide belt on the south-
west is a narrow strip of pine land along the Great Egg Harbor
river. It extends from near Scull’s Landing, in Egg Harbor town-
ship, nearly up to New Brooklyn, in Camden county. South of
Weymouth it is almost wholly confined to the east side of the river,
and is nowhere more than 3 miles broad. Below New Germany it
divides, one fork, from one-half to three-quarters of a mile wide,
extending between Hammonton and New Germany to about half a
mile west of the Hammonton road, and the other, still narrower,
following the course of the main stream. The soil is poor white
gand, and much of it is swampy. There is little timber but pitch
pine, and most of that is small and thinly set. The largest clearing
is at Mays Landing, a manufacturing place.

Atlantic and Delaware Bay Divide Oak Lands.

The oak land of the Atlautic and Delaware bay divide includes.
parts of Gloucester, Atlantic and Cumberland counties. In its general
features of soil, forest and means adopted in bringing it under culti-
vation it is similar to the railway oak belt. The soil of the southern
part is, as a rule, somewhat lighter than that about Vineland, New-
field, Clayton and the northern half generally, aod this part still
remains an almost unbroken wilderness. The new Philadelphia and
Sea-shore railroad opens the wildest part of this tract, and settlements
may be expected to soon spring up along its line.

On the Vineland tract attention is paid chiefly to the apecial crops
which have been found best adapted to this soil, of which mention
has been made in connection with the railway oak belt. Wine is
made here also. In Gloucester county, nearer the marl belt, the
usual farm products are more depended upon. On the farm of Mr.
John M. Moore, of Clayton, which is a model of its kind, are raised
corn, hay and small grain and root crops, as well as some fruit-
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His experience is valuable and suggestive, as showing what may be
achieved on land too often stigmatized as unproductive.

East of the last-named belt is a narrow strip of sandy land border-
ing the Maurice river from a little south of Iona to below Manu-
muskin, The Maurice river pine Jand lies mostly on the east side of
the river. Above Millville its average breadth is less than 1} miles,
but below that point the belt widens. At Manumuskin it is between
3 and 4 miles broad. This belt extends along the West Jersey rail-
road to just south of Muskee creek. Some shreds and patches of it
extend down the left bank of Maurice river also, in the shape of dune-
like mounds and ridges of sand, and some flat sandy land, interspersed
with better tracts. The soil of this belt is white sand, very poor,
supporting a stunted growth of pines, with a few oaks. Some of this
land on the Vineland tract has been cleared and then abandoned.
Most of this tract is in eastern Cumberland county, the northern part
just touching Salem and Gloucester counties,

Delaware Bay Slope Oak Land.

All the territory west of the Maurice river, including the western
balf of Cumberland and about two-thirds of Salem county, may be
fairly characterized as oak land, with the exception of about 3,000
acres lying west of Cobansey and Jericho, known as the Salem
Barrens, and much of this area has a heavy loam soil which will bear
comparison with that of any part of the marl belt. The excellence
of the farm lands of Alloway, Pilesgrove and Pittsgrove, in Salem
county, has long been known. Deerfield township, in Cumberland
county, has a soil which owes much of its present fertility to liberal
applications of marl in years past. Greenwich and Hopewell are
well-known truck fields. But a large part of this region still remains
in forest. This is especially true of the towns of Millville, Fairfield,
Lawrence, Downe and Commercial. The soil of these wooded areas
is not equal to that of the cultivated townships just mentioned, but
that it is quite up to the average of the oak lands on the other side of
the Manrice river is shown by the success of the Jewish colonists at
Alliance, Rosenhayn and Carmel.
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Cape May County Oak Land.

In Cape May county there is some very light soil, but none so-
poor as to be fairly classed as pine land. The timber is mixed pine
and oak, but mostly small, owing to frequent cutting, but on Beesley’s
Point some large old oaks show what size the timber would attain if”
left undisturbed. Most of the cleared land lies along the shore on
both sides of the cape, but, as has been pointed out, this choice of the
shore, instead of the interior, has had no particular reference to the
quality of the soil.

Owing to its location, between the sea and Delaware bay, and in
the extreme southern part of the State, Cape May enjoys a milder
climate than other parts of New Jersey. Cotton has been success-
fully grown here; and delicate plants, as the English ivy, which
elsewhere must be taken into the house at the approach of winter,
may safely be left in the open air the season through. As the spring
is a week or ten days earlier than in the central part of the State,
garden vegetables can be brought to market that much earlier—a
congiderable advantage, since prices are always high for the earliest
produce.

In the “Geology of Cape May,” published in 1857, the late Dr.
George H. Cook makes the following remarks concerning the soils of
this region, which are not only equally true at the present time, but
worthy of reprint, as showing Prof. Cook’s early appreciation of the
agricultural poesibilities of this part of the State:

“The soils are generally light; there are none which are clayey,
and very few which would be designated as heavy loams. The term,
sandy loam, would designate almost all the soils of the county.
Spots are occasionally found which are decidedly sandy, but these are
not of any considerable extent. Tracts of loamy soil are also found.
The varieties of soil run into each other so much in all parts of the
county, that it is not possible to give descriptiona which would be of”
any local value. In most cases, the subsoil is similar to the soil,
except in the want of organic matter, A more tenacious subsoil has
been found in a few places; as on Stipson’s island, and at Fishing
creek.*

“The soil is particularly well adapted to the growth of truck or
market-garden produce. Early potatoes, tomatoes, melons, &c.,

*For analyses of some of these soils, see Geology of the County of Cuape May,
Trenton, N. J., 1857, pp. 70, 72, 74.
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thrive here. Apples, pears, peaches, blackberries, strawberries,
cranberries, &c., can be raised in abundance, and are very fine, The
spring is between one and two weeks earlier than in the central
part of the State; and for raising early crops this would give very
great advantage; but the distance from market, and want of proper
facilities for conveyance, have discouraged enterprise in this line of
business.” . '

[The latter part of this sentence is no longer applicable, since the
cape is now traversed throughout its whole length by the West
Jersey railroad, and a new road, the Philadelphia and Sea-shore, has
been completed as far as Sea Isle City, and has the road-bed graded
nearly to Cape May City, so that there is now no part of the county
more than six miles from a railroad station. ]

* FOREST TREES—UPLAND.

White 08K.cieersnse rerrreesissnenannenen Quereny alba.

Black 08K...coorvrneieeiernriiiersenn eees Quercus tincloria.,
Red 08K veereivreernrecnrens seanessensesss Quereus rubra.

Pin 0ak.. cvriiseiceriiiiineannians T Quercus palustris.
Peach 08K..cuuiiveerrenrestncrresrnees o @uercus phellos.
Berub 08K....coevivimeriisnsiessansisnn s QUETCUS NIGra.
Chestnut 08kK.....coocoeeveeriarecsennnene. Quercus castanea? Quercus Muhlenbergis.
Turkey or Spalt 0ak.......eeeernnereen. Quercus obtusiloba,
Yellow pine¥*......... e erreasesnrennne PENUS Mitis,

Spruce pine..viersieenennneerenrnanian Pinus {nops.

Red cedar....coosr cninieiecvncininsannisnene Juniperus Virginiana.
Persiminon .c.iviemcasissarsennnenee o Ji0spyros Virginiana.
Dogwood. .o.evieniiisrarisiasiianneann Cornus florida.
Hickory {white-heart}.......... aarees Carya tomentosa.
Hickory (red-heart)......ccoveerereaen Carya alba ?

Wild cherry (introduced?)..... ......Cerasus scrotina.
Chestnut {introduaced ?).. .............. Castanea vesca.
BagBATIAS.. curesieerre rennern crrssesareraaan Sassafras officinale.”

“ FOREST TREES—~TIMBER SWAMP.

WHhite 0RK...evessrercrirernsrmossinicnrences Quercus alba.

Black 0aK.ooisiiiiirsicens siner sreneen Quercus coccinea ?
Beech .. v een Fagus ferruginea.

Bweet gum.. ........ . <o Liquidamber styracifolia.
Sour gum, or pepperidge............... Nysga mulliflora.
SpoonwWoOd. . ccimecensimisrenr seerinans Magnlia glauca.

ABDEN vvvverarierernnirennatinmsesesisasenns Populus tremulpides.

MAPIB. e icsisirras s e enes Acer rubrum,

Holly .o ivervinniriian e coen dlex opaca.

ABh e rresrenesasiresenn ‘arnes Fraxinus Americana.

EIM,, cccciemernienneseenrisassines e s ooves UlnUS Amiericana.
Yellow poplar......csemniirsvssie onane Liriodendron tulipifera.”

*This tree is the pitch pine, P. rigida.
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“The original growth of timber on the upland has been all cut off,
The growth of the young timber is rapid; from fifteen to twenty years
is long enough for it to get sufficient size for firewood, and it is then
cut off.  An acre cut off in this way will yield about as many cords
of wood as it has been years in growing; thus, a twenty-years’ growth
will turn out twenty cords per acre. .

“With land at a low price the growing of firewood has in many
cases been found profitable. The greatest drawback to this business
i the fires, which are too common, and which sometimes destroy
hundreds of acres of growing timber.”

This part of the State, and especially Atlantic, Cumberland and
Cape May counties, has attracted much attention of late on account
of the heavy immigration of Russian Jews likely to ensue from the
various colonization plans now on foot. Fears have been expressed
that these immigrants might prove an undesirable addition to our popu-
lation. But thus far the Hebrew colonists have proved industrious
and economical, and have gained a2 good reputation for prompt
settlement of debts. The older colonies appear to be eminently suc-
cessful, and while it is yet too early to express an opinion of those
which have but just been organized, there appears no reason to doubt
that they will be equally so. The following quotation from a late
number of the “ Philadelphia Record” refers to the Baron de Hirsch
colony at Woodbine, and shows the character of the work being done
there: “The sixty 30-acre homesteads at Woodbine are nearly ready
for the balance of the Hebrew colonists. The preparation of the soil
for planting is being pushed forward rapidly, and 15,000 fruit trees
will be set out as soon as the weather permits, A large acreage of
berries will also be planted. * * * Twenty acres have been
reserved in the center of the tract for a public park. A synagogue,
public school and hotel will go up on its boundaries. Mr. Sabso-
viteh, its superintendent, fixes its population at four hundred by early
spring.”

In the following tables giving the area of cleared upland and forest
in the territory southeast of the marl, the figures for the towns entirely
included in this territory are taken from the Final Report of the State
Geologist, Vol. I, 1888. In the case of towns only partly included,
the respective areas were carefully measured on the topographic
sheets, but, of course, without attaining the accuracy of a survey:

NEW JERSEY GEOLOGICAL SURVEY
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MORMOUTH COUNTY.

Cleared Upland,

Townships. Acres,
NePhINe covrnviirsrersass sreasssenssaninanaasiesses 3,663
ALLADEIC s venvevarersasesesssssmensossrnnenssrersasn 1,208
OCERTL vrvveeeeerenerossrnssssessasassnesnessssssnsrsrens 3,450
EatONtOWN coeevsieseronrerismssssssssnenmssssmvsasase 1,7C0
SHEEWEDUIY 1o nsreeressnssrssssssssnansrarsssssssees 1,670
Freeholdu. e e serseesssensrrssonsossassranesenneress 1,880
WAL vevereveeessssssanspussnssun scanaseessenssearenss 13,004
HOWEH oo veevescrneeerrsnenssssoseassssssnssssnwrnss 18,913

Forest,
Acres.

3,892
4,652
2,905
1,700
4,825
9,028

11,672

25,480

46,283
OCEAN COUNTY.

Berkeley.......covuersasernisesee crarresiamnesaerreente 2,091
Brick oovveeescvernsssserersn sessnsnsersnsransnensenses 0,456
DOVET c.oooiveseeesessmresseresssranarssnemmnssssrnensss 0194
Eagleaw00d coovieniimncmminnniiiisssneisan 1,086
JACKEON vereervesieerressensrrmrasrrroneessanaisssssaes 3,878
LACEY vevereeres rerennresserossmsrmsnmressnns sesssnsen 2,621
MANCHERLET.. +evversrseerrravermsrernonsnsssennsennsss 1,807
QOB ..ouvsrrmarasrieressrarrosnstizssrinsamaisssorstsne 972
Plumstead....co.cvrimmierrerensas faanenmsresresrarnes 5,327
SLAITOL vrverrerrrereners crnmmssserserssssnrnnserannsss 2,800
UNLON covvereesrasssresnassrsrarsesssssm srneeesrnnasan 1,880

64,044

24,785
96,432
18,040

5,216
53,128
53,748
51,416

9,210
16,811
20,003
16,768

40,913
BURLINGTON COUNTY.

Bass Rivel......ccceenee veannersarmtarsesussarnsanens 1,673
EVasham . cuvereeesssreisnssesrsrsmeartmeesssiirsnnne 532
Little Egg Harbor...ccoiveesnininre svunonnenens 3,258
Medford..arierimerrenisenirsnisnesess mess srnenaner 896
New HANOVEL. cererrrmsrresrrsererneervesnossnnneaee 2060
PembETtON e eeere s crersssesnnmemssssosssnasnrnnne 2057
Randolph cueeceeerrerssessssiesssssissarsnsarsmases 1 150
BhAIONZ . creveevsirssvrsreerssstsassrarenssssmmsnrees 1,808
SoUthAMPLON cueeeemisracsansanssmmsnessissssnsnse 4,339
Washingtom. cuaeersre sensiarasn ceesamiasens suree 627
Woodland svecriecrnrasenses seenerieiranes verriavees 403

264,501

48,261
7.818
17,920
16,064
4,980
26,253
84,710

' 87,168
14,861
25,043
74,344

ATLANTIC COUNTY.
ADSECOM ceusvesescrensnreesvsrensnssssansesssnannenens 1,006
BUens VISt eeee e remsesssssnsnsremssssnsnsmnmenss 5040
Egg Harbor. e coorens cosiinear coravnnnin 9,266
Egg Harbhor City...eeseeessserrisas sonnsssranss 654
GRIOWRY vv cevverss emstnenisnansssas s sisasansentnn 6,878
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1,330
32,163
34,034

5,312
37,201
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Cleared Upland,

Townships. Acres.
Hamilbon..vuvieiiiiieinnisssennsisens et aeaves 1,197
Hammonton .. ... eertianes nreretesserenrenrensre 7,142
MUllich. oveieniinniiiiinnce i vesinenee s e enesssees 2,266
Weymouth ............. et bt e ceerens 2,362

Forest,
Acros,

71,493
21,668
32,817
85,625

36,771
CAMDEN GOUNTY.

Winslow ...ceeevvrnnnens Cravearaes reereraes eesireeran 9,524

271,638

6,418
24,789
28,386

Clayton ....covcuiirnenee asirsereanan erdeneranas 7,416
Franklin . cosiiin i neeee s s snne o 11,500
GlaBBDOTO...ueeiisriicircrenernsse i cereceersneene 4,660
Harrigon ... reer veeen vaenn 3,880
Mantua ...,....... TR 1. |
Monroe ....... LRI T TR F .1 |
South HArrison. iimeeereereeeaeessersasssne 3,453
Washington......vwsermeniciiveinneinnnense 10,584

59,538

6,487
25,581
2,605
460
576
21,511
2,097
3,864

CUMBERLAND COUNTY.

Bridgeton .uvviceciniveenineninneeisrsensensssanessns 5,041
Commercial ............... VT X! |
Deerfield ........ rrerseirannna verreraennes vrverennes 14,899
DowWDe.iireree eremncenees erberarsnsaseiaerstensaes 4,228

Greenwich ...ccooiiinnnns 6,313
Hopewell........occcenninnnniininres mvvenene, 17,489
Landis vocivniveniennann. Veeieneseinensn arenn eaennens 16,184
Lawrence....cuumrrernnn evereennn. rereevnsenns 6,284
Maurice River.......o... Sttt tneeenes D,514
MillVille woivrens cccsimnneenarerenssassmereenns veersr 3,876
Bbow Creek......coeceecerirsuessscriennan rernariens . 9,289

68,211

3,126
9,047
11,607
16,146
9,719
1,702
2,393
28,681
11,000
53,060
24,341
2116

101,691
CAPE MAY COUNTY.

Cape May City........... Sresntsbennerran et sraaeses 177
Dennis ...... PO 1 b .
Lower..cccceeenennns ' reesernses et errrereet s eeree 6,924
Middle .coie cocminiirrereenienan ceversssnsnteieanns 10,515
L] 175 SO PP X. . v

172,978

sensevsee

95,677

8,710
19,104
23,882
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BALEM COUNTY.
Clearcd Upland. Forest.

Townships Acres, Acres,
AVOWAY cvvennr crrrrriansessss sarsiin srasssssyins 14,032 7,757
ElBINDOI0.. +veeserresrrmscosrasnsesmmrenisramsnruossa 4,188 73
Lower Alloways Creek....ooveeeres erarian 10,731 2,731
MAGDINGLON trrreees ceraranes stesmastnnsssaninaser 1,995 566
PileBErove covereermrersssmssimestaniesesremarnnn 13,826 974
PittBErove .ovmrseineerienasinnns areetreesienraraanas 11,088 20,831
TATIYT 7)1 SO PP RPER P TRRITEILI LY 8,101 7.272
Tpper PilBEIOVE...ocvermcrsamssnsssssrsen e 20,454 2,596

82,415 42,799

The total area is 1,785,687 acres, of which 438,298 acres have-
been cleared, while 1,347,389 are in forest. The areas of the pine-
land tracts are:

Acres.
H DY HilB.oovevieereserscnsseensssssssssasersssessssssiss sensesss 9,000
Manasquan River...o.. s e s 17,000

Metedeconlt RiVOT .cvcmismseisensssrinrrsosniasrniasrasisens 19,000
North Branch Toms River..i e i 7,000
TOMB RAVET v evesusrrenrreemronerstrmnssssasserasssnrrmisnmnescssnsanas 60,000
Forkod River-RancoCat. civiecernssioarmianarns eansianasss 80,000
Burlington Plains ..ueeceemvmeiniesenioisnn 172,000
ALBIOT RIVET. cirsruenirinrrniensssrssss sesss taveass snsssrtagucsser
Great Egg Harbor River oo crseniniissisnraenean 30,000
MAUTICE BIVET iuicrenrrinerrcssemsrtssrisrnrsnassnns samesnsses resbee 26,000
Salem BAITenS....ccovcerinsariorionnss mensgeseerianesanrasnisinnuns 3,000

458,000

Deducting this from the total area leaves 1,300,309 acres fit for-
tillage, of which more than 800,000 acres gtill remain in forest.
New Jersey is the third State in the Union in density of population,.
but there is still plenty of room within her borders.

NEW JERSEY GEOLOGICAL SURVEY
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WATER-SUPPLY AND WATER-POWER.

BY C. ¢. VERMEULE.

The work of collecting and compiling data bearing upon the flow
of the streams of the State has proceeded throughout the year. The
purpose of these studies is to enable us to reach reliable conclusions
a3 to the capacity of cur water-sheds to supply our cities with water
for domestic and industrial consumption, or power for mills and
manufactories. An accumulation of interesting facts has been the
result of this work, and next May, when our period of observation
shall be complete, we shall have sufficient data in hand for our
report. Much of our material is at the present time incomplete ;
more of it will have an important bearing upon the results reached,
but of itself is not proper matter for publication in our reports.
Our practical readers want conclusions, clearly, conveniently and
concisely stated. They have not the time to make their own analy-
ges and deductions from ubsifted material. In this progress report
we shall give only such results as have sufficient completeness to be
of value.

RAINFALL FoR 1880 AnD 1891,

In order to properly interpret the gaugings we must know the
relation which the rainfall during the period of gauging has to the
average rainfall of the region under discussion. From the averages
given in the Climatology of New Jersey, published by the Survey in
1888, and from the rainfall records furnished me by the State
Weather Service, I have compiled the following comparative tables of
rainfall for 1890 and 1891. The yearly rainfalls given are from
January to December, and therefore do not agree with the totals for
the four seasons, as the winter rainfall includes January and Feb-
ruary of the following year. I have deemed it best to use the figures

(141)
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for stations which had the best-established averages, or those made
up frum the larger series, The stations given fairly represent the

November 30th, 1891.

Avernge.

RAINFALL AT NEWARK,

rpring. Snmmer, Autumn.

1843 t0 "87..ienne.n 11,81 12.92 10.96
.02,V RN, [ X : /4 15.71 12,53
B E252) SO e 67 13.36 7.51

RAINFALL AT NEW BRUNBWICK,

AVLTHER.
1854 to 'B7...... .
1830 e

Spring. Summer. Autumn.

creeen 10,98 13.46 10.36
vereananrenns13.86 17.04 14.42

1891 i W 1078 11.54 7.23

AVErByge.,

RAINFALL AT TRENTON,

sSpring. Summer. Autumn,

1866 to "800 ..............10.58 1501 11.71

-..13.65 12.03 12.97

180). s, 9.38 1540 9.52

RAINFALL AT PHILADELPHIA.

Avernge.

1825 t0 "87.cecevneennn

Spring. Summer. Autumn,

--.10.62 12,46 10.15

8.69 7.93

1801 e e 8.50 11.38 6.17

RAINFALL AT ATLANTIC CITY.

Avergpre,

1874 t0 "87vreiennns
;1. RO

Spring. Summer. Autumnp.

.. 9.66 11.22 10.02
o 14.87 16.66 9.44

180 ieniieneee .58 11.69 8.63

RAINFALL AT VINELAND AND EGG HARBOR CITY.

Averupe,

TISGL L

Spting. Summer, Aummﬁ.
..11.31 12.86 11.43
...15.13 14.49 1518

...13.06 18.89 7.94

Winter.
11.06
17.57

Winter,

9.51
16.69

Winter.
11.76

13.68 -

Winter,

12.67
18.96

-characteristics of rainfall of the State from March st, 1890, to

Yeur,
45.95
54.98
48.16

44.81
56.76
46.66

Yoar.
47.65
49.80
48.91

Tear.
48.27
55.38
57.61

*Vioeland unly. + Erg Harbor City only. 1 Vineland and Egg Harbor City

wumbined,
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It may be noted that in the spring of 1890 the rainfall was from
9.4 to 3.3 inches above the average in northern New Jersey, and from
4 to 5 inches in the south. The summer rainfall was also in excess in
the north and south, although apparently deficient, or below the
average, at Trenton and Philadelphia as much as it was above elge-
where. In the autumn it was in excess in northern New Jersey,
nearly normal at Trenton, and deficient in southern New Jersey. All
over the State there wasa very dry November, the precipitation being
less than an inch at most of the stations.

During the winter of 1890-91 there was an excess of from 6 to 7
inches over most of the State; the following spring shows a deficiency
of about 1.5 inches in the north and nearly a normal fall in the
south. April was quite dry. The summer of 1831 had about the
normal precipitation over northern New Jersey, with quite a large
excess in the southern part. The autumn was dry all over the State.
The deficiency amounts to from 2 to 4 inches. This deficiency was
quite uniform for the three months, and streams in northern New
Jersey ran very low. Some of the observers report the driest year
ever known on their streams. There is evidence of an unusually pro-
tracted period of very low water on the Paulinskill, Musconetcong
and Ramapo, extending from May through November. There is
an almost complete absence of flood flows for this period.

The yearly rainfall in 1890 was from 2.3 to 11.4 inches in excess of
the normal, In 1891 it was also in excess from 0.6 to 9.3 inches,
the greatest excess being in northern New Jersey in 1890 and in the
southern interior in 1891. ’

The distribution of rainfall is a matter of importance which we
shall need to keep in mind also. The Climatology points out the
differences so far as the data indicate. An average excess of southern
over northern stations of 0.73 inch annually, and of eastern over
western stations of 3.74 inches, is then shown. For the last two
years in particular,and in all of the records to a greater or less degree,
an excess of rainfall is shown by the stations of the southern interior,
Egg Harbor City, Vineland and Bridgeton usually ghowing & much
greater precipitation than is indicated by the stations in the vicinity
of Mount Holly and Philadelphia; the figures given in the table of
flow are composite rainfall, being the averages of several stations
which, 1aken together, are believed to fairly represent the water-shed
of the stream under consideration.

NEW JERSEY GEOLOGICAL SURVEY




144 ANNUAL REPORT OF

EVAPORATION.

We gave quite full studies of this subject in our last report.
Under the computation of flow of the Croton we found it necessary
to allow a percentage of the excess of rainfall added to the constant
ground flow when rainfall was in excess of the evaporation in the
dry months. We present herewith some further investigations of the
Croton series, with a view to determining more accurately our evapo-
ration constants and variables. First taking the rainfall, flow and
loss by years, and eliminating all doubtful figures, where there is
evident error in gaugings, we get the following averages:

YEARLY BAIN, FLOW AND LOS8 OF BAIN ON THE CROTON — IN INCHES.

Rain, Flow. Loss of Rain.
39.41 19.12 20.29
41.06 17.97 23.09
44,42 22.29 2218
46.92 21.93 24.99
48.47 20.74 27.78
50.56 24.48 26.40

We find in this table no direct ratio between rainfall and flow or
loes of rain, but we do find an increase in both columns with in-
creased rain. If we take the loss for 40 inches of rain at 21.6 inches,
and then for any excess of rain add half that excess to the evapora-
tion, we get the following results:

COMPUTATION OF YEARLY LOSS OF RAIN—CROTON WATER-S8HED.

Computed Computed
Rain, Flow. Laoss,
400 184 216
£1.0 189 2211
44.5 20.7 23.8
47.0 21.9 25.1
48.5 22.7 25.8
80.5 23.7 26.8

These computed values range well with the observed values of flow
and loss, and seem to point the way to a method of determining the
yearly flow from the yearly rainfall. This rule rests on the fact that
the evaporation from the ground is practically constant when the
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rain exceeds 40 inches, and the excess of evaporation is due to the
exposure of shallow water on the surface when rainfall is heavy.
On the Sudbury we find the following :

EUDBURY WATER-BHED—YEARLY TOTALS.

Rain, Flow. Loaa,
187576 cueeriiniicnicrrnnratieeans 40.95 21,45 19.50
1876-77 vvivessrmnnrsicnsnrararanss. 41,11 22.26 18.85
187778 ecus sevvnrnnnas sovernierans 43,41 2421 21.20
1878-79. v irirrincrsianicnnnnee 47.78 24.43 23.35

These results show an evaporation of 19.17 inches for a rainfall of
41.03 inches ; about 3 inches less than the Croton shows for a like
rainfall, Adding one-half the excess of rain over 41 inches we get
for 45,5 inches, 21.4, and for 48 inches, 22.7 inches of evaporation,
which seems to indicate that the above rule holds good for this water-
shed also, with a change of constants. With extremely light rain-
falls we should, probably, find the evaporation decreases somewhat.
In the absence of data to determine how much, we shall be safe to
assume that it is constant for lesser rainfalls.

Let us now examine the dry months only, in the same way:

JONE TG NOVEMBEE—CROTON WATER-B8HED.

Rain Flow. Loss.
17.26 2.64 14.71
20.86 3.76 17.10
22,28 4.81 17.47
23.94 481 19.13
25.71 7.12 18.59
27.30 8.95 18.35

Hers also we notice an increase of both evaporation and flow for
increasing rainfall, and if we take the normal for 20 inches of rain-
fall to be 17 inches evaporation, and add to this 25 per cent. of the
excess of rain, we have the following :

Raln, Evaporation,
20.0 17.0
22,0 17.6
24.0 18.0
26.0 185
28.0 19.0

10
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These results also seem to range well with the observed quantities.
It may seem, at first sight, strange that we use only 25 per cent. of
excess in the summer months and 50 per cent. for the whole year, but
it shonld be remembered that this percentage represents evaporation
from water on the surface in pools, &c., and there is less water so
standing during this season, as the ground rapidly absorbs the rain.
The constant evaporation for 20 inches of rain for these six months
is 17 inches, against 21.6 inches for 40 inches of rain during the
whole year. The constant part of the evaporation is much greater,
the variable part only being less. It is noticeable that for the smaller
rainfall shown, evaporation decreases nearly as fast as the rainfall.

SUDBURY WATER-SHED—JUNE T{ OCTOBER.

Rain. Flow, Loss,
18.81 2,45 16,36
21.50 3.16 18.35
23.94 3.22 20.72

This series is too short to show more than the general fact already
observed—that evaporation increases with the rainfall. Taking the
period from May to December, we find a close agréement between the
Croton and Sudbury.

CROTON WATER-BHED—MAY TO DECEMBER.

Rainfall, Flow. Loss,
23.98 542 18.56
28.44 8.01 20.43
30.03 9.93 20.15
33.09 11.77 21.32
40.05 14.69 25.36

It is here evident that for this period the rainfall appears in the
proportion of one-third flow and two-thirds loss.

SUDBURY WATER-SHED—MAY TO DECEMBER.,

Year. Rafafall. Flow. Loss,

1875 32.95 9.70 23.25
1876 31.88 6.89 24.99
1877 28.25 10.01 i8.2¢
1878 36.84 14.23 21.61
1879 25.562 5.22 20.30

After making proper allowances for rainfall carried over from
April, so as to increase the flow in May, we find the Sudbury almost
identical with the Croton for this period. The proportion of two-
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thirds rainfall to evaporation and one-third to flow is apparently
quite well established by the records of the Croton and S8udbury from
May to December.

CROTON WATER-SHED, DECEMBER TO MAY.

Ralnfall, Flow. ) Loss, One-fourth Rainfall.
15.74 i1.81 | 3.93 3.92
19.72 14.52 | 5.20 4.93
21.70 16.07 | 5.64 " 542

25.18 19.03 616 6.29

SUDBURY WATER-SHED, NOVEMBER TO MAY.

Raln. Flow. . Loss,
21.37 20.09 ‘ 1.28
23.87 21,13 2.74

The difference between the Sudbury and the Croton is evidently
almost entirely in a less evaporation in the winter months. It is to
be expected, since the winter evaporation is largely from water upon
the surface, that it should be proportionate to the rainfall. The last
column of the above table of winter flow of the Croton shows how
closely 25 per cent., of rainfall agrees with the observed loss of rain.

Applying the above results I am inclined to medify somewhat our
monthly constants of evaporation assumed in my last report and adopt
the following: January, 0.5; February, 0.5; March, 0.75; April;
1.0; May, 2.0; June, 3.0; July, 3.75; August, 3.75; September, 3.0;
Qctober, 1.75; November, 1.25; December, 0.75. These constants:
are believed to fairly represent the evaporation upon the Croton water-
shed for an evenly-distributed annual rainfall of 40 inches. Weshall
ultimately modify somewhat the methods of determining the variables
also, but for the present the above estimates will prove useful in com-
paring our New Jersey streams and in fixing their constants of
avaporation.

PAULINSKILL GAUGINGS.

The record for this stream has been kept throughout the year by
Messrs. G. C. Adams & Co., at Hainesburg. The stream has run
very low since June 1st. This part of the record not having yet
been fully reduced, we give below the results to April 30th only.
This gives us a full year of natural periods of flow, such as we used
in studying the Croton flow, and enables us to qomparé' with that
stream. ' B " '

NEW JERSEY GEOLOGICAL SURVEY



148 ANNUAL REPORT OF

FLOW OF THE PAULINSKILL, 1890-91.

Water-shed, 174.8 Square Miles.

|

FLOW IN CUBIC FEET
PER BECOND.
8 g
MONTH. 3 ki
s & 5 %
| I g ,,- &
g B g 2 @
é =2 = >
[ o] 3 <
1890.
February 12th to 28th......ccvveennnnn. 1.97 1.68 655 272 437
March cociviinirninn e 6.15 444 1,894 317 672
APril evveiiiiiiiriiiiices s maennens 2.81 2.88 996 272 451
MAY . cvinmirrrisrsnssam s 6.68 3.88 1,219 229 470
JUNO cverirrararecnnresrnessnisnensivnons 3.42 2.20 726 146 357
JUlF cvirecnrer v e 5.30 0.71 229 43 108
AUGUBE cvniiivnnic rerernstnesses eenes 6.21 0.73 597 29 112
September. c..ovviiiiirereneiinins cmnnann, 4.01 1.60 726 111 249
October.. .....csimmrvemrirerionanin. 5.17 2.31 868 165 352
November....ouieieinenes B, 0.69 1.20 423 95 188
December.. ...coviiniivicreienrieanne 3.07 0.66 230 83 a9
1891.
Janoary ....... P PPN 7.43 4.45 2,884 77 670
Fabruary .oocevereeciriinsnneeensnns oo 8.87 453 1,894 372 761
March cuciniinmiesmmneiiinne 381 8.56 996 293 540
April wriicirieeniienieennan 2,24 1.64 476 NN 258
MAY cccreiicnraniessannasnsnniencsrensones 2.26 0.60 146 50 90
Juoe 1st, 1890, to May 31st,1891.....; 47.48 24.28 Loss of rain, 23.20.

The year shows a loss of 23.20 inches against 25 inches on the
Croton for similar rainfalls. (See table under Evaporation.) From
June to November we have rain, 24.30; flow, 8.84; loss, 15.46
inches, The Croton gives for this period: rain, 24.0; flow, 6.0;
loss, 18.0 inches, according to our estimates. From May to Decem-
ber we have rain, 33.95; flow, 13.38; loss, 20.57 inches, We have
seen that the Croton shows 21.3 inches loss for a rainfall of 33
inches. This is a nearer agreement than we have in the period
from June to November, but we find by examination that the flow
for this latter period has been increased by storage carried over from
May to June, and by November flow from ground water to the
amount of about 2 inches. It is evident, therefore, that the loss
through the summer months for 1890 was within half an inch of
what we have found to be true of the Croton. From December,
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1890, to May, 1891, we bave rain, 22.78; flow, 15.44; loss, 7.34
inches, which is considerably greater than the loss on the Croton and
Sudbury. Fully 2 inches of the December rainfall went to replenish
the exhausted ground storage, however, and not to evaporation.
Allowing for this fact, we find that the winter evaporation does not
exceed that upon the Croton shed. The conclusions reached as to
the constant flow during dry months, in our last report, have been
verified thus far. The stream shows a marked resemblance to the
Croton.

PEQUEST GAUGINGS.

The record has been kept up at Belvidere throughout the year by
Mr. I. B. Keener, The results so far as reduced are as follows:

FLOW OF PEQUEST RIVER, 1890-91.

Drainage Area, 158.0 Square Miles.

FLOW IX CUBIC FEET
. PER SECOND.
g 3 _
MONTH. E E

=1 — . &

i | . “ g

s | 2| 2| § | ¢

& 2 & A <

1890.
February 12th to 28th...cveraienriainnns 1.96 1.62 561 286 405
Mareh ....covcmeimiaiiressrossicrinnmma 8.16 3.97 1,016 280 54
April ... 2.81 3.34 796 264 459
May..cooneren rtee et s e 6.58 8.07 584 209 425
June .eeeeens 3.42 243 508 100 344
July 1st to 24th .. 2.02 0.76 319 58 127
AUBUBL . vvieeie e PRTSTURR B PTPPRIOE [N PIROO
Seplember SOOI (T YUTOUUR FAURIVNTUUIPS FORROR P
Oetober oo i e 5.17 217 428 145 306
Novemmber....varuermsisssaemsasnarannsan 0.70 147 312 132 208
December.. .uvevervravecrtsrasiisnisanses 3.07 1.08 327 95 149
1891.

JRANUATY .covvneveriinnn e Vereans raenes 7.43 4,27 1,253 119 587
February...........cune. - 3.87 3.99 842, 397 607
March cucirier i 3.81 374 757 312 518
April.e e 2.24 1.82 439 107 260
MAF . conrs risanieses virnsmn s s 2,00 071 154 63 98
December to May...... S 22.51 1561 Loss, 6.90 inches.
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The loss of rainfall through the winter and spring months must be
reduced by 1.5 inches, which went to replenish depleted ground
water in December. This gives us a net loss of 5.40 inches, about
the same amount shown on the Croton. The general conclusions
reached in the last report as to flow from ground storage are sus-
tained by later observations. This flow is at a higher rate than on
the other streams of the Highlands, and we have already pointed out
the low flood flow which may be observed by comparing the maxi-
mum flow in cobic feet per second, of the above table, with the
figures for the other streams given in this report.

MUSCONETCONG GAUGINGS,

Messrs. Taylor, Stiles & Co. have volunteered to continue the
record at Finesville, which they began for us in February, 1890,
This stream is considerably complicated by the storage and division
of the waters of the Lake Hopatcong water-shed by the Morris.
canal, but some valuable facts are brought out by the gaugings, and
we are enabled to get a good idea of the character of the flow from
this typical water-shed of the southwestern Highland region of the
State.

1
FLOW OF THE MUBCONETCONG, 1890-91,

Drainage Area, 155.8 Square Miles,

' FLOW IN CUBIC FEET
, . PER SECOND.
I8 g —
MONTH. S g | l
E 'EI ey i )
LoL & 40 ¢
Z | B g § g
Fg < o] -
1890,
Febritary 12th to 28th. coveeereiiieianse 1.97 1.41 512 227 348
March coveinii e nsnieicssrsrens 6.15 3.22 1,019 148 436
.5 o] 1 ST 2.81 2.59 632 206 360
BY eeresiasssssnaesersrsnttsrstnnrarrenion 6.58 2.76 801 166 377
JUNE tiveariinninrerssrersreerssrmssnenenes. 3.42 132 334 72 184
July i s e e 5.30 0.83 265 61 113
ARRUEL v eerireracerrne voraenrorasesnnssnnes 6.21 0.72 166 61 96
Septermber .. v iiinniieiirinein 4.00 0.83 357 61 117
OCLOBET o vvnverecres cervsnensmsrennssnnnsen. 6.17 120 334 89 167
November.....vececermreerrrocererrannen 0.70 0.80 188 72 113
December....ccoovmvmeeeiiiinvennernsennn. 307 0.97 384 72 130
Total for 1890. . ....ccereennenes 44.38 16.65 {.oeerivins leviiiiieenndenecenns
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FLOW OF THE MUSCONETCONG, 1890-91— Continued.

Drainage Area, 155.8 Square Miles.

N
. FLOW IN CUBIC FEET
. . TER SECOND.
g 8
MONTH. g e
— [l - @
| l g e g
s | &8 | B | & | E
& & & <
1891, ,
JODUALY cvsireerrrrrtasssenenirsestesarion 7.43 4.69 3,172 87 633
February..... . 3.87 3.66 1,350 386 551
March ... 3.80 3.25 713 124 440
April .. 2.24 1.62 334 104 212
May. 2.14 0.75 208 72 101
June 1.77 0.48 104 47 67
July. o 433 0.40 104 [ciivinninn 54
AMBUSE covvvverernrenisrernarmsssssissssransas 6.97 0.67 499 [iiiviaren 92
September. e cnirmeesiias i, 1.55 0.31 134 Joniinnn 42
OCODET c.vnvevessnssersssnsesesessesansas 2.68 | 023 U7 ' o9
November.....ccoeesiinrisrarirnassisnannnn 2.84 0.39 206 |.oooerrenan 54
December ...oveverrarneavsrrminrarssssnne 4.85 1.35 200 | .oviiann 184
Total for 1891... ccovvveeianenrne 4447 17.70 Lo cenecboneeiian[rovacranenns
May 1st, 1890, to April 30th, 1891...| 50.79 127 T I IO P

Gaugings of the Morris canal indicate an average summer flow of
100 cubic feet per second, which is drawn from this water-shed. The
winter flow may be taken at 80 cubic feet persecond. This is equiv-
alent to a draught of 0.72 inch per month, on the Musconetcong
water-shed, for the eight months of navigation, and 0.57 inch per
month for the winter months, making a total of 8 inches for the year.
For the portion of 1890 shown in the above gaugings this would give
7.25 inches to be added to the flow, giving the following result: Rain,
44.38; flow, 23.90; loss, 20.48 inches. For 1891 we add the full 8
inches, giving raio, 44.47; flow, 25.70; loss, 18.77, and for the year
from June 1st, 1890, to May 31st, 1891, we have rain, 46.35; flow,
28.54; loss, 17.81 inches. The storage interferes too seriously to
enable us to analyze closer the flow by periods, The dry-month flow
is held up somewhat by flow from Lake Hopatcong, but we can make
out by close examination a first-month flow of 1.30, a second of about
0.80, and then a gradual decrease to 0.23 in the snxth or seventh dry
month,
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DELAWARE GAUQINGS.

Additional gaugings have been made at Center Bridge and impor-
tant data secured which will to some extent modify the estimates of
Hood flow given in our last report. The flood heights and flood slopes
of the river have been better determined from additional and more
reliable flood marks, Mr. A. J, Phillips has kept a continuous record
of the height of the river, for the use of the Survey, since August.
In connection with our gaugings it will enable us to determine the
flow since that date. The necessary computations have not yet been
completed,

FLOW OF RAMAPO RIVER, 1890-9],

Drainage Area, 159.5 Square Miles.

FLOW IN CUBIC FEET
. PER SECOND,
i ]
MONTH. E g
[l — P o
T 8|8
E K g g g
= & -«
1890,
February Tth to 28th....c..ceevnveeennnes 445 3.29 1,013 217 643
Mareh oiiviiinieene crteneae 6,40 485 2,020 277 643
April ....... et taterae e rie en ey sranasaan 2.68 3.06 1,032 231 429
May .vivrereercniens oo 4.72 2.76 762 170 377
JOBE coivirisiie i eaneneseninns . 498 1.25 334 56 176
July ...... orererrresninaen 606 0.94 338 40 125
AUZUSE rvverieenennyinnne 475 0.80 601 41 108
September........... 414 151 048 55 209
October . 6.95 2922 839 91 301
November..,,.. . 0.77 1.10 320 80 165
December.......cccocnvvercrinenn e, 402 177 1,683 80 238
13801
JARUARY cccn L e, 8.51 6.36 | 4,552 318 879
February s rrareerr e e narers 4.50 5.28°1 2130 264 853
March . 4.25 5.23 1,686 2909 729
APH] it e e 2.80 2.34 695 143 335
May 1t to April 30th, .. ... 56.45 3165 Loss, 24.90 inches,

These gangings have been kept up through the courtesy of the
Pompton Steel and Iron Company, by Mr, Alfred Richards. The
loss here indicated is about the same that the Croton shows for 47
inches rainfall. For a rainfall as heavy as this the Croton would
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probably give a loss of about 29.5 inches. It is evident, however, at
& glance that our rainfall records do not fairly represent this water-
shed for the winter months of 1891. The heavy monthly flows in
Febroary and March are shown also by the Wanaque, and must be
attributed to heavy rain or snow on the upper part of the water-shed,
on which area we have no rainfall stations,

From May to December we have rain, 36.39; flow, 12.34; loss,
924.05 inches, showing the proportion of one-third flow and two-thirds
evaporation, which we find to be characteristic of the Croton. This
stream is the nearest to the Croton of any which we have measured.
The geology and topography of the two water-sheds are also the same.
The very heavy rainfalls which are indicated by the maximum flows
in cubic feet per second, and by the heavy winter flow, probably occur
along the eastern edge of the Highlands, in the valley of the Mahwah
and the lower Ramapo valley. Strongly indicative of such heavy
precipitation are the records of rainfall at South Orange and Paterson.
These places lie at the foot of the Watchung mountains, with an
«exposure similar to that of the valleys above mentioned, save that the
rise of the mountains along the Ramapo is much greater. Indeed,
the rainfall of January, 1891, was 10.55 at South Orange.

FLOW OF WANAQUE RIVER, 1890-91.

Drainage Area, 101.0 Square Miles,

¥LOW IN CUBIC FEET
PER BECOND.
‘ g g
MONTH. S 5
95 & o o
| T B L | B
4 g g g @
o & & <
QCtoBEr .. avirierarecincersresas sevanenee 6.956 2.49 594 a1 217
November.....cccoiivverrrasrsnenisasinnins 0.77 0.93 126 44 84
December ......ccccccrmnsenennnririsssranas 4.02 1.59 799 44 138
1881.
JADUATY nvenninreerneecissnine 8.61 8.27 4,943 21 549
Febroary cviiiiiiiininnecieannn 4.60 6.51 1,107 217 548
4.25 b6.55 914 217 516
2.80 1.92 303 92 174
2.96 0.61 77 45 54
December to May. «...ccoocvevnecinaenen 2704 | 2145 Loss, 5.59 inches.
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The gaugings for this stream have been taken by Mr. James
Frazer for the year. The winter flow, from December to May, shows
the inadequate character of rainfall records, as did the Ramapo flow.
It is scarcely necessary to discuss this record further until we have the
complete series,

FLOW OF THE PEQUANNOCK, 1890-91,

Drainage Area, 84.7 Square Miles.

FLOW IN CUBIC FEET

. PER SECOND,
i 3
MONTH. S g |
g =
i — -d @
! I T
=] E & 5
& 3 [ § &
& = > -
1890.

February .................

March ..ot ree e

April e,

May 1st to 5th.......,...

JUDE oieeniiirvreanes

July ane

AUGUBE ..cvvvirrerciancererreenns

Se;ftg;ber 27th to 30th...

October........ccoievvmnvnnnns

November.........ccemvmen.n.

December.........counn. .

p 1801,

February ......ccccvvvmnnne

Mareh ....... trerresraneranay,

April veer

The record for the Pequannock has been kept by Mr. J. H. Furey.
While some characteristics are brought out, the series as a whole is
not entirely satisfactory, because of unfavorable conditions at the
point of gauging. We shall use the results cnly for what they are
really worth in our final analysis, They will not admit of great.
refinement of deductions.

PASBSAIC RIVER,

We have been able to add very materially to our data of Passaic
flow, having procured a record of height of the river which, when
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we have completed the measurements and tedious calculations neces-
sary for its reduction, will furnish a fair record of flow for fifteen
years. Gaugings have also been continued at the dam at Little
TFalls, by the courtesy of the Beattie Manufacturing Company. The
data require exbaustive ezamination, checking and adjustment, a
large part of which has already been done, but it is still so incom-
plete that it is not thought desirable to publish at present. Even
the results published in our last report will be somewhat modified by
the contemporaneous record which has been alluded to already. It
is deemed especially fortunate that we have succeeded in obtaining so
much information as to this the most important stream of the State
excepting the Delaware. The results for the Passaic will be given
in the completed report upon this subject,

FLOW OF THE RAHWAY RIVER, 1890-91.

Drainage Area, 40.4 Square Miles.

l FLOW IN GUBIC FEET
. PER SECOND.
i | ¥ -~
MONTH. 3 g

L—=q Lo - ]

1 |8 F

¥ 3 : 3 g

2l & | S z

1890.
February 18th to 28th....ccccvnicanne. 2.21 0.99 143 70 98
March ..veeereeseens eereeeranen U1 695 | 500, 1,015 59 175
AP vecre sesssnsessmnean s 261 2.60 202 46 93
BLY ceverssnrnnennn rabssaserersentnabissssiaes 4.65 2,35 147 50 82
JUDE woieriisiirsinnerenns ' 4.97 2.95 873 44 106
Jul¥.cornnir e eenean 572 2.36 292 26 82
BT T L 497 3.04 534 32 106
September . .coinrisiicinisiinnane 4.68 2,19 195 41 79
OCtODET vovverereresiaarianrensnterssasnenn 6.79 447 781 67 156
November.... 0.80 3.25 147 94 117
December ..cooviiieesrirssrnnisrssanes 4.35 3.82 716 60 134
1891.

JANUATY cveeirrriiniernssaeesiionsnannne 8.99 590 | 1,081 82 217
February . e reeesssararesrrenaes 486 5.75 694 107 223
March ... rsrenserninrraneas 5.08 5.80 458 107 218
April ..... P 2.96 3.44 180 94 121
MAY reeeienesrrianseneonssas R 3.23 2.30 147 23 80
June 1st, 1890, to May 31st, 1891..... 61.40 F L% L B B T

The gaugings were continued on this stream by Mr. Addison C.
Russell. The results seem to show, like the Ramapo and Wanaque,
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a deficiency in the rainfall records. This stream is similarly sitnated
with those, being along the base of the Watchung mountains and
probably affected by irregular, heavy downpours of rain. As we
noted last year, this stream shows large ground flows from the
masses of drift npon the water-shed. It occupies a ground almost
midway between our Highland streams and those of southern New
Jersey.

FLOW OF THE RARITAN AT BOUND BROOE, 1890-91.

I
I FLOW IN CUBIO FEET
. E PER SECOND.

3 3
MONTH. E g

= = . .

- P -l

| R T I

- § | 2

s & 3 <

. |
1880, I
February 17th to 28thu.uvecreeeenr.. ' 1.68 098 | 2772 | 1406 1938
B L 6.26 6.13 | 17,818 872 | 4727
April , 274 226 325 874 | 1,773
ay .. 495,  195( 4,060 752 | 1489
Juge .. 397 132 2824 462 | 1,040
July . ....... " 5.68 118 [ 2022 498 898
August ... 5181 158 | 3405 498 1,205
Heptember........ e e e 4311 134 2823 493 | 1,084
October ovevs ivivervvesiieei i veeenss 674 3.08| 7133 859 | 2360
November..........o. ccoveersrrenno. | 0.88 1.30 | 1,779 781 | 1,018
Decemberl 3.55 216 | 7,526 462 | 1,854
1891, ; '

January ..ot e 1 708 492 | 23748 420 | 3738
Febroary............ ......o... erennias I 421 347 ) 6066 | 1,205 | 2931
March ... ........ e e ——— | 484 447 | 10,142 © 1,386 | 3404
April e i | 183 162 | 3439 512 | 1,276
May Ist, 1890, to April 30th, 1891.. 53.00 28.37 | Loss, 24.63 inches.

This record has been continued throughout the year by Mr. William
Fisher, For the year it shows a larger flow in proportion to the
rainfall than is shown by the Croton. From May to December we
have 35.26 inches rain ; flow, 13.89, and loss, 21.37 inches. From
December to April the record shows rain, 21.29 ; flow, 16.64; loss,
165 inches. The diagram of flow shows the same flashiness. which
was indicated last year, and in general corroborates the conclusions
then set forth.
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STREAMS OF SOUTHERN NEW JERSEY.

The streams of the morthern portion of the State show a certain
marked individuality in the character of their flow. While there is
a general resemblance which will admit of the application of general
laws to all which have their sheds upon the same geological and topo-
graphical divisions, yet the variation in the steepness, in the amount
of natural storage, or in the state of cultivation of the water-shed is
always sufficient to bring out peculiarities in each stream gauged. In
the case of the sonthern streams, however, the resemblance is so
remarkable that it is found best to treat of them as a group. The vari-
ations are only such as are due to difference in size of the water-shed,
or some local peculiarily at the point of gauging. So great is the
resemblance that it is found best to discuss the gaugings which we
have been able to obtain a8 & whole, and regard these streams as indi-
cative of what we may expect for all of the sand-hill streams of the
State. Our longest series of gaugings is the one on the Great Egg
Harbor river at Mays Landing. In addition to the gaugings here
given, a short series on the Assanpink, and a mass of general notes of
flow, as well as several years of personal observation, all indicate the
applicability of these results to our southern streams as a class.

FLOW OF GREAT EGG HARBOR RIVER AT MAYS LANDING, 1890-91.

Drainage Area, 215.8 Square Miles.

. FLOW IN CUBIC FEET
i ] PER BECOND.
& 4 |—_
MONTH. .? .-T. § n
g E E g %,
= L i P
/& = G} <
1890.
Febroary 16th to 28th. cceenneininn 2.40 0.86 463 322 383
MArch coeeeeeescreeiinronsmerbeisssannnen 6.06 2.39 723 827 447
Y 21 RO PR R SIS 3.37 2.44 734 268 470
May .. 371 1.88 491 270 348
TR0 ceverrreretesierennsins ceressanaennans 2.33 1.27 352 126 244
JUIY cerciriiiin e e e 613 1.33 302 201 249
August..... 531 1.46 541 91 273
Beplember....cvvserceirininnicrisrorasenes 6.08 1.06 366 114 203
OCtODEE c..ovvermnneraerenerstrvisaianrssennes 6.30 1.67 348 270 313
November. 0.71 132 325 142 25b
DecembEE vvuvreirarisenssracanranasaennss 449 1.52 438 180 284
Total for 1880.....c..ecvnvrrrsenns 4587 17.19 | 87 per cent. of yearly rain.
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FLOW OF GREAT EGG HARBOR RIVER AT MAYS LANDING— Cond.

Drainage Area, 215.8 Square Miles.

FLOW IN CUBIC FEHT

C§ ] PER BECOND.
v -E Fs ——
MONTH. L8 = o P
X ‘L kl 3 o ?jp
g 5 3 E g
= = 3 A <
6.07 2.70 867 280 505
6.58 3.19 781 508 662
6.98 415 882 538 778
244 2,58 650 324 . 50O
397 1.52 343 229 284
. 3.26 145 343 226 279
. 8.93 1.60 377 154 302
Coreeens 6.10 1.87 420 220 313
September.............. 1.94 141 404 127 278
OCLOBET vvivrscvererar s 3.64 121 347 128 232
November.....iverenne.n. . 223 1.24 322 186 290
Deceraber............., . | 419 174 370 233 325
Total for 1881...reen........... I 55.62 | 2446 | 44 per cent. of rain.
May 1st, 1890, to April 30th, 1891...! 56.11 24.12 43 per cent. of rain.

This series has been continued by Mr. James Blaisdell, at Mays
Landing, by the courtesy of the Mays Landing Water-Power Com-

pany.

FLOW OF BATSTO RIVER, AT BATSTO, 1891.
Drainage Ares, 69.7 Square Miles,

‘ FLOW IN CUBIC FEET
P PER SECOND.
2 . 8
3 el
MONTH. g . B s .
= ! T -ag - @
A P g 3 i g
3 = 4 é =
& I = 42 -
580 |...
6.24 |
6.29
2,13 2.05 287 92 127
2.79 1.44 112 70 86
8.69 . 117 126 70 73
7.19 1.79 197 59 109
8.35 1.46 124 64 88
3.08 L.62 226 67 10
3.72 1.55 131 52 94 |
2.42 1.11 88 56 69
. enans 412 1.42 118 52 85
April to December..........coueenne © 8539 ' 1361 | 385 per cent. of rain,
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For this series we are indebted to Mr. Joseph Wharton, the record
having been kept by Mr. George Wright. It is especially valuable
in enabling us to compare the action of the flow from quite a small
water-shed with the larger area on the Great Egg Harbor.

FLOW OF NORTH BRANCH OF RANCOCAS AT PEMBERTON—1890.

Drainage Area, 111.7 Square Miles.

FLOW IN CUBI{ FEET
PER BECOND.

3 g

MONTH. g G
= =] .
[l i 3 -]
| | 3 I £
i | & |28 Z
é = (G <
5.48 3.21 590 161 300
2.18 193 329 118 192
3.20 1.63 189 132 148
376 1.84 244 129 183
5.38 1.37 211 | 82 132
4.49 1.25 144 97 120

TOtal cvoveoeeeeeerensanns meene 2449 | 1113 | cooiiiin b e e -

For this series we are indebted to Mr. Anthony J. Morris, of
Pemberton,

OOMPARATIVE FLOWEB FOR LIKE PERIODS8—APRIL TO AUGUST.

Rain. Flow. Lossof Rain.
Inches. Inches. Inches,
Rancocas, 1890...eecuiiisirrrernesinnieees 1901 7.92 1109
Great Egg Harbor, 1890 ....vniiiinnns 19.85 836 11.49
Great Egg Harbor, 1891....cccvviiivinnnnns 23.99 8.82 1517
Batato, I8I....uiiinriiarernrinnsess cenaaas 22.05 791 1414

In 1890 there had been large draught upon ground water during
this period, which was not replenished at the end of August. In
1891 there was no great depletion of ground water at the end of
August., Therefore, the normal loss of rain or evaporation for these
months, with a given rainfall, is best shown in 1891.

MAY TO DECEMBER.

Rain, Flow. Lioes.
Inches, Inches, Inches.
Great Egg Harbor, 1890....ccaiiiinnnenen 8404 1150 2254
Great Egg Harbor, 1891....cccmvecnee. 88,556 1184 2161,
Batato, 1891..cuemreernrenssmrinniniennenees 33.26 1106 21,70
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The first fact which strikes us in these comparative tables is the
marked similarity in the flow of the several streams for contempora-
neous periods. The Rancocas and the Great Egg Harbor from April
to August, 1890, show almost exactly the same percentage of rainfall
flowing in the stream—41.6 for the former, against 42.1 per cent. for
the latter stream. 8o with the Batsto and the Great Egg Harbor for
the same months in 1891. From May to December, a period which
eliminates the effect of depleted ground storage, we find a remarkably
constant condition of flow for both years ob the Great Egg Harbor,
and for the year 1891 on the Batato.

Turning now to the tables of monthly flow we find the resemblance
holding good here also. Here it is noted that the smaller water-shed
of the Batsto holds its own with the Great' Egg Harbor in the
amount of water flowing, if we make proper allowance for the differ-
ence in rainfall. So does the Rancocas, the resemblance to the Great
Egg Harbor being none the less marked, although the stream is more
remote than the Batsto.

Taking the yearly rain, flow and loss as shown by these tables, and
computing the flow and loss on the Croton by the rules deduced
when we were considering the evaporation on that water-shed, we
have the following :

YEARLY RAINFALL, FLOW AND LOSS.

Rain. Flow, Losa,
Great Egg Harbor, Feb. 16th to Dec. 31st, 1890...... 45.87 17.19 2868

Great Egg Harbor, 180..cccccvinieerinireecernvinnnereenenns 55.62 2446 31.16
Great Egg Harbor, Mzy 1st, 1890, to Apr. 30th, 1891.. 56.11 2410  81.99
Croton, estimated......covviiiiverenieianrs cvrrs covvrevenn §66.00 2540 29.60
Croton, e8tmAted .uuu.e.r vrevesee et seeeees s 49.00 2290 28.10

If we take the evaporation from January 1st to February 16th,
1890, to have been 3 inches, 1890 will show 31.68 inches logs for
48.87 inches rainfall. I am inclined to attach rather more weight to-
the figures for 1891, and for the year beginning May 1st, 1890,
They indicate about 2 inches excess of evaporation over that shown
on the Croton water-shed for 56 inches rainfall.

Comparing the periods from May to December, we find an average
for the southern New Jersey streams of rain, 33.62; flow, 11.63; loss,.
21.99 inches, a result which is remarkably close to what we find on
the Croton for these months,

Our obeervations for the winter months are not yet complete enough
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to be entirely satisfactory, but they indicate, so far as they go, the
following : January to April, rain, 22.2; flow, 12.6; loss, 9.6 inches,
This shows an excess of 4 inches over the winter evaporation on the
Croton, and seems to establish what we have suggested in our pre-
vious report, that the increased evaporation is confined to the winter
months. In summer the warmer climate and porous soil would give
an increase, but this is offset by less vegetation and by the fact that
rain sinks so quickly into this soil that there is very little evaporation
from water standing upon the surface. In the winter, however,
there ia less offset to the conditions favorable to increased loss of rain.
From these considerations, and working between ohserved periods, I
am disposed to adopt for our constants of monthly evaporation on
southern New Jersey water-sheds the following: January, 1.00;
February, 1.00; March, 1.25; April, 1.25; May, 2.00; June, 3.00;
July, 8.75 ; August, 3.75; September, 3.00; October, 1.75; Novem-
ber, 1.25; December, 1.00. These constants are for 40 inches
annual rainfall. While we may find cause, a3 our investigation pro-
ceeds, to slightly modify these constants, they are sufficiently accurate
to be used with entire confidence for preliminary studies.

To fully appreciate the superior value of southern New Jersey
streams for water-power we must examine the records of monthly flow
month by month and compare them with those for our northern
water-sheds. Such an examination brings out the better-sustained
dry-season flow, and the columns of greatest flow in cubic feet per
second show how much less liable these streams are to heavy’ freshets.
For example, in January, 1891, the northern streams—the Passaic
and its branches and the Rari.an—were discharging at their maximum
from 27 to 28 cubic feet per second for each square mile of water-
shed, The heaviest discharge reached on the Great Egg Harbor for
that winter was 4.1 cubic feet per second per square mile, The heavy
rains are absorbed by the sandy water-sheds or held in the wooded
swamps and fed out gradually to increase the flow for weeks and
months. This peculiarity makes it easier to utilize the flow of these
streams for any purpose, as less storage is required than upon more
flashy streams. It has been my practice in designing storage works
for these water-sheds, to estimate that with storage equal to six inches
of rainfall upon the water-shed, fifteen inches of rain could be utilized
in the driest year. The present investigations as they proceed seem
to indicate that this is a very conservative estimate. Storage equal

11
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to 3.5 inches would be sufficient to maintain an even flow of one inch
per month in the driest year, and only half an inch of storage would
yield a steady flow of half an inch monthly, These valuable charac-
teristics of southern New Jersey streams will be more clearly brought
out when I have completed my estimates of flow by months for the
driest years,

[ DIAGRAMS OF FLOW.

The accompanying diagrams of flow are intended to bring out the
differences between southern and northern New Jersey streams. In
| my last report a diagram for the Great Egg Harbor, for 1890, will be
r found. The disgrams of this stream and of the Batsto for 1891,
| which are shown, accompany this report, are more satisfactory and
mare truly represent the actual flow. There are a few minor fluctua-
tions in theee diagrams, due to opening and closing of sluice gates,
which could not be wholly eliminated and must be disregarded. They
are not important enough to seriously affect the truthfulness of the
presentation, however. The Musconeteong is taken to represent north-
ern streams for 1891, because of its drainage area corresponding fairly
in size with the southern streams. Tt is rather too favorable to north-
ern streams, however, because its fluctuations are diminished some-
what by storage, and because the rainfall was lighter than that for the
southern streams, For this reason the Ramapo, for 1890, hes been
added, and by contrasting this with the southern streams the less vari-
able flow of the latter is seen clearly. The minor fluctuations shown
in the diagram of the Musconetcong are produced by holding back
the water in mill-ponds.

The rainfall is given in inches for each day. It is made up of the
daily means for the stations given. In the tables of flow previously
given other stations were included to make up the monthly averages,

. By referring to the diagram for the Great Egg Harbor, facing page
202, report for 1890, we can see how the heavy rains from December
17th, 1890, are taken up by the ground, and the flow stays at about
400 cubic fest per second until January 21st, 1891, During this
period 7.37 inches of rain fell and only 2.10 inches flowed off,
Assuming evaporation to have been 1.5 inches, a liberal estimate, we
have 3.8 inches absorbed by the earth to replace the draugbt through
the dry period preceding December 17th, The replenishment is evi-
dent at about the 17th, and from that date through March the flow
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holds up at the average rate of about 725 cubic feet per second.
Notice the marked difference in fluctuations of this stream and the
Musconeteong during this period, although the heavier rains are on
the southern water-shed. The diagram of the Batsto, while it shows
a marked general parallelism to the Great Egg Harbor, still indicates
neatly the slightly sharper fluctuations due to the smaller size of its
water-shed. On a subsiding flow, the steeper gradients indicate the
drawing down of swamp storage, and then when we come to ground
flow alone we see how gradually it decreases. Thus, from April 12th,
when the swamps had become quite depleted, to May 15th, rains were
less than evaporation, yet the flow only fell from .075 to .045 inch
daily, showing clearly the capability of yielding a flow of 1.50 inch
for the first month from ground water alone.

Studied in this way, these diagrams are capable of unlocking many
of the secrets of the flow of these southern New Jersey streams, but
even a superficial examination reveals the peculiar steadiness of these
as compared with streams like the Croton, Sudbury and others, with
which we have been more familiar heretofore.

UNDEVELOPED WATER-POWERS OF S0UTHERN NEW JERSEY.

The agricultural development of the lands of the southern portion
of the State must give some incentive to the development of water-
power. We called attention to some of the important powers which
are already in use, in our last report. Having in preparation for our
final report full descriptions of the undeveloped sites and their capa-
city, the completion of which work will be delayed until our observa-
tions are finished, it is not necessary to do more at present than call
attention to certain exceptional localities in a genéral way.

On Maurice river, a little above the head of the Millville Manu-
facturing Company’s pond, and near Vineland, a fall of 20 feet, and
probably about 450 net horse-power, could be obtained. Just above
this, near the New Jersey Southern railroad, about 15 feet fall and
200 net horse-power might be developed. Several of the smaller
powers on both the east and west branches of this river could be
advantageously improved, not being at present developed to their
full capacity. There are also good small sites on Manumuskin,
Manantico and Buckshutem creeks.

As the demand seems to be for large powers, it might be well to
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concentrate the flow of two or more streams at one point where circum-
stances are favorable. The power at Mays Landing is susceptible of
increase in this way to about 440 horse-power. On Great Egg
Harbor river, between Mays Landing and Weymouth, there is still
a fall of 11 feet not in use. It should be possible to utilize at least
9 feet fall here, giving about 300 horse-power. The Weymouth site
is a good one, and capable of driving a larger plant than the one now
there. It was not in use at the date of making the canvass, but I
believe steps are being taken to utilize it. It should be good for 325
horse-power, and, if Deep run should be added, 360 horse-power
should be obtained on the 13 feet of fall. Just below the mouth of
Hospitality branch another site, good for 250 horse-power, might be
developed. Near the crossing of the Philadelphia and Sea-shore
railroad there is a good opportunity to develop power also. Above
this on the main stream the banks are low and only low falls could be
secured. On Hospitality branch there are valuable cranberry bogs,
which might interfere somewhat with the utilization of several good
svites for small powers,

On Wading river, the power at Harrisia (Harrisville) is an excel-
lent one, 225 horse-power being now used on 12 feet fall, with a
considerable surplus power wasted. The flow of the east and west
branches is concentrated by means of a canal over a mile long. . On
the east branch, known as Oswego river, there is an unoccupied site
at the old location of Martha furnace. The fall is 12,5 feet, and 100
horse-power should be obtainable, Above this the opportunities are
not 80 good, as the stream-valley widens. On the west branch there
is a site at the mouth of Tulepehauken creek, where 15 feet fall and
200 horse-power might be had. Smaller powers could be developed
at Speedwell and other points farther up stream. At Pleasant Mills
the waters of Hammonton creek, the Nescochague, Mechescatauxin
and Atsion have been concentrated by asystem of dams and raceways,
and 150 horse-power is used on 10 feet fall, with a considerable sur-
plus wasted. The Batsto could be added to the other streams, and
fully 265 horse-power obtained on 10 feet fall; or the fall could be
doubled with little difficulty, and 530 horse-power utilized. At
Quaker Bridge, on the Batsto, 15 feet fall could be obtained, and the
flow of the Atsion added by a canal, giving 220 horse-power. At
Atsion there is a good plant which is not at present in use.

Passing up the coast, the next opportunity which is presented for
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developing a considerable amount of power is at Toms River. A
plant might readily be arranged here to concentrate the flow of all
the branches of Toms river on a fall of 30 feet, so as to realize 670
horse-power, and raise the village to the size and industrial importance
of Millville within a few years. Transportation facilities are excel-
lent at this point.

Just below the mouth of Ridgeway branch, on Toms river, there
is also a very good site. Twenty feet fall and 350 horse-power might
be utilized. At White’s Bridge 175 horse-power may be developed,
and several good sites for smaller powers are to be found on the stream
above and on Ridgeway branch.

Metedeconk river offers a site just below the junction ef the north
and south branches, at Burrsville, good for 200 horse-power on 20
feet fall. There are several good sites of smaller capacity on hoth
branches above.

On Manasquan river, near Allenwood, 20 feet fall and 180 horse-
power could be obtained in a good locality. Near Red Bank, on
Swimming river, 20 feet fall and 180 horse-power could be had.
This, also, is an exceptionally good location.

Turning now to the Delaware or western slope, we find that .the
streams south of the Rancocas furnish excellent sites for single mills,
but offer no opportunity for the development of large water-powers.
On the north branch of the Rancocas the power is quite fully devel-
oped. At Eayrstown, on the south branch, it would be possible to
concentrate the flow from 140 equare miles with 30 feet fall, giving
about 590 horse-power. This would require the extinguishment of
four smaller powers, however. There are good sites for 100 horse-
power or less at several points on the branches of the Rancocas.

Crosswicks creek has 60 feet fall between New Egypt and Borden-
town, of which 24 feet is utilized. It flows through a narrow ravine
and opportunities are good for developing power. Splendid natural
facilities exist for utilizing the whole flow of the stream at the crossing
of the road from Bordentown to the White Horse tavern, where 30
feet fall could be obtained, and fully 550 horse-power utilized. Four
existing water-powers and some other improvements now stand in
the way of the utilization of this admirable natural site. About 260
horse-power on 20 feet fall could be obtained at Crosswicks without
interfering with any existing improvements of consequence.

As we previously remarked, the estimates of power here given are
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subject to revision in the final report, but they are based on the per-
formances recorded in actual work of large powers of southern New
Jersey and are safe enough for general guidance. It is noteworthy
that the few sites here mentioned aggregate over 6 ;000 net horse-power,
or over three-fourths as much as the total utilized power of this portion
of the State. Evidently the amount in use is not more than one-third
of what may easily be developed. When the large powers which have
been indicated shall have been utilized, in how many places shall we
have repeated the splendid work which has been done at Millville and
Bridgeton, and well begun at Mays Landing? Truly a very great
impetus would by this means be given to the industrial development
of southern New Jersey.

It will at once be asked if it is more profitable to develop these
powers or to use steam. Our answer must be that it has proven
directly profitable elsewhere with less favorable conditions than we
have at many of these sites, and we have seen how great the indirect
advantage bas been to the localities where such development has been
made, If a more exact answer is required we may estimate that the
value of a horse-power, determined from the cost of producing it by
steam, and making due allowance for the possibility of selecting more
favorable locations when steam-power is used, may be taken safely to
average $21 annually in New Jersey. In other words, if we ignore
the indirect benefits to be derived in appreciation of property values,
&c., and take only the direct money return into consideration, we may
spend to develop one horse-power a sum which at six per cent. per
annum will yield $21, or $350. There are some industries which need
the space and the abundant water to be had in such localities, and can
afford on this account alone to locate on these sites. Then there is
surplus power above the amounts given in my estimates, for several
months of the year, which might be turned to account for certain lines
of manufacture. Even without these advantages most of our sites
could be developed well within the above money limit,

Turning to the possibilities held out to us by electric transmission,
we find that this has passed beyond the experimental stage in Switzer-
land and in our own country, at Spokane Falls, Aspen and other
places. Naturally it has been first applied at localities where coal is
expensive and water-power abundant. Let us imagine such an instal-
lation which would transmit the power from some of the less accessi-
ble of these sites to communities like Vineland, Hammonton or Egg
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Harbor City or the larger communities at Camden and Trenton, and
rented to large and small manufacturers. The result must be the
employment of labor more steadily and to better advantage, the
increase in productive capacity of these communities, and the restora-
tion to society of the small manufacturer and the pleasant relations
which be sustained with his employes as well as his patrons, The
social effects of such a step would go even further and do much to
counteract the baleful influences which are at work upon character
wherever operatives are herded together in the enormous centers of
industry, which are the result of the very rapid movement toward
concentration of manufacturing in fewer and larger establishments.

While these may seem to be rather sentimental reasons, all who
have the welfare of the State at heart must recognize that the fact
that the utilization of our water-power in this way would be a long
step toward securing the better housing, more healthful environment
and improvement of the condition of our industrial classes, without
sacrificing that economy of production which has obtained in large
manufacturing plants, is high ground for the encouragement of enter-
prises of this kind by furnishing information as to their practicability.

Another consideration which is worthy of being kept in view by
the community is, that every horse-power of water which runs to the
sea unemployed must be made good by the consumption of coal to the
amount of three tons annually. No benefit-accrues to the working-
men of the State from this coal consumption, or to the State as a
whole. The visible supply of the nation’s fuel is just so much
diminished. Just so much of available energy is wasted. On the
other hand, if the horse-power is developed from water-power, 3350
is at once added to the wealth of the State, our workmen are employed
in the improvement, and the increase of population and indirectly
added wealth which are consequences of such development, have been
realized at several of our most important industrial centers.

UTILIZED WATER-POWER.

In order to accumulate facts as to the peculiarities of individual
streams, 8o as to be able to make a close application of the results of
our researches to each, and furnish information sufficiently explicit to
be of direct utility, it was found necessary to inquire of those who
were most familiar with the stages of flow and profit by their experi-
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ence. Naturally the mill-owners and mapagers were most able to
supply a large share of this information, their occupations leading
them to observe closely the facts which we most need, It was a
simple matter to make in connection with and as a part of such an
inquiry, a full canvass of the water-powers of the State, This work
has been completed and the results are here given. Firat we will give
a summary by water-sheds in the table on the two following pages.
In classing the Raritan as a northern stream we are obliged to include
its branches, South river, Lawrence’s brook and the Upper Millstone,
although they really belong to southern New Jersey.
Classifying the northern streams by entire water-sheds, we have:

No. of Net

Mills, Horse-Power.
Delaware above TrentoD......cvcecivvearsevsnmumenensns 186 6,658
Wallkill coeeiviie i irevincrenirrniescierarasra s sene oe 25 598
PasBRIC..cceerairirinrieere i recnriiisrnass s ses sorenesee D16 8,924
Hackensack i roeerreresieninninees soserennnsesn 25 404
Elizabeth... oo iciiicrcciensrserrerersssisenrsrnasresssess 2 36
Rahway ...icovirimmirmniserciiiiies conneessirenennans 15 356
RATIAN coiiiririntrrsornnrerrsienensensnseensasiosessesesse 171 5,993

The Passaic stands at the head of the streams, in both total horse-
power and horse-power per square mile, the latter being 11.3. This
refers to the streams as here grouped, however, for the Musconetcong,
taken separately, shows 12.9 per square mile. Of the other Dela-
ware streams, Flat brook shows 2.1, Paulinskill 5.4, and the Pequest
6.1 net horse-power per square mile, The Wallkill has 2.8 and the
Raritan 5.4 per square mile. The southern streams should not be
expected to show nearly so much power per square mile, as the fall is
much less and the country more sparsely settled. Crosswicks creek
shows 4.7 ; the Cohansey, 3.6 ; Metedeconk river, 3.5; Assanpink
creek, 3.4; Maurice river, 2.8; Rancocas creek, 2.3; Great Egg
Harbor, 1.4, and Mullica river, 1.0 horse-power per square mile.
For the entire State, taking the land-surface at 7,614 square miles,
the average is 4.11 net horse-power per square mile.
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POWER BY INDUSTRIES.

The power is divided among the several industries as shown in the
table. Grist and flouring mills use’39.5 per cent. in northern, and 49
per cent. in southern New Jersey ; 42 per cent. of the whole power of
the State. The average power of these mills is 28.6. S8aw, turning
and other wood-working establishments use 10 per cent. north, and
23 per cent. south, or 13 per cent. for the State. Their average power
is 15.6 horse-power. The mills classed under fabrics and fibres use
14 per cent. of the power, having an average power of 74.6. Paper
mills, being large users of power, are placed under a separate class
from fabrics and fibres, to which they really belong. They use 10.7
per cent., with an average of 118 horse-power each. Iron-working
mills use 10 per cent., and average 65 horse-power. Miscellaneous
manufacturers untilize 11 per cent., averaging 56.5 horae-power each
and including a great variety of industries, among which may be
mentioned the manufacture of photographic lenses, grinding of soap-
stone, driving of pumps for supplying water to cities, and of electric-
light plants. Paterson, Trenton, New Brunswick, Passaic, Millville,
Somerville and Raritan, Lakewood, Wenonah and Nutley have each
a water-power pumping-plant for water-supply. Boonton and Lake-
wood have electric-light plants run by water-power,

INCREASE IN UTILIZED POWER.

Taking the census figures for 1870 and 1880, and comparing them
with our own, we have:

1870, 1880, 1690-1.
Net H. P, NetH. P, Net H. P.

Total power in use......coenureeee 25,332 27,066 30,870
Flouring and grist milla........... 11,108 12,183 12,880
Saw mills, & vemrenireeinerrrens oo 3,908 4,085

This shows a small but steady increase in each decade, amounting
in the last to 14 per cent. It does not show the real changes which
have taken place, for there has been & steady loss of small, inefficient
water-powers, which had to be made good by the construction of l‘
larger and better-equipped plants. Many small saw amtl grist mills
have thus been abandoned, the former because of scarcity of timber,
and the latter from the competition of large, well-equipped modern
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mills.  Where the stream is of sufficient capacity, these large plants
are erected upon the sites of the small mills ; otherwise these sites are
abandoned and new ones developed.

LARGE WATER-POWER PLANTB OF NEW JERSEY,

Net H. P.
Btream, Locatlon, Fall in Feet. In Use.
PaBsaic. icrrerinivrerasssneans PALBIBOMurre e vennesnnns 66 1,760
PaBgaICueeeenirrrensseossreensa PBESAICaresssensveneersees 22 1,235
RoCkaway....cccverrenerracnnes BOONEON vaeverrirnnennns 101 970
Delaware.......c.ocrvsevveeee Lambertville .ovevveees 9.5t0 18 747
South branch of Raritan..High Bridge ........... 47 730
Maurice river...cooes coerere Millvillg.ererevsreressnnns 22 690
Delaware...cccecircrsnns vorne Trenton.....coiereeerees 9to 17 589
Musconetcong.. ... .o Riegelaville...oueniii 20 430
Musconetcong................Warren Paper Mills.. 48 360
Great Egg Harbor. ........ Mays Landing......... . 10 342

Musconeteong .......uvee  Hughesville............. 27 340 -
Passaic covee covrensennnnes Little Falls...coarrrrrens 14 320
Pequannock...cccesinnennne JButler...vaiiiicnieen 30 260
Rockaway....ccorieserennnnsnOld Boonton........... 30 260
Wading river.. ......ooocoo. Harrisia vuvviemeeneees.. 12 225

Some of these plants are of larger capacity in proportion to the
actual power of the stream than others. Some of them have a sur-
plus of power which is not in use and does not appear in the above
figures. Those on the southern streams are much larger for the size
of the water-shed and the amount of fall than the northern powers,
but notwithstanding this are fully as efficient and reliable, and,
indeed, most of them very much more reliable during the dry months.

\

ESTIMATED VALUE OF UTILIZED WATER-POWER.

The total amount of power in the State is 30,870 net horse-power.
If we assume an efficiency of 70 per cent., which is about what is
obtained with good wheels, we shall have a gross horse-power of
44,100. In reality more power is required to run the above plants,
as the average efficiency is below 70. Taking this power to be worth
an average rental of $22.50 per horse-power per annum, or about
two-thirds the rate at Paterson, Passaic or Trenton (see pages 219
et aeq. of last report), we have a total rental of $992,250. Capitalizing
this at 10 per cent. would give a value of $9,922,500 for the water-
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powers of the State. If we add to this the value of the buildings and
machinery in the 903 mills using water-power, I do not think the
most conservative estimate would make a total of less than $20,000,000
to represent the value of the water-power plants of the State.

In order to fully appreciate the importance of this interest, how-
ever, we must consider the great wealth which has been brought to
us by the development of these powers. Paterson, now a city of
78,347 inhabitants, with large industrial interests, was created by and
hes grown up around the water-power of the Society for the Encour-
agement of Useful Manufactures. Trenton, with 57,458 inhabitants,
and another of our most flourishing manufacturing centers, was only
a village when the water-power was created, which formed the nucleus
of its rapid growth in population and wealth. Passaic, with 13,028 ;
Bridgeton, with 11,424; Millville, with 10,002 inhabitants ; Lam-
bertville, Boonton and several smaller towns, owe their being and
industrial importance directly to this cause. Little Falls, Batler,
Mays Landing and other places show a marked tendency to a similar
future, and a majority of the other towns of the State owe their
origin to the country grist mill, saw mill or iron forge, driven by
water-power, with the little group of houses about, occupied by the
employes, and the more spacious and pretentious abode of the owner
overlooking all from the most commanding site in the vicinity. To
estimate the amount of wealth which the development of water-power
has thus indirectly given to the State would be difficult. By com-
parison the value which has been given for the plants themselves is
ingignificant.

LIET OF WATER-POWERS.

"This list is intended to include every water-power in use in the
State, and also such as have been recently used to an impertant
extent, but are now unoccupied. The net horse-power is obtained
usually from the capacity of the wheel-plant, taking account of its
condition, When this was impracticable it was taken from estimates
of the owners or managers, or from the amount of work being done
in the mill. The gross horse-power was estimated from the net, and
shows the amount of power needed to drive the plant. In estimating
it the general efficiency of the wheel-plant, or in cases where the net
power was taken from work performed, the efficiency of the whole of
the machinery was considered. This gross horse-power, giving the
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amount of water actually needed to drive the mill, taken with what
was learned as to the number of months in which full power could
be used, furnishes an indication of the usual flow of the stream, and
will be of use when we finally come to compute this flow for each
stream. ‘

There are difficulties met with in making such a canvass ag this,
which render entire accuracy difficult to attain. It is believed that
this is a fairly accurate presentation of the interest, however, and it
is especially desired that any errors which may be noted by the parties
interested shall be sent to the office of the Survey at once, so that we
may make the necessary corrections for the full report.

NEW JERSEY GEOLOGICAL SURVEY
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ARTESIAN WELLS.

. 2

The annual reports of the Geological Burvey since 1878 have had
many notes on the artesian wells in the State, and in that for 1890 =
list of the wells and the references to notices in the various reports
were given.* The space devoted to the subject annually has scarcely
been equal to the development of the srtesian well as a means of
getting water-supply in the State, but the information, though scanty
and fragmentary in its pature, has apparently been productive of
good, and the inquiries addressed to the office of the Survey and the
demand for its reports on artesian wells, have attested the importance
of early publication of all data available from these well borings.

The rapid increase in population, even in the suburban cities and
towns and villages, has been surpassed by the growth of public water
systems, Already the greater number of the towns in the State are
thus supplied, and are no longer dependent upon the common dug
well or the driven well for water. The increased attention to sani-
tary arrangements promotes the growth of public water systems. g In
the smaller towns and villages, where the cost of aqueducts is per-
haps beyond the financial ability of the place, the artesian well is
tried. YIsolated manufacturing and other establishments which require
large volumes of water, or which desire to get it at less cost, are
everywhere discussing the problem, and particularly its possible solu-
tion, by recourse to boring.

Several firms in the State, and others outside, are engaged much of
the time in putting down wells for these parties and for towns. The
success which has followed generally is’ encouraging and suggestive,
and there appears to be an increasing number of artesian wells bored
each successive year,

The study of the geological structure, particularly of the southern

*Annual Report State Geologist, for 1890, pp. 277-283.
(217)
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part of the State, has proved to be of great service in finding water-
bearing horizons within practicable distance from the surface, A
remarkable horizon for water is that at the base of the lower marl-
bed, and it fornishes great volumes of water at several places in the
coastal plain. A more careful comparative study of the structure
and of the known water horizons, will, no doubt, show the existence
of other well-defined horizons in the marl series. The artesian wells
have, in turn, yielded most valuable data to geology and have verified
the conclusions of geological science in 2 remarkable degree. Much
more is hoped for from wells yet to be put down, and it is proper to
state in this connection that the complete solution of the problems of
geological structure in the southeastern part of the State will come after
deep wells have shown the order of succession and the thickness of
the several beds. A rich harvest of results is anticipated from the
careful study of records from artesian wells in that part of the State,
In view of the importance of data from them, the preservation of the
records of the nature and thickness, and of illustrative specimens of’
the various marls, clays, sands, gravels and fossils found in them, is a
most important matter. The attention of our well borers is called to
this subject at this time, as also that of property-owners who are
having wells put down. The value of such data to the geologist is.
here emphasized. On the other hand, the further study of the geolo-
gist and the elucidation of the geological structure will lead to valuable
data to aid and guide the practical man in search of good water and
of water-bearing horizone.

Ko systematic attempt has been made this year to collect all of the
well data. A few notes of wells which have been visited, or of which
information has been furnished to the Survey, are here presented.
Mr. Woolman has oceupied a part of the field, and has made a special
report, beginning on page 223 following.

PABBAIC TOWNSHIP, MORRIE COUNTY.

1. Aun artesian well was put down several years ago on the Van
Wagoner farm, one mile north-northwest of Long hill, by Mr.
Oscar Lindsley. The size of bore was three inches in diameter, and
the depth 78 feet. The work stopped at that depth, where the rock
was struck,
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2. In summer of 1891 Mr. Lindsley had a well sunk on his farm,
near Green Village, to depth of 152 feet. Size of bore, six inches.

Earth, &Co o imiieim i s et e 29 feet.
HANASLOME covvr e ireemaveseesrersssetousatnsbaasarannsrnssrnran vesns 130 *“

At 138 feet a stream of water with quicksand was met with which
rose to a point six feet helow the surface.

RUMBON NECK, MONMOUTH COUNTY.

An artesian well was put down last season on Rumson Neck, near
the corner of the ridge road and Bellevue avenue, for a water-supply
to the residents of the vicinity. The surface at the well has an
altitude of 80 to 90 feet above tide-level. The beds passed through in
boring were reported by Uriah White to be the following :

Depth.
1. Top earth.civriiiareren et rraaseenniarnreaas 31 feet. 31 feet.
b, 3 o PO PSP er . . 65 “ 86
3. Shells and sand......covmevmmenvenninncsionan 6 92
4, Hard tratf . cocimeineierenrirnrnssnnens 3 95
5. Gray Band.....cvcieesereinnnnninriniensniniens 8 Y 100
6. Marl or clay.uveimninrcnvaninnenas . remseene 50 160
7. Sand ceeciiciiisr s b e 40 ¢ 190 -
8. Clay, with thin sand seamsB..ccovierennn 20 ¢ 210 ¢

210

A subsequent examination of the specimens which were sent to the
Survey office by Mr. White, showed that there was more or less green-
sand in them to a depth of 95 feet. Below that horizon the speci-
mens show more mica and a gray sand. As the well is about two
miles southeast of the line of strike of the tide-level horizon of the
lower marl-bed, and the dip of this bed is at rate of 37 feet per mile,
the marl would be at about 75 feet below tide-level, or at depth of
about 160 feet, The water is obtained from a eand-bed below the
lower marl-bed and in the clay-marl series. The pumping capacity
of the well is 60 gallons per minute.

Leach Brothers, of Glassboro, report the following wells bored by
them in the State in 1891:
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“Three at WiNsLoW—(1) 135 feet deep, for Geo. Cochran ; (2) 145
feet deep, Winslow Inn; (3) 85 feet deep, for Capt. Jewett: flow,
1,200 gallons per hour, each. No marl in these wells.

“ Eight wells at Prrvax GROVE, from 80 to 80 feet deep, all above
the marl, for the Pitman Grove Association, each one yielding from
1,000 to 2,000 galions of water per hour.

“One well at SEwELL, for F. J. Anspach, 420 feet deep, pumping
1,500 gallons an hour,

“One at RrcAwoop, for the public school, 65 feet deep, water in
red gravel, furnishing 2,500 gallons per hour.

“ Five for the West Jersey Railroad Company, at GLAsSBORO (these
are gang wells), 70 to 80 feet deep, and furnish 6,000 gallons per
hour, They are above the marl, as the marl is at 88 feet. At Rich-
wood the marl was found at 78 feet.

“At Pitman Grove the marl was found at 96 feet, and was pros-
pected to a depth of 130 feet, to conglomerate, when the work was
stopped and water was taken from the stratum above the marl.”

These notes are interesting and suggestive in relation to geological
structure. The Pitman Grove well-section corresponds to what would
be expected from the known dip of marl-beds to the southeast. But
the marl at Glassboro is too high for the horizon of the middle bed
and is in position to be the upper bed. As Clementon is the south-
-western limit of this bed, so far as known, the identification of the
upper bed at this depth in the Glassboro wells extends its limit.
The study of a good section at this place appears to promise important
facts bearing upon the relations of the Cretaceouz marl-beds to the
succeeding Tertiary series. A good well-section in the vicinity of
Glassboro or Clayton would be productive of valuable scientific results.

WOODSTOWN, SALEM COUNTY,

A well was bored at Woodstown, in December, 1891, by Kisner &
Bennett, of Belmar. The site is in the low ground near the creek,
where the surface is about 30 feet high above tide-level and near the
outeropping middle marl-bed. The strata penetrated in this well are
reported to be as follows :
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TOTAL THICKNESS
DEPTH. OF BEDS. BEDS.
B _| ¥ Meadow Earth,
12’ Gravel and Limestone,
‘lef ]
- — _i_- -
! d Marls
! w Greensard Marls,
I Shells near bhottom.
56 L o
Gray, Coarse Band,
kg .
(No water.}
A .
!
| Quicksand,
{
' € with flakes of
Mica,
186* - )
[iled Black, 8and Marl,
200 | 1L _
80 Black, Muddy Quicksand,
S __
20 Blue Clay—Hard and tough.
206" B o
White Band
“with Lighnite,
4@ Water-bearing.
White Clay.
E2114 Red Clay.

VERTICAL SECTIOR OF \WELL, WOQODSTOWN,
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The gray limestone, under the surface earth and gravel, belongs to
the middle marl-bed; the total thickness amounts here to 52 feet.
The coarse, gray sand and the quicksand are identified as the red-
sand bed, though of great thickness. The micaceous quicksand
corresponds to the clay which ocours over the lower marl-bed st
many localities, The “black, sand marl,” 60 feet thick, of the well-
section, also appears to be abnormally thick if it be the lower marl-
bed. But it is probable that the lower part of this black, sand marl
and the “black, muddy quicksand ” represent the clay marls which
underlie the marl-bed. The white sand corresponds to the lami-
nated sand of the plastic-clay series, At the bottom the red clay is
recognized as the top of the plastic-clay series,

This well is, therefore, interesting as a measure of the thickness of
the greensand-marl series from the top of the middle bed to the
Plastic clays. The well-section has a thiokness of 336 feet, which
corresponds with the 352 feet, the aggregate thickness as determined
by a comparison of vertical sections at different localities,*

The wells not noted in previous reports of the Survey, are:

PORT NORRIS8, CUMBERLAND COUNTY.

Depth, 78 feet; strata, sand and clay; good water, slightly tine-
tured with iron; rises 2 feet above the surface ; flow, about 1 gallon
a minute; four-inch pipe; contractor, Caleb Risley, of Woodbury.

STRAIGHT CREEK, CUMBERLAND COUNTY.
There is a well on the tide meadows, near False Egg Island point,
about 100 feet deep. A flowing well of good water. :

PORT REPUBLIC, ATLANTIC COUNTY.

Well of Capt. E. W. French, 151 feet deep. Soft water, flowing
to surface.

*8ee " Geology of New Jersey,” Newark, 1868, p. 246,
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A REVIEW OF ARTESIAN-WELL HORIZONS IN SOUTHERN
NEW JERSEY,

With Notes of New Wells in New Jersey, Delaware and South Caroling,
and also in Philadelphia, Pa.

BY LEWI3 WOCOLMAN.

In an article in the annual report for last year (1890), the writer
demonstrated that within a triangular area bounded by the ocean,
Delaware bay and a somewhat irregular line drawn from the mouth
of Forked river southwestwardly to the bay, so as to include within
and near its margin Barnegat, Hammonton, Vineland, Bridgeton and
Shiloh, there exists beneath and between a succession of impervious
beds, mostly clays, a number of porous sands and’ gravels capable
of furnishing by means of artesian wells a plentiful supply of good
water that will either overflow or rise more or less nearly to the sur-
face according to the elevation of the same.

These water-yielding horizons, of which four are now known and
there are possibly more, are higher stratigraphically than those sup-
plying the artesian wells upon and near the coast from Spring Lake
to Sandy Hook.

The first or uppermost of the four horizons underlies Cape May
county and probably the southeastern portion of Atlantic county. Its
position was deduced from the study of wells at Sea Isle City. Its per-
sistence, with the oceurrence, perhaps, of a still higher horizon, has been
shown the preseant year by the sinking of three wells at Milford,
Delaware, to depths of 35, 160 and 160 feet, and which tap two
water-yielding sources. The extension of these horizons beneath the
two States and their equivalency is treated more in detail in the report
of the Milford wells. (See page 227.)

The other three horizons are probably eontinuous, one below the
other, under the entire triangular area noted. The upper two of
these, or the second and third of the four described, are intimately
associated with a series of fine but hard clays, sandy clays and clayey
sands, having a thickness, as shown by Atlantic City borings, of over
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300 feet, occarring there between the depths of 382 and 697 feet, and
ascertained by careful microscopical examination to contain throughout
nearly every foot of vertical extent the minutesiliceous remains of dia-
toms, a low order of plant life, each individual form of which is com-
posed of a single cell. As may be inferred, these are entirely invisible
without the aid of considerable magnifying power. Practically this
series of strata comprises one bed, which may be termed the diato-
maceous clay-bed,

A reproduction of a microphotograph of these forms magnified
90 diameters is shown upon the accompanying plate.* The species
in this deposit are marine. Diatoms when living consist of two valves
of pure silica inclosing a brownish gelatinous substance, the valves
being counected around their edges by two or more bands, which
geperally, though not always, fit over one another like the parts of a
pill-box. .

Of course the gelatinous portion in these fossil forms has long since
vanished, the siliceous valves only remaining ; these are perfectly
transparent and are most beauntifully, delicately and accurately marked
ay shown in the plate.

The occurrence of these diatoms is sufficient to identify this bed
wherever entered by artesian borings. The two water-bearing hori-
zons connected with it are sitnated one midway of the bed and the
other immediately beneath it. Tae one occurring midway is found
at Atlantic City at the depth of 550 feet and is believed to be the one
that supplies the various artesians located along the coast between '
Atlantic City and Barnegat, and also most of those within the interior
and near Port Norris, upon Delaware bay, a distance of twenty or more
miles from Cape May. This conclusion is based upon the remarkably
uniform increase of depth of the various wells reguiarly to the south-
east directly across northeast and southwest parallel lines drawn
through the locality of each well. This increase is twenty-five or
twenty-six feet per mile and indicates the dip of the strata, while the
parallel lines represent the general trend of the same,

As stated last year, these wells on being sounded each yielded
diatomaceous blue clay.

The water horizon immediately beneath the clay-bed is found at
Atlantic City at the depth of 700 to 720 feet. Its persistence and

* The plate shows forms found at Beach Haven. Similar forms oceur in borings at
Barnegat, Atlantic City, Mays Landing, Weymouth and Pleasant Mills, N. J., and at
Clayton, Del. They are from the same clay-bed.
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From Artesian Well Borings, Beach Haven, New Jersey.

I'hotomicrographed by Fred. E. Ives, from mount mada by D. B, Ward, M.,
Magnifted 90 diameters.
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availability have been again proved at that place by the sinking thereto
the past year of an additional well for the Consumers Water Com-
pany. This well has been furnishing an abundant supply of gooed
water for several months. The yield from this stratum is greater
than from the one midway of the great clay-bed.

The persistent extension beneath that part of the State towards
Delaware bay of the diatomaceous clay-bed, and presumably also of
its associated water-yielding strata, is indicated by the occurrence in
the State of Delaware of exactly similar micro-fossiliferous clays at
outerops recently visited, with microscope in hand, and samples
therefrom carefully examined. One of these is at Malcom’s mill, on
the headwaters of the Leipsic river, about one mile slightly south of
west from Brentford station and three miles nearly south from Clay-
ton. Another s fifteen miles further south, upon one of the head
branches of the Murderkill, at Emerzon’s mills, 3} miles northeast of
Felton. At Malcom’s the diatoms are very abundant and are
readily seen under the microscope by transmitted light. At Emer-
son’s they are not so plentiful, and being invariably coated with iron
pyrites they are opaque, so that their presence cannot be detected
except by reflected light, when they present a golden metallic luster
and show their coarsest markings in relief.

Further evidence of these clays was obtained at Clayton from a
six-inch well bored for the Baltimore and Delaware Bay Railroad
Company to a depth of 150 feet, and cased to the depth of about 100
feet, the walls standing apart and intact the remaining 50 feet,
which penetrated what was described as a dark, tough, sticky, soapy,
clay—a description verified by scrapings personally obtained there-
from, and which proved to be the characteristic greenish-blue clay
containing diatoms. The material from the bottom, as shown by
portions attached to the end of the sounding apparatus employed,
contained greensand graing, indicating marl underneath, as occurs at
Shilob, N. J.

It should be stated that this well was not successful in obtaining
water. In consequence of a belief that water-bearing strata had been
cased off, since driven wells in close proximity obtain water at depths
of 35, 80 and 85 feet, another six-inch well was bored 100 feet east
to the deoth of 35 feet, and water obtained which rises 20 feet, and
yields, on pumping, 1,800 gallons per hour.

Quite probably a point only a few miles northwest of Clayton

15
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limits the base or western margin of the diatomaceous clay-bed, while
Felton approximately locates the top or eastern outcropping of the
same. This indicates a belt some twenty miles wide, in which the
alightly-upturned edges of the bed rise to and a little above sea-level,
and which belt no doubt extends northeast across New Jersey. In
the latter State, except at Shiloh, and perhaps at Hermon, near Green-
bank, it has not been found to outerop, on account of the greater thick-
ness of the superficial gravels and sands, which attain a height of 120
feet and upwards, as against 40 feet in Delaware.

Further proof of the identity, not only of the diatomaceous beds
of New Jersey and Delaware, but also of those with similar fossitifer-
ous ontcrops long known as oceurring at Herring bay, on the western
side of the Chesapeake, and also upon the banks, some distance from
their mouths, of all the rivers emptying from the west into the
Chesapeake, is afforded by the presence of a single specific form of
diatom which occurs at the base only of this bed, and has not been
found elsewhere in the world, either fossil or recent. It is technically
known by the name of Heliopelta, which means sun-shield. It isa
beautifal, large, circular disc, having a symmetrically-shaped star in the
center. There are several varieties having, respectively, four, five,
six and sometimes more rays or points to the star.,

It has been found in the Atlantic City wells at the depth of 625 to
675 feet, and not higher, though carefully sought for by several in-
vestigators. It occurs also in the base of the well at Clayton, Dela-
ware, and at the following outerops, which in every instance are upon
the western margin, and consequently at the base of the deposit, viz. :
At Shilob, N. J.; Nottingham, Calvert county, Md., and at Peters-
burg and Bermuda Hundred, Va,

The fourth or lowest of the horizons under notice occurs at Atlantic
City at the depth of 1,100 feet, or 400 feet below the diatomaceous
clay-bed. It is not certainly known that any other artesian boring has
opened this stratum, though possibly the well at Winslow and that
at Seaside Park may draw therefrom ; but this cannot positively be
determined until more facts regarding the strata underlyiog the
diatomaceous clay-bed shall become known through the sinking of
additional artesian wells within the southern interior. Its existence,
however, need hardly be doubted, and since it furnishes a still more
abundant supply of good water than either of the three higher
horizons, the greater becomes the desirability of reaching it inland,
where its depth is not so great as beneath the beaches,
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Facts aiready presented in this paper and also in previous annual
reports respecting wells widely distributed over the Atlantic seaboard
and which draw their supply from within Miocene strata are sufficient
to show the feasibility of obtaining by means of deep borings a plen-
tiful supply of water at once wholesome and free from the organic
impurities almost inseparably connected, at least in thickly-settled
localities, with shallow wells. So far as the writer has been able to
learn, the amount of water yielded by the different wells referred to has
been greater with greater depths of the water-horizons. As bearing
upon this some facts may be added respecting wells at Charleston, 8. C.

In the annual report for 1880 ocecurs the record of a well in that
city having a depth of 1,970 feet. Recent advices inform that this
well has a diameter of tube at the bottom of about 2§ inches, and is
now yielding about 166,000 gallons in 24 hours; also that more
recently two additional wells have been bored to depths of 1,945 and
1,950 feet. One of these has a diameter of 3} inches and furnishes
245,000 gallons in 24 hours, while the other has a bore at the bottom
of b inches and delivers 1,186,000 gallous each 24 hours, The value
of this water for use in the city of Cbarleston is further evident from
the fact that a fourth well is now being put down.

ARTESIAN WELLS AT MILFORD, DELAWARE.

The past autumn three artesian wells were put down for an electric
light and water company, at Milford, Delaware. They reached,
respectively, the depths of 35, 150 and 160 feet and each yields an
abundant supply of good water.

The wells are situated upon the south bank of the Mispillion creek,
near the head of tide-water, which here rizes and falls about four feet.
The ground slopes gradually toward the stream, the area occupied by
the water plant being from two to five feet above high water. Each
well has a diameter of six inches. The water overflows from the
two deeper ones several feet above the surface, while in the shallow
one it just reaches thereto. These facts may be more accurately tabu-
lated thus:
wel,  Sizeol Depth. E'STaHOn - Riseor water. Bam R Capaclty
No.1. Ginches. 160 feet. 5 feet. 2 feet above surface.
No.2 6inches. 150 feet. 2feet. & feet above surlace.
No. 8. Ginches. 34 feet. 5 feet. Just to surface. 3,000 gala.

} 4,000 gals. each.
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Through the courtesy of Charles Barker, Treasurer of the com-
pany, the diagramatic record on the following page, prepared by the
company’s engineer, who carefully watched the work, has been received.
A few additional facts learned from another obsérver who examined the
horings from time to time with a single magnifying lens, are placed
to the right of the diagram.

he wells were drilled by J. H. K. Shanahan, of Easton, Md., the
hydraulic process being used. Wells No. 1 and No. 2 draw from the
~ame stratum, and were each cased to the depth of about 141 feet,
Just throogh the lowermost clay-bed. No. 1 was continued about 20
teet and No. 2 about 10 feet further and a considerable quantity of
sand pumped out and replaced with clean, pebbly gravel, to keep back
the sand and allow a free flow of water.

The process employed in boring ground the shells noted in the sec-
tion so thoroughly that only small fragments were obtainable, but by
sifting these from a considerable quantity of material left near the
wells after their completion, and then carefully looking over the frag-
ments, the following genera were recognized: Arca, Astarte, Natica
and two forms of Turritella, the latter being of the same two species
that occur so abundantly in the shell marls near Shiloh, N. J.

These facts respecting shell fauna show that the strata at the two
localities belong to the same geological period, i. e. the Miocene, and
determine the position of those in the wells to be, not in the super-
ficial horizontal gravels and sands, but within the underlying series of
clays and their interbedded sands, and which are known to have a
slight dip to the southeast. Stratigraphicaily, however, they are not
only higher in the Miocene series than the Shiloh deposits, but also
somewhat above the 300-feet diatomaceous clay-bed of the New Jersey
wells and which also is above the Shiloh beds.

Considering the northeast and southwest strike along the Atlantic
seaboard of the Miocene strata, these water horizons should be found
in extreme southern New Jersey. If the dip for these beds near
Delaware bay be the same as that indicated by the facts connected
with the wells along the section from Weymouth to Atlantic City—
that is, about 25 feet per mile——then the 140 to 160-feet horizon at
Milford must be nearly equivalent to that of 350 to 390 feet supply-
ing the electric-light company’s well at Sea Isle City, N. J. (See
Annual Report for 1890, page 272.)

It should also be looked for at Cape May at a depth of 475 to 525
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NOTES MADE BY
JAMES H. BELL.

From about 10 feet to 60 feet,
fine sand mixed with iumps
of blue clay, which gave the
water a decided dirly color.

At 65 and 80 feet, wood, {o
pieces 14 to 14 of an Inch in
size.

At 83 feet, clean gravel,
broken shells and frugmenty
of thin stone,

Al 110 feet, very tine saud.

At 120 feet, very small knail
and hroken clam shells, then
mostly very fine sand to great-
est deplh of 160 feet.

Atlintervalsallthe wny down
from 100 feet, fractured clam
and snall shells, but all very
minute, and except in about
8 dozen instances requirin,
maguifriog glass to determine
thelr character, bat with this
there was no mistaking what
they were.
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feet. A well put down some years since at Cape May Point and
abandoned at the depth of about 450 feet was probably discontinued
not far above this water horizon.

ARTESIAN WELL AT S8EWELL, N. J.

This well was noted in the annual report of 1889, page 86, as
having been put down to the depth of 72 feet. It has since been
completed by the owner of the property, F. J. Anspach, of Phila-
delphia, who has cheerfully furnished systematic specimens of the
earths penetrated accompanied by descriptive potes, from which the
following record has been compiled :

e
Surface [ayers, as follows: ]I

e el RIS L S U N

Yellow, ot‘hrey, sandy clay ..... J
Green marl......ccoee ... TR S 24 «
Black marl (=-_ very dark green} FO TR . B 30 ¢
Reddish-yellow sand-rock, casts of shells .............................. L1300 43 «
Yellowish sand, with black specks, shown by the microscope to be

the greensand grains peculiar to New Jersey marls. .......... 13 ¢ 56 “
Yellowish sand, lizhter in color, also containing greensand specks.. 16 72 *

At this depth, as stated in annual report for 1889, page 86, an '

abundance of elear water was obtained, and the boring stopped.
Time, however, has proved that the water is unsatisfactory, as it
precipitates iron oxide upon exposure to the atmosphere. Hence,
the boring was resumed,

‘Water-bearing xand continned.....oesaee- I e 3209 104 *
Tough, fine, blue clays and blue sandy c]ays .. 180 ¢ 284 «
Notes for this division:
At 180 feet, fine, tenacious, sticky clay, containing exogyra.
“ 264 * layer of sand.
* 276 ¢ very sandy clay, with some large pebbles.
* 280 ¢ sandy clay, with shells finely comminuted by
the drill, and therefore not identifiable.
“ 244 “ Hine, tough, sticky clay, containing calcareous
stones and lumps of iron pyrites.
Qreenish sand v cinicsiiiic e bt vrsneres srsmnenriaease. O] 335 «
Streak of clay ...cuveees rrerrarentaesiiae iseurenrneran cennetarrarieanas :
Fine, clean, gray sand. o, 70" 342 «

Coarse, sandy gravel, angular grains, yielded a little water..iveeree, 9 ¢ 351 «
Stiff, white clay... T 352 ¢
Fine, gray sand, wuh ulreaks of c]ay and conslderab]e lignite...... 23 ¢ 875 ¢
Layers of white sand and white claf...crccrriniiiiiircisneiciriacens 60 % 381 «
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Thickness ~ Total

BEDS. of Strata,  Depth.
‘White, angulor gravel, coarse and gritty, great abundance of good
WALET.. cevresresamrensnerbivrssrannssnssentsnnsenerssinearassinsrnstssssesses 14 feet. 395 feet.
‘White, angular gravel, extra coamse. cone . 19 “ 405 ¢
Fine, white sand........ LTS OPP R P 3 “ 408 “
Fine sznd and coarse gravel, mixed....cicceiicrernncenrnnrnmresnionnrone 7w 415 ¢
Very coarse, angular gravel, pebbles larger than any above ........ & 420

F. J. Anspach kindly writes this additional information: ¢ From
the behavior of the tools it is believed this stratum contains bowlders
as large at least as cobblestones. The boring was discontinued upon
a hard white-clay bottom, which was penetrated by the drill about
12 feet further. The main three-inch casing was driven through the
gravel-bed, or to the depth of 420 feet. A brass screen of G0 meshes
to the square inch, 2} inches in diameter and 12 feet long was then
secured in the bottom of the well, after which the main casing by
means of hydraulic jacks was withdrawn about 12 feet, exposing the
screen surface to the water-bearing gravel, thus preventing the fine
quicksand and coarser gravel from getting into the three-inch tube.
“At first the water was cloudy, the clay being held in supension,
but after continued pumping equal to about 40 gallons per minute
(the capacity of the pumping cylinder), the cloudiness disappeared and
subsequent experiments have proved that there exists at this depth an
abundant supply of pure, fresh, soft water, clear, transparent and free
from mineral impurities and perfectly satisfactory in every particular,
Constant pumping does not lower the water in the three-inch tube and
it continues to hold its level of 77 feet below the surface line, which
15 82 feet above tide.”

WELLS BORED THROUGH PLASTIC CLAYS OF THE NEW JERSEY
SERIES IN SQUTHERN PHILADELPHIA.

In Philadelphiz, southward from Christian street near the Delaware,
there have been drilled at various times during a number of years past a
dozen or more wells for sugar refineries, salt works and ice factories.
Three contractors who have each made several of the borings agree in
stating that a series of thick beds of mottled red, white and yellow
clays were passed through, a remnant most probably of the base of
the New Jersey plastic clays which the Delaware river in cutting its
channel has left in Pennsylvania, Similar clays have been dredged
from the bed of the river below Philadelphia and were also encoun-
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tered beneath the silt in seeking a foundation for the central pier of
the pivot bridge across the Scbuylkill at Penrose ferry, Specimens
of both of these may be seen in the collections of the Academy of
Natural Sciences of Philadelphia. Red clay has also been found in
cellar excavations near Seventh and Fitzwater. These facts indicate
that this bed underlies a triangular area in the southeastern part of
the city.

Seven of the wells above noted were put down for one sugar
refinery at Morris and Otsego streets. The contractor from memory
furnishes the following record for one of these, and states that the
thickness of the upper clay-bed varied somewhat, being sometimes
not met with so near the surface, in which case the bed was thinner
than stated—a fact tending to show erosion of the top of the clay-bed
before the deposition of the upper sands. In other respects the
record was the same for all the wells:

RECORD,

Alluvium, and then fine yellow sand..cceeveniicviiciicce cinivian to 25 feet.
Mottled red and white clay... . 40 feet, 65
White potter’s clay mixed W1th grave!stones e 100 7w
Fine running sand, all but quicksand light gray in

COJOT terraierninerirernesisssarisen e s sseninarensens rasncane 15 ¢ 90
Fine-white clay, no gravel....ccceeciiiceiniveciiiiricicceanenn, 4 94 ¥
White coarse sand.......... eeeseiarea st ohtssean s tarrnananrarn 15 « 109

Coarse white gravel, with pebbles, some as large as
hens'-eggs, and some the size of the fist, hard, gray
and white like cobblestonea.. ... ceivvrrvenniviiicininns 18 « 125 **

This stratum furnishes the water.

One boring was made through these pebbles to rock at 140 feet.

A microscopical examination of the “alluvium ” reveals numerous
diatoms of both salt and fresh-water species, showing that the salt
water of the bay encroached in the past upon the fresh water of the
river and thus commingled the specific forms characteristic of marine
and fresh waters.
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PASSAIC RIVER DRAINAGE.

BY GEOQ. W, HOWELIL.

Since the report of last year the excavation of rock in the river-
bed below the Beattie dam has been prosecuted, and is now near com-
pletion. On account of frequent floods the work has been somewhat
delayed, but all things considered, fair progress has been made.

The contractors, the Morris & Cumings Dredging Company, of
New York, have wholly obliterated the main fall at Little Falls, and
the river now runs through a rapid channel eighty feet wide, from
the Beattie mill to the pool below the site of the original fall. Work
is well along, also, in the twenty-five-foot channel leading from the
dam where the gates are to be erected to the main channel below-
On the completion of this work, which will probably be early in the
present summer, the Beattie Manufacturing Company have agreed to

. put in the gates which are to pass the flood waters, The ultimate
lowering of the entire dam will not be effected till the completion of
the necessary work in the river above. The gates, however, will be
set at the proper elevation for the final grade.

It has seemed desirable to fully complete the work below the dam
before entering on that above, so that the benefit of the gates might
be secured in lowering the water above during the prosecution of the
remaining work.

After the present contract is completed, the Commissioners will
seek to let the remaining work at as reasonable terms as possible.
There yet remains to be done the removal of a reef immediately above
the dam, which is already blasted, and a larger reef nearly one-quarter
of a mile above, on which nothing yet has been done, but which in
itself forms a dam entirely across the river. In addition, the plan
under which the Commissioners are working, and which was author-
ized by the Board of Managers of the State Geological Survey,

(238)

NEW JERSEY GEOLOGICAL SURVEY



234 ANNUAL REPORT.

involves the removal of a bar of earth and bowlders at Two Bridges,
and a cut-off through the meadow bottom at Pine Brook.

Some of the friends of the enterprise are now reecommending the
adoption of the old scheme of opening a new channel for the river
from Pine Brook to the Deepavaal, a distance of a little more than
three miles, while the distance by the river between these two points
is from ten to twelve miles. If this plan be adopted, the work in
contemplation at Two Bridges and Pine Brook would not be re-
quired.

During the coming season a careful examination of the proposed
change of route and a comparison of the relative cost of the two plans
will be made. If found desirable to effect the change, the matter
will be referred to the Board of Managers of the Geological Survey
for their action.

Under the present Drainage law the cost of the work is to be
asgessed wholly on the lands which are classed as flowed lands. In
many cases this will be very burdensome, and it is a serious question
whether lands or townships adjoining should not also share in the
expense. In the minds of many this is especially fitting from a sani-
tary point of view, as well as from the fact that the taxable value of"
the lands improved .will be considerably increased, thereby in a
measure reducing the ratio of general taxes in the adjoining townships
and counties.

The State Board of Health has had the matter in consideration,
and it is hoped by many that suitable legislation may be secured
before assessments on the lands will become Dnecessary, in order that
the cost of the work may be more equitably distributed according to
benefits received. As the law now stands, no assessments can be
made until the final completion of the work.
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IRON MINES.

NOTES ON THE ACTIVE IRON MINES.

BY GEORGE E. JENKINS.

SHOEMAEKER MINING AND MANUFACTIURING COMPANY.

This mine, two miles south of Belvidere, has been in active opera-
tion during the year, producing a brown hematite, non-bessemer ore,
which analyzes 45 per cent. metallic iron,

BELVIDERE MINES.

During the past year the mining operations among the Belvidere-
mines have assumed somewhat of their old-time vigor, and much
work has been done in this region, most of it, however, being in the-
way of prospecting. A peculiar feature of the deposits is their loca-
tion in the crystalline limestone belt. The rock on both the south
or hanging-wall side of the deposit, as well as the north or foot-wall
rock, is of this character. During the year the following-named
mines have been operated :

The LixcoLy BesseMEr ORE CoMPANY operated upon the
property of Mr. Kaiser for a part of the year, using a separating
plant to concentrate the material mined, but the enterprise was not
successful, and all mining operations at this date have been stopped.

At the QUEEN MINE, owned by Paul C. Queen, and operated by
the S8haron Ore Company, of 52 Broadway, New York City, the
work of re-opening has been carried on. Two sbafts and an incline
are opened upon the deposit, the deepest of which is 155 feet, and the
ground has been opened along the direction of the deposit for a

(235)
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distance of 200 feet. The deposit has been ascertained to have a
width from hanging-wall to foot-wall of 40 feet, but it is not very
regular, and there are no well-defined walls, The ore is of a disin-
tegrated character, carrying much decomposed feldspar, which is
removed by washing. Two log washers, driven by steam power, are
used for this purpose, and about 60 tons per day of vein material are
washed and prepared for shipment. The ore averages 57 per cent.
metallic iron, and it is shipped by way of the Lehigh and Hudson
railroad to the furnaces in eastern Pennsylvania, where it is used as
a low-grade phosphorus ore, some of which passes the bessemer
limit. Two sixty horse-power boilers furnish steam for driving two
hoisting engines and two steam pumps, which drain the mine of
water. About seventy-five men find employment at this mine.

FELLOWS MINE,

R. C. Fellows, the owner of this mine, and the previous operator,
leased it on July 1st to the Thomas Iren Company, of Hocken-
dauqua, Pa. Their operations consisted in the sinking of two new
shafts, one east and the other west of the old Fellows open-cut
workings. The eastern shaft is now 40 feet deep, and has pierced
the ore deposit, which is the same in character as that worked upon
the adjoining Queen property. The western shaft seems to be upon
another deposit, about 200 feet west of the eastern deposit. The
depth of the shaft is 50 feet, and 18 feet of this distance is in the ore,
which is much harder and more compact than the ore from the
eastern shaft. A cross-cut has been driven 14 feet, and strikes s
compact sandstone on the south and a limestone on the north.

The work done thus far upon this deposit is mostly in the line of
prospecting, and further developments will be noted with interest.
The eastern deposit has the same irregularity of width as observed in
the Queen mine, and owing to the absence of anything like firm
walls, large quantities of timber are necessarily used to keep the
ground up while removing the ore.

Two boilers furnish steam for one steam pump and two hoisting
engines. The ore has to be washed, and is shipped to the Thomas
Iron Company’s furnaces as a 58 per cent. magnetic bessemer ore.

About seventy men are employed in and ‘about the mine.
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RIDDLE MINE,

G. Riddle, Owner.
The Champion Steel Ore Company, of Trenton, N. J., Operators; Thos, I’
Marshall, General Manager; John P, Eckmeter, Mine Captain.

The mine is just east of the Fellows mine. The present company
began operations in October, 1890, since which time three shafts have
been put down upon the course of the deposit. The deepest workmg
is 118 feet, and at this level 200 feet of drifting has been done in an
easterly and westerly direction. The width of the vein has been
tested by a cross-cut, driven at right angles to the vein, which is 50
feet in length, striking clay walls on both sides. This vein matter is
of a very disintegrated character, requiring careful washing to sepa-
rate the ore from the accompanying dirt and clay. The ore is of the
same character as that produced from the adjoining mines to the
westward. It carries about one and ome-half per cent. of metallic
manoganese, and it is sold to the Bethlehem Iron Company for the
manufacture of steel.

The mine is equipped with a seventy-five horse-power boiler, and
another of eighty horse-power is being put in place. The number of
men employed is about twenty-five.

RAUB MINE,

Ameriean Zinc and Iron Company, Operators.
Thos. P. Marshall, Manager, Trenton, N, J.

During a part of the year prospecting work only has been carried
on, which consisted in the sinking of a shaft 60 feet deep, opening
upon a body of ore six feet wide. The ore which has been taken out
is very compact, requiring no washing, and is considered a bessemer
ore. No ore has been shipped, as the work has been purely in the
way of prospecting.

OSMUN MINE.

About one-half of a mile east of the Riddle mine, the Enterprise
Mining Company, of 52 Exchange Place, New York City, has been
prospecting since January, 1891, A good many test pits, varymg in
depth from ten to forty feet, have been put down, but no mining of
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any account has been done. These test holes have yielded six hun-
dred tons of ore, which is in every respect the same as that found in
the mines on the western part of this belt of ore. Machinery is now
being purchased to be used in proving the ground previously opened
by the test pits already noted.

Mr. Caleb Faulkner, of Butzville, is doing some prospecting upon
the Robeson tract, which adjoins the Osmun to the southwest, From
foar to six men have been employed.

OXFORD IRON AND NAIL COMPANY’S MINES,

The two mines spoken of in the Geological Report of 1890 have been
operated during the entire year. The opening known as Slope No. 3
ts now G60 feet deep on the pitch of the shoot, which is at an angle
of 34 degrees. The mine is worked in an easterly and westerly

-direction for a distance of 150 feet, and the vein varies from a maxi-

mum width of 30 feet to the minimum of 10 feet. The ore mined
is & non-bessemer, yielding 53 per cent. metallic iron. It is low in
phosphorus.

THE WASHINGTON MINE is worked a distance of 100 feet on the
course of the vein, and dips to the south at an angle of 70 degrees.
The slope throngh which this mine is operated is oblique to the vein,
running down on an angle of 40 degrees, and is now 480 feet deep
on this angle. During the year a sink 30 feet deep has been put
down and the ore stoped out. One Ingersoll power drill is used for
driving headings, all the other work being done by hand-drilling. A
boiler capacity of about seventy horse-power furnishes steam for one
steam pump in each mine and for the necessary hoisting plant. The
ore from both mines is used at the Oxford furnace, but has been
stocked at the mipe since October, when the furnace was blown out.
The ore from the Washington mine runs as high as G5 per cent. in
metallic iron, but owing to the sulphur, requires roasting. Ninety-five
men are employed.

KISHPAUGH MINE,
Owned and Operated by Ario Pardee.

The work of re-opening this mine, which was begun in OQctober,
1890, has been carried on uninterruptedly during the year. When the
work was begun the old Cook shaft was 200 feet in vertical depth, It
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was continued downward to 350 feet and opened upon the old Kish-
paugh deposit in the cap-rock. A drift has been driven eastwardly,
along the course of the deposit, for 180 feet, and cross-drifts have
developed the vein to be 25 feet wide. At this depth there seems to
have been some change in the struciure of the surrounding walls as
well as in the ore, for, instead of the soft walls encountered in the
old mine, they are here found to be much harder and more compact.
The ore also bears the same characteristic as to hardness and compact-
ness. The deposit has a dip to the southeast of 38 degrees, and
pitches in & southwesterly direction.

A diamond drill is now being used at a point 500 feet southwest of
the Cook shaft, in order to test the continuity of the deposit. No ore
has been shipped duaring the year. About thirty men are employed
and the mine is well equipped with the best of machinery.

HUDE MINE.,

Owned by the Dickerson-Suckasunny Mining Company.
Operated by Ario Pardee, Lessee.

Two tunnels have been driven into the hill, from the north and the
south sides. The north tunnel has opened upon a vein of hard, com-
pact, magnetic ore, dipping to the southeast on an angle of 15 degrees.
The souih tunnel has been driven into the hill far enough to cut three
parallel shoots of ore, which dip well to the southeast on an angle of
30 degrees. The mining during the year has been in removing the
ore found in these three shoots and taking out the ore from surface
workings, The ore is non-bessemer, averaging about 50 per cent.
metallic iron, but is high in sulphur and requires roasting. It is used
at the Stanhope furnace, to which it is carted by teams. A boiler
plant of 75 horse-power furnishes steam for operating the air com-
pressor and hoisting engine. Thirty men are employed.

HURDTOWN MINE,

Hurd Heirs, Owners.

The Glendon Iron Company, who have been the operators of this
mine for the past forty years, have continued their operations during
the year, and the mine continues to be as productive as ever, Itis
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now 4,300 feet deep, measured on the slope, which goes down on the
bed-rock of the shoot. The shoot has an average width of 20 feet,
and a height of 36 feet, from cap to bed-rock. Power drills are
used to remove the ore, and the mine is thoroughly equipped with the
necessary machinery. The ore is used at the Glendon furnaces, in
eastern Pennsylvania,

LOWER WELDON MINE.

Weldon Mining Company, Owners.
Copley Iron Company, Operators,

The opening upon the Weldon vein is a single shaft, which is now
270 feet deep, the last 18 feet being a rock sink. It is the intention
to continue this shaft till it cuts the shoot of ore which outcrops on
the top of the hill, about 500 feet west of the present hoisting shaft.
The mine has been worked on the top shaft to a depth of 600 feet, on
the angle of the pitch, which is 30 degrees. The vein pinched out
during the year, and work is now abandoned in this part of the mine.
The lower shoot is stili producing, and averages 25 feet from bed to
cap-rock, and a width of 4 feet. The ore is a magnetic non-bessemer,
yielding 58 per cent. metallic iron, and is used at the Copley Iron
Company’s furnace. There is a 40 horse-power boiler, which fur-
pishes steam for a Rand air compressor, which supplies air for two
Rand drills. The mine is drained by one steam pump. About 20
mwen are employed.

UPPER WELDON MINE.

Leonard Elliott, Owner.
Richard Hecksher & 8Sons, Operators,

Since this mine was re-opened by the present operators, over 300
feet of sinking has been done, going through three new shoots of ore,
each of which is separated by a bed-rock of from 8 to 30 feet.

The ore-shoots have a height varying from 20 to 60 feet and are
from 2 to 9 feet wide. The length of working upon the present
bottom of the mine, which is 300 feet vertical depth, is 396 feet.
The ore-shoots pitch to the northeast, on an angle of 30 degrees, and
dip to the southeast at about 50 degrees,

The ore is non-bersemer, averaging 58 to 60 per cent. metallic iron,
and is used at the Swede furnace. The concentrating plant, which

NEW JERSEY GEOLOGICAL SURVEY



THE STATE GEOLOGIST. 241

was erected a little more than a year ago, has been operated for the
whole year, concentrating about 2,000 toms. A granulator and
another separator are being added to the plant.

During the past year a great deal of work has been done in straight-
ening and retimbering the hoistway and putting in a new skip road.
The mine plant is the same as reported last year. Seventy men are
employed in mine and separating works.

OGDEN MINE,

The New Jersey and Pennsylvania Concentrating Company,
Owners and Operators.
Owen J. Conley, General Manager.

Dauring the past two years this company has been engaged in the
construction of an extemsive plant, for the purpose of concentrating
the lean magnetic ore of the old Ogden vein.

The mining operations have been carried on upon the west end of
the old Ogden workings, and consist in blasting down the vein, the
width of which iz 100 feet. All the material is conveyed to the con-
centrating works by two cable tramways of the Lock-Miller aystem,
which have a span of over 2,000 feet, and are each capable of
handling 400 tons of product per day. The material mined is about
20 per cent. in magnetite, and it is concentrated to a 68 per cent.
bessemer ore—the phosphorus being eliminated through the process
of concentration. The enterprise is, however, only in a state of an
experiment, and for this reason no great amount of ore has been
shipped. About 200 men are now employed.

AUBLE MINE, NEAR PEAPACK.

John Auble, Owner.
Peapack Mining Company, Operators,

The work done upon this property consists of the sinking of two
shafts, one 120 feet deep, and another 80 feet deep, connected by a
drift 140 feet long. The vein is small, having & maximum width of
three feet, but it is said to be a bessemer. About four men have been
employed and 400 tons of ore mined. It is carted to Peapack and
shipped to the Carbon Iron and Pipe Company’s works, at Parryville,

16
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HACKLEBARNEY MINE.

The Chester Iron Company, the owners and operators of this prop-
erty, have been employing about twenty men, who have mined prin-
cipally red ore, but confining their operations all above water-level.
The ore is a magnetite of about 50 per cent., some of which is low
enough in phosphorus to pass the bessemer limit,

The blue ore is high in sulphur and requires roasting, This is
done at the mine in a Taylor gas generator, and abont 3,500 tons have
been treated during the year. The water-power plant has been
reconstructed and furnishes 70 horse-power, with which the air com-
preseor is operated and the ore washed.

A tunnel at the level of the river is being driven into the west
hill, and a bunch of ore already discovered at about 50 feet from the
entrance. The ore is placed upon the market.

DICKERSON MINE, FERRO MONTE.

Dickerson-Suckasunny Mining Company, Qwners,
Ario Pardee, Operator.

This mine, one of the oldest in the State, as well as, perhaps, the
most famous, is now to be added to the list of “ worked out and
abandoned ;” for during the year, although a considerable amount of
ore has been mined and shipped, the work has principally been in
the line of prospecting for new shoots. A diamond drill was
employed for this purpose, and several bore holes were put down
but no large ore-body was discovered. In November it was decided
to remove the machinery and shaft equipment. This has been dore,
and the workings are now flooded with water.

During the year the Dickerson-Suckasunny Mining Company
bave been engaged in opening a shaft upon the vein of mixed mag-
netite and apatite, which crosses their property, and they purpose
separating the magnetite and utilizing the phosphorus for fertilizers.

BAKER MINE, MINE HILL, N. J.
Joseph Wharton, Owner and Operator.

This mine was worked up to zbout July 1st, when it was tempora-
rily closed down. The workings have reached a depth of 500 feet
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on the underlay, which is about on an angle of 65 degrees. When
the mining was stopped, drifts had only just been driven into the
gew shoot of ore which was discovered during the year. The eastern
drift is 30 feet long, and the western drifi is about 70 feet, both
of which are in ore varying in thickness from 3 to 5 feet. The ore is
a non-bessemer, averaging 60 per cent. metallic iron,

HURD MINE AND NEW STERLING S8LOPE.

The New Jersey Iron Mining Company, who are the owners as

well ag the operators of these mines, have continued them in active
operation during the year, but most of the mining has been done in
opening upon the “old Sterling shoot,” through the new Sterling
slope. .
This new slope is located 75 feet west of the Harvey offset, and
continues for 200 feet on an angle of 45 degrees, where it cuts into
the old workings. The vein here flattened out to a dip of 20 degrees,
but the course of the slope was continued on the angle at which it
was started, until it reached a depth of 603 feet. Here a drift was
driven into the hanging-wall a distance of 28 feet, where the vein
was diccovered, During the year a sink has been put down in this
ore body 56 feet, and by drifts and “raises ” the vein has been worked
out to a height of 70 feet above the point at which the vein was first
cut into. At the Irondale mines there is no cap-rock to the deposit,
the vein outcropping at the surface, but it diminishes very materially
in width as the surface of the ground is approached, and work upon
the vein is continued until the width becomes so narrow as to be un-
profitable in its removal. The principal product of the Irondale
mines now comes from this slope, which averages 90 tons per day of
a non-bessemer, 60 per cent. ore.

The vein has been worked in an easterly and westerly direction
about 300 feet, and the maximum width is found to be 18 feet of
clean ore; minimum width, 3 feet; average, 10 feet; dip, 48 degrees;
pitches to the northeast.

At the Hurd mine, work has been continued, but only to a small
extent, and no new ground has been opened up. The subject of the
concentration of iron ore is receiving the attention of the owners of
these mines, and during the year a concentrating mill of a supposed
capacity of 60 tons per day has been erected. The dry process of
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separation is adopted, the C. G. Buchanon magnetic separators being
used. The original purpose of erecting this mill was to utilize the
lean ore which is necessarily culled from the general yield of the vein,
aud at the same time convert the resulting product into a bessemer ore.

Experiments are being tried with the ¢ Dutch Hill ore” or Erb
mine, a lean, magnetic ore, which in its crude condition is low enough
in phosphorus to pass the bessemer limit. The results of these trials
will be awaited with interest by Morris county mine-owners, for if
successful, they will demonstrate a way of utilizing the large deposits
of lean ore, heretofore useless except when iron ore is at a very high
value.

ORCHARD MINE,

The Estate of J. Couper Lord, Owners and Operators.
Joseph Richards, Mine Superintendent.

The vein upon which this mine is located is probably the same as
that upon which the Irondale mines are located, but there is an offset
on the western end of the property which throws the vein to the
southeast. There are two shafts upon the vein, going down on the
foot-wall, the dip of which is 48 degrees to the southeast, but only
one of these openings is used for a hoistway. On the course of the
vein the mine is worked for a distance of 900 feet, and the vein has
an average width of 6 feet, which yields a 59 per cent. non-bessemer
magnetite. One year ago a cross-cut on the 700-foot level was driven
into the hanging-wall at right angles to the course of the vein, for a
distance of 800 feet, the object being to cut the Richard mine vein,
but nothing was found excepting a string of ore 20 inches wide,
which, being so far south, is probably the eastern extension of the
Jackson Hill vein, On the main vein only about 25 feet of sinking
has been done during the past year, and operations have been confined
to beating away the stope of ore already opened up.

In February, 1891, a survey was made for the purpose of locating
a new incline slope, which is to be put down in the foot-wall, running
in part through the old workings. This slope will be 773 feet deep,
on an angle of 44 degrees and 44 minutes, and an entirely new equip-
ment of both hoisting and pumping machinery is to be put in. The
ore is used almost exclusively in the furnaces of eastern Pennsylvania.
About 85 men find employment in and about the mine,
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The equipment consists of boilers of 250 horse-power, pumping
and hoisting engines, air compressor and steam pumps.

MOUNT PLEABANT MINE.

This mine is now operated by the Mount Pleasant Mining Com-
pany, who operated upon the Mount Pleasant mine on the property
of the estate of J. Couper Lord and on the Baker property.

The extent of the working is now 3,500 feet on the course of the
vein, and at a depth of 950 feet on the underlay. The average width
is 6 feet, of a rich, magnetic, non-bessemer ore, which is shipped on
a strict guarantee of 66 per cent. metallic iron. In July an offset
was developed in the bottom of the mine which threw the vein in the
foot-wall, After sinking 40 feet the ore body was again discovered,
and it continues to be of the same dimensions as where previously
worked,

During the past three years much time and money have been spent
in the sinking of a “new incline,” in part through the old workings
and foot-wall, and in equipping the mine with a most excellent and
complete mine plant, which consists of the following: Compound
condensing Corliss engine, operating four plunger pumps, three of
which are 14 inches in diameter, and stroke of 7 feet and % inch.

These pumps lift 800 gallons of water per minute, and are run on
a speed of six strokes to the minute. Two of the large pumps throw
together to surface, and have a lift of 400 feet. The remaining two
lift about 350 feet. Four steam pumps clear the bottom workings
and have a lift of 300 feet.

The hoisting engine is 175 horse-power, of double cylinder, 156 x24
inches, which operates two six-feet drumsat a maximum speed of 500
feet per minute, and 200 tons per day is the present amount raised, but
only one drum is operated. The true capacity is 1,000 tons per day.
There are three air compressors, having a capacity of 35 drills, one
operated by turbine wheel, all of which supply air for 14 Ingersoll-
Bergeant drills, one hoisting engine and three steam pumps. A small
locomotive is used underground for shifting the ore cars on the lower
level. There are 200 men employed. The ore is placed upon the
market, and is used in eastern Pennsylvania furnaces.
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RICHARD MINE.
Owned and operated by the Thomas Iron Company.

This mine continues to be the largest producer of any of the
Jersey mines, yielding over 84,000 tons annually. The vein is opened
and worked for a distance of 2,300 feet along the trend, and in the
distance there are three openings. The maximum width of the vein
is 25 feet, and the deposit is worked until the width is too narrow for
profitable working, which is about 18 inches.

The general average of the deposit is fully 10 feet. The dip is 50
degrees to the sontheast. The Thomas Iron Company consume the
entire product, and it is shipped as a 60 per cent., non-bessemer ore.
The mine plant consists of 900 horse-power boiler capacity, three
duplex engines and Rand air compressor, which operates four drills,
Steam pumps are used to free the mine of water. One hundred and
sixty men are employed.

TBABO MINE,
Glendon Iron Company.

All work was suspended at this mine on January 1st, 1891, and
the mine abandoned by its owners, the Glendon Iron Company. The
ore which was in stock has been shipped to the Glendon furnaces and
the extensive mine plant is now offered for sale,

MOUNT HOPE MINES.,
Qwned and Operated by the Mount Hope Mining Company.

Work has been continued during the year upon the Jugular vein
in the Taylor mine, the Side Hill vein and the Elizabeth vein.
Much work has been done in the Taylor mine in retimbering the
tunnel level to the present bottom. The two shafis have been en-
tirely reconstructed and tracks and skipways entirely relaid, as well
as 8 new engine placed upon the tunnel level, with which the hoisting-
is done.

In the Side Hill vein the dip has now changed tc a southeast
direction, making an angle of about 70 degrees with the horizontal.
The vein is now 140 feet long, and all the ore produced is hoisted
through the new shaft and then conveyed to the general stock-yard
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by a gravity road about 700 feet long. The mazimum width is 20
feet; minimum width, & feet; average, 12 feet. The capacity of this
mine is 20,000 tons annually.

In the Elizabeth vein, the pitch is from 25 degrees to 30 degrees
to the northeast, and not 65 as stated in the last Geological report.
The dip, however, is 65 to 70 degrees. The vein is 140 to 160 feet
long, but the mine is only in a state of development, and the exact
dimensions of the deposit cannot be ascertained. The ore is from 60
to 65 per cent. metallic iron, and the total product of the three mines
is divided into Mount Hope rich reserve ore, running 65 per cent.
metallic iron, and low in phosphorus, and Mount Hope standard,
which analyzes 58 per cent. The ore is placed upon the market, and
used principally by the Thomas Iron Company. About 130 men are
employed. The mine plant is the same as reported last year.

HIBERNIA MINES.

The Hibernia mines have all been in operation excepting the De
Camp and Scott. In October, 1891, the Lower Wood mine was pur-
chased by the Andover Iron Company, who have been the operators
for the past 15 years. The length of the vein is 1,900 feet, but only
1,500 feet of this distance has been operated upon. West of the off-
set, which is near the skip shaft, no work has been dobe this year.
The vein has a maximum width of 20 feet, and is worked to the
minimum width of 4 feet. The average is 9 to 10 feet. The dip is
62 degrees to the southeast, and the workings have reached a depth
of 685 feet on this angle. The vertical depth is 584 feet. The mine
plant consists of eight boilers of 425 horse-power; one 100 horse-
power pumping epgine, and two hoisting engines of 50 and 30 horse-
power, respectively ; four air compressors, capable of furnishing 1,800
cubic feet of free air per minute; six small steam pumps, and the
requisite number of drilling machines. The number of men em-
ployed is 150, and the output for the year is used at the company’s
furnace at Phillipsburg, and placed upon the market.

The Glendon Iron Company have worked only the Glendon and
Upper Wood mines during the year, although the pumps have been
kept at work in the Scott mine. A sink about 125 feet was put down,
and the vein found to widen out. The working distance upon this
lot is 425 feet.
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The Upper Wood has been producing during the entire year. It
has a working distance of 950 feet, upon which there are two shafis,
The ore is a non-bessemer, 58 per cent. magnetite,

WILLIS MINE.

Mr. Joseph Wharton has continued operations upon this property,
which is on the eastern extension of the Hibernia vein. It is worked
from the Upper Wood boundary to the eastward for 1 ,000 feet,
where the vein becomes too narrow for profitable working. Along
this distance the vein varies in width from four to six feet, giving an
average of five feet of clean ore. One hundred feet of a sink has
been put down, making the depth of the mine 700 feet on the dip,
which is 87 degrees to the southeast,

The walls are very rough and ragged, but generally firm, and
therefore not requiring the smount of timbering found necessary in
the mines to the eastward. The mine-plant cousists of three bat-
teries of boilers of a combined horse-power of 300; three air com-
pressors, which supply air for twelve to fifteen Rand drills; four
steam pumps drain the mine, but there is no great supply of water to
contend with. The ore is used at Port Oram furnace, to which it is
shipped by the Morris County railroad and Central Railroad of New
Jersey. One hundred and twenty-five men are employed.

WANAQUE MINE.

Midvale Mining Company, 5 and 7 Beekman street, New York City,
Operator.

The work of re-opening this mine was begun in April, 1890,
There are three shafts on the vein, the deepest of which is 125 feet,
The vein is braced for 1,300 feet, but only about 500 feet has been
opened up. The width of the vein is from 10 to 16 feet, but it
carries a great deal of rock, from which the ore has to be cobbed.
The dip is 85 degrees to the southeast. The ore is very hard,—com-
pact, non-bessemer—yielding 54 per cent. of metallic iron, but is
rather high in sulphur. The company intends to crush, roast and
concentrate the ore, and two roasters are now being erected for this
purpose. Three boilers furnish steam for air compressor and two
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hoisting and pumping engioes. About 8,000 tons of ore have been
raised and stocked at the mine, Twenty men are employed.

RINGWOOD MINES.

Owned and Operated by Cooper & Hewitt,

During the year operations have been confined to the Peters mine,
where the hanging-wall is being removed so as to expose the ore
pillars, which are then removed. By this method the first pillar has
been taken out and the stripping of the hanging-wall is atill going on.

The output for the year amounted to 20,000 tons, all of which was
shipped to Pequest and Durham furnaces.

NOTES ON THE ZINC MINES.

The New Jersey Zinc Company have continued active operations
apon their property at Franklin Furnace, putting down a sink
seventy-five feet, and finding the vein to be of the same uniform size
as it was above.

At Sterling Hill work was stopped in April, the company not
having any need of this grade of ore. The ore mined here has not
been shipped.

The Lehigh Zinc and Iron Company’s mines, which are southwest
of the Buckwheat opening, have operated upon the deposit for a
length of 500 feet, and the present workings are now 400 feet deep
on the dip, which is 58 degrees to the southeast. The maximum
width of the deposit is 45 feet, and minimum of four feet. During
the year a new equipment has been put up, consisting of 245 horee-
power boiler capacity ; a hoisting engine of 100 horse-power, having
a capacity of raising six tons at the rate of 500 feet per minute. One
large steam pump drains the mine of water. One hundred and
twenty-five men are employed.

On the Rutherford tract a series of bore holes were put down with
a diamond drill in search of the deposit of zinc developed and operated
through the Southwest” opening. The work was begun in Novem-
ber, 1889, and the work was suspended with very satisfactory results
in April, 1891. As a result of these borings a new shaft, known as
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the * Parker Shaft,” has been located, and the work of sinking was
begun July 14th, 1891. The shaft is 10 feet by 20 feet, outside
measurement, and divided into three compartments, 5 feet by 7 feet
in the clear. Tt is at present 200 feet deep, timbered down to & depth
of 160 feet by sets placed four feet apart.

The plant consists of a hoisting engine of 50 horse-power ; Inger-
soll & Sergeant compresser of 100 horse-power; 120 horse-power
boiler capacity, and a 90-light Edison dynamo, which is used in light-
ing both the underground works and the buildings. A switch from
the Lehigh and Hudson railroad, one and one-half miles long, is also
being built to the mine.

The notes on the active iron mines for 1891, collected by Mr.
Jenkins for the Survey, with the mine statistics received from mine-
owners and superintendents, exhibit some phases in their history and
development which are here summarized :

1. There is a notable and slow decrease in the number of active
mines a8 compared with that of a decade ago. The statistics show
that the larger part of the total production comes from compara-
tively few mines, In 1891, four mines reported an aggregate out-
put of 316,248 tons of ore, nearly 60 per cent. of that of the State.
Although there are fewer producing localities, the State production is
maintained at nearly a constant rate, and is in excess of every year
gince 1882. (See page 256.)

2. There is a concentration of production in a few centers and groups
of mines, s the Belvidere-Oxford group; the Hurdtown-Ogden
range ; the Port Oram and Mount Hope groups ; the Hibernia range ;
and the Ringwood group. There are few isolated mines, as the Kish-
paugh, Hude, Midvale, at work.

3. A study of the localities shows further that all are sccessible by
railroad lines, and nearly all have branch tracks to the mines. The
necessity for a reduction of expenses in these times of low prices-is’
80 important that ore localities remote from transportation lines are
considered as practically abandoned or suspended until more favoring
conditions may arise,

4. These producing mines are the old and historic ones, whose
periods of activity reach back a half century or more. The Kish~
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paugh and the Belvidere are exceptions, belonging to the latter half of
the present century.

5. The closing of the Teabo and the Dickerson mines marke an im-
portant epoch in the history of iron-mining in New Jersey. They
have been large producers of good ores, and have been worked
steadily and continuously for several decades of years. The Dicker-
son mine has been distinguished for its long history ; its importance
in the early days of mining, when forge fires were on every mill
stream in the northern part of the State; its large total output; the
richness of its ore, and its characteristic shape of ore-body. The
occurrepee is not fully understood in its geological features, although
5o well known as a mine. The deposit is not exhausted, although a
limit of profitable working at present prices may have been reached.
In this respect it is a type of the mines of this region—closed, but
not exhausted.

The following notes on its history have been contributed by Fred-
erick A. Canfield, of Dover, one of its owners:

DICKERSON MINE.

Opened 1716; closed 1891, Nov. 16th; period of working, 175 years,

This tract of land on which the Dickerson mine is opened was
taken up as a mining tract in 1713, by John Reading, surveyor, for
Joseph Kirkbride, who left it to his three sons, Joseph, Jr., Mahlon
and John, members of the Friends’ Society of Bucks county, Penn-
sylvania.* Jonathan Dickerson, father of Governor Mahlon Dicker--
son, began to buy interests in the property before 1780. His son,
Mahlon, succeeded to his father’s interests in 1797, and added to them
by purchase until he had acquired all. At his death, in 1853, the
property descended to his nephews and nieces, who formed the original
stockholders of the Dickerson-Suckasunny Mining Company, the
present owner. The mine has been in the possession of the family
and its representatives, from whom it was named, for over a century.

#In 1713 {May 12th), Joseph Kirkbride took up a tract of 4,525 acres (see Book A
146, Burlington), which probably included the Old Mipe.” February 21st, 1716,
John Reading, Jr., took up a tract of 360 acres immedintely adjoining the northwest
corner of the Kirkbride tract. This tract also probably includes ome of the mines
on the Dickerson property.
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Before the mine came into the possession of Mahlon Dickerson it
was worked under a system of forge-rights, whereby certain forge-
owners had the right to get the ore needed by them at this mine.
The ore was a favorite among forgemen because of the ease with
which it was reduced, and because of the fine quality of the iron
made from it.

It is safe to say that one hundred forge fires were run with this
ore, and it was carted as far as High Bridge in a southern direction,
and northward as far as Hamburg, in Sussex. county, The forges
in Longwood valley, Newfoundland, Stockholm, Sparta, Hurdtown,
Chester, Bartley, Whippany, Morris Plains (and it is said thgt some
in Monmouth county) drew their supply from this mine. Ae money
was scarce, the ore was often paid for with bar iron, which was carried
on horseback over bad roads. After the Morris canal was opened
the ore was sent to Pennsylvania, where it was reduced in furnsces
using anthracite.

Governor Dickerson worked the mine in a small way, regulating
the production by the demand, and probably mined about 2,000 tons
of ore a year, The mine was worked more actively after 1864 until
the depression in the iron business, from 1857 to 1860, when the
mine was closed, the company having from 25,000 to 30,000 tons of
ore in stock which could not be sold at that time. The mine was
closed from 1860 to 1862, when the Allentown [ron Company made
a lease of the old mine for 15 years at 75 cents a ton royalty. It
was worked by this company until 1877, In 1871 the firm of
E. Canfield & Co. leased the remainder of the property for six years
at a royalty of one dollar per ton; and in 1877 Mr. Ario Pardee
(who was in the firm of E. Canfield & Co.) took the entire property
and worked it actively until November 16th, 1891. In 1883,
owing to the great expense of seouring the old parts of the mine, and
the difficulty in raising the ore to the surface up the long 1,300-foot
slope, the owners decided to sink a vertical shaft, which at 650 feet
cut the ““Side vein” and at 750 feet the “ Big vein.” The depth of
the Big mine is about 1,300 feet.

About three years ago an offset was encountered in both veins
which threw the northerly end of the vein about 35 feet to the east,
The ore in the vein “inside” the offset scemed to be totally different
in character from that in the main part of the vein, and being very
stringy and rocky, and getting worse and worse, caused the lessees to
-surrender the lease and close the mine,
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The owners have tested the ground with many diamond-drill
holes, which have proved that the ore deposit was not exhausted,
although no large bodies of ore were found. The further working
could be carried on if it were not for the depressed condition of the
iron market. At the present prices for iron the old mine may be
regarded as economically exhausted; that is, it will not pay to
work it.

It is estimated that about 1,000,000 tons of ore have been taken
from the mine. The largest output for any year has been 48,000
tons.
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MINERAL STATISTICS.

———ae

IROR ORE.

The statistics of the iron mines for the year 1891 are the aggregate
output of all of the mines which were worked during the calendar
year. Requests with blank forms were sent to mine-owners or mine
managers, and the information asked for was received from all of
them. The statistics of production thus obtained by the courtesy of
the mining representatives forms the basis for more nearly accurate
totals for the State than have been obtainable heretofore. The reports
received from the several railroad eompanies which carry iron ore
from mines in the State, represent the amount shipped, which
differs materially from the total output. The total iron-ore tonnage
reported by these carrying companies amounted in 1891 to 449,046
tons. The total output, as ascertained from the mine reports for 1891,
amounted to 551,358 tons. These figures are comparable with the
total obtained by Mr. Nason in 1890, which were 652,996 tons.

It is notable that the difference is less than 2,000 tons—a decrease.

The statistics of last year’s report are reprinted here:

IRON ORE.
1790..c..uen 10,000 tons ......... ..Morse’s estimate,
1830, ceeeeee 20,000 tOn8...vrrersns Gordon’s Gazetteer.
1855.........100,000 tons............ Dr. Kitchell’s estimate.
1860.........164,900 tons............ U. 8. census.
1864.........226,000 tons............ Annual Report State Geologist.
1867......ue 275,067 ton8...ec vavee o “ “
1870......0. 362,636 tons....ceveuan. U. 8. census.
1871.eeunnee 450,000 £tOns ..vviinires Annual Report State Geologist.
1872.....euee 600,000 tonB....csueseas # “ “
1873.........665,000 tons ...ocvvvees “ “ “
18741100404.525,000 tons, . .uuuaeenn " “ K
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1875........ 390,000 tons............ Annual Report State Geologist.
1876.........285,000 tons*..........

1877 .........815,000 tons*...........

1878 ......0 409,674 tons............ s « «
1879 ....... 458,028 tODE cuvurrevnns “ 0 “
1880.........745,000 tons.....,...... “ " “
1881......... 737,052 tons...cueusuees “ “ “
1882,........ 032,762 tons..iuineeanns i 4 “
1883.........621,416 tons ..vuvunenesn " " “
1884 .......393,710 tony.....eeeu.ns " # a“
1855.........330,000 tons..... ...... “ “ “
1886 ....... 500,501 tons.... ... s a “
1887 .........547,889 tons..........., " i T
1888, 447,738 tONS wvverernnne i i “
1889........ 482,169 tons...........s . “" “
1890 ....... 552,998 tons ..cvuvnee " " .

ZINC ORE.

The production of zinc ore in the State for the calendar year 1891,
as reported by the companies working the mines at Sterling Hill and
at Franklin Furnace, in Sussex county, amounted to 76,032 tons, 12
cwt., an increase of more than 50 per cent. above the total amount
reported for 1890.

The statistics for preceding years are reprinted in the following
statement :

1H68.........25,000 tonst........... Annual Report State Geologist.

1871....... ..22,000 [ 76} o F: TN “ < i“
187311000000 17,500 tODS.v,ue..... « “ "
1874......... 13,500 tons...vesivesss “ “ “
1878......... 14,467 tON8 ..eccvirnee u u“ “
1879.........21,937 tons..cceciveuee i 4 "
1880 ...eee. 28,311 tons...evseenee T “ "
1881..... .. 49,178 tOnS.iuereeans “ . "
1882.........40,138 tON8 .vvoanen u « "
1843 ........56 085 4ONS ..o ... u “ w
1884........,40,004 tODS 1overvenne “ « o
1885........ 38,526 tODA..uver enen " " v
1886.1e0 1000 43,877 LODS...cienens “ *® “
1887 ....... 50,220 LODB.ceerarasres " “ "
1888........ 46,377 tons .......... . 1" o i«
1889......... 56,154 tO0S..cvvsrese u “ “
1890.........49,618 tona....0sserene “ iz «

* From statistics collected later.
T Estimated for 1868 and 1871, Laler years’ statistics are from reporta of the rail-
way companies carrying the ores to market,
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———

DISTRIBUTION OF PUBLICATIONS.

By the act of 1864 the Board of Managers of the Survey is a board
of publication with power to issue and distribute the publications as
they may be authorized. The Annual Reports of the State Geologist
are printed by order of the Legislature as a part of the legislative
documents. They are distributed largely by the members of the two
houses, Extra copies are supplied to the Board of Managers of the
Geological Survey and the State Geologist, who distribute them to
libraries and public institutions, and as far as possible, to any who
may be interested in the subjects of which they treat. Several of the
reports, notably those of 1868, 1873, 1876, 1879, 1880 and 1881, are
out of print and can no longer be supplied by the office. The first
volume of the Final Report, published in 1888, was mostly disttib-
uted during the following year, and the demand for it has been far
beyond the supply. The first and second parts of the second volume
have also been distributed to the citizens and schools of the State, and
to others interested in the particular subjects of which they treat.
The appended list makes brief mention of all the publications of the
present Survey since its inception in 1864, with a statement of editions
that are now out of print. The publications of the Survey are, as
usual, distributed without further expense than that of transportation,
except in a single instance of the maps, where a fee to cover the cost
of paper and printing is charged as stated.

17 (257)
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CATALOGUE OF PUBLICATIONS,

Georocy oF NEw JERSEY, Newark, 1868, 8vo., xxiv. 4899 pp.
Out of print.

PorrForio oF MaPS accompanying same, as follows:

1. Azoic and paleozoic formations, including the iron-ore and lime-
stone districts; colored. Scale, 2 miles to an inch.

2. Triassic formation, including the red sandstone and trap rocks
of Central New Jersey; colored. Scale, 2 miles to an inch.

3. Cretaceous formation, including the greensand-marl beds;
colored, Seale, 2 miles to an inch,

4. Tertiary and recent formations of Southern New Jersey;
celored. Scale, 2 miles to an inch.

5. Map of a group of iron mines in Morris county; printed in
two colors. Scale, 3 inches to 1 mile,

6. Map of the Ringwood iron mines; printed in two colors.
Scale, 8 inches to 1 mile.

7. Map of Oxford Furnace iron-ore veins; colored, Scale, 8
inches to 1 mile.

8. Map of the zinc mines, Sussex county ; colored. Seale, 8 inches
to 1 mile.

A few copies are undistributed.

RerorT oN THE CLaY DEPosrts of Woodbridge, South Amboy
and other places in New Jersey, together with their uses for fire-brick,
pottery, &c. Trenton, 1878, 8vo., viii. 4381 pp., with map.

Out of print.

A PRELIMINARY CATALOGUE of the Flora of New Jersey, com-
piled by N. L. Britton, Ph.D. New Brunswick, 1881, 8vo., xi.{-
233 pp. Out of print.

Frvav Report o THE StaTE GEOLOGIT. Vol. I Topography.
Magnetism. Climate. Trenton, 1888, 8vo., xi.-+439 pp.
Very scarce.

FinaL Report oF THE StaTE GEOLOGIST. Vol. II. Part I.
Mineralogy. Botany, Trenton, 1889, 8vo., x.+642 pp.
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Fmar RErort oF THE State GEonLogisT. Vol. II.  Part IL.
Zoology. Trenton, 1890, 8vo., x.4-824 pp.

ATtLag oF NEw JErsEy. The complete work is made up of
twenty sheets, each twenty-seven by thirty-seven inches, including
margin, intended to fold once across, making the leaves of the Atlas
18} by 27 inches. The location and number of each map are given
below. Those from 1 to 17 are on the scale of one mile to an inch.

&
D =

. Kittatinny Valley and Mountain, from Hope to the State line.
. Southwestern Highlands, with the southwest part of Kittatinny valley.

No. 3. Central Highlands, including all of Morris county west of Boonton,

No. 4.
No, 5
No. 6.
No. 7
No. 8
No. ¢

No. 10.

No. I1.
No. 12,

No. 13.
No. 14.

No. 15,

No. I

No. 17,
No, 18.

No. 19

and Sussex south and east of Newton.

Northeastern Highlands,including the country lying between Decker-
town, Dover, Paterson and S8uffern.

. Vicinity of Flemington, from Somerville and Princeton westward to
the Delaware.

The Valley of the Passaie, with the country eastward to Newark and
southward to the Raritan river,

. The Counties of Bergen, Hudson and FEssez, with parts of Passaic and

Union.

. Vicinity of Trenton, from New Brunswick to Bordentown,

. Monmouth Shore, with the interior from Metuchen to Lakewood.

Vicinity of Salem, from Swedesboro and Bridgeton westward to the
Delaware.

Vicinily of Camden,to Burlington, Winslow, Elmer and Swedesboro.
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Cape May, with the country westward to Maurice river.

New Jersey State Map, Scale, 5 miles to an inch. Geographic,

. New Jersey Relief Map. Seale, 5 miles to the inch, Hypsometric.

No. 20. New Jersey Geological Map. Scale, 5 miles to the inch.

In order to meet the constactly increasing demand for these sheets,
the Board of Managers of the Geological Survey have decided to
allow them to be sold at the cost of paper and printing, for the uniform
price of 25 cents per sheet, either singly or in lots. This amount

covers

all expense of postage or expressage, as the case may be. Sets
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of the sheets, bound in atlas form (balf moroceo, cloth sides, gilt
title, maps mounted on muslin, and guarded), are furnished at $13.50
per copy. Application and payment, invariably in advance, should
be made to Mr. Irving 8. Upson, New Brunswick, N. J., who will
give all orders prompt attention.
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