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PREFACE

This study of the Tertiary and Cretaceous Subsurface Geology of the Coastal
Plain sediments of Maryland resulted from the drilling of three deep test wells
for oil and gas on the Eastern Shore. Though sporadic test wells for oil and
gas had been drilled in the Coastal Plain region of Maryland and in Western
Maryland before, the explorations carried out by three major oil companies, the
Ohio Oil Company, the Socony-Vacuum Oil Company, and the Standard Oil
Company of New Jersey, during the years 1943 to 1946 were the first to utilize
the most modern methods and techniques in oil-finding.

The Salisbury well and the Berlin well were drilled down to and into the
basement complex, affording two complete sections of the Coastal Plain forma-

tions. The Ocean City well stopped just short of reaching the basement com-
plex. The Salisbury well was the first one drilled.  Since it was cored continu-
ously from the depth of 1000 feet to the hottom at 3568 feet, this well furnished
the most complete and accurate section.  The core samples were supplemented
by ditch samples over the entire depth. These samples and cores were given
to the Department of Geology, Mines and Water Resources. Before the in-
vestigation of these samples was completed, the Berlin well was drilled to a
depth of 7178 feet. Samples from this well, consisting of ditch samples over
the entire depth and cores from a number of depths, were also given to the De-
partment of Geology, Mines and Water Resources, providing a second complete
geologic section of the subsurface of the Eastern Shore. The Ocean City
well was drilled to a depth of 7710 feet before the investigation of the
samples and the correlations of the first two wells were completed.  The scope
of the study was enlarged Dy the acquisition of ditch samples over the entire
depth and side-wall core samples from this well, which provided a third geo-
logic section of the subsurface of the Eastern Shore complete almost to the
basement complex.

The investigation was carried out under the direction of Dr. Judson L. An-
derson, Associate Professor of Geology at The Johns Hopkins University, who
has had twleve years experience in all phases of petroleum geology. Dr.
Anderson made a thorough analysis of the physical character of the sediments,
determined their mineralogic content, interpreted and correlated the stratig-
raphy of the three geologic sections, and discussed their oil and gas possibili-
ties.  Dr. Robert M. Overbeck, Ground Water Geologist of the Department of
Geology, Mines and Water Resources, participated in the physical analysis and
sedimentary petrography of the samples from the Ocean City well and contribu-
ted to the interpretations from his knowledge of the subsurface geology of
Eastern Shore water wells.

These materials offered such an unparalleled opportunity to advance the
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knowledge of the Cretaceous and Tertiary stratigraphy and paleontology of
Maryland that Dr. John B. Reeside, Jr., Geologist in Charge of Paleontology
and Stratigraphy of the United States Geological Survey, very generously ar-
ranged to have the fossils determined by the foremost paleontologic specialists
of the United States Geological Survey. The Cretaceous mollusks were de-
termined by Dr. Lloyd W. Stephenson, with the exception of a new fauna en-
countered in the Ocean City well which was described by Dr. Harold E. Vokes,
who is also Professor of Geology at The Johns Hopkins University. The Ter-
tiary mollusks were determined by Dr. Julia A. Gardner. The forams were
determined by Dr. Joseph A. Cushman, who is also director of the Cushman
Laboratory for I'oraminiferal Research. A previous comprehensive study of
the forams from the outcrop of the Maryland Miocene by Ann Dorsey (Mrs.
Arthur W. Clapp) was utilized by Dr. Cushman and made available as a part
of this report. The diatoms were studied by Mr. Kenneth I5. Lohman and
the ostracods by Mr. Frederick M. Swain.

Comprehensive reports on the stratigraphy and paleontology of the Tertiary
and Cretaceous formations of the Maryland Coastal Plain were published years
ago by the Maryland Geological Survey. They comprise a two-volume report
on the Miocene in 1904, a report on the Eocene in 1901, a two-volume report
on the Upper Cretaceous in 1916, and a report on the Lower Cretaceous in 1911.
These reports concern the outcrops of the formations, and the correlations are
based almost entirely on the macrofossils. The work was done before micro-
paleontology had been developed as an important basis for correlation, before
sedimentary petrology had come into general use in stratigraphic interpreta-
tion, and before the needs of petroleum geology had turned the attention of
geologists to subsurface investigations. This report serves, therefore, to sup-
plement and make more complete the scope of these earlicr systematic volumes.

An adjunct to this report and a further contribution to the knowledge of the
Eocene stratigraphy of Maryland is an investigation by Dr. Elaine Shifflett
of Eocene Stratigraphy and Foraminifera of the Aquia IFormation, made in the
Geological Laboratory of The Johns Hopkins University and published as
Bulletin 3 of the Department of Geology, Mines and Water Resources.

To all of the above-named paleontologists, the Department of Geology,
Mines and Water Resources is indebted for their valuable contributions to the

completeness of this report.
Josurir T. SINGEWALD, JR., Direclor.
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CRETACEOUS AND TERTIARY SUBSURFACE
GEOLOGY

BY
JUDSON L. ANDERSON

Scort OF REPORT

With the entrance of the United States into the Second World War and the
accompanying unrestricted submarine warfare against American shipping along
the eastern seacoast, the consumers of petroleum and its products in this area
were largely cut off from their source of supply. If petroleum could be found
on the Eastern Shore of Maryland, the northern portion of the ecastern sea-
board would not be entirely dependent upon the Gulf Coast states and northern
South America for their oil. Up to this period no thorough geological and
geophysical studies had been conducted in this area, nor had an adequate test
well been drilled.  Since the general stratigraphy of Eastern Maryland is simi-
lar to that of the Gulf Coast of the United States, the Ohio Oil Company of
Findlay, Ohio, one of the larger independent producers, conducted systematic
studies over a portion of this region. Approximately 250,000 acres of private
lands in Worcester and Wicomico counties were leased. The activity of this
company soon attracted the attention of other companies, and leasing by the
Pure Oil Company, the Shell Oil Company, the Sun Oil Company, the Sinclair
Petroleum Company, the Socony-Vacuum Oil Company, and the Standard
Oil Company of New Jersey followed.

The material collected by the Ohio Oil Company from its first well and repre-
sentative samples from the well drilled jointly by the Socony-Vacuum and the
Ohio Oil Companies were turned over to the Department of Geology, Mines
and Water Resources for study. When the Standard Oil Company of New
Jersey completed their Maryland Esso No. 1 well, they too gave to the State
material for geologic studies. This report is a detailed account of the paleon-
tology and sedimentology revealed by these samples and an application of the
findings to an interpretation of the stratigraphy and petroleum possibilities of
the Eastern Shore.

The report is divided into two parts. The first part contains the interpreta-
tion of the stratigraphy based on the sedimentary petrography and paleontology
of the material from the three wells, followed by a discussion of the petroleum
possibilities of the area. The second part contains the systematic paleontology
based on a careful examination and study of all available material.
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The participants in this study are all experts in their respective fields. The
paleontologic investigations were carried out by Drs. Julia A. Gardner, Lloyd
W. Stephenson, H. E. Vokes, Joseph A. Cushman, and Messrs. Kenneth E.
Lohman and Frederick M. Swain. The sedimentary petrography sas done
by Dr. Judson L. Anderson. ‘The examination of the cuttings from the Stand-
ard Oil Company of New Jersey’s Maryland Esso No. 1 well was carried out by
Dr. Robert M. Overbeck of the Maryland Department of Geology, Mines and
Water Resources.

This comprehensive study of the subsurface geology of the Eastern Shore
would not have been possible without the aid offered by the several oil com-
panies. To the officials of the Ohio Oil Company who turned over the entire
core and logs of their well, the Department of Geology, Mines and Water Re-
sources is deeply grateful. Mr. Stanley B. White who was in charge of geologic
operation for this company was extremely cooperative at all times in discussing
geologic problems. Thanks are due to the officials of the Socony-Vacuum Oil
Company and the Standard Oil Company of New Jersey for furnishing both
samples and data from their wells. The author has also derived benefit from
the discussions of geologic problems with Mr. K. DD. White, geologist-in-charge
of the Standard Oil Company of New Jersey’s operations on the east coast, and
Mr. W. B. Spangler who was geologist-in-charge at the Maryland Esso well.
The Standard Oil Company of New Jersey also submitted to the Department
of Geology, Mines and Water Resources of Maryland a report on the subsurface
geology of the Atlantic Coastal Plain of Maryland Dy Mr. Walter B. Spangler.
This report contains seventeen plates consisting of structure and isopach maps
and cross sections, together with a text covering the interpretation of the
work on the Eastern Shore of Maryland. Although the above report was sub-
mitted after this report was written, considerable benefit was derived from its
contents. Thanks are also due to the Standard Oil Company of New Jersey
for supplying the base map from which Figure 24 was prepared. Mr. R. W.
Bishop of the Socony-Vacuum Qil Company also rendered aid in the discussion
of geologic problems. Dr. John B. Reeside, Jr., of the U. S. Geological Survey,
showed a keen interest in the paleontologic problems and arranged for the
paleontologic studies. Dr. Joseph T. Singewald, Jr., director of the Maryland
Department of Geology, Mines and Water Resources, is primarily responsible
for the undertaking of this study. He recognized its importance and has ren-
dered his support towards its completion.

PHYSIOGRAPHY

The State of Maryland is divided into three physiographic regions. They
are from west to east, the Appalachian Mountains, the Piedmont Plateau, and
the Coastal Plain. The Appalachian Mountain region has been carved from
steeply folded beds of Paleozoic sandstone, shale, and limestone and is composed
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of flat-topped ridges which are separated by deep and flat-bottomed valleys.
The Piedmont Plateau consists of metamorphosed sedimentary and igneous
rocks penetrated by later acid and basic intrusives. The Coastal Plain is com-
posed of the youngest sediments which consist of unconsolidated sands, gravels,
clays, and marls. The sediments have been derived from the old land surface
to the west.

This report deals with the Coastal Plain region, particularly the area of
Worcester and Wicomico counties. This area is characterized by a featureless
plain, with highest elevation in the central portion about 80 feet above sea level.
Tt is cut by several fairly large rivers and innumerable small streams and is
blanketed by terrace sands and gravels of Pleistocene age.

GEOLOGY
BASEMENT COMPLEX

‘The eastern margin of the Piedmont Plateau strikes in a northeasterly diree-
tion, extending from the vicinity of Washington, D. C., through Baltimore, and
crossing the Susquehanna River near Perryville.  The surface of the basement
rock dips eastward and southeastward and provides the floor on which the
younger sediments have been deposited.

The rocks of the Piedmont have had a complex history. They are composed
of ancient sediments and igneous rocks that have been so highly altered through
metamorphism that little of their original character remains. They now appear
as schists of a wide variety, quartzites, marbles, and gneisses of both sedi-
mentary and igenous origin. Into this old complex have been intruded
granites, pegmatites, quartz veins, gabbros, peridotites, diorites, and diabase
dikes. These intrusives have also suffered varying degrees of metamorphism.
Two of the deep tests on the Eastern Shore encountered the hasement rocks.

CRETACEQUS

Deposits of Cretaceous age crop out in a belt which varies in width from ap-
proximately 6 to 18 miles on the western shore of Chesapeake Bay and which
trends in a northeast-southwest direction. These sediments have been divided
into two parts, the Lower Cretaceous or Potomac Group, and the Upper Cre-

taceous.
Lower Crelaceous

The Potomac Group has been described in the publications of the Maryland
Geological Survey as consisting of three formations known as the Patuxent,
Arundel, and Patapsco. These formations are said to be unconformable to
cach other and also to the overlying and underlying formations (14, p. 28).
On the basis of fossils from the Maryland Esso well, Vokes considers the Arun-
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del and Patapsco formations to be of Upper Cretaceous, Cenomanian, age
(Fig. 1).

The Patuxent formation on the outcrop consists essentially of cross-bedded,
angular, feldspathic, and at times gravelly sands and cobbles. Clays are of
much less importance than the sands. They are cither white or possess mottlecd
shades of purple, red, brown, maroon, and lavender. Lignite and carbona-
ceous matter have been reported from the outcrop, and the clays associated
with tliem are usually black.

Overlying the Patuxent unconformably and apparently occupying Post-
Patuxent drainage lines is the Arundel formation. This formation consists of
“drab, more or less lignitic clays, carrying nodules, geodes, flakes, and ledges
of earthy iron carbonate or siderite” (14, p. 64). Dyrite and gypsum are re-
ported from these clays. The strata of the Arundel consist for the most part
of “widely extended Dbeds or lenses of clay with included beds of lignite and
iron ore.” Both plant and animal remains are known from the Arundel. The
thickness varies from a few feet to about 125 feet, and it apparently thins sea-
ward.

The Patapsco formation, the uppermost formation of the Potomac Group,
overlies the Arundel formation unconformably. It contains lenses and beds of
slightly arkosic sands and some gravels. Clays are more abundant in the Pa-
tapsco than in the Patuxent. They are characterized by their red, drab, and
chocolate colors and frequently grade into sandy clays, gravels, and sands.
Lignite and fossil resin are found occasionally. The thickness of the Patapsco
is variable, the formation ranging upwards to 260 feet on the Western Shore.
A poorly preserved fauna and an extensive flora are known from the Patapsco.

Upper Cretaceous

The Upper Cretaceous deposits of Maryland, as previously described, com-
prise the Raritan, Magothy, Matawan, and Monmouth formations, which form
an apparently unconformable series which rests unconformably on the Pa-
tapsco formation.

The Raritan formation consists largely of white to buff sand, more common
in the upper part of the formation, and variegated or white, drab, and pink
clays. The strata change rapidly in character both laterally and vertically.
The sands are occasionally coarse-grained and gravelly and occur as irregular
lenses at various horizons. This mode of occurrence is also characteristic of
the sandy clays and clays.

The maximum thickness of the Raritan on the outcrop probably does not
exceed 250 feet, but this thickness decreases to about 50 feet in the southern
part of the state. ‘The Raritan beds have yielded both plant and animal
remains.
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The Magothy formation differs from the underlying Raritan in that it con-
sists largely of light-colored sands which are at times coarse-grained and con-
glomeratic. The clays which are subordinate to the sands are usually gray or
chocolate-brown in color. The dark-colored clays frequently carry finely-
divided lignite. Alternating thin lamellae of sandy clay or clay and fine sand
are also found. Tt is not uncommon to encounter leaf impressions and amber
in these beds. A characteristic feature of the sands of the Magothy is the
presence of pink, angular quartz, and at times much muscovite. The deposits
of the Magothy, like those of the Raritan, vary both horizontally and vertically.
A poorly preserved fauna, but a rich flora, has been reported from the Magothy.
The thickness of this formation varies from about 10 feet to approximately 100
feet.

Unconformably overlying the Magothy formation is a series of dark-colored
sandy clays and white to greenish-black sands which are referred to the Mata-
wan formation. The color of the clays varies from light shades to black, and
glauconite grains are not uncommon. The stratified character of the beds of
the Matawan over extended areas contrasts with the variable lithology of the
underlying formations. The thickness of the Matawan varies from 70 feet in
the northern part of the Coastal Plain to 50 in the central portion, finally
disappearing south of the Patuxent River. The Matawan beds have yielded
only animal remains.

The Monmouth formation overlies the Matawan unconformably and consists
chiefly of dark, glauconitic, green sand which at times assumes a pinkish to
reddish color, probably due to the weathering of the glauconite. Alternating
clays and sands and beds of clay so common to the Matawan are usually absent
in the Monmouth. Tt is difficult to distinguish the unfossiliferous Monmouth
lithologically from the overlying Aquia formation of the Eocene. The maxi-
mum thickness of the Monmouth formation is about 100 feet in the northern
portion of the Eastern Shore. Tt thins to the southwest to about 20 feet in the
central part of Prince Georges County and gradually disappears. The beds
of the Monmouth are remarkably homogeneous over wide areas.

TERTIARY
Eocene

Extending southwesterly from where they enter the Eastern Shore of Mary-
land in Kent County is a series of deposits which, on the basis of the fauna,
are referred to the Focene. These deposits are exposed along the Chester River
in Kent County, along the Magothy, Severn, South, and West Rivers in Anne
Arundel County, along the Potomac River in the southwestern portion of
Charles County, and in the bluffs on the Virginia side of the Potomac River.
The Eocene overlies the beds of the Upper Cretaceous unconformably and is in
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turn unconformably overlain by the Miocene. On the basis of the fauna, the
Eocene is divided into the Aquia and the Nanjemoy formations. These two
formations comprise the Pamunkey Group. They are each divided into two
members, the Piscataway and the Paspotansa of the Aquia and the Potapaco
and the Woodstock of the Nanjemoy.

The Aquia formation is characterized by abundance of dark-green glauconite.
The lowermost beds are usually argillaceous, but the remaining portion of the
formation, with the exception of four hard, indurated limy bands, is composect
of “greensand.” The Aquia is richly fossiliferous along both Aquia and Po-
tomac Creeks. The thickness of the Aquia is about 100 feet.

The Nanjemoy formation also contains an abundance of glauconite but on
the whole is more argillaceous than the underlying Aquia and is less frequently
calcareous. Certain beds are reported to contain abundant crystals and masses
of gypsum. The base of the Nanjemoy is marked by a cinnamon-brown clay.
The thickness of the Nanjemoy is about 125 feet.

Miocene

The deposits of Miocene age occur to the southeast of those of the Focene
and overlie these deposits unconformably. Beds of Miocene age are divided
into three well-defined formations which, from the oldest to the youngest, are
the Calvert, the Choptank, and the St. Marys. These three formation com-
prise the Chesapeake Group, named from well-exposed sections along the shores
of Chesapeake Bay.

The Calvert formation is divided into two members, the lower known as the
Fairhaven Diatomaceous Earth and the upper the Plum Point Marls. The
Iairhaven member contains sands at its base overlain by diatomaceous earth
which is greenish-gray when fresh and white and buff when weathered. The
overlying Plum Point Marls consist of a series of bluish-green to grayish-brown
and buff sandy clays and marls. Fossil remains are abundant. Since the
Calvert is truncated by the overlying Choptank formation, its full thickness
has nowhere been observed.

The Choptank formation which overlies the Calvert unconformably is com-
posed of fine, yellow sand, bluish-green sandy clay, gray clay, and occasional
ledges of indurated rock. The thickness of the Choptank is quite variable,
the maximum measured being 50 feet.

The St. Marys formation overles the Choptank unconformably and is
composed of greenish-blue, fossiliferous sandy clay, clay, and sands. The
thickness varies from nothing to approximately 280 feet. The formation is
unconformably overlain by clays, sands, and gravels of the Pleistocene.

PLEISTOCENE

Overlying the Miocene is a series of gravels, sands, clays, and peats of Pleisto-
cene age called the Columbia Group. The deposits form rather well-defined
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terraces. The Columbia Group is divided into the Brandywine, the Sunder-
land, the Wicomico, and the Talbot formations in the publications of the
Maryland Geological Survey. Cooke (17) has defined more elaborately the
terrace formations in the southeastern part of the United States as follows:

Brandywine terrace { . 270 above sca level
Coharie S ;. 215 oo
Sunderland T— e IR 170

Wicomico o 100

Penholoway } NN 70

Talbot Rl 42

Pamlico ! o 25

On the basis of Cooke’s work the Pleistocene of the Eastern Shore includes the
four terraces extending from the Pamlico through the Wicomico.

History oF PETROLEUM LEXPLORATION IN MARYLAND

The search for petroleum on the Eastern Shore of Maryland may be con-
sidered to have had its beginning at the turn of the present century. Shallow
wells of less than 100 feet in depth in the vicinity of Parsonsburg and Pittsville
encountered gas which was used as fuel (15, p. 320). In every instance the
supply exhausted itself within a period of two years. The gas encountered in
these wells was high in nitrogen (77.96%) and low in methane (19.86%). It

was concluded that the gas had its origin in a buried swamp of local distribution.
No gas was reported below these shallow depths.

In 1914, the Wicomico Gas and Oil Company was organized, and stock was
sold to promote a proposed drilling campaign in the vicinity of Parsonsburg.
"This company drilled a well which was abandoned in quicksand at a depth of
500 feet (75). In 1917, the St. Martins Oil and Gas Company completed the
second well in the area at a depth of 1186 feet. The well is reported to have
ended in the basal portion of the Miocene Calvert formation. Gas, doubtless
similar to that of the early shallow wells, was encountered in both of the Par-
sonshurg wells, and “'direct evidence” of oil in the form of “‘slightly petroliferous
clays” was reported by Bibbins (75) in the St. Martins Oil and Gas Company’s
well.  No oil-bearing sands were penetrated, and the waters encountered in the
sands were reported to be brackish and highly mineralized.

In 1914, another attempt to strike oil on the Eastern Shore of Maryland was
made by the Isle of Wight Oil Company. A well was drilled to the depth of
1706 fcet on the Isle of Wight, north of Ocean City, and ended in the Calvert
formation without encountering shows of petroleum. Several water horizons
were passed through, and an extensive flow of mineralized artesian water was
struck at 1700 feet. No further attempts were made to locate petroleum in
the eastern part of the State until 1942,

Deep water wells have been drilled in various counties of the Ilastern Shore,
but none have reported shows of oil or gas. These wells located in Somerset,
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Dorchester, Talbot, and Kent Counties bottom in both the Upper and Lower
Cretaceous.

In December, 1942, the Ohio Oil Company started extensive geophysical
work in both Wicomico and Worcester counties. Their activity attracted the
attention of other major oil companies with the result that all available land
was under lease and was being explored. The Shell Oil Company did gravim-
eter work in the southern portion of the Lastern Shore, and the Pure Oil
Company had a seismic crew working in southern Delaware.

As a result of the intensive geophysical investigations, two wells were drilled,
one in 1944 by the Ohio Oil Company on the farm of Larry G. Hammond, ap-
proximately six miles east of Salisbury on the Mt. Hermon road, and the second
a joint venture by the Socony-Vacuum Oil Company and the Ohio Oil Company
in 1945 on the property of James D. Bethards, approximately five miles south-
west of Berlin. Both of these wells failed to encounter oil or gas although both
penetrated into the basement complex.

A third well, known as Maryland Esso No. 1, was drilled .by the Standard
Oil Company of New Jersey 45 miles north of Ocean City, on the west side of
the Ocean City-Rehoboth highway. The well, started in October 1946, was
completed in December 1946 at a total depth of 7710 feet. This venture was
also a dry hole, no oil or gas sands having been penetrated.

With the failure of these three undertakings, further oil explorations ceased
on the Eastern Shore.

In the 1930’s, three wells were drilled in Delaware. The Sun Oil Company
drilled two wells near Bridgeville, one to a depth of 2600 feet and the other to a
depth of 2674 feet. Neither well reached the basement complex, and neither
reported any shows of oil or gas. Another well in the Bridgeville area was
drilled by the Cleveland Petroleum Corporation of Cleveland, Ohio. This well
reached a depth of 3010 feet and possibly encountered the basement complex.
No indications of oil or gas were reported.

Ixploration for petroleum has been carried on in other sections of Maryland.
A well was drilled to a depth of 1511 feet for oil and gas in Prince Georges
County, one mile south of Meadows and ended in a failure. Four wells were
drilled in Garrett County in Western Maryland by the New P’enn Development
Company to test the Paleozoic rocks. They were located a short distance
west of Accident. None proved successful, although carried to depths ranging
from 7000 to 8100 feet. Production of gas from the Paleozoic section in West
Virginia immediately adjacent to Garrett County led the Columbia Carbon
Company in June, 1947, to drill a cable tool well for gas 9 miles southwest of
Oakland and 1% miles southwest of Redhouse. This well was abandoned as a
dry hole at 5259 feet in December, 1947.
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THe Onro O Company’s Larry G. Hammonp WELL No. 1

INTRODUCTION

Preliminary Work

In December 1942, the Ohio Oil Company began leasing on the Eastern
Shore. A total of approximately 250,000 acres were leased in Wicomico and
Worcester counties.

Contract geophysical personnel, consisting of a seismograph party and a
magnetometer party, under the supervision of Mr. Stanley B. White of the
Ohio Oil Company, were brought in. The cost of this survey is reported to
have been of the order of $10,000.00 2 month. The purpose of the survey was
to map the configuration of the basement rocks upon which sands and clays of

the younger formations have been deposited and determine if possible whether
structures favorable for oil accumulation existed in these younger formations.

Upon the basis of the geophysical surveys, the site for the first well was lo-
cated on the farm of Larry G. Hammond, approximately six miles cast of
Salisbury, on the south side of the Mt. Hermon road. Drilling began on Octo-
ber 12, 1944.

Method of Drilling and Sampling

The Larry G. Hammond well was drilled by contract, and the rotary method
of drilling was used. The drilling rig was powered by diesel engines and was
capable of penetrating to a depth of at least 10,000 feet. Surface casing was
set at 500 fect but no other casing was run into the hole. The clevation of the
derrick floor was estimated to be 70 feet above sea level.

The rotary method of drilling utilizes specially treated mud to lubricate the
bit, which is turned by drill-pipe lowered into the hole, to carry the cuttings
produced by the bit to the surface, and to form a protective coating on the walls
of the open hole in order that seepage of drilling fluid into the formation is
reduced to a minimum. The drilling mud is pumped downward inside the drill
pipe, and as it returns to the surface on the outside of the drill pipe it carries
with it cuttings of the rocks penetrated. These cuttings, known as ditch
samples, yield a geological record of the formations penetrated. Ditch samples
were collected every 10 feet from the surface to the bottom of the hole in the
Hammond well.

Ditch samples, due to contamination by material falling in from higher levels,
are not as useful as core samples. These are cylindrical samples of the beds
penetrated and are free of contamination. Coring necessitates considerable
time and slows up the completion of a well. Core samples may be secured by
one of three methods. First by coring until the core barre! is filled and re-
moving the core by withdrawing the entire string of drill pipe. The core barrel
and drill pipe are then run back into the hole for further coring or drilling.
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The second method does not require the removal of the drill pipe but only the
inner core barrel. While the core is being extracted, a second core barrel is
run back inside the drilling pipe and coring continues. The second method
saves considerable time in drilling. The third method secures samples of the
formation by electrically discharging a small cylinder into the walls of the hole
and extracting a cylindrical sample measuring approximately 1 inch in length
by } inch in diameter. This method is usually employed after an electrical
survey of the drill hole has been made in order to secure additional information.
The Ohio Oil Company took continuous cores by the second method from 1000
feet to approximately 5500 feet and by the first method from this depth to the
bottom of the hole at 5568 feet.

After the well was completed a deviation survey was made, the results of
which are presented in Table 1.

The samples from the Hammond well yielded the first complete geologic
section on the Eastern Shore of Maryland and made possible a study of the
stratigraphy, paleontology, sedimentary petrography, and economic possi-
bilities of the Coastal Plain formations far removed from their outcrop areas.

STRATIGRAPHY AND PALEONTOLOGY
Basement Complex

T'he top of the basement complex in the Ilammond well is characterized by
the presence of a rotten schistose rock containing mica, chlorite, and feldspar
and cut by small veins of pegmatite in which the feldspars are almost entirely
decomposed. The top of this metamorphic horizon is at 5498 feet. The lack
of core recovery between this point and 5529 feet, where the first fresh core was
obtained, suggests a weathered zone approximately 31 feet in thickness. The
total penetration below the top of the metamorphic rock was 70 feet.

The fresh core consists of either a biotite-rich quartzite or a mica gneiss.
It is cut by veins of pegmatite containing pink orthoclase and white silicates.
There is evidence of hydrothermal alteration in the bleached character of the
rock and the formation of yellow epidote and pyrite. Iron garnets are oc-
casionally present. A foliation runs roughly parallel to the length of the core.

Microscopically the rock has a granoblastic structure with a few porphyro-
blasts of mica and quartz. In the rock unaffected by pegmatite intrusions the
following minerals were noted:

Quartz, containing numerous unoriented inclusions with index of refraction
less than that of the host and also a few zircon inclusions. The quartz
grains show a preferred orientation, possess a pronounced undulatory ex-
tinction, and contain in a few instances Boehm lamellae. The individuals
are rounded to subangular and of more or less the same size.
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Plagioclase feldspar is small and similar to quartz. It is usually un-
twinned, although a few Carlsbad twins were noted. The extinction angle

TABLLE 1

Sunmary of Deviation Tests Made on Oliio Oil Company’s No. I L. G. Hammond W ll, Wicomico
County, Maryland

l)q‘\lh (b Deviation Angle Depth in Deviation Angle l)cl',‘f‘h g Deviation Angle

Feet IFeet

110 s 2917 2} 4050 1° 50 Min.
230 30 Alin. 2949 | p° L4230 2° 50 Min.
350 0° 2979 B 4250 10 Min.
500 5 Min. 2980 e 4260 | 3° 10 Min.
750 30 Min. 3010 210 | 4288 | a°

1000 30 Min. 3035 $° I 4321 ) 23°

1350 1} 3063 1° 40 Min. 1345 21

1500 11 3128 13 | 4381 23

1750 50 Min. 3159 13 4410 7

2000 14° 3192 2 4445 | 2° 10 Min.
2097 11 3255 23 475 | 1° 50 Min.
2250 25 3272 50 Min. 4505 e

2315 13 3280 1° 50 Ain. 4535 e

2302 21° 3310 3° 4587 Do

2420 o8 3345 14° 1616 2

2487 & 3375 1° 1645 13°

2454 14° 3403 §° 4675 21°

2465 7; 3435 1 4792 13°

2484 2° 20 Min. 3465 18 1829 13°

2486 B 3537 o8 1859 13°

2487 R 3563 1° 40 Min. 1900 1° 40 Min.
2495 3 3596 e 4930 1° 30 Min.
2500 3ie 3017 13 1950 e

2515 3° 3739 2 1980 1° 10 Min.
2557 g2 3780 2° 10 Min. 5045 50 Min.
2611 4° 3803 1% 5100 10 Alin.
2637 3° 25 Min. 3833 2 5170 10 Min.
2702 B 3865 3° 10 Min. || 5263 10 Min.
2733 2° 45 Min. 3805 1° 30 Min. 5300 | 10 Min.
2762 42 3950 1° 10 Min. 5352 | 40 Min.
2827 1§° 3953 e 5418 1°

2857 24° 3995 1° 50 Min. |l

2887 14° 4020 | 13

measured against the (001) cleavage indicates an albite with composition
near the dividing line between albite and oligoclase. Optically it is biaxial
positive, with 2 V about 85° and has pronounced dispersion. The plagio-
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clases of the veins have a different composition from those of the host rock.
On the universal stage, and employing the Rittmann method, they yiclded
extinction angles varying from 15°-20°, indicating a plagioclase with com-
position varying from Abs;i-Abg. They are frequently twinned after the
albite law, with occasional complex albite-pericline twins.

Orthoclase occurs as small individuals and has clouded appearance. In
the veins, it occurs as large anhedral masses showing extreme alteration to
minute scales of sericite.

Biotite is of two types, small oriented flakes which give the rock a foliation
and the large cross-cutting porphyroblasts. The crystals are pleochroic
from deep chestnut-brown to colorless and have a 2 V which is almost zero.
They are occasionally altered to chlorite along cleavage planes. The inter-
ference colors of the chlorite vary from deep-blue to tan.

Amphibole is of the deep-green variety and is anhedral. Inclusions of
quartz, titanite, and a black opaque mineral, probably ilmenite, are numer-
ous. Where the amphibole is in contact with orthoclase a small reaction rim
has been developed, and chlorite occurs occasionally along cleavage cracks.
I'our crystals measured on the universal stage yielded the following constants:

2V ZAC (110) A (110)
(—) 74° 19° 124°
(=) 78° 11° 124°
(—)82° 13° 124°
(=) 70° 15° 125°

Winchell’s table of the calciferous amphiboles (124, pp. 38-39, 42-43) shows
minerals having constants similar to these. The striking feature of these
data is that in nearly every instance the amphiboles contain a moderately
large amount of alkalies and titantum. These elements are doubtless re-
sponsible for the large optic angles. The hornblende is considered to be the
product of contact metamorphism.

A small amount of colorless pyroxene, showing in nearly every crystal a
well-developed basal cleavage, is present in the vein portion of the rock.
A universal stage determination of this mineral yielded the following con-
stants.

2V zZAc (110) A (110)
(+) 74° 50° 83°
(+) 72° 52° 86°

Judith Weiss (85, p. 1197) reports diopside from these rocks. The large
optic angle and extinction angle of the minerals examined do not fit Win-
chell’s data (123) for diopside. The properties more nearly fit those of augite,
especially that variety in which TiO;, ALO;, and Fe;O; are present. These
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oxides, according to Winchell (123, p. 230), increase the extinction angle, and
the presence of alkalies increases the size of the optic angle. This mineral is a
product of contact metmorphism, and all the elements necessary to effect the
changes described occur in both the country rock and the veins.

Another interesting mineral formed as a result of contact action is scapolite.
The grains are anhedral, colorless, are associated with pyroxene and amphibole
in the veins, and possess a well-developed rectangular cleavage. Optically,
they are uniaxial negative. The retardation was measured on the universal
stage by placing the optic axis in a horizontal position and using a Bereck
compensator. A value of 1155 mu was obtained, indicating a scapolite whose
composition according to Winchell (123, p. 294) is that of dipyre (409, meionite

CasAlSisOay - CaCO;, and 6097, marialite—NayAl;SiygOs - NaCl).

Other introduced minerals are titanite, calcite, pyrite, bluish-green tour-
maline, myrmekite, and garnet. Clinozoisite occurs in small amounts and
results from contact action.

The mode of the least affected country rock is:

QUATIZ . o ol o el e s e e 54%%
Plagioclase.. oot s VTS
Qriloclasehe . T L e e g =R =N
TR, L o o o o e e Wk w2095
LY 1 T2 <A PP 1/
APRLILC. . Lot ittt et e e e e e 0.49
ChIOTIEE . « o et e et e e e e . 022G
Hornblende. .. oo e oot e e 039,
NI - - ot o o T e SR L s i e e OMSH

The mineral composition and texture of the country rock strongly suggests
that it is a metamorphosed quartz-rich sediment. Rocks of this type are to
be found in the Baltimore gneiss complex and are also similar to the Setters
quartzite and Wissahickon schist. It is impossible to say to which of these
formations the basement rock of the Hammond well belongs. Contact action
as described above is commonly encountered in the Piedmont rocks, the com-
position of the resulting minerals depending upon the composition of the coun-
try rock.

Triassic
Newark Series

Al 3363 feet, a hard, indurated quartz conglomerate containing some white
feldspars and lime cement was encountered. Approximately 30 feet above this
horizon the beds are hard, dark-gray shale and sandy shale and are occasionally

mottled with predominating maroon tones. Above this interval the sediments
are soft and only partially consolidated. Below the conglomerate the sediments
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are hard, reddish-brown and apple-green shales, sandy shales, and sandstones.
The sandstones are medium to very coarse grained and arkosic. No fossil
remains were found in these beds.

This series of beds is referred to the Triassic purely on the basis of lithologic
similarity to the known Triassic of Maryland. The presence of the conglomer-
ate at the top of the interval and the general hard, indurated character of sedi-
ments in contrast with the softness of the unconsolidated sands above precludes
their being lowermost Cretaceous. The thickness of the Triassic in the Ham-
mond well is 135 feet. No Triassic is found on the Western Shore where the
Cretaceous wedges out against the metamorphics of the Piedmont.

Crelaceous

Lower Crelaceous

Paluxent I'ormation.— The Patuxent formation is thought to extend from
4424 to 5363 feet, a thickness of 939 feet. The top of the formation is marked
by a break which is reflected both in the sedimentation and the mineralogy
(Iigs. 3 and 5). Deep-green sandstone with a silty glauconite matrix, and
deep-green shale with some sand and shale pebbles together with laminated
drab shales and very fine sands immediately overlie the Patuxent sands.

The Patuxent formation consists essentially of fine to ‘\'cry coarse and at

times gravelly soft, white, occasionally limy, arkosic sands (Iig. 10). These
sands are relatively poorly sorted, approximately 739, of those tested had a
sorting factor between 1.50 and 2.00 and 49 between 2.25 and 2.75 (Fig. 6).
The median diameter falls within the medium-grained ctass in 639 of the tests
(Fig. 4).

The shales and sandy shales are usually lead-gray in color, hard, compact,
and frequently mottled red, brown, yellow, purple, and green. Lignite and
carbonaceous matter are fairly common (Fig. 10). Occasionally thinly lami-
nated sandy shale and very fine grained sand are encountered. At 35027-5032
feet, a good core dip of 7 degrees was measured.

The top of the Patuxent is marked by an increase in the sorting factor and
by a pronounced change in the mineralogy. These two factors indicate a
break in sedimentation at the top of the Patuxent and serve to separate it from
the overlying bedls.

Upper Crelaceous

Patapsco-Arundel Section.—It is impossible to recognize the equivalent of
the Arundel formation in this well. On the outcrop, the Arundel contains draly
lignitic clays with ironstone nodules and varies in thickness from a few feet
to about 125 feet. No portion of the section has these characteristics, and it is
considered that the Arundel has lost its identity as it passes castward. For
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this reason, the beds overlying the Patuxent formation are referred to the Pa-
tapsco-Arundel without attempting to differentiate between them. (See
Vokes, this report p. 129.)

The Patapsco-Arundel section is predominately a sandy section but contains
considerably more clay shale and sandy shale than the underlying Patuxent.
The sands are very fine and medium-grained with coarse and gravel sizes ap-
pearing below 3800 feet. A total of 359% of the samples contain sand with
median diameter in the fine sand class and 399, in the medium sand class.
The color of the sands is predominately white, although occasionally olive-
green.  Very few kaolinized feldspars were noted.

The shales and sandy shales vary considerably in color (Fig. 10). In the

uppermost 100 feet the colors are brown and lead-gray, brownish-black, and
pale and dark cinnamon-brown. These are followed by highly variegated

shales whose colors are olive-green and mottled gray, red, brown and green.
These mottled colors continue to approximately 3950 feet, below which depth
they tend to disappear and their place taken by shades of olive-green and gray.

No fossil remains were found from this portion of the section. Carbonaceous
matter and lignite are sporadically present throughout the entire interval.
Glauconite was found only at 3280-3285 feet.

The top of the Patapsco-Arundel section is placed at 2313 feet. Immediately
above this point, the shales are dark-gray to black, whereas below olive-green
shades predominate. Sands are present above and shales are common below.
A change in mineralogy is also noted at this point. The thickness of the Pa-
tapsco-Arundel interval is 2111 feet.

The preceding boundaries and thicknesses of the formations of the Potomac
Group are at variance with those given by Richards (85). He gives the limits
for the Patapsco formation as 2267-2375 feet, for the Arundel as 2375-2560
feet, and for the Patuxent as 2560-2925 feet. e further comments that these
thicknesses correspond with those found on the outcrop. This is not a valid
reason for dividing the section, since all formations are thickening toward the
east and lithologic correlations are not possible. It is unlikely that the forma-
tions would retain their thicknesses from the outcrop to the sites of the deep
wells, and all of the section below 2925 feet in the Hammond well would be un-
represented on the outcrop. Detailed sedimentation and mineral studies
reveal breaks in the [Hammond section which can be picked in the other two
deep wells.  There is also a suggested correlation between the uppermost beds
of the Patuxent formation as described in this well and those of the outcrop.
This point will be discussed at length later.

Raritan Formation.—The Raritan of the Hammond well is characterized by
the presence of clays and sandy clays with subordinate very fine grained sands.
The upper 100 feet of the formation contains cinnamon-brown to dark brown-
ish-black and lead-gray clays and sandy clays with occasionally interlaminated
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very fine white sand. Lignite and carbonaceous matter are common. Be-
tween 1700 and 1924 feet the color of the sediments changes from the shades
of brown and gray above to pale green and olive-gree with brown and red mot-
tling. Very fine grained gray and white carbonaceous sands are fairly abundant.
Trom 1924 to 2150 feet the section is predominantly shaly, and the color has
changed to pale gray with red and brown mottling. I'rom 2150 to 2313 feet,
mottled shales are very subordinate or lacking, and the colors are olive-green,
lead-gray, and pale gray. Carbonaceous matter is sporadically present in this
portion of the section, and very fine grained sands are well developed.

The Raritan formation extends from 1388 feet to 2313 feet, a thickness of
725 feet. Thisis a large increase over the maximum of about 250 feet measured
on the outcrop.

Both macro-fossils and ostracods were found in the Raritan section. Ste-
phenson notes Breviarca sp. (aff. Trigonarca diffwoodensis Weller) “Corbula”
aff. C. manleyi Weller and Fulpia wicomicoensis (Richards)? (95) from the
depths 1588-1398 and 13598-1603 feet and suggests a correlation of this fauna
with the Raritan of New Jersey. Gastropods referred to “Cerithium sp.,” an un-
described form, were abundant in the above intervals. A poorly preserved
fauna from the interval 2250-2257 feet, including Breviarca?, Braclidonies,
and “Cerithium” (see descriptions by Stephenson, this report), suggests a faunal
relationship with the Raritan. Stephenson commenting on the thickness of
the interval between these fossil horizons says that the lower horizon “if not
Raritan, it probably is a shallow marine or brackish-water facies of one of the
formations of the Potomac group (Lower Cretaceous).” On the basis of sedi-
mentation and mineral content this interval is placed in the Raritan formation.

Only one ostracod specimen, Leguminocythereis? pustulosa, n.sp., was found
in the interval 1588-1598 fect by Swain.

One grain of amber 4 mm. in length was reported by Stephenson in the sample
from 1588-13598 feet.

Magolhy Formation.—Overlying the Raritan is a series of lead-gray, brown-
ish-black, and dark cinnamon-brown clay shales with interlaminated very fine
grain sands. The shales are occasionally mottled near the base of the forma-
tion. Lignite and carbonaceous matter are very common both in the sands
and the shales. No coarse conglomeratic sands, common to the outcropping
Magothy, were noted in the well.

The top of the Magothy is placed at 1498 feet, where a pronounced mineral
change was noted (Fig. 2). Immediately above 1498 feet and extending up-
ward to 1494 feet is a zone of reworked fossil fragments. The thickness of the
Magothy formation in the Hammond well is 90 fect.

Lignitized vegetable fragments including wood, probably Cupressinoxylor,
were identified by Roland W. Brown from 1500-1503 feet. One poorly pre-
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served unidentified fruit was also observed. No fossil remains were noted in
the Magothy beds.

Matawan Formation.—The Matawan formation in the Hammond well em-
braces two units. The upper unit is 30 feet thick and is composed of hard,
white, silty chalk containing a small amount of glauconite and fish remains.
The lower unit is a lead-gray glauconitic clay shale containing sporadic, badly
mashed fossils. In the lowermost 20 feet fine sand appears and becomes con-
glomeratic as the basal part of the unit is reached. Pebbles measuring } inch
were noted.

The thickness of the Matawan formation is 105 feet. The top is placed at
1393 feet, at the top of the white chalk.

The Matawan in the Hammond well is rich in micro-fauna but contains a
poor and mostly fragmentary macro-fauna. According to Stephenson, Exogyra
ponderosa Roemer?, if correctly identified, indicates a Matawan age. Unde-
scribed Pecten remains were also found in the cores. Ostracods encountered
from the interval 1410-1480 feet are known from the Taylor and upper part of
the Austin chalk of northeastern Texas. Ioraminifera obtained from the inter-
val 1390-1480 feet contain a number of species which are index fossils for beds
of Taylor age according to Cushman.

Monmouth Formation.—The section hetween 1360 and 1393 feet has been
assigned to the Monmouth formation. It contains beds of argillaceous glau-
conitic sand. The glauconite is dark-green and the argillaceous matrix is dull
lead-gray.

Macro-fossils were obtained from 1362 feet. Contained in the fauna from
this depth was the brachiopod Charistothyris plicata (Say), which according
to Stephenson is known only from the Navesink marl (Monmouth group of
Upper Cretaceous) of New Jersey. Associated fossils are Exogyra costata
(Say) and Pecten venustus Morton. Foraminifera are well represented in the
Monmouth section. At 1360-1370 fect, the ostracod Cythereis mediocarinala,
n. sp. is reported by Swain.

Focene

Beds assigned to Ilocene on the basis of their fauna extend from 1140 feet
to 1360 feet. From 1140 to 1230 feet, the section contains dull brown waxy
clay shales rich in foraminifera and with a subordinate amount of fine-grained
green glauconitic sand. At 1223 feet, very fine to coarse, micaceous sand, rich
in glauconite and containing clay pebbles from % to § inches in length was
noted. This appears to be a clay-pebble conglomerate.  Between the depths
of 1250 to 1330 feet, is hard brownish-white chalk with only a trace of glauco-
nite at the top and bottom. Irom 1330 to 1360 feet, the section is rich in

glauconite and varies in color from pale buff to lead-gray.
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The Eocene section of the Hammond well is rich in both foraminifera and
ostracods, but no diagnostic macro-fossils were obtained. According to Cush-
man, the foraminifera from 1140 to 1250 feet indicate a Jackson age and those
from 1280 feet to 1320 feet a Claiborne age. Forms limited to the Paleocene
were found between 1320 to 1330 feet. A few species found elsewhere only in
the Paleocene were noted as high as 1260 feet. The exact age of the interval
between 1260 and 1320 feet must, according to Cushman, remain somewhat
in doubt.

The age of the Eocene of the Hammond well on basis of its foraminiferal
fauna does not correspond with the age of the outcropping Eocene beds as
determined by their macro-fauna. On the basis of this fauna, the outcropping
beds have been referred to the Wilcox and Claiborne groups, no beds of Paleo-
cene or Jackson age having been recognized. A recent study of the micro-
fauna from the outcropping Eocene beds and from the Ilocene encountered in
water wells of the Western Shore has confirmed the age of these beds as de-
termined by their macro-fauna (Elaine Shifflett, Maryland Department of
Geology, Mines and Water Resources Bulletin 3, 1948).

Lithologically the Eocene of the subsurface differs from the Eocene of the
outcrop arca. In the well, glauconite is abundant only in the lower 40 feet
whereas at the outcrop, the Aquia formation, which is about 100 feet thick, is

richly glauconitic throughout. The portion of the well section above 1320
feet, which contains the cinnamon-brown, sparingly glauconitic clays, is lith-
ologically more like the Nanjemoy formation than the Aquia. The massive
glauconite beds of the Aquia and Potomac Creek sections, therefore, decrease
in thickness towards the east in the direction of the Hammond well.

Miocene

Three formations and possibly a fourth have been recognized in the portion
of the section referred to the Miocene. These formations from the oldest to
youngest are the Calvert, the Choptank, the St. Marys, and possibly the York-
town.

Calvert Formation.—This formation extends from 640 feet to 1140 feet.
From 640 to 1000 feet, the portion of the section from which ditch samples were
collected, the beds consist of pale-gray silty clay. In the upper 60 feet dull-gray
argillaceous sands were present. Tossil fragments and glauconite were noted,
the glauconite being more abundant in the interval from 810 to 820 feet.
From 1000 to 1140 feet the section was cored and revealed beds consisting of
pale brownish-gray silty clay. Shell fragments, fish remains, foraminifera, and
diatoms were present in practically all samples.

Diagnostic macro-fossils belonging to this formation as reported by Julia A.
Gardner are Anadara subrostrata (Conrad), Parvilucina prunus Dall, and -Astarte
cuneiformis Conrad. Stephenson reports Corbula elevata Conrad (identified
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by Julia A. Gardner) from 1077 and 1108 fcet. Diatoms have been described
by Lohman from the interval between 1000 and 1140 feet, but they probably
continue as high as 800 feet according to Ruth Patrick (85, p. 1197). For-
aminifera have been described by Cushman and have been further zoned by
Ann Dorsey (See section on Paleontology). Ostracods have Dbeen identified
in the interval from 640 to 840 feet and have been referred to the Middle Mio-
cene by Swain who suggests a correlation with that part of the Middle Tertiary
comprising the Discorbis, HHeleroslegina, and Margimdina subsurface zones of
the Gulf Coast of Texas. Certain forms have been found also in the Choetaw-
hatchee formation of Florida, according to Swain.

Choplank Formation.-This formation consists of pearl-gray to white marl

and medium-grained sand. Glauconite is present but is very scarce. [Irag-
ments of macro-fossils were noted in all ditch samples.

According to Julia A. Gardner, fragments of Pecten sp., Anomia sp., barnacle
plates, and echinoid tests and spines were noted in the interval from 520 feet
to 540 feet. In the interval 540 to 560 feet, the small brachiopod Discinisca
lugubris (Conrad), common only to the Choptank, was noted. A lower echi-
noid horizon was also noted between the depths of 630 to 640 feet. A complete
list of forms and the depths at which they were encountered will be found in the
discussion of the systematic paleontology by Julia A. Gardner. The foraminif-
era of the Choptank have been described by both Cushman and Ann Dorsey.
Systematic treatment of this fauna is in the section dealing with the pale-
ontology of the well samples. The thickness of Choptank is 125 feet, and it
extends from 515 fect to 640 fect.

St. Marys Formalion.— The ditch samples in the upper part of the well do
not give a good picture of the lithology. 1In that portion of the well assigned
to the St. Marys, fine to coarse sand and some gravel are very abundant. Glau-
conite begins at 440 feet and increases in abundance between 490 and 515 feet.
Fragments of shells make their first appearance at 330 feet.

Organic remains consist of macro-fossils and foraminifera. The macro-
fossils Usziia peralia (Conrad) and Budliopsis quadrata (Conrad) were encoun-
tered at several depths and are considered diagnostic forms of the St. Marys by
Julia A. Gardner. Ann Dorsey notes a definite faunal change in the foraminif-
era at the base of the St. Marys formation. The number of species is reduced,
and those that occur are characteristic of brackish water conditions.

The thickness of the St. Marys is 185 feet. The top is at 330 feet and the
base at 315 feet.

Yorktown Formalion (?).-The portion of the section between 130 feet and
330 feet is assigned provisionally to the Yorktown formation. At 130 feet
pyrite makes its first appearance, and there are minor changes in several other
mineral species (Fig. 2).  No fossils were noted within this interval, which con-
sists of yellowish-white sand and granule gravel with black chert very common.
The section is probably the non-marine facies of the Yorktown formation.
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Pleistocene

The Pleistocene of the Hammond well is composed of very coarse sand and
gravel and extends from the surface to 130 feet.

SEDIMENTARY PETROGRAPHY
INTRODUCTION

A petrographic study of sedimentary rocks has as its object the securing of
data which will lead to conclusions concerning the source of sediments, their
mocde of origin, and their environment of deposition. The minerals indicate
the character of the source rocks, and mineral zones may be recognized which
aid in correlation. Morphologic characteristics such as sphericity, etching, and
inclusions are useful both in correlation and in tracing the history of the sedi-
ment. Recent advancements in the application of statistics to the study of
sediments yield information concerning the mode of origin and the environment
of deposition. ’

Methods of Analysis

Both a detailed study of the minerals and a statistical analysis of the sands
were made. In the mineral study, most attention was paid to the heavy min-
erals. They were extracted from the sands by first splitting the hulk sample to
convenient size by means of a Jones sample splitter and then separating the light
constituents from the heavy with tetrabromethane after having passed the
sand through a 48 mesh screen. The heavy minerals were further split by
using a modified Jones splitter designed by Otto (77). Permanent mounts in

Canada balsam were then prepared for examination. Approximately 300
grains per slide were counted, and their percentages determined. The results

are tabulated on Figure 2.

The grain-size determinations were made by disintegrating the soft sands in
a dry state and then passing them through a nest of Tyler screens shaken in a
Ro-Tap machine for 15 minutes. The finest size screen used was 250 mesh
with openings of 0.0625 millimeters. This is the lower limit of the very fine
sand class of Wentworth (120, also 63, p. 77). The separation of the silt from
the clay would have necessitated the use of wet methods, but due to the large
number of samples this was not done. The results of these analyses are tabu-
lated and discussed in a later section.

MINERALOGY OF THE SEDIMFENTS

Heavy Minerals
Triassic

Newark Series.—Eight analyses were made from the sands of the Triassic.
The outstanding characteristic of these sands is the large amount of tourmaline,
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garnet, apatite, and barite, and the moderate amount of zircon and rutile.
Traces of epidote, andalusite, chlorite, and biotite were noted. A black opaque
mineral, probably ilmenite, and brown iron oxides are very common to abun-
dant.

The tourmaline grains are nearly always euhedral, and no overgrowths were
noted. Brown and greenish-brown varieties greatly predominate over blue
and grecnish-blue types. Tourmaline continues to be abundant for about 100
feet above the top of the Triassic at which point there is a very marked decline
(Figs. 2 and 3).

Garnet with a well-developed dodecahedral structure is also abundant in this
part of the section. The colorless variety greatly predominates over either the
pink or brown types. The grains are subangular.

Apatite occurs as small, euhedral, white, crystals, and barite in irregular,
platy grains.

Zircon is fairly common, and the individual erystals have their termination
rounded. Inclustons and zonal growths are common.

Rutile is of the deep orange-brown variety and occurs as small more or less
rounded individuals.

Lower Crelaceous

Patuxent Formation—The Patuxent formation may he classsified as a Garnet-
Staurolite-Zircon zone. Garnet is abundant and is represented by colorless,
pink and deep-brown species. The colorless and brown varieties are slightly
more abundant than the pink variety. The grains are subangular and rarely
exhibit dodecahedral or botyroidal structures.  Staurolite is of the deep-orange
type and commonly has saw-tooth edges. It is more abundant in the upper
230 feet of the formation (Figs. 2 and 3). Zircon, although present through-
out the entire well section, is more abundant In certain parts than in others
and is on the whole more abundant in the Patuxent than in the overlying
Arundel-Patapsco section. The grains are predominately colotless, slightly
rounded, and contain numerous inclusions.

Epidote minerals, pistacite and clinozoisite, begin to appear about 250 feet
below the top of the formation. In this interval they are rare to fairly common
until the 4424 foot level is reached where they become abruptly abundant.
Pistacite is deep olive-green, irregular, and clinozoisite is pale olive-green to
colorless and irregular.

Tourmaline of the brown variety with subordinate blue, bluish-green, and
grecnish-brown types, decp-brown rutile, and chloritoid are scarce to common.
At 5267 feet a zone containing abundant euhedral to subhedral tourmaline
appears. Titanite, brookite, anatase, biotite, chlorite, sillimanite, andalusite,
and cyanite are very rare to scarce. Apatite and barite are sporadic in occur-
rence. Pyrite and ilmenite are very rare to abundant. Some ilmenite is
altering to leucoxene, but usually it is fresh.
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U pper Crelaceous

Patapsco-Arundel Formations.—One of the outstanding mineral character-
istics of this portion of the section is the abrupt appearance of an abundance
of the epidote minerals in the basal part (Figs. 2 and 3). The appearance of
these minerals is considered, together with other factors, as marking the base
of the Arundel-Patapsco section. They continue in abundance to the top of the
Magothy formation of the Upper Cretaceous. Staurolite shows a marked
decrease in passing from the Patuxent into the Patapsco-Arundel section and
continues to be scarce to very common to the top of the interval. Garnet con-
tinues to be sporadically abundant for approximately 360 feet above the base of
the Patapsco-Arundel section then shows a marked decrease. Colorless and
pale-brown titanite grains showing very strong dispersion occur in all sands but
seldom reached 119, to 13%. Cyanite is scarce to fairly common between
the intervals 2313 to 3507 feet and rare to absent below. Chloritoid is fairly
common throughout the entire interval as are also apatite and pyrite. Sitli-
manite is common above 3307 feet. Ilmenite is abundant in all sands. Traces
of green hornblende, tremolite, actinolite, andalusite, muscovite, biotite, chlo-
rite, and anatase were noted. Zircon increases in amount above 3640 fect.

The basal 330 feet of the Patapsco-Arundel section may be classified as the
Epidote-Garnet-Titanite zone. From 3307 to 2313 feet, a zone containing
Epidote-Titanite-Sillimanite can be recognized. Staurolite with saw-tooth
edges, referred to as cleaved Staurolite, appears first at 3242 feet. This mineral
is a good marker and is found in the other two wells.

At the top of the Patapsco formation, pyrite disappears and abundant siderite
makes its appearance. Cyanite, garnet, and tourmaline abruptly disappear

but reappear approximately 200 feet above the base of the Raritan formation.
Green hornblende appears at the top of the Patapsco formation and continues
into the Raritan. Brown garnet shows a marked increase at 2565 feet, but
above this point it is very rare to absent. The point at which it increases in
abundance has been used as an horizon marker.

Raritan Formation.—The Raritan formation is characterized by the presence
of subhedral green hornblende. It makes its appearance at 1767 feet, 179
feet betow the top of the formation, and continues to the base. Cyanite also
comes in at the point at which hornblende first appears. In the upper 179 feet
of the Raritan, cyanite is practically absent. Pyrite shows a marked decline
in abundance, and in its place siderite is frequently found. The epidote min-
erals are very abundant, but tourmaline, staurolite, garnet and titanite have
decreased in amount. Zircon is sporadic and varies from rare to abundant.
Andalusite, sillimanite, biotite, chlorite, chloritoid, and apatite are rare to ab-
sent and very sporadic in their occurrence. [lmenite is common to abundant.
Below 179 feet from the top of the formation, the Raritan formation contains
therefore an Epidote-Hornblende-Cyanite zone.
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Magothy Formation.—The top of this formation is marked by a pronounced
sedimentation break (See sample descriptions). It is at this horizon that the
epidote minerals make their abrupt appearance and continue in abundance
until the top of the Patuxent formation is reached. Cyanite, rutile, and titanite
and pyrite are scarce to fairly common. All other minerals remain about the
same as in the underlying beds of the Raritan.

Monmouth-M atawan Formations—Only three analyses were made of the
sands from this part of the section. Epidote minerals are scarce to absent.
Chlorite and chloritoid are very common in the basal portion of the interval,
and titanite is very rare to absent. Siderite is abundant, ilmenite is scarce to
common, and pyrite is rare o scarce.

Ilocene

Only four samples from the Eocene were studied. Zircon, pyrite, and sider-
ite are abundant. Staurolite, garnet, rutile, biotite, chlorite and chloritoid
are more abundant in the upper part of the section than in the lower. Ilmen-
ite 1s scarce in the entire interval.

Miocene

The mineralogy of the Miocene section is not too reliable due to the contam-
ination of the samples in the well, and much of the material of the lower levels
is mixed with material from higher levels (Fig. 2). Rutile, although scarce to
fairly common, is only sporadically present above the top of the Calvert for-
mation. Green hornblende disappears shortly below 500 feet, the depth at
which the casing was set. This depth is within the Choptank formation.
Epidote minerals, sillimanite, and cyanite are fairly abundant in the upper por-
tion of the Miocene but show a marked decline at the hase of the Calvert.
Chloritoid is scarce to rare in the upper Miocene but shows an increase in the
Choptank and Calvert formations. Pyrite was noted first at the 130 foot
level. Traces of other minerals were noted at various horizons (Fig. 2).

Pleistocene

Nothing diagnostic was noted in the Pleistocene that could serve to differ-
entiate it from the underlying beds. Pyrite was not found, and tourmaline
was absent except in the upper 20 feet and the lowermost 10 feet of the section.
Andalusite is more abundant in the upper 40 feet, and below this point both
silhimanite and rutite show a marked increase. The mineral chart (Fig. 2)
shows the distribution of the other minerals.

Light Minerals

The light minerals of the samples are composed predominately of quartz
and feldspars. Occasionally, on account of the specific gravity of the liquid
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used in the separations and also the flatness of the grains, micaccous minerals
are found in the light separates.

A total of 14 examinations of light minerals from various horizons were
made the results of which are as follows:

Eocene—1220-1230 feet. Quartz greatly exceeds feldspar in abundance. The feldspars
are clouded and are fairly well decomposed. All feldspars have an index of refraction
less than 1.55 indicating the composition of the plagioclases to be more albitic than ande-
sine.

Upper Cretaceous—Magothy formation, 1490-1498 feet. Lstimated quartz 95% and feld-
spar 5%. Grains arc angular and quartz is clear. Feldspars are hoth twinned and un-
twinned. Albite twinning noted. Index of refraction less than 1.85. Most feldspar
grains are fresh. Few are clouded.

Upper Cretaccous—Raritan formation, 1687-1697 fect. Quartz more abundant than feld-
spar, about 909, quartz and 109% feldspar. Quartz, clear and glassy, and contains
numerous inclusions. Some grains show a cataclastic structure. Larger feldspar grains
are but slightly clouded, hut smaller grains are highly decomposed. Oligoclase is more
abundant than alhite, and both are more abundant than microcline-microperthite. Few
albite twins were noted, most grains are untwinned.

Upper Cretaceous—Raritan formation, 1944-1954 feet. Quartz 907%; clear, glassy and
numerous opaque and fluid inclusions. Feldspars: Oligoclase, Albite, Microcline-
microperthite. Most feldspars are clouded, few are fresh.  Muscovite s more abundant
than chlorite.

Lppcr Cretaccous—Raritan formation (base, 2297-2307 feet. Same as Raritan above.

“ —Patapsco formation, 2709-2719 fect. Same as Raritan above.

‘ —Patapsco-Arundel, 3360-3370 feet. Same as above.

= —hasal Patapsco-Arundel, 42974302 feet. Quartz—VWeldspar ratio about
509,-50%. Feldspars both clouded and fresh, with the clouded more abundant than
the fresh. Few fresh grains noted. Indices of refraction of all grains are less than 1.535.
Microcline-microperthite is very common. Small amounts of chlorite and muscovite
oceur.

Lower Cretaceous—Patuxent formation: 4464-4469 fect. Same as prcccdmg

168414689 Lo

4902-4907 ¢
5112-5122 &
5307-5309 ‘

Triassic, 5431-5436 feet. Iron-stained quartz greatly exceeds untwinned feldspar in abun-
dance. Several grains of albite-twinned plagioclase. Feldspars are decomposed and very
clouded.

Characleristics of the Individual Minerals

Actinolite. An extremely rare mineral, oceurring most persistently in the Miocene section.
Scattered occurrences in the Cretaeeous. Grains are pleochroic from pale yellow-green
to pale yellow. Found in the metamorphic volcanic rocks of the Piedmont.

Anatase. A rare mineral in the Hammond section. Well-formed brown octahedra are more
common than the royal blue variety. More commonly present in the Patuxent forma-
tion and also in the lower part of the Miocene section.  An authigenie mineral.

Andalusite. Milky-white, anhedral, non pleochroic grains are more common than the pleo-
chroic rose-red to colorless variety. Not a common mineral in the Hammond section.
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More persistent in the Miocene and Patapsco-Arundel sections. Derived from argil-
laceous sediments which have been contact metamorphosed.

Apatite.  Occurs as clongated, prismatic white grains with rounded corners. Dark inclu-
sions common.  Very common in the Triassic, scarce in the Patuxent formation, common
in the Patapsco-Arundel section, but decreasing toward the top of this interval.  Sporadic
to absent in the upper portion of the Upper Cretaceous and overlying formations. De-
rived from acid ignecous rocks high in alumina.

Barite. Grains arc irregular and exhibit good cleavage. Milky blue-white in color and fre-
quently stained brown. Very abundant especially in the Triassic and Patuxent inter-
vals.  Generally absent above the Patuxent formation. Usually a secondary mineral,
acting as a cementing agent for sand grains.

Biotite. The micaccous minerals are not as abundant in the separations as they should be
due to their tendencey to float even in the heavy liquid.  Sporadically present throughout
the entire well section, but more commonly found in the Eocene and Miocene beds. The
grains are deep-brown, non-pleochroic flakes. Derived from crystalline schists, gneisses,
and acid igneous rocks.

Brookite. A titanium-bearing mineral occurring as irregular, resin-colored striated grains
with an extremely strong dispersion. A very rare mineral in the well section but most
frequently encountered in the middle portion of the Patuxent formation. Can be both
a detrital and an authigenic mineral. Its’ scarcity in the well suggests that it may he
detrital.

Chlorite. Never an abundant mineral but sporadically present in all portions of the section.
More common in the Eocene and uppermost Cretaceous.  Occurs as thin green flakes
with very low birefringence. Found in both metamorphic and igncous rocks. A sec-
ondary mineral derived from ferromagnesian minerals.

Chloritoid. Occurs as bluish-green to yellow-green plates and as prisms with pronounced
pleachroism, high index of refraction, marked dispersion, and rather high birefringence.
Chloritoid is present in all parts of the well section but is more common, although never
abundant, in certain portions. ‘The intervals at which it is common are the Choptank
and Calvert formations of the Miocene, the Focenc, the lower part of the Patapsco-
Arundel section, and Patuxent Tormation helow 100 feet from the top.  Derived from
crystalline sheists.

Corundum. A very rare mincral occurring as colorless irregular plates with carbonaceous
inclusions. The blue-splotched variety occurred in only one instance. More common
in the Pleistocene and uppermost portion of the well section. Derived from contact
metamorphosed imestones and igneous rocks.

Cyanite. A fairly common and persistent mineral in the entire well section down to 3300
feet, below which point it is very sporadicand rarc. It occurs in broken colorless crystals
with characteristic cleavage and extinction angle. It is derived from crystalline schists.

Enstatite. Although this mincral has been reported from the Cretaceous sediments of the
western shore of Maryland (36), no definite evidence of its presence was noted in this
well.

Epidote Group:

Pistacite.  An abundant and important mineral especially in the Cretaccous sands. Tt
appears abruptly at the top of the Magothy formation and abruptly decreascs in
amount at the base of the Patapsco-Arundel section. Abundant also in the
Pleistocene and common in the Miocene. The grains are of two varieties, one a
clear yellow-green prismatic and subangular type, which is considered to be of
detrital origin, and the other an irregular clouded yellow-green grain, which is
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probably authigenic. Derived from epidote veins, altered impurg limestones, and
the alteration of ferromagnesian minerals.

Clinozoisile and zoisite. Both associated with the common epidote pistacite. They
occur as colorless or, in the case of clinozoisite, at times pale yellow-green clongated
grains. Zoisite exhibits the characteristic deep royal blue interference colors. It
is very rare. Clinozoisite is also irregular in shape and shows the characteristic
epidote interference colors.

Garnet. A very important mineral throughout the entire well section but more abundant
at certain horizons. Three varieties arc encountered, colorless, pink, and deep-brown.
Occasionally a dodecahedral and botryoidal structurce is noted on the grains, especially
in the Triassic sands. Usually the grains are angular and without markings in the beds
overlying the Triassic. Very abundant in the Patuxent formation and in the interval
extending 350 feet above the top of the Patuxent (Fig. 3). The rather abrupt appear-
ance of the deep-brown garnets is used as an horizon marker in the upper part of the
Patapsco-Arundel section. Brown garnets are also abundant in the Miocene section
but show a marked decline in both the Eocene and the Magothy and Raritan formations
of the Upper Cretaceous (Fig. 2). Derived primarily from crystalline schists.

Gypsum. A rare mineral in the Hammond well.  Found occasionally in the Patuxent sands.
Tt occurs as colorless well-cleaved grains.

Hornblende. The vellow-green to deep-green pleochroic prismatic and somewhat worn grains
are limited to certain parts of the section. It isan important and persistent mineral of
the Raritan formation, and its first appearance has been used as an horizon marker.  Very
common in the Pleistocene terrace sands and also in the upper portion of the Miocene
section, although in this instance it may represent contamination from higher levels.
Usually absent in the basal part of the Miocene section, the Eocene,and Lower Cretaceous.
A common mineral of the crystalline schists, igneous rocks, and meta-igneous rocks of
the Piedmont. It is surprising that hornblende is not more abundant in the young sedi-
ments of the Eastern Shore.

Hypersthene. Characteristic short clear, green to reddish-brown, pleochroic grains were en-
countered at only two horizons in the well, though a fairly common mineral of the gabbros
of the Piedmont of Maryland.

Tlmenite and Leucoxene. The bulk of the black opaque constituent of the sands is ilmenite.
A strong hand magnet cxtracted only a negligible amount of the black opaques, indicating
that magnetite was very subordinate. Numerous larger grains were picked out, and
x-ray powder photographs gave “d”’ values definitely indicating ilmenite. This mineralis
very abundant throughout the entire section and is frequently altered to the white sec-
ondary substance leucoxene. It is a primary mineral of basic and ultra-basic rocks.

Monazite. Occurs as small, somewhat rounded and egg-shaped pale-yellow grains with a
black border and frequent brown stain irregularly distributed within the grain. Not a
common mineral but occurs sporadically throughout the section. More persistent in
the Patuxent formation.

Muscovite. Very rare and of limited occurrence due probably to the fact that the mineral
tends to float in the heavy liquid.

Pyrite. Small crystals and groups of crystals commonly found throughout the section below
130 feet. Very rare in the Patuxent formation and at certain horizons higher in the
section (Fig. 2).

Rutile. The deep chestnut-brown variety is the only type encountered. The crystals are
small and tend to have their terminations rounded. Commonly found throughout the
well section but more abundant in the Patuxent formation below 200 feet from the top,
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Usually found in acid igneous rocks. Found also in the meta-basic rocks of Harford
County, Maryland.

Siderite. An abundant mineral at certain horizons (Fig. 2) especially at or near the top of
formations. Sideritic oolites with concentric layers and fibrous types giving a black
pseudo-uniaxial interference cross are common. Occasionally well-formed rhombs were
noted. An authigenic mineral.

Sillimanite. Colorless, narrow, worn, prismatic, well-cleaved grains are more commonly
found in the Miocene section. Sporadic in occurrence below the Miocene and very rare
to absent below the middle of the Patapsco-Arundel section.  Derived from crystalline
schists.

Spinel.  An occasional deep-green, somewhat rounded, isotropic mineral was encountered.
Very rare and not limited to any particular part of the section.

Staurolite. A very important mineral of the sands of the Hammond well. Two types were
encountered. Onea massive, subangular, deep-orange grain and the other a deep-orange
well-cleaved variety which has saw-tooth-like terminations. Commonly found through- ~
out the well section but more abundant in the upper 250 feet of the Patuxent formation
(Fig. 3). The saw-tooth variety first appears at about 3242 feet and can be used as an
horizon marker. A\ common mineral in certain [acies of the Wissahickon schist of the
Maryland Piedmont.

Titanite. Two varieties of titanite were observed, one ahoney-yellow,angular type, and the
other a nearly colorless variety. In both the refringence and birefringence are very high
and the dispersion strong.  Good biaxial figures are obtained. Never a very abundant
mineral, it is more persistently present from the basal part of the Raritan formation to
the base of the Patapsco-Arundel section.

Tourmaline. ‘This mineral is commonly present throughout the well section but is abundant
only in the very basal part of the Patuxent formation and in the Triassic. The brown
and greenish-brown varieties are more common than the blue and Dluish-green types.
A mineral commonly found in the crystalline schists of the Piedmont.

Tremolite. A very rare mineral, noted only in several samples. The grains are colorless
and well-cleaved, worn, and exhibit a moderate extinction angle. Found in the meta-
dolomites of the Piedmont.

Zircon. ‘The colorless variety is more abundant than the mauve-colored type. Euhedral
prisms, slightly rounded and broken grains, and well rounded individuals were noted.
Zircons are more abundant in certain intervals than in others especially in the fine-grained
sediments.  Of no value as an horizon marker in this well. The types encountered here
were doubtless derived from acid igneous and old sedimentary rocks. The well-rounded
types have passed through at least two cycles of sedimentation.

TEXTURE OF TIHE SEDIMENTS
GENERAL

A total of 227 mechanical analyses were made from the core samples dis-
tributed between the depths of 1150 to 3315 feet. The calculated weight per-
centage retained on each mesh screen has been tabulated in Table 3.

The grade scale used to classify the sediments according to their particle size
is that proposed by Wentworth (119) and is given in Table 2.

A nest of screens was used which gave approximately the upper and lower
limits of each Wentworth class below the cobble class. The weight percentages
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retained on these screens have been combined according to Wentworth’s
classification, and the results are given in Table 4. The percentage of sediment
passing through the 250 mesh screen, the lower limit of the very fine sand class,
is at times large and contains both the silt and clay classes. No attempt was
made o separate the silt from the clay because of the necessity of using wet
methods and the large number of samples.

The use of the Wentworth grade scale is rendered ditiicult and the calcula-
tions are cumbersome, when statistical devices are employed in the study of
sedimentary data. In order to permit the direct application of statistical
formulae to the study of sedimentary data, Krumbein (60) mtroduced a grade
scale known as the “phi scale,” which has integers for the Wentworth class

TABLE 2

Wentworllt's Size Classification

Grade Limits |

(Diameters in mm.) Name
Above 256 Boulder
256-64 Cobble
64-4 Pebble
4-2 Granule
2-1 Very coarse sand
1-3 Coarse sand
in1 Medium sand
o | Fine sand
=% ! Very fine sand
524 Silt

Below 51 ' Clay

limits which increase with the decrease in grain size. The conversion of the
Wentworth scale to the phi scale of Krumbein is accomplished by the formula:

¢ = —log:

where “&” is the numerical value of the grain diameter in millimeters. the
use of this scale eliminates the unwieldy fractions or decimals of the Wentworth
classes. The phi scale and the corresponding Wentworth class units are given
in Table 5.

The sedimentary data were analyzed by the methods described by Trask
(103). These involve the use of the first quartile (Qy), the median (Md),
and the third quartile (Q;) diameters and the calculation of the sorting factor.
The first three factors are read directly from the cumulative curves of the in-
dividual samples.

The first quartile of any sediment is defined as that diameter which has 25
per cent of the distribution smaller and 75 percent larger than itself. It is
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found Dby intersecting the 75 percent line with the cumulative curve. The
third quartile is that diameter which has 25 percent larger and 75 percent
smaller than itself and is found by intersecting the 25 percent line with the
cumulative curve. The median diameter is defined as that diameter which is
larger than 50 percent and smaller than 50 percent of the diameters of the dis-
tribution. It is determined by intersecting the 350 percent line with the
cumulative curve. These three values have been tabulated in Table 6. The
three quartile values have been also converted into phi values by the use of
Krumbein’s conversion chart (60, p. 41), and the results are presented in
Table 7.

The sorting coefficient of a sediment is defined as the square root of the third
quartile divided by the first quartile and is given by the equation

cick ] I.:J:

In this case, Qs is the larger value and the value of So is either unity in the case
of a perfectly sorted sediment or greater than unity in the case of an unsorted
one. The values of So increase geometrically, hence the individual values can-
not be compared directly with each other. To overcome this, the logs of So
can be taken, these forming an arithmetic series, and the values than may be
compared directly with each other. This transformation is accomplished by
the use of the equation:

Logio So = (log Q3 — log Q1)/2.

In order to compare the sands of the Hammond well with one another, the
sample obtained from 2157-2167 feet was chosen as unity. This sample has
an So-value of 1.1 and a'log So-value of 0.043. By dividing the log So-values of
all other samples by the unit sample, we obtain what is called the *Degree of
Sorting.” Tence, a sand with a degree of sorting of *‘5” has a spread of the
grains which is five times that of the unit sand; or, in other words, the unit
sand is five times as well sorted. The values for each sand analyzed have
been tabulated in Table 6.

For descriptive and comparative purposes, three other statistical values have
been determined. These values, proposed by Krumbein (61, p. 569), are the
phi median, Mdé; the phi quartile deviation, QD¢; and the phi skewness,
Skge. The QD¢ is given by the equation:

(Qsp — Quo)

QD¢ = 3

It is the measure of one-half the spread between the two quartiles in terms of
Wentworth grades. Quartile deviations of the various sands may, therefore,
be compared.  For example, one sediment having a QDé of 0.5 has one Went-
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CRETACEOUS AND TERTIARY SUBSURFACE GEOLOGY

Depth in Feet

1150-1160

1160-1170

1220-1230

1250-1260

1470-1480

1480-1490

1490-1498

1498-1508

1508-1518

1528-1538

1658-1667

1687-1697

1697-1707

1767-1777

1777-1787

1817-1824

1844-1854

1884-1894

1904-1914

1924-1934

1944-1954

2004-2014

2014-2024

2044-2054

2157-2167

2197-2207

2267-2277

2277-2287

2297-2307

2323-2333

2565-2575 ’
2575-2585
2585-2595
2595-2605
2605-2615
2615-2625
2625-2635
2679-2689
2689-2699
26992709 ‘
2709-2719 Top ‘
2709-2719 Bottom
2719-2729 Top
2719-2729 Middle
2719-2729 Bottom
2729-2739
2739-2749 Top
2749-2759
2759-2769 !
2789-2794

2794-2801

2801-2806

28062811

2832-2837

| Pebble

.08

.33
.91
A3

TABLE 4
Classification of Sands: Ohio Oil Company, L. G. Hammond No. 1 Well
Percentages by Weight

Granule
Gravel

.26
.20

.07

29

.04
.13

Very
o | sand
| 0.18 0.39]
.05 .10
.03 .06/
.03 .33
3.04 12.5
1.30 4.0
| | 0.4
.05 .10
07 .21
21
.08 12
.06 .06
.03 .09
.25 2.89
.18
.04 11
06 .12
.03 .09
.06, .56
17| 7.63|
04 .08
06 .12
.28
A2
10
08
.22
12/
.08|
.09
.69
.09
12| 2.68]
07 .42
i .12 2.35
|08 2.08
4.11123.9 |
A4 21
.10/ 2.53
.10 3.17
04 .26
.06/
.03 2.2 |
‘ .06
.33 1.87]
.05 .95
460 4,48
.06 .12
% 6 |
.04
A3l 73
.04 .78
.33| 4.68

Coarse l Medium

Sand

5.6
Do
6.9

19.5

19.0

1.5
1.1

18.1

20.9

14.067
3.93
2.25
4.9

25.95

|

10.82

14.51
3.82
3.37

12.8

444

6.98

12.01

6.42
2.92
1.57

Sl ilg

.6
.8
-4
.0
.8
.1
-4
)
Sl
8.9
.3
.39
L7
0
27
.66

11.
41.
48.6
[ 23.0

o

38.

(=]
(IR

1 12.09

Fine
Sand

12
26
ks
48.
38.
17
S
48.
57
11
53.
74,
30.
50.
64.
56.
63.
42.
57

wnn

un

T W

o
s w
WO NOR IO NAD -0 ~T I ~TUIE S o b B w0 b e e B — T N D N e O O o — e e
n [d d s

Very
Fine
Sand

48.

42.
34.

17.5

18.
44.
54.
22.
13.
26.
258
12.
S1.
10.
13.
15.
8.
358
15.

O
30.
16.
25.

34.7

12.
15.
19,

| 17.
| 22.
| 18

10.
13.
128

17,

15
1185,

4.&:

288
15
12.

0
9

16.
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38 CRETACEOUS AND TERTIARY SUBSURFACE GEOLOGY

TABLE 4—Continue

o Gra | Very o Medi | \.'.cry Silt
Depth in Feet Pebble Gfm';};'f’ Coarse | (i S | ling | Fine | and
2877-2887 Bottom ' 0.2 04328 |32.3 |20.10] 14.4
28872897 .10 100 .34/ 195 | 55.8 | 14.12 | 10.4
2907-2917 i 08 3.6 |68.6 |16.74 | 11.3
2923-2932 ! 120 9,54 | 56.1 (22.28 | 11.8
3020-3030 17| 57.1 | 18.06 | 12.52 | 11.7
3030-3040 A2 71530 | 29.0 | 10.58 | 7.05
3040-3046 | ‘ 5.67 | 20.45 | 35.20 | 38.2
3101-3107 Aol oMl B 420 9.75 | 43.2 | 25.74 | 20.6
3117-3122 03 7.25[58.1 | 19.21 { 15.3
3122-3127 .06 7.03 | 59.4 | 18.87 | 14.5
3127-3132 17| 8.07 (552 |20.74 | 14.9
3183-3193 i w1l Wis.08 |08
3259-3269 2 | 10550 2l [l 2skalt Jzi%s | o8
3269-3274 241 18| 2.2116.95 46.4 | 19.25| 8.3+ | 6.6
3274-3280 43 34| 4.24/23.53/40.7  16.6 | 8.48 | 6.1
32803285 Top 05| .37 4.79 40.3 381 | 9.78 1 6.22
3280-3285 Middle | .21 .42] 2.52 13.02 | 50.75 | 32.8
3280-3285 Bottom ‘ 11| 8202323 | 496 | 16.11 | 105
3285-3290 1.08 | .06 63| 11.421'50.8 | 21.8 | 8.42| 5.5
3290-3300 191 .06 1 .63/ 12.9 51.5 |18.7 | 8.66! 7.2
3315-3325 6.60 | 1.45 | 1.56| 7.36/55.4 |21.65| 3.98] 2.18
3325-3335 ‘ I .05 100 .32 29.04 | 51,9 | 10.30 | 8.15
3335-3345 | .05 100 3.22 | 44.45 | 39.85 | 12.2
3355-3360 | 04| 4.35|51.2 |34.4 |10.0
3360-3370 ‘ 16| .68] 5.99 [ 68.1 | 18.01 | 7.3
3376-3386 38| 2.03| 28.3 | 48.6 | 11.46 | 8.8
3386-3396 .05 33| 3.03) 44.8 [36.9 | 8.97 | 5.87
3396-3401 .08 .08/ 3.26 | 54.95 | 26.32 | 15.3
3101-3407 18 18| 6.3 || 622 | 22703 | 7.0
3407-3417 | .03 A8 1.2113.26 | 62.6 | 12.29 | 10.3
3417-3427 20} 13| 135 7.49(23.5 | 495 |10.64 T.35
3437-3447 | 08 .16/ 1.3 | 17.72/60.8 | 19.8
3447-3457 ‘ 030 .06, 3.4 |38.85]23.74 | 13.9
3457-3467 \ .03 .1o| 213/ 35.6 | 35.7 | 16.86 ] 9.33
3472-3477 Top del 3.79 | 30.062 | 48.67 | 16.8
3472-3477 Bottom .05 46| 11.85 43.3 28.0 10.19 6.1
3477-3487 1 04 48539 266 | 828| 6.3
3487-3497 Top ‘ 05 1.313590 [27.0 | 6.8 5.65
3487-3497 Bottom | .05| 2.08/51.9 [25.5 |10.35 ] 10.1
3497-3507 .07 .14 10.25 63.6 ‘ 12.16| 7.04 | 6.85
3512-3521 ‘ 06! 3.02 | 43.8 || 34.8 | 18.a
3521-3529 Top i .04 1.18 | 49.84 | 34.32 | 14.8
3521-3529 Bottom ‘ 1 Lo og 2.43 | 75.8 ([ 12.35 | 9.2
3529-3539 .07 .08] 443402 1377 |10.39 | 7.15
3539-3549 Top 320 11| 3.51)40.6 | 35.43 | 9.77| 5.80| 4.15
3530-3549 Middle 03, .31 10.26 | 49.9 | 21.28 | 18.2
3539-3549 Bottom ‘ 05 .10, 2.32 1 65.0 | 22.11 | 10.3
3549-3555 .06 14.62 | 59.4 | 14.72 | 11.10
3555-3560 10 510 .86 15.01  65.0 | 13.32 1 5.0
3570-3575 .08 1.91] 51.7 |28.5 |10.62| 7.0
3575-3583 .03 21 1.23 40.0 41.5 | 11.12 6.03
3631-3641 .08 .38 6.53|25.17  43.57  24.2
3712-3717 .03 .06 4.17 | 54.4 | 29.52 | 12.0
3717-3722 .03 .06 2.01  55.67 | 34.41 | 6.9
3737-3743 Top 05 9.85|56.4 | 22.43 ] 11.3

3737-3743 Bottom ‘ : .06/ 4.97 | 64.92 | 20.52 | 9.4




CRETACEOUS AND TERTIARY SUBSURFACE GEOLOGY 39

TABLE 4—Continued

S Very s Very St
Depthin Feet Pebble ((:'rraar':lzlle (:gr;)lanrsc CSO;;SC “Se;lrmm :a':,'“c‘ :z::zei Lai:::r
3773-3778 .30, 4.36 | 66.45 | 24.53 | 4.56
3778-3783 04 40/ 129317301 [ 12,11 ] 1.33
3783-3788 .09 | .09 .33 47| 25.04 § 57.4 | 12.84| 3.93
3793-3798 © 14| .21/ 28.82 !153.7 | 11.46! 5.65
3798-3804 | .05 .63 2.93 | 47.3 | 37.03  12.15
3804-3810 03 70l 7.23 | ss.04 | 21,58 | 12.32
3810-3815 05 100 1.69 | 64.47 | 21.96 | 11.59
3815-3820 19 .28“ 7.49 1748 | 10.69 | 6.45
3820-3830 Top 14 ft. 100 6.1 ‘ 61.5 | 21.98 | 10.33
3820-3830 .09 21,08 1 65.3 | 12.09 | 1.5
3840-3850 120 .68 51.64 | 35.65 | 9.36 ) 2.68
3850-3855 A2 .59 5.14 17.6 | 41.4 | 25.88| 5.95| 2.51
3855-3865 | 04| .23 | 1.42 8.94 49.63 l 28.55  7.17 | 3.01
3805-3875 .19 13 2.00 15.84] 46.45 | 21.09 8.21 6.2
3875-3880 06/ .20, 41.43 | 45.0 013 | 4.1
3880-3885 05 .14127.5 1833 | 12.25| 0.73
3885-3895 .26 22| 1.14( 28.54 1 52.8 | 11.09 | 5.76
3925-3930 | 2200 10,68 | 42.4 |1 31.75 | 14.9
3930-3940 05 100 4.06 | 482 137.22| 9.8
3940-3950 | 05 Ly 6.24 l 53.3 [ 27.69 | 12.5
3950-3955 ‘ 12 1.2% 23.44 | 53.7 | 22.60 | 7.7
3970-3980 ‘ 05 2.02 | 36.3 | 31.55| 9.45
3085-3000 ! | 100 2.76 | 46.4 | 38.81 | 11.8
3900-4000 Top i ‘ 120 2,88 | 40.3 3990 | 16.9
3990-4000 Bottom ‘ A7 .61 19.08 | 510 | 18.48 | 10.7
4000-4010 .05 10, .55 14,15 | 35.2 | 20.95 1 8.80
4010-4015 .05 60| 2.63| 17.92 | 46.2 | 21.58 1108
4020-4025 .04‘ 2301 40.05 | 27.4 | 17.78 | 14.4
4025-4035 .08 L7 2.82 40.85 ! 34.6 | 12.61 | 8.45
1035-4045 Top 05 1.89 54.5 |26.9 | 10.07 | 6.5
1035-4045 020 120 5.67 | 50.8 | 29.42 | 13.8
4045-4051 .03 231 .28 13.94 53.1 | 21.70 | 10.6
1053-4058 ‘ 190 2,01 45.8 | 29.2 111.54 11 2
4058-4068 Top 08 2.69 4.4 |32.1 1197 | 11.6
4058-4008 Middle 15| .04 44 5.38 42,05 28.1 1 12.25 | 11.6
40584068 Bottom 114 1.14 3.8 32.0 | 34.7 l 15.47 | 12.6
4068-4076 51| .72 2.3 | 11131485 | 17.55 | 9.72 | 9.45
4076-4086 Top 3.48 1 .36, 1.44/ 18,21 48.1 [ 13.89 | 7.49 | 7.0
40764086 Bottom A6l 191289 [42.1 |15.75 ! 11.2
1091-4101 Bottom | .08 1.07 8.07 48.2 | 23.7 | 9.47 1 9.20
141014107 Top 140 3.17 15.15 52.1 | 16.7 7.42 | 5.45
4101-4107 Bottom 02 .0820.9 | 589 |12.74 7.2
A107-4117 03| .32133.26 | 51.2 {1011 | 4.9
4117-4127 Top .03 18 3.0 | 36.55 | 43.3 | 9.61 1 7.34
4117-4127 Bottom .02 .51 1.87/33.9 | 46.4 | 10.32 ‘ 6.70
4127-4137 Top 52| 1.76725.27 151.6 L 15.10% 5.8
4127-4137 Bottom A1 1721349 1456 | 10.87 1 6.7
41374147 | 131 1.13 12.49{ 45.5 | 22.85 | 9.79 | 7.93
4157-4168 271 231 2.55) 19.21! 46.5 | 16.54 | 8.49 | 6.07
4168-4178 38 11.26/ 51.6 | 19951 9.26 | 7.64
1193-4199 030 .00) 4.24 1 69.4 | 18.31 | 7.85
1199-4200 Top 3 (t. 060 .06, 2.17 \ 43.73 ‘ 37.23 | 16.7
4199-4209 Middle .04 .08 5.9 |64.8 |20.63 | 8.57
41994209 Bottom 04 .08 16.75 | 63.0 | 13.40 [ 6.93
4209-4219 .03 2500 3.71) 2946 1 42.2 | 13.09 | 11.4
4219-4229 381 .57 3.89,26.5 | 46.9 \ 11.51 1 5.69 | 4.56




CRETACEOUS AND TERTIARY SUBSURFACE GEOLOGY

Depth in Feet

4237-4242
42424247
4297-4302
43174322
4327-4332
4347-4351
4356-4361 Top
4356-4361 Bottom
4361-4366
4375-4380
43804384
43964401
4406—44141 Bottom
4114-4424
4424-4434
4424-4434 Bottom 8§ ft.
4344444
4444454
H 544464
41644469
4300-4506
4506-4516
45164521
1521-4526
4331-45360
4536-4546
4556-4566
45654576
4576-4582
4582-4592
4659-4674
1684-4689
4747-4751
47514756
17564766
4778-4788
4798-4803
4806-4813
48134818
4862-4872
1872-4877
4897-4902
4902-4907
4007-4912
4917-4927
4953-4958
4963149651
4970-4975
4975-4980
5007-5012
5027-5032
5027-5032 Bottom
5037-5042
5104-5112
5112-5122
5130-5135

TABLE 4—Continued

Pebble

[ 1.87
| 13

Very
%rra;:,ucller Coarse
{ Sand

.10

6.86| 33.5

Coarse |
Sand (

10,

.21
.05
.07
1

.28

7

.29
.80

.26

.31
.28
.04

13
.09
.08

.04
.40
.40
.58

1.00'

1.75
Y20,
.96
.76
.08

.10
.10
45
el
A1
97
.04
.65
.96
Al

.04
T4
.52
.32
45
14
.64
49
.54
Wil
.02
.63
15
.03

323
.04
.09
.38
.38
.05
N
.85
.89
A5%!
.81

'11

| 2.5
3
| 189

14.
6.
8.

43
S5,
7”

.86

91|
.09
.19
7

.81
.35
.01
.18
.47
.8

.35
.56

48.

Mediumf Fine
Sand l Sand

| 39.4

4.01
40.4

55.
50.
48.
46.
28,
S5
42.
59.
52.
41.
48.
38.
32.
36.
30.
1.
33.
36.
35.
43.
38.
33

S

32.
3

50 37.

35,
31.:

10.
5o

§
6

L AN
=]

[

W

van

9
2
7
0
2
7
4
7
0
8
15
05
6
6
05
)
8
0
9
0
8

25

8.03
30.9

22
18
23

31.

29

RS
.91
50
79
0

45.

25,

12
18
14

3o

27

36.

16

16.
{ 19.
15.

11

14.
31.

27

30.

14

20.

11
12

10.
12.
17.
56.
28.
46.

22
49

39.

i
37 |
37
49 ‘
1

.85
65
.32
44
97
16
.84
1
7
.9
95
8
95
.83
.44
94
28
8
4
67 |
4
.03
4
05

13.
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TABLE 4—Concluded

41

Ver . o Ver: Silt

Depthin Foet pebble (G2l Coaree| Goarse| Meftum | g | Fine | and
5160-5165 250 200 9.32 | 389 |30.42 15.0
3183-5193 09l 26l 118 | 45.2 | 26.94 15.52
3201-5213 el 1775 a0 | 365 1 ABL7S) 18T
5307-5312 2.2 17.68 32.3 | 16.% | 10.53 [ 10.43 | 9.88
5312-5315 ‘ 4] 1.61)17.43 | 29.93 | 31.14 | 19.5

TABLE 5§
Relation of Krumbein's Phi Scale to Wentworth Grades

Wentworth Grades in mm. Phi Scale
32 5
16 7 —4

8 -3
4 —2
2 —1

1 0

) 1

A +2

4 +3
+4
kS
& —+0
1hs . +7
e +8
is =29
021 +10

worth grade between the quartiles, whereas a second having a QD¢ of 1.00,
has two Wentworth grades between its quartiles. This measure allows one to
visualize the character of the frequency curves of the various sands.

The phi skewness, Skqe, is given by the equation:

Skqe = (Qss + Qlda) - %(31(1¢)

2
If the value of Skqe is 0.0, then the frequency curve is symmetrical.  1f the
value is negative, then the arithmetic mean of the quartiles lies to the left of

Mde or toward the smaller values of ¢.  If the value is positive, the arithmetic

mean lies to the right of Md¢ and the curve is skewed toward the positive values
of ¢. A sand with an Skqe¢ of —0.3 has its curve skewed to the left with the
mean of the quartiles one half of a Wentworth unit to the left of the median.
If the value were 0.5, then the curve would be skewed one half of a Went-
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Depth in Feet

1150-1160
1160-1170
1220-1230
12501260
1470-1480
1480-1490
1490-1498
1498-1508
1508-1518
1528-1538
1658-1667
1687-1697
1697-1707
1767-1777
1777-1787
1817-1824
1844-1854
1884-1894
1904-1914
1924-1934
1944-1954
2004-2014
2014-2024 Top
2044-2054
2157-2167
2197-2207
2267-2277
2277-2287
2297-2307
2323-2333
2565-2575
2575-2585
2585-2595
2595-2605
2605-2615
2615-2625
2625-2635
2679-2689
2689-2699
2699-2709
2709-2719 Top
2709-2719 Bottom
2719-2729 Top
2719-2729 Middle
2719-2729 Bottom
2729-2739
2739-2749 Top
2749-2759
2759-2769
2789-2794
2794-2801
" 2801-2806
2806-2811
2832-2837
2877-2887 Bottom
2887-2897

TABLE 6

Median Q:
(mm.) (mm.)
0.082

0.102 = 0.052
0.109 = 0.058
0.193 | 0.112
0.187 | 0.132
0.092 | 0.065
0.072

0.183 | 0.116
0.219 | 0.159
0.158 | 0.093
0.158 | 0.091
0.175| 0.152
0.122 | 0.077
0.232 | 0.159
0.216 | 0.148
0.195 | 0.130
0.168 | 0.101
0.137 | 0.083
0.198 | 0.120
0.300 | 0.168
0.134 | 0.068
0.210 | 0.124
0.168 | 0.105
0.145 | 0.090
0.171 | 0.155
0.200 | 0.147
0.176 | 0.095
0.189 | 0.100
0.185 | 0.092
0.160 | 0.084
0.284 | 0.184
0.301 | 0.155
0.254 | 0.133
0.189 = 0.093
0.196 0.115
().182‘ 0.123
0.412 | 0.250
0.160 = 0.081
0.216 | 0.115
0.288 | 0.141
0.183 | 0.124
0.086

0.215 | 0.095
0.084

0.270 | 0.146
0.182 | 0.126
0.248 | 0.143
0.259 | 0.178
0.191 | 0.163
0.140 | 0.081
0.180 | 0.125
0.265  0.167
0.310 | 0.149
0.193 | 0.100
0.265  0.096
0.220 | 0.149

Q3

(mm.)

So

R N CU SV INE STy el S = By Ny JURSR e UNL. DU DS UV S
B e e e e B

74
.82
559
.79
NS

.50
.34
.59

Statistical Data: Ohio Oil Company, Hammond No. 1 Well

Logio So

.135

Degree of

Sorting

U= N
~J 00 Ln ==\

"N'.II'JI-‘--‘-'.II'JI’.II'.II-‘—CN:NJ—*‘;‘KQ—‘QJMCNUIJAWWNWNQJWD—‘@;‘N-‘-—
U1 O L1 O 000 0 B m 1N DI R 1D bt T 1m B 06 N D e O T B0 = N =1 S =

G2 O\ N U1 s G e G o BN (=}
[l NSRS e N CRN-JE

el

(=N



CRETACEOUS AND TERTIARY SUBSURFACE GEOLOGY 43

TABLE 6—Continucd

Depth in Feet Medion | ) | gay | S | Temeso f BeEor
2907-2917 0.18  0.132 | 0.200 1.23 | 0.090 | 2.1
2923-2932 0.190 | 0.093  0.245 | 1.2 ‘ 0.210 | 4.9
3020-3030 0.335 0.148 | 0.365 | 1.57 | 0.196 | 4.6
3030-3040 0.308 | 0.196 = 0.372 | 1.19 | 0.139 B2
3040-3046 0.083 0.149 | |
3101-3107 0.152 | 0.079 = 0.206  1.62 | 0.208 5.8
3117-3122 0.173 | 0.095 | 0.199  1.45 | 0.160 3.7
3122-3127 0.175 | 0.095 | 0.205 | 1.47 | 0.167 3.9
3127-3132 0.160 | 0.000 | 0.215 | 1.47 | 0.168 3.9
3183-3193 0.225‘ 0.154 | 0.298 | 1.39 | 0.143 3.3
3259-3269 | 0.340 | 0.19% ‘ 0.472 | 1.55 | 0.1% 44
3269-3274 0 0.383 | 0.220 0.520 | 1.54 = 0.187 4.4
3274-3280 0.414 0.240 0.630 | 1.62 0.210 | 4.9
3280-3285 Top 0.276 0.180 0.380 1.45 0.162 @ 3.8
3280-3285 Middle 0.082 | 0.122 ‘
3280-3285 Bottom 0.202 | 0.138 | 0.291 | 1.45 | 0.162 3.8
3285-3290 0.365 | 0.212 | 0.485 ' 1.51 | 0.180 4.2
3290-3300 0.382 | 0.207 = 0.495 | 1.55 | 0.189 4.4
3315-3325 0.400 | 0.277 = 0.57 = 1.35 | 0.131 3.0
3325-3335 0.245 | 0.170 = 0.304 | 1.34 | 0.126 2.9
3335-3345 0.140  0.090 | 0.176 | 1.40 | 0.146 i
3355-3360 0.156 0.096 0.193 1.41 | 0.152 SHS
3360-3370 0.180 | 0.146 | 0.207 | 1.19 | 0.076 L e
3376-3386 0.232| 0.161 | 0.310 | 1.39 | 0.142 3.3
3386-3396 0.220 | 0.100 | 0.378 | 1.31 | 0.149 3.5
3396-3401 0.163 0.093 0.188 1.42 0.153 3.0
3401-3407 0.168 | 0.126 | 0.193 | 1.2¢ | 0.093 2.2
3407-3417 0.180 | 0.149 | 0.243 | 1.28 | 0.106 2.5
3417-3427 0.228 | 0.165 | 0.361 | 1.48 | 0.170 4.0
3437-3447 0.105 | 0.076 | 0.137 | 1.34 | 0.128 3.0
3447-3457 0.160 | 0.006 | 0.176 | 1.35 | 0.132 3.1
3457-3467 0.224 | 0.138 | 0.359 | 1.61 | 0.208 1.8
3472-3477 Top 0.120 | 0.08¢ | 0.158 | 1.37 |- 0.137 3.2
3472-3477 Bottom L 0.326| 0.171 | 0.480 | 1.67 | 0.224 5.2
3477-3487 | 0.328] 0.200 | 0.415 | 1.44 | 0.159 3.7
3487-3497 Top 0.325 | 0.218 | 0.400 | 1.35 | 0.132 3.1
3487-3497 Bottom 0.315| 0.168 | 0.398 | 1.54 | 0.187 4.3
3497-3507 0.430 | 0.200 | 0.505 | 1.32 | 0.120 2.8
3512-3521 0.134| 0.078 | 0.168 | 1.36 | 0.167 3.9
3521-3529 Top 0.150 | 0.083 | 0.173 | 1.44 | 0.159 3.7
3521-3529 Bottom 0.200  0.158 | 0.23¢ | 1.22 | 0.087 2.0
3529-3539 0.275 | 0.182 | 0.380 | 1.4 | 0.160 3.7
3539-3549 Top 0.546 | 0.370 | 0.710 | 1.39 | 0.142 3.3
3539-3549 Middle 0.167 | 0.08¢ | 0.226 | 1.6¢ | 0.215 5.0
3539-3549 Bottom 0.168 | 0.113 | 0.19 | 1.30 | 0.13 2.6
3549-3555 0.208 | 0.141 | 0.260 | 1.36 | 0.133 3.1
3555-3560 0.202 | 0.160 | 0.264 | 1.29 | 0.109 2.5
3570-3575 0.305 | 0.178 | 0.415 | 1.53 | 0.184 4.3
3575-3583 0.259 | 0.173 | 0.352 | 1.43 | 0.15¢ 3.6
3631-3641 0.098 | 0.063 | 0.159 | 1.59 | 0.201 4.7
3712-3717 | 0.157 | 0.088 | 0.173 | 1.40 | 0.147 3.4
3717-3722 | 0.152 | 0.103 | 0.167 | 1.29 | 0.105 2.3
3737-3743 Top 0.1721 0.115 | 0.221 [ 1.39 | 0.142 3.3
3737-3743 Bottom 0.161 | 0.120 | 0.176 | 1.21 | 0.083 1.9
3773-3778 0.167 | 0.13¢ | 0.181 | 1.16 | 0.065 1.5
3778-3783 0.222 0.174 | 0.265 | 1.24 | 0.09% A
3783-3788 0.221| 0.164 | 0.298 | 1.35 | 0.130 3.0
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TABLE 6—Continued

Depth in Feet l “rfl?r:f‘,“ (rr?n; (mQI;:.) So Logio So ILF::;}T.,.:{
3793-3798 0.235 | 0.168 J 0.309 1.36 0.1%2 3.1
3798-3804 ().146‘ 0.097 0.192 ’ 1.40 0.148 | 3.4
3804-3810 0.172 | 0.110 0.209 1.38 0.139 3.2
3810-3815 0.162  0.110 0.177 127 | 0.103 o]
3815-3820 0.202 | 0.162 0.250 1.24 0.094 2
3820-3830 Top 14 ft. 0.162 | 0.114 0.182 1.26 0.102 2.4
3820-3830 0.223  0.172 0.283 1.29 0.108 2.5
3840-3850 0.305 | 0.185 0.342 1.30 | 0.133 Al
3850-3855 0.355 ‘ 0.242 0.560 1.52 0.182 9
3855-3865 0.329 | 0.220 0.409 | 1.36 f 0.135 31
3865-3875 0.393’ 0.216 0.525 1.56 | 0.193 4.5
3875-3880 0.268 | 0.200 0.335 1.30 0.112 2.6
3880-3885 0.234 | 0.168 0.300 1.34 | 0.126 2.9
3885-3895 0.243  0.168 0.310 1.36 0.133 3.1
3925-3930 0.151 | 0.094 0.202 | 1.46 0.166 3.9
3930-3940 0.152 | 0.104 0.180 | 1.31 = 0.119 288
3940-3950 0.164 | 0.104 0.203 \ 1.40 | 0.145 3.4
3950-3955 0.196 | 0.157 0.295 | 1.37 0.137 3.2
3970-3980 0.156 | 0.112 0.183 | 1.29 0.107 286
3985-3990 0.143} 0.097 0.178 = 1.35 0.132 Gl
3990-4000 Top 0.131 | 0.087 0.170 1.40 | 0.145 3.4
39904000 Bottom 0.190 | 0.130 0.269 | 1.44 0.158 317
4000-4010 0.180  0.130 0.250 1.39 0.142 3.3
4010-4015 0.177 | 0.122 0.268 1.48 | 0.170 4.0
4020-4025 0.236 | 0.106 0.363 | 1.85 0.267 6.2
4025-4035 0.260 | 0.163 0.395 [ 1.50 0.192 1.5
4035-4045 Top 0.300 | 0.194 0.403 1.44 0.159 B 7
4035-4045 Bottom 0.160 | 0.101 0.212 1.45 0.160 2.7
4045-4051 0.193 | 0.124 ’ 0.261 1.45 0.162 3.8
4033-4058 0.286 | 0.154 0.380 1.57 0.196 4.0
4058-4068 Top 0.269 | 0.154 0.364 1.54 0.187 4.4
4058-4068 Middle 0.284 | 0.152 0.400 | 1.62 | 0.210 19
40584068 Bottom 0.212  0.129 0.355 1.66 0.220 Sail
4068-4076 0.360  0.183 0.490 1.64 @424} 5.0
4076-4086 Top | 0.430 0.254 0.580 1.51 ‘ 0.179 4.2
40764086 Bottom 0.200 | 0.137 0.320 1.53 0.184 4.3
4091-4101 Bottom 0.344 | 0.175 0.450 1.60 0.205 4.8
4101-4107 Top 0.395 | 0.256 0.530 1,44 0.158 || 3.7
4101-4107 Bottom 0.222 | 0.162 0.280 1.31 0.119 | 2.8
41074117 0.243 | 0.180 0.322 1.32 0.126 2.9
41174127 Top 0.249 | 0.172 0.359 1.44 0.160 3.7
4117-4127 Bottom 0.252 | 0.180 0.322 1.36 0.133 3.1
4127-4137 Top 0.212 | 0.156 0.305 1.40 0.146 | 3.4
4127-4137 Bottom 0.240 | 0.163 0.340 1.44 0.160 3.7
41374147 0.342 | 0.181 0.480 1.63 0.218 5.0
4157-4168 0.405 | 0.234 0.563 1.55 0.191 414
4168-4178 0.370 | 0.200 0.500 1.58 0.199 4.6
4193-4199 0.167 | 0.142 0.184 1.14 0.056 1.3
4199-4209 Top 3 ft. 0.138 | 0.087 | 0.163 1.37 0.136 3.2
4199-4209 Middle 0.182 | 0.130 0.230 1.33 0.124 2.9
4199-4209 Bottom 0.215 | 0.162 0.270 1.29 | 0.111 2.6
4209-1219 ‘ 0.234‘ 0.146 | 0.330 1.50 0.177 L]
4219-4229 I 0.470 | 0.319 | 0.635 1.41 0.149 3.5
42371242 ©0.341 1 0.368 0.760 1.44 0.157 3.7
$242-4247 0.113 | 0.076 0.172 1.50 0.177 4.1
4297-4302 0.324  0.170 0.500 1.71 0.234 5.4
4317-4322 0.3 3‘ 0.190 | 0.445 1.53 0.185 4.3




wn

CRETACEOUS AND TERTIARY SUBSURFACE GEOLOGY 4

TABLE 6—Concluded

powre | Wl |28 | s | e | T
4327 4332 0.345 | 0.198 | 0.445 | 1.50 | 0.176 41
4347-4351 0335 0223 | 0435 | 1.40 | 0.145 34
43564361 Top 0.279 . 0153 | 0.3%  1.58 | 0.198 4.6
4356-4361 Bottom 02021 0.128 | 0.292 | 1.51 | 0.179 42
43614366 o.szs‘ 0188 | 0.393  1.45 | 0.160 6 &
4375-4380 0.470 | 0.296 = 0.650 | 1.48 | 0.171 40
4380-4384 0.370 | 0.239 | 0.460 | 1.39 | 0.142 3.3
4300-4301 0.423 | 0.204  0.560 | 1.38 | 0.140 3.3
4306-4414 Bottom 0.269| 0.162 | 0.380 | 1.53 | 0.185 4.3
44144424 0.315| 0.187 | 0.132 | 1.52 | 0.182 42
4424-4434 Upper 2 ft. 0.250 | 0.150 | 0.345 | 1.51 | 0.181 .
1424-4434 Bottom 2 ft. 0.480 | 0.255 | 0.770 | 1.75 | 0.240 E G
44344444 0.395 0.165 | 0.619 1.93 0.287 6.7
44444454 0.450 0.210 Q.670 1.78 0.252 5.9
H454-4464 0.415 0.230 0.620 1.04 0.215 5.0
44644469 0.450 | 0.206 = 0.830 | 2.00 | 0.303 71
45004506 0430 | 0.177 | 0.640 | 1.90 | 0.279 6.5
43064516 0275 | 0.158 | 0.407 | 1.60 | 0.205 4.8
4516-4521 0.288 | 0.151 | 0.400 | 1.63 | 0.212 4.9
4521-4526 02501 0128 | 0.365 | 1.69 | 0.228 5.3
4531-4536 \ ().460‘ 0218 | 0.730 | 1.83 | 0.262 6.1
4536-4546 i 0.342 | 0.172 | 0.560 | 1.80 | 0.256 6.0
45564560 0508 | 0.190 = 0.760 | 2.00 | 0.301 7.0
4566-4576 0.485 | 0.184 | 0.725 | 1.99 | 0.298 6.9
4576-4582 0460 | 0172 | 0.660 | 1.96 | 0.292 6.8
45824592 0520 | 0320 | 0810 | 1.5 | 0.202 =0
40594674 0.405 | 0.170 | 0.657 | 1.96 | 0.204 6.8
4684-4689 o170/ o.115 | o0.218 | 1,38 | 0.139 )
4747-4751 0117 | 0.084 | 0.150 | 1.38 | 0.139 32
4751-4756 0.205 0.133 0.300 1.50 0.177 4.1
4736-4766 03741 0161 | 0.530 | 1.81 | '0.25 |- 6.0
4778-4788 0.174 | 0.096 | 0.243 | 1.59 | 0.202 4.7
17984803 | 0255 | 0.159 | 0.35¢ | 1.50 | 0.177 g1
1806-4813 ' 0.234 | 0.163 0.340 1.44 0.160 3.7
4813-4818 0.285 | 0.146 | 0.445 | 1.75 | 0.242 S
1862-4872 0300 | 0.160 | 0.485 | 1.74 | 0.241 5.6
4872-4877 0.178 | 0.142 | 0.283 | 1.41 | 0.150 3.5
48974902 0.450 | 0.265 | 0.533 | 1.42 | 0.152 6.5
4902-4907 0.438 | 0.174 | 0.950 | 2.3%4 | 0.369 8.6
4907-4912 0.355| 0170 | 0.520 | 1.75 | 0.243 BN
4017-4927 l 0315 | 0144 | 0.525 | 1.76 | 0.281 6.5
4933-4958 0106 | 0172 | 0.635 | 1.92 | 0.284 6.6
496314965} 0.224 | 0.138 | 0.325 | 1.53 | 0.186 4.3
4970-4975 | 0.370| 0.212 | 0.458 | 1.47 | 0.167 3.9
4975-4980 [ 0.265 | 0.154 | o472 | 1.75 | 0.243 5.7
5007-5012 0325 0170 | o430 | 1.5 | 0.202 4.7
5027-5032 0.173 | 0.112 | 0.285 | 1.60 | 0.203 $.7
5027-5032 Bottom 0.178 | 0.118 | 0.272 | 1.52 | 0.181 b
5037-5042 0.182 | 0.124 | 0.203 | 1.54 | 0.187 i
§104-5112 0.300 | 0168 | 0.500 | 1.73 | 0.237 5.5
$112-5122 0447 | 0200 | 0680 | 1.7 | 0.253 5.0
5130-5135 0.773 | 0.470 | 1.070 | 1.56 | 0.179 [l
5160-5165 0.145 1 0,003 | 0175 | 1.37 | 0.137 1]
5183-5103 0.155 | 0.002 | 0182 | 1.41 | 0.148 34
5201-5213 0210 | 0.135 | 0.337 | 1.58 | 0.199 4.6
5307-5312 0.630 | 0.165 | 1.030 | 2.55 | 0.308 9.3
5312-5315 0.144 | 0.085 | 0.200 | 1.53 | 0.186 43
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worth unit to the right. The skewness together with the quartile deviation
allows one to picture completely the general shape of the curve of a sediment.
The values of these two statistical measures are found in Table 7.

THE MEDIAN DIAMETER

The distribution of the median diameters of the sands of the Hammond well
has been summarized on Figs. 4 and 5. They show that 929, of all samples
have median diameters which fall within the medium and fine sand classes, that
is between 0.495 and 0.124 millimeters. A total of 539, of all samples have
median diameters which range between 0.246 and 0.124 millimeters which are
the limits of the fine sand class.

There is also a general increase in the size of the median diameter with depth
as shown on I'ig. 5. In the Magothy and Raritan formation of the Upper
Cretaceous, the bulk of the median diameters fall within the fine sand class.
In the Patapsco-Arundel section of the Upper Cretaceous, the size of the median
diameter is variable, 559, of the samples having diameters falling in the fine
sand class and 39%, in the medium sand class (I'ig. 4). In the Patuxent for-
mation of the Lower Cretaceous, 639 of the median diametersfallin the medium
sand class, 27%, in the fine sand class, and 8% in the coarse sand class. The
size of the median diameter is consistently larger in the uppermost 200 feet of
the Patuxent formation and the lowermost 100 the Patapsco-Arundel section
than in any other part of the well. Below the above mentioned point in the
Patuxent formation the median diameters tend to become smaller.

THE SORTING OF THE SEDIMENTS

The distribution of the sorting factors (So-values) of the sediments of the
Hammond well is shown in both Table 8 and Fig. 6. The distribution of this
factor with depth together with the ““degree of sorting”, using the log So,
have been plotted on Iig. 5.

The sands of the Upper Cretaceous Magothy and Raritan formations have a
sorting factor which in 88 per cent of the samples falls between 1.25 and 1.75
(Table8). Thesortingof the sands of the Patapsco-Arundel section is similar to
that of the Magothy and Raritan formations, 89 percent of the samples having a
sorting factor ranging from 1.25to 1. 75.  In both cases the majority of the sands
have sorting factors which are limited to the range between 1.25 and 1.50.

In the Patuxent formation, the sorting is much less uniform. Table 8 and
Figure 6 show that only 21 percent of the sands have a sorting factor in the range
1.25-1.50, with 44 percent ranging from 1.50-1.75, and 31 percent between
1.75-2.00. Four percent (2 samples) were noted with So-values between 2.25
and 2.75.  The increase of the sorting factor is rather abrupt at the top of the
Patuxent formation as shown in Figure 5, and the factor is generally greater
throughout this formation than in the overlying formations.
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TABLE 7
Statistical Data: Ohio Oil Company, Hammond No. 1 Well
Median ‘
Depth in Feet Diameter Q¢ ‘ Qo QD ¢ Skq ¢
Md ¢

1150-1160 3.60 3.0
1160-1170 L 3.30 4.25 2.65 0.80 +0.150
1220-1230 L3020 4.10 2.39 0.36 +0.045
1250-1260 2.38 3.19 1.90 0.65 +0.165
14701480 2.42 2.92 1.25 0.84 —0.335
14801490 3.4 3.95 2.32 0.82 —0.305
1490-1498 3.80 3.38
1498-1508 2.43 3.10 1.94 0.58 +0.09
1508-1518 2.20 2.63 1.81 | 0.41 | 40.02
1528-1538 | 2.65 3.45 ‘ 2.10 ‘ 0.68 | 40.125
1638-1667 ‘ 2.65 ‘ 3.46 2.43 0.52 40.295
1687-1697 | RS2 i 2.70 2.40 ‘ 0.15 ‘ +0.020
1697-1707 | 3.03 3.70 ‘ 2.60 0.55 +0.120
1767-1777 2.10 | 2.63 1.61 0.51 +0.020
1777-1787 2.21 Da7S 1.93 ‘ 0.41 | +0.130
18171824 2.35 2.95 1.97 0.49 +0.110
18441854 2.58 3.30 2.4 0.43 +0.290
18841804 2.90 3.60 2.57 0.52 +0.185
1004-1914 2.35 3.05 1.98 | 0.5 +0.165
1924-1934 1.75 2.60 1.32 | 0.64 | +0.210
1944-1954 2.90 3.90 2.42 0.74 +0.260
20042014 25248 SL R0 1.97 l 0.52 +0.250
2014-2024 Top 2.60 3.25 2.24 | 0.51 40.145
2044-2054 | 280 | 348 |23 ) 041 | fo.2is
2157-2167 | 254 | 2.70 2.40 0.15 +0.01
2197-2207 ‘ 2.27 4 2.78 2.06 0.36 +0.150
2267-2277 2.5 | 3.40 2.21 0.60 +0.305
2277-2287 2,40 332 | 215 | 059 | 40.335
2297-2307 2.45 3.45 2.15 0.65 +0.350
2323-2333 2.65 3.60 2.58 0.51 +0.440
25652575 1.81 2.435 1.55 0.45 +0.190
25732585 | 1.72 2.70 1.50 0.60 +0.38
2585-2595 2.00 2.90 | 1.40 0.75 +0.15
2505-2605 2.41 3.45 1.79 0.83 +0.21
2605-2613 235 | 3.10 1.46 0.82 —0.07
2615-2625 | 245 1 3.02 1.60 | 0.71 —0.14
2625-2635 130 | 200 0.70 | 0.65 | +0.03
2679-2689 ‘ 2.65 3.65 2.35 0.65 +0.35
2689-2699 2.20 3.10 1.55 0.78 | +0.125
2699-2709 L 1.80 2.82 1.37 0.73 +0.295
2709-2719 Top [ 2.45 3.00 2.00 0.50 +0.050
2709-2719 Bottom 3.55 2.80
2719-2729 Top 2.22 3.40 1.40 0.50 +0.180
2719-2729 Middle 3.60 2.92
2719-2729 Bottom 1.90 2.80 1.49 0.66 +0.245
2729-2739 2.45 2.99 2.17 0.41 40.130
2739-2749 Top 2.01 2.81 1.30 0.66 +0.145
2749-2759 1.95 2.50 1.60 0.45 +0.100
2759-2769 2.40 2.61 P2 0.25 —0.040
2789-2794 2.82 3.65 2.52 0.57 40.205
2794-2801 2.50 3.00 2.10 0.45 | +0.050
2801-2800 1.95 2.60 1.55 0.52 | +0.125
28062811 1.70 2.75 1.21 0.77 +0.280
28322837 2.35 3.32 1.81 0.76 +0.215
2877-2887 Bottom 1.95 3.40 i, 0.90 +0.555
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TABLE 7—Continued

Median ‘ ‘
Depth in Feet Diameter Q3 ¢ Qi ¢ QD ¢ Skq ¢
Md ¢ ‘ |

2887-2897 2.20 2.72 1.88 0.42 +0.100
2907-2917 2.45 2.92 2.31 0.31 40.163
2923-2932 2.40 3.45 2.05 0.70 +0.330
3020-3030 1.60 2.75 1.45 0.65 +0.500
3030-3040 1.70 2.35 1.42 0.47 | 40.185
3040-3046 3.60 2.76

3101--3107 2.75 | 3.69 2.30 0.70 +0.245
3117-3122 2.52 3.40 2.32 0.54 +0.340
3122-3127 | 253 | 340 230 | 0.55 | 40.320
3127-3132 RS B 3RSt 2.22 0.58 ‘ +0.225
3183-3193 o216 | 2.90 1.75 0.48 +0.065
3259-3269 1.55 2.35 1.10 0.63 +0.175
3269-3274 1.40 2.20 0.95 0.63 +0.175
3274-3280 1.28 207 0.70 0.69 +0.105
3280-3285 Top 1.97 | 2.50 1.40 0.55 —0.010
3280-3285 Middle 3.60 . 3.05

3280-3285 Bottom 2.32 2.85 i 1.81 0.52 +0.010
3285-3290 1.47 2.15 1.05 0.55 +0.180
3290-3300 1.40 2.30 ‘ 1.02 0.64 +0.260
3315-3325 I 1.32 1.85 0.98 0.44 +0.095
3325-3335 ' 2.03 2.58 | 1.72 0.43 +0.120
3335-3345 2.8 349 | 2.51 0.49 +0.180
3355-3360 ’ 2.68 3.40 2.39 0.51 +0.215
3360-3370 2.47 2.80 2.30 0.25 +0.080
3376-3386 2.10 2.64 1.90 ’ 0.37 +0.170
3386-3396 1.81 2.40 1 &40 0.50 +0.095
3396-3401 2.61 3.47 2.45 | 0.51 +0.350
3401-3407 2.59 3.00 2.38 | 0.31 +0.100
3407-3417 2.49 2.75 | 2.05 0.35 —0.090
3417-3427 2.15 2.60 1.50 | 0.55 —0.100
3437-3447 3.17 3.75 2.90 0.43 +0.155
3447-3457 2.65 ‘ 3.40 2.51 0.45 +0.305
3457-3467 2.17 2.85 1.50 0.68 +0.005
3472-3477 Top 3.05 | 3.60 2.67 0.47 +0.085
3472-3477 Bottom 1.62 2.55 1.05 0.75 +-0.180
3477-3487 ‘ 1.61 2D 1.27 0.53 +0.185
3487-3497 Top 1.64 D 1.37 0.45 = +40.180
3487-3497 Bottom 1.70 2.59 1.35 0.62 | 4+0.270
31497-3507 1.21 1.80 0.99 0.41 +0.185
3512-3521 2.90 3.69 2.59 0.55 +0.240
3521-3529 Top 2.75 3.60 2.32 0.54 +0.310
3521-3529 Bottom | 2.32 2.65 2.10 0.28 +0.055
3520-3539 1.87 2.45 1.40 0.53 +0.035
3539-3549 Top . 0.89 TR 0.50 0.47 +0.075
3539-3549 Middle 260 3.59 2.17 0.71 +0.280
3539-3519 Bottom 2.59 3.12 2.40 0.36 +0.170
3549-3555 2.28 2.82 1.97 0.43 +0.115
3555-3560 2.30 2.63 1.93 0.35 —0.020
3570-3575 L1170 2.50 1.28 0.61 +0.190
3575-3583 1.97 2.56 1.51 0.53 +0.065
3631-3641 | 3.37 4.00 2.65 0.68 —0.045
3712-3717 . 2.69 | 3.3 2.55 0.48 +0.335
3717-3722 2.70 3.30 2.60 0.35 | +40.250
3737-3743 Top 2.53 3.12 2.19 0.47 +0.125
3737-3743 Bottom 2.65 ‘ 3.06 ’ 2.50 0.28 | +0.130

3773-3718 2.60

2.90 ‘ 2.45 0.23 | +0.075
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TABLE 7—Continued

Median
Depth in Feet Diameter Q3 0 Qi o QD ¢
Md ¢

3778-3783 2.19 2.50 1.92 0.29
3783-3788 2.20 2.61 1.77 0.42
3793-3798 2.10 2.59 1.92 0.29
3798-3804 2.80 3.40 2.39 0.51
3804-3810 2.57 3.20 T 0.47
3810-3815 2.61 3.20 ‘ 2.52 0.34
3815-3820 2.30 2.61 2.00 0.31
3820-3830 Top 13 ft. 2.61 3.10 2.45 0.33
3820-3830 20818 i 2.55 1.82 0.37
3840-3850 1.72 2.45 1.55 0.45
3850-3855 1.51 2.05 0.83 0.61
3855-3865 1.61 2.20 1.29 0.46
3865-3875 1.37 2.21 0.95 0.63
3875-3880 1.91 2M5 1.60 0.38
388()-3885 2.10 2.60 1.75 0.43
J885-3895 2.02 2.60 1.70 0.45
3925-3930 2.72 3.43 2M30) 0.57
3930-3940 2.7 3.28 2.47 0.41
3940-3950 2.61 3.28 2.30 0.49
3950-3955 2.37 2.65 1.79 0.43
3970-3980 2.70 3.18 2.45 0.37
39085-3990 2.81 3.38 2.50 0.44
3990--4000 Top 2.95 3odS 2.58 0.39
3990-4000 Bottom 2.40 2.95 1.90 0.53
4000-4010 2.47 2.95 2.00 0.48
10104015 2.50 3.03 | 1.89 0.57
4020-4025 2.10 S 25 1.47 0.89
4025-4035 1.97 2.061 1.37 0.62
4035-4045 Top il 77 2.38 1.30 0.54
4035-4045 2.62 SHS) 2.2 0.55
4045-4051 2.39 3.01 1.97 0.52
4053-4058 1.80 2.70 1.40 0.65
4038-4068 Top 1.90 2.70 1.47 0.62
4058-4068 Middie 1.81 2.71 1§82 0.70
4058-4068 Bottom 2.22 2.95 1.50 0.68
4068-4076 1.49 2.45 1.02 0.72
4076-4086 Top 1.21 1.98 0.80 0.59
4076-4086 Bottom 2.30 2.90 | 1.63 0.64
4091-4101 Bottom 1.59 2.51 1.18 0.67
4101-4107 Top 1.37 IBOURI 0.95 0.52
4101-4107 Bottom 2.18 2.61 1.82 0.40
4107-4117 2.02 2.47 1.63 0.42
4117-4127 Top 2.01 Do 1.50 0.53
4117-4127 Bottom 1.99 2.48 | 1.59 0.50
4127-4137 Top 2909 2.70 1.70 0.50
4127-4137 Bottom 2.06 2.61 1.58 0.52
41374147 1.57 I () 0.70
4157-4168 15582 2.10 0.85 0.63
4108-4178 1.43 2.35 1.00 0.68
4193-4199 2.60 ‘ 2.81 2.45 0.18
4199-4209 Top 3 ft. 2.80 BNS7 2.61 0.46
4199-4209 Middle 2.45 2.96 2.12 0.42
4199-4209 Bottom 241 2.01 1.89 0.30
4209-4219 2.11 2.79 1.60 0.60
4219-4229 1.10 1.65 0.65 0.50
4237-4242 0.90 1.44 0.40 0.52
4242-4247 SN2 3.72 2.52 0.60
1.62 2.58 1.00 0.79

4297-4302

49

Skq ¢

=0
=0

020
010

+0.050

+0.
~+0.
+0.
+0.
+0.
A0
+-0.
-0.
—+0.
+0.
+0.
+0.
=0,
20,
A=,
+0.
—0.
+0.
+0.
S8
+0.
+0.
—0.
+0.
+0.

+0.

=F0);
-0.
+0.
+0.
A=),
+0.
+0.
+0.
+0.
SO
-0,
+0.
+0.
0.
+0.

095
163
250
005
165
005
280
070
1365
210
0065
075
130
145
165
180
150
115
130
015
025
005
040
260
020

.070

140

102
.250
185
.205
.005
245
180
.035
.235
100
035
.030
0135

045
020
035
200
1155
245
030
205
000
040
085
050
020
000
170
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Depth in Feet

4317-4322
4327-4332
43474351
43564361 Top
4356-4361 Bottom
43614366
4375-4380
43804384
43964401
4406-4414 Bottom
44144424
4424-4434 Upper 2 ft.
4424-4434 Bottom 8 ft.
44344444
44444454
44544464
4464-4469
45004506
45064516
45164521
4521-4526
4531-4336
4536-4546
4556-4566
4566-4576
45764582
4582-14592
1659-4674
4684-4689
4747-4751
4751-4756
4756-4766
47784788
47894803
4800-4813

4813-4818
48621872
4872-4877
4897-4902
4902-4907
4907-4912
4917-4927
4953-4958
49633-4965%
49704975
4975-4980
5007-5012
5027-5032
5027-5032 Bottom
5037-5042
5104-5112
5112-5122
5130-5135
5160-5165
5183-5193
5201-5213
5307-5312
5312-5315

TABLE 7—Concluded

Median
Diameter

Md o

50
.52
.59
.84
.30
.62
.10
.42
00
.90
.67
.00
.05
35
17
8o
.05
21
.87
.81

1.
1
1
1
2
1
1
1
1
1
1
2
1
1
1
1
1
1
1
1
2
1
1
0
1
1
0
1
2
3.
L 2.30
1
2
1
2
1
1
2
1
1
1
1
1
2
1
1
1
2
D)
2
1
1
0
2
2
2
0
2

Qs ¢

|
|

PO NN S O e . L e O S O e O~ —m NS NN OO 00 000~~~ OCO0O O~ = O O
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99
98
08

Sk

+0.
A0,
+0.
+0.
+0.
+0.
+0.
+0.
+0.
+0.
+0.
+0.
+0.
+0.
+0.
+0.
S0
+0.
+0.
A-0q
+0.
4+0.
—+0
+0.
+0.
=0,
+0.
a0
+0.
+0.
+0.
+0.
+0.
—0.
+0.
—0.
—0.
—{.
+0.
+0.
+0.
Sr0:
+0.
—0.
+0.
+0.

19

.295

240

105
.210
.085
.270
.100
115
.080

105

.090
. 145

145
300
260
140
250
355
105
210
390
210
115
410
H0
455
005
285
080
005
035
370
190
070

.025

185
085
19

225
120
270
190
300
050
280
030
235
035
060
070
045
305
100
47

260
010
605
150
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TIIE PHI QUARTILE DEVIATION

The phi quartile deviation of all the sands is compiled in Table 7, and a sum-
mary of these data is contained in Table 9. The distribution of this measure
with depth is shown on Iigure 5.

In the Upper Cretaceous Magothy and Raritan formations 84 percent of all
the sands have a Md¢ which falls within the fine sand class, and of these, 76
percent have a phi quartile deviation ranging from 0.4 to 0.7. This means
that there are from 0.8 to 1.4 Wentworth grades between the quartiles of these
sands.

In the Patapsco-Arundel section, 39 percent of the sands have a Mde
value which falls within the medium sand class, and of these, 98 percent have
a QD¢ value which ranges from 0.4 to 0.8 (Table 9). In the sands with Mde

TABLE 8
Distribution of Sorting Factors of Sediments of Ohio Oil Company’s L. G. Hammond Well No. |
Percentages
Upper Cretaceous Lower Cretaceous
Entire Well - - -
Sorting Factors Magothy and Raritan Patapsco-Arundel Patuxent
No. of | = 7 : _No. of o 7No. 0; | (A No. of | ~
Samples 3 Samples Q) Samples = Samples ;
1.10-1.25 | 14 6 2| 8 | 1z | 8 I .
1.25-1.50 1 51 14 58 87 | 00 10 21
1.50-1.75 | 73 33 7 30 42 29 21 +H
1.75-2.00 20 9 1 ‘ 4 4 8 15 31
2:00=2125 } — — - = — — -
2.25-2.50 1 0.5 ' - - | 1 2
2.50-2.75 1 0.5 \ - 1 2

value within the fine sand class, the QD¢ values show a greater spread, ranging
from 0.1 to 0.9 The bulk of the values, however, lie between 0.3 and 0.6.

The sands of the Patuxent formation have 90 per cent of the Mdg values in
the medium and fine sand classes. Those of the medium sand class show a
range of QD¢ values from 0.5 to 1.2, with the bulk (619,) ranging from 0.8
to 1.0. The sands whose Mdé values fall within the fine sand class have QD¢
values which lie entirely with the limits 0.4 to 0.7. In general, the finer sands
have less spread between the quartiles than the coarser varieties.

THE PII SKEWNESS

The phi skewness of the sands of the Ilammond well is presented in Table 7,
and its variation with depth is shown on Figure 5. This graph also reveals the
relation between the phi skewness and the phi quartile deviation, the phi
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median diameter, the sorting factor, and the degree of sorting of each sample
with depth.

The phi skewness, with few exceptions, has a positive vatue. This indicates
that the arithmetic mean of the quartiles lics to the right or the fine-grained
side of the phi median diameter, that is the curves are skewed toward the right.

The bulk of the values lie between zero and +0.2¢. When the values are
negative, they range between zero and —0.335.  The highest negative values
were obtained at 1470-1480 feet. At this point the phi quartile deviation,
the sorting factor, and the degree of sorting show an increase. The same is
true of the values at 2300 feet, the base of the Raritan formation. At the base
of the Patapsco-Arundel section between 4300 and 4400 feet and at the top of
the Patuxent formation, the positive phi skewness values show a marked in-
crease. Here the phi quartile deviation, the phi median diameter, the sorting
factor, and the degree of sorting all increase. This indicates that the sands are
rather poorly sorted; the spread between the quartiles shows a marked increase,
and the curves are skewed toward the right or in the direction of the smaller
sand diameters.  The statistical constants show marked changes at formational
breaks. This is especially true at the top of the Patuxent formation of the
Lower Cretaceous.

INTERRELATION OF THE PROPERTIES OF THE SEDIMENTS
Median Diameter: Sorting

Figures 7, &, and 9 show the relationships between the sorting factor, phi
quartile deviation, phi skewness, and median diameter of the Upper and Lower
Cretaceous sediments.  With few exceptions, the bulk of the sediments show
sorting factors less than 1.75. This indicates that the Cretaccous sediments
as a whole can be classified as well sorted. This conclusion applies to the sands
with median diameters larger than 0.10 mm. Hough (48, 49) has shown that
the sediments of both Buzzards Bay and Cape Cod Bay become less sorted when
the median diameter falls below 0.062 mm. A similar condition in the case of
the sediments of the Hammond well cannot be demonstrated since no sedi-
ments with median diameters less than 0.062 mm. were studied.

The limited number of sands from the Magothy and Raritan formations
available for study do not justify definite conclusions concerning the variation
of the sorting factor with decreasc in the median diameter. A line indicating
the trend of the distribution of the sorting factors of Figure 7 would suggest that
the sorting becomes slightly better with a decrease of median diameter down
to 0.12 mm,

The sediments of the Patapsco-Arundel section and the Patuxent formation
show a definite trend toward better sorting with decreasing median diameter
down 0 0.105 mm as revealed by Figures8and 9. The coarse-grained sediments
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of the Patuxent formation generally show a lower degree of sorting than those
of the overlying Patapsco-Arundel section, but the general trend is the same.

Median Diameter: Phi Quartile Deviation

The distribution of the points indicating the phi quartile deviation of the
Magothy and Raritan sediments is too great to warrant drawing any con-
clusions. This is generally true also for the sediments of the Patapsco-Arundel
section. On the other hand, the sands of the Patuxent formation show a
decided decrease in QD¢ values with a decrease in the median diameter.

Median Diameler: Phi Skewness

Figures 8 and 9 show the relationships between the median diameter and the
phi skewness for the samples of the Patapsco-Arundel section and those of the
Patuxent formation. The line showing the general trend of the distribution of
the points in the Patapsco-Arundel section indicates that the Skqe values vary
from moderately high positive in the coarser grades to almost zero in the sands
with median diameters of approximately 0.19 mm. With a decrease in median
diameter below this point, the line turns, and the general trend is toward in-
creasing positive skewness with decreasing median diameter.

In the sands of the Patuxent formation, the coarser grades show slightly larger
Skqe values than do those of the Patapsco-Arundel section. The gencral trend
indicates a decrease in the skewness with a decrease in median diameter and
passing to negative values at approximately 0.19 mm. There is a suggestion
that the trend may have reversed, asin the sediments of the Patapsco-Arundel
section, if more analyses of the finer grained sands had been available.

‘The variation of the sorting factor, the median diameter, the quartile devia-
tion, and the skewness of each sample with depth is shown on Figure 3.

SHAPE OF TIIE MINERAL GRAINS

As pointed out by Wadell (114, 113, 116) there is a difference between shape
and roundness of grains. Roundness deals with the sharpness of the edges and
corners, whereas shape refers to the form of the grain and is independent of the
sharpness. Various methods have been proposed for the determination of the
shape or sphericity of grains. Some are exact methods and others are less ex-
act (63, p. 277). The less exact method suggested by Rittenhouse (87) was
employed. This quicker method, which is based on Wadell’s projected spher-
icity, was chosen because the large number of samples precluded the use of
exact methods.

Rittenhouse’s method employs the visual estimation of grain sphericity.
His chart enables one to arrive at the approximate sphericity of the grains.

The sphericity of the grains in the sediments of the Hammond well varied
-
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from 0.51 to 0.83, with the smaller grains showing a higher sphericity. The
majority of the grains had a sphericity of approximately 0.75. No pronouned
changes in the sphericity of the grains were noted as formational contacts were
approached.

Two types of zircons and garnets were noted in the sediments. One type
of zircon shows little rounding of the corners and is euhedral in form. The
second type is well-rounded and possesses a sphericity of approsimately 0.83.
One type of garnet has an estimated sphericity of (.83, whereas the second type
is of the magnitude of 0.55.

The heterogeneity of the sphericities would suggest that some of the particles
of the sediments of the Hammond well had undergone erosion in more than one
sedimentary cycle. On the other hand, the majority of the particles exhibit
a sphericity of approximately 0.75, a relatively low roundness, and a fairly high
degree of sorting. This would suggest that the sediments of the Hammond
well had been only slightly affected by abrasion, and that the majority were
involved in only one erosion cycle.

SOURCE OF THE SEDIMENTS

It seems reasonable to conclude that the source rocks of the sediments of the
Eastern Shore of Maryland are to be found in the Piedmont region to the west.
This complex area has all the various types of rocks necessary to yield the min-

erals found in the younger sediment.
The detrital minerals of the Hammond well section are those characteristi-

cally derived from a terrain consisting of igneous rocks and metamorphosed
igneous and sedimentary rocks. The variation in abundance of the individual
species with depth (Fig. 2) suggests that either different rock types were being
croded at different times or that the transportation of the minerals was affected
by changes in the transporting medium.

The schists and gneisses seem to have been an important source of the sedi-
ments. Minerals characteristic of these rocks are garnet, staurolite, tourmaline,
cyanite, chloritoid, sillimanite, chlorite, muscovite, biotite, quartz, albite, and
oligoclase. This is a typical metamorphic suite, and all of these minerals are
to be found in the various facies of the Wissahickon schist. Tremolite, although
scarce, indicates the meta-dolomites as a source rock.

It is surprising that more amphiboles and pyroxenes were not found in the
Hammond well sediments. Basic and ultra-basic igneous rocks are common to
the Piedmont complex and are well exposed at many places. Hornblende is
fairly common in the upper portion of the well but is absent in the Lower Cre-
taceous. Pyroxenes are conspicuous by their absence. It is hardly likely that
the amphiboles and pyroxenes were entirely decomposed either during or after
deposition, because the feldspars are not too highly altered. 1t is quite possible
that ®he basic rocks were not uncovered and subjected to erosion during the
Lower Cretaceous and much of the Upper Cretaceous.
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Tgneous rocks and pegmatite dikes were minor sources of supply. Euhedral
zircons of both the colorless and mauve varieties, monazite, titanite, rutile,
biotite, muscovite, apatite, corundum, ilmenite, clear quartz, microcline are
typical minerals. The epidote minerals were probably derived from both
epidote veins and meta-basic igneous rocks. Cross-cutting epidote veins are
fairly common in certain areas of the Piedmont, especially in the Potomac river
area of Montgomery County, Maryland. Much of the epidote of the well
section is authigenic. Its clouded appearance and irregular outline suggest
that it is of secondary origin. It may have been derived from the decomposi-
tion of plagioclase feldspar.

The rather well-rounded grains of zircon, garnet, and tourmaline are sub-
ordinate to the fairly angular minerals enumerated above. These rounded
minerals were doubtless derived from either old sedimentary rocks lying to the
west of the Piedmont area or from the metamorphosed sedimentaries which are
found within the Piedmont itself.

Attention should be called to the persistence and at times abundance of
garnet in the Hammond well section. This mineral reaches its greatest abun-
dance in the basal part of the Patapsco-Arundel section and in the upper portion
of the Patuxent formation. Careful study of these Cretaceous beds both from
the outcrop and in shallow water wells of the Baltimore area failed to reveal the
presence of garnet. Dryden (26) has noted a similar condition and has ascribed
the absence of garnet to its weathering. The mineral would, therefore, not
become available for transportation. This explanation fails in the case of the
Cretaceous sands of the Hammond well where garnet is fresh and fairly abun-
dant. The Wissahickon schist has not been studied systematically to delineate
its facies. It is possible that the source rock of these Cretaceous sediments in
the vicinity of Baltimore was not the garnet facies of the Wissahickon schist.
Staurolite is abundant in the Patuxent formation both from the outcrop and
from the subsurface. If weathering destroyed garnet it would also tend to
destroy staurolite, since on the basis of Dryden’s resistance values of the various
minerals, staurolite immediately precedes garnet. It is probable that the mate-
rial of these Cretaceous sediments in the Baltimore area and in the area near
the Hammond well was derived from different metamorphic facies of the Wis-
sahickon schist.

EXVIRONMENT OF DEPOSITION
GENERAL

Twenhofel’s classification (104, p. 784) of the environments of deposition of
the sedimentary rocks has been adapted for use in this discussion. It divides
the environments into Continental, Mixed Continental and Marine, and Ma-
rine. The evidence derived from the lithologic, paleontologic, and statistical
study of the sediments will be used to postulate the type of environment under
which the sediments in the vicinity of the Hammond well were laid down.
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THE LOWER CRETACEOUS
Evidence Derived from the Lithology of the Sediments

The sediments of the Lower Cretaceous are composed predominantly of fine
{o coarse-grained and at times gravelly sands which contain feldspars in various
stages of decomposition and whose color is usually white. Clay shales are
subordinate below 3800 feet but increase in thickness above this depth. The
color of shales from 5362 to 4700 feet is predominantly lead-gray with sub-
ordinate brownish-gray, dark cinnamon-brown, pale gray, and pale green
colors. Between 4600 and 4700 feet mottling of the shales is very pronounced,
and the predominant gray color is mixed with red, brown, and green shades.
Pale-green clay shales occur at the top of the Patuxent formation (Fig. 10).
Carbonaceous matter and fragments of lignite are frequently found in the sands
and as thin partings in the sandy shales. Sideritic hard shales and occasionally
hard limy sands are found in the basal portion of the Patuxent formation.

It is important to note that the mineral pyrite is very rare to absent in all but
the uppermost 150 feet of the section. Here it increases in amount and ranges
from scarce to common.

The lithology of the Lower Cretaceous sediments indicates that they were
not deposited in a marine environment. The large quantity of sand with rela-

tively undecomposed feldspar, the predominant lead-gray color of the sub-
ordinate clay shales followed by highly mottled green and gray shales suggests
that the environment was one which favored the rather rapid deposition of
sands and the partial oxidation of the iron-bearing minerals of the clay shales.

Evidence Derived from the Paleonlology of the Sediments

Careful search for fossil remains failed to reveal the presence of either well-
preserved or reworked forms. The environment therefore in which the Lower
Cretaceous sediments were deposited was not suited to the development or
preservation of animal life and hence was not marine.

Evidence Derived from the Statistical Sindy

The sorting factor of the sediments of the Patuxent formation ranges from
1.25 to 2.75 with the bulk falling with the limits 1.50 to 2.00.  Trask (103, p. 72)
classifies as well-sorted those sediments whose So factor is less than 2.5, nor-
mally sorted sediments with So values of about 3.0, and poorly sorted sediments
with values above 4.5. On this basis, the Patuxent sands would be classified
as well sorted. Stetson and Shalk (98, p. 42), on the other hand, point out
that their experience with many samples indicates that beach sands give an
average So value of 1.25 and that near-shore sediments have average values of
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145, Figs. S and 6 show that the bulk of the So values of the Patuxent sands
lies between 1.50 and 2.00. This would suggest, therefore, that most of the
Patuxent sediments were not laid down as either beach sands or near-shore
deposits.

Mohr (74) studied sediments from different environments in the East Indies
and presented the results in the form of histograms. Similar studies were
carried on by Thoulet (102) in the Gulf of Lyon and by Sudry. A few selected
histograms from these localities are submitted on Figure 19. Mohr points out,
what is generally well known, that beach sands are very well sorted and that
off-shore deposits are as well sorted but of finer grain. Lagoonal deposits,
subjected to weaker wave action, are less sorted. River deposits are poorly

sorted, and their curves show an abrupt rise on the left and a gentle fall on the
right.  Delta deposits show the combined effect of stream action with a certain

amount of sorting. The information obtained from the histograms is obtain-
able also from the statistical constants of the sediments. The quartile devia-
tion and the skewness of the curves are given in mathematical expressions which
can be compared with one another. Histograms give pictures of the size dis-
tribution of the grains.

Certain conclusions concerning the environments of deposition of the Patux-
ent sediments may be drawn from the histograms of Figs. 17, 18, and 19. The
curves with a few exceptions show no pronounced maxima. Those that do
show maxima, for example the samples from 4684 to 4689 feet and 4970 to 4975
feet, have also a fair amount of fine sand, silt, and clay. This is not charac-
teristic of beach sands but of shallow-water, off-shore deposits. The sample
from 4813 to 4818 feet has the characteristics of a river deposit, the curve show-
ing an abrupt rise on the left and a gradual falling off on the right. The histo-
grams as a whole are similar to those of sediments from both deltas and lagoons.

The changes in the character of the histograms from the bottom to the top
of the formation, indicate changes in the environment of deposition. Irom the
base upward, the sedimentation seems to have taken place in a marginal type
lagoon or bay where at first rather rapid deposition of material by streams was
followed by the development of deltaic type deposits. The sorting of the mate-
rial brought in by the streams was relatively poor, indicating that wave and
current action were relatively unimportant factors. As deposition progressed,
the environment into which the material was being brought changed periodi-
cally. The histograms indicate periods during which the sediments were
affected by current action and became well sorted. The immediate environ-
ment would be one which would favor the development of off-shore, shallow-
water sediments.  There are also indications that periodically streams brought
rather coarse, poorly-sorted material into the delta. The environment may
be classified, therefore. as continental, no evidence of marine conditions having
been noted.
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THE UPPER CRETACEOUS
Evidence Derived from the Lithology of the Sediments

Sands and shales are about equally distributed in the lower portion of the
Upper Cretaceous section, but shales become more abundant toward the top
(Fig. 10).

Above 4300 feet in the Patapsco-Arundel section, there is a marked change in
color of the clay shales. Lead-gray and brownish-gray tones become sub-
ordinate to olive-green and pale gray. The shales are highly mottled in red,
brown, and yellow shades. Lignite and carbonaceous matter are fairly abun-
dant and are associated with thinly laminated sandy shales and paper thin
sands.

Within the basal 200 feet of the Raritan formation, the color of the shales is
predominantly lead-gray and olive-green with subordinate shades of brown.
The sands are white and olive-green. Above the basal 200 foot section and
extending upwards for about 400 feet, the shales become highly mottled in
shades of gray, red, brown, and green. Above this portion of the section, and
continuing upwards to the top of the Upper Cretaceous, shades of brown and
lead-gray are the principal colors (Fig. 10).

Carbonaceous matter and lignite, associated both with the fine sands and the
sandy shales, are abundant in certain intervals (Fig. 10 and Sample descrip-
tions). They continue upward from the base of the Raritan to the top of the
Magothy formation at about 1300 feet. Above this point they are lacking.

Deep-green, botryoidal and oolitic, glauconite is common only in the upper
100 feet of the Upper Cretaceous (Fig. 10). At several lower horizons, green-
brown pellets of glauconite and silty glauconitic sand occur, but the glauconite
is always less abundant than in the upper portion of the section.

From the standpoint of lithology, the environment of deposition may be
postulated as one in which a slight subsidence occurred at the close of Patapsco
time. The environmental conditions favored the formation of shales with
somber colors, which reveal no effects of oxidation, and which are marine in the
basal portion. Carbonaceous matter and lignite became abundant at this time.
This interval was followed by one during which the shales again became oxi-
dized. This was accomplished either through slight elevation or through sedi-
mentation reaching the profile of equilibrium. Marine conditions set in at the
top of the Upper Cretaceous, at the base of the Matawan formation, as revealed
by the abundance of deep-green glauconite. Marine conditions continued
uninterrupted into the Tertiary.

Evidence Derived from the Paleontology of the Sedimenis

Marine fossils make their first appearance at 2257 feet in the basal part of the
Raritan formation. No other fossiliferous horizons were encountered in the
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Raritan until the top was reached at 1588 feet. The Raritan formation, with
the exception of the tongue of marine fossiliferous shales at the base of the for-
mation and again at the top, was deposited under non-marine conditions. The
Magothy formation was deposited under non-marine conditions similar to those
under which the Raritan formation was laid down.

Above 1480 feet, the section becomes richly fossiliferous and microforms
make their first appearance. The environment of deposition has changed from
a deltaic type to an open-water marine type which favored the formation of
glauconite and the preservation of marine forms.

Evidence Derived from the Statistical Study

In the Patapsco-Arundel section, the sorting of the sands hecomes better,
60 percent having So values between 1.25 and 1.50 and approximately 30 per-
cent between 1.50 and 1.75. Also 8 percent of the samples have So values
lying between 1.10 and 1.25 (Figs. 5 and 6). This indicates a high degree of
sorting accomplished by current or wave action. The histograms of Figures
12, 13, 14, 15, 16, and 17 indicate that the curves begin to show pronounced
maxima, a characteristic of sorted sediments. On the other hand, deltaic
features, such as the mixture of coarser and finer grades with the predominant
class, are still in evidence. It is obvious, therefore, that the Cretaceous delta
was subsiding at a rate which was not balanced by deposition. More open-
water conditions, where wave action and current action were active, prevailed
as revealed, for example, by the histograms of samples from 4193 to 4199 feet.
Evidence of stream depositions is still present, as revealed by the samples from
4020 to 4035 feet and others. Even though there is evidence of subsidence
accompanied by better sorting, there still is no evidence of a true marine envi-
ronment of deposition in the vicinity of the Ifammond well during Cretaceous
time. The somber-colored shales and sandy shales followed by rather highly
oxidized mottled shales, the presence of carbonaceous matter and pyrite, and
the relatively poorly-sorted abundant sands all suggest a changing, but non-
marine, deltaic environment. Farther towards the east where the Maryland
isso No. 1 well was drilled, brackish-water conditions existed at times during
the lower part of the Upper Cretaceous.

The sands of the Magothy and Raritan formations closely resemble those
from the Patapsco-Arundel section (Fig. 6). Approximately 90 percent have
an So value ranging from 1.25 to 1.75 and 8 percent with values falling hetween
1.10 and 1.25. These sands are therefore well sorted sands, and 84 percent of
the samples have median diameters which fall in the fine sand class.

The histograms of the Upper Cretaceous sediments still show the character-
istics of delta deposits, but the environment of deposition was probably some-
what removed from the delta proper where current action was able to affect a
fairly high degree of sorting. Off-shore marine environments are suggested at
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several horizons, especially at 1687 to 1697 feet and from 2151 to 2307 feet, by
the occurrence of highly-sorted fine sands.

The environment of deposition of the Upper Cretaceous was therefore deltaic
during the time the lowermost beds were being laid down. Current action was
pronounced and occasional marine invasions took place. The environment was
probably lagoonal in character at the top of the Magothy and at the base of the
Matawan. Above this horizon the environment changed to an open-water
marine type favoring the formation of glauconite and the development of marine
life. These conclusions are in agreement with those of Goldman (36) from his
study of the outcropping Upper Cretaceous rocks of Maryland.

THE TERTIARY
Evidence Derived from the Lithology of the Sediments

The environment in which the Tertiary sediments were laid down was one in
which oxidizing conditions were lacking. On the whole it was a marine envi-
ronment which favored the accumulation of shales whose colors are shades of
gray and brown. There is a suggestion that there was a slight change in the
environment toward a slightly shallower water type favoring the accumulation
of carbonaceous matter and the formation of a clay-pebble conglomerate at
1220 to 1230 feet. The marine environment continued to the top of the St.
Marys formation, above which the sediments become coarse and pyrite is
lacking. From 330 to 120 feet, the sediments were deposited in a non-marine
environment.

Evidence Derived from the Paleontology of the Sedimenis

Both macro- and micro-fossils are present in the Tertiary,but the micro-forms
are more abundant. The presence of large numbers of barnacle plates together

with echinoid tests and spines led Julia A. Gardner to suggest that at least a
portion of the Tertiary sediments were laid down in shallow waters.

Eridence Derived from the Slatistical Study

Only four samples from the Eocene section were studied (I'ig. 11). With
the exception of the sample from 1250 to 1260 feet, all show rather poor sorting.
The sediments are composed almost entirely of fine and very fine sand, silt, and
clay. The general lack of sorting indicates that current action must have been
weak in a marine environment.

CONCLUSIONS

The sediments of the Hammond well can be divided into four types on the
basis of the size of the median diameters. Within each type, the arrangement
depends on the increasing size of the sorting factor (Table 10). There is no
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Statistical Comparison of Sedimentary Types of the Hammond Well
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TABLE 10
Median
Depth in Feet Diameter
in mm.

1250-1260 0.193
1160-1170 0.102
1220-1230 0.109
1924-1934 0.300
2157-2167 0.171
1904-1914 0.198
1470-1480 0.187
1480-1490 0.092
3855-3865 0.329
4237-4242 0.541
3477-3487 0.328
4001-4101(B)| 0.334
4297-4302 0.324
4193-4199 0.167
2759-2769 0.191
2907-2917 0.182
3875-3880 0.268
4000-4010 0.180
39904000 0.190
4076-4086(B) 0.200
2832-2837 0.193
40204025 0.236
3437-3447 0.105
3631-3641 0.095

5130-5135 0.773

5307-5312 | 0.630
4970-4975 | 0.370
4414-4424 | 0.315
5007-5012 | 0.325
1756-4766 | 0.374
14344444 0.395
44644469 | 0.480
4902-4907 | 0.448
5160-5165 | 0.145
5027-5032(B)| 0.178
5201-5213 | 0.210
1747-4751 | 0.117
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relation between the decrease in the size of the median diameter and the sorting

of the sediments.

few show the effects of pronounced wave or current action.
therefore was one in which sediments were deposited on the whole removed from
the sorting effects of currents.

Although the sediments may be classified as well sorted, very

The environment
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All the important characteristics of the Hammond sediments suggest that
the initial deposits were laid down by streams flowing into a bay or inland sea.
It is impossible to ascertain the nature of the body of water into which the mate-
rial was brought from the study of one complete section. On the other hand,
it is obvious that the sediments were not laid down as beach deposits where they
would be subjected to strong wave and current action. Hence, it is safe to say
that the Lower Cretaceous sediments were deposited in a non-marine envi-
ronment. }

The evidence suggests a deltaic environment of deposition for the Lower
Cretaceous and most of the Upper Cretaceous. The generally Detter-sorted
nature of the sediments in the upper portions of the section suggest off-delta
conditions and subsidence with occasional inter-tonguing of marine shales.
As subsidence continued, the site of the Hlammond well became a marine envi-
ronment during uppermost Upper Cretaceous and Tertiary times. The sea
withdrew toward the close of the Miocene and non-marine deposits were again
laid down.

There is a similarity between the sediments of the Hammond well area and
those described by R. J. Russell and R. D. Russell (87) from the delta of the
Mississippi River. In the Mississippi delta, sorting varies from very poor to
extremely good. The poorly-sorted sediments are located in channels and on
bars, and the well-sorted types are found in beach, dune, and open-water sands.
Marine sediments interfinger with those of the delta in both areas. DBetween
the natural levees of the Mississippi delta complex are marshes, lakes, and bays.
There are indications that lagoonal environments existed at certain times during
the deposition of the Hammond well sediments.

EVIDENCE OF PETROLEUM
THE CORE SAMPLES

A careful examination of the sand cores of the Hammond well failed to reveal
the presence of petroleum. Acetone tests were made on sands that had the
slightest suggestion of petroleum, but all tests were negative. No chemical
tests for chlorides were made, but practically all sands had a saline taste. All
the sands of the Cretaceous and the Tertiary are barren of petroleum and are
salt-water bearing.

THE ELECTRIC LOG

Upon the completion of the Hammond well an electrical survey of the hole
was made for the Ohio Oil Company by the Schlumberger Well Survey Corpo-
ration. One of the principal objects of such a survey is the location of sand
beds and the determination of the fluid content of the sands. The electric log
of the survey is reproduced in I'igures 10 and 20.

Electric logs, as taken in oil field areas, show two principal curves, a potential
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curve occupying the left side of the graph, and a resistance curve on the right
side.

The Potential Curve

The potential log is made by lowering an electrode into the well and meas-
uring the difference in potential between the well electrode and a ground elec-
trode located at the surface. The potentials existing in an oil well are thought
to be due to several causes.! One cause is natural potentials which result from
potential differences set up at the boundaries of dissimilar geologic bodies. A
second cause is filtration potential. Depending on the pressure differential
existing in a drill hole, there is movement of fluid either from the well into the
porous medium or from the porous medium into the well. This causes a poten-
tial difference, which in oil wells is usually small. A third cause is solution
concentration potentials. In an oil well the salt water associated with oil in
the sands has a higher concentration than the water used in drilling the well.
The water of the drilling fluid has, therefore, a negative potential with respect
to the water of the sand. The potential log is the algebraic sum of these three
potentials.

The Interpretation of the Potential Curve

Potential values are recorded on the logs on the left side of the line repre-
senting the well. The base line from which these values are measured is as a
rule known as the “shale base line”, since shales usually show the same potential
throughout the well. A millivolt scale showing positive and negative directions
together with the value of the divisions is plotted.

The potential of sandy horizons is almost always more highly negative than
that of shales. Sand bodies will therefore stand out as peaks or maxima on the
potential log in contrast with shales which show up as nearly straight lines.
In general, one can, therefore, distinguish lithologic units by means of the
potential curve.

The Resistance Curve

The resistance curve is obtained by introducing a current of constant voltage
into the ground by means of an electrode in the well and measuring the amount
of current flowing between this electrode and a second electrode at the surface.
The current does not flow directly from one electrode to the other but spreads
out equally in all directions. The potential difference is highest in the vicinity
of the well electrode, and it has been determined that the material within a foot
of the electrode causes most of the fluctuation in the resistance curve. As the
electrode is lowered into the well, the resistance to the current flowing between

! For a complete discussion of electric logging and its interpretation reference should be

made to a series of articles by H. Guyod on Electric Well Logging, Oil Weekly, vols. 114, 115,
116, 1944; and Electric Log Interpretation, Oil Weekly, vol. 120, 1945.
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the well electrode and the surface electrode will be determined largely by the
resistivity of the material in the vicinity of the electrode in the well. 1f alter-
nating current is used, both the potential and resistance curves can be obtained
at the same time.

The fact that the material within a foot of the well electrode causes most of
the changes in the resistance curve is frequently a disadvantage. If a sand
body opposite an electrode has a low pressure relative to the hydrostatic pres-
sure of the drilling fluid, there will be a migration of water from the well into
the sand body causing a contamination of the sand. The resistance measure-
ment will not be that caused by the original fluid of the sands but of the intro-
duced water. This has been overcome by lowering three or more electrodes,
spaced at definite intervals, into the hole. The introduced current flows from
the lowermost electrode toward the surface, spreading out equally in all direc-
tions, and a portion will flow through the strata opposite the upper electrodes.
The drop in potential opposite the two upper electrodes is a measure of resist-
ance of the strata between these two points, and as far back into the formation
as the distance between the bottom electrode and the next highest. By this
means, the original fluid content of the sands can be measured, and the infil-
tration of drilling fluid is not a controlling factor.

Resistance changes are largely caused by water contained in the rock pores.
Most sediments contain salt water in varying amounts. Since salt water is a
good conductor of electrical currents, a sediment containing a large amount of
salt water should have a low resistivity, and its resistance curve would either
be a straight line or contain a small peak. Shales usually have a high porosity
and a large content of trapped connate water. They will therefore produce
nearly straight lines on the resistance curve of the log. Oil, gas and fresh
water have high resistivities and will therefore produce maxima on the resist-
tance curve.

Both the pressure of the water in the drill hole and its salinity will affcct the
resistance measurements. This is especially true if the formation pressure is
less than the hydrostatic head of the drilling fluid, water of a lower salinity than
that of the formation being introduced into the sand. 1In this case, a salt-water
sand may be interpreted as an oil sand unless a third or fourth resistance curve
is available, in which case the infiltration effects are not important.

The Interpretation of the Resistance Curve

The resistance curve is difficult to interpret because of the variables which
affect it. The salinity and the amount of original water in the formation, the
salinity of the drilling fluid, the size of the drill hole, and the degree of infiltra-
tion of drilling fluid into the formation all have pronounced effects on the resist-
ance curve which is the algebraic sum of all these variables. In general, shales
which have very low permeabilities are not affected by infiltration and will have
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low resistance values on the curve due to the large connate water content.  The
curve produced by shales can, therefore, be taken as a base line.

Sand horizons containing salt water or brackish water, or oil and gas sands
with much salt water will show a low resistance on the resistance curve. Oil
and gas sands, fresh water sands, limestone, or oil and gas sands flushed by
fresh water will show a high resistance on the curve.  Sandy shales, thin sands,
and oil and gas sands with small amounts of infiltered fresh water will show
moderately high resistances. The potential curve should always be studied
together with the resistance curve when a knowledge of the fluid content of the
strata is desired.

The Llectric Log of the Hammond Well

The electric log of the Hammond well is reproduced on Figures 10 and 20
and shows the second curve or resistance curve as a solid hne and the third
curve (resistance) as a dotted line on the right side of the log. The third curve
was obtained by the use of multiple electrodes and reveals the true resistivity
of the beds.

Sand horizons are indicated by the maxima of the potential curve on the left
side of the log. Shale horizons are shown by straight or nearly straight lines.

The first resistance curve shows a series of small peaks between 1400 and 1800
feet, but below this horizon the curve is nearly a straight line down to 4750 feet.
Below 4750 feet the curve has a series of peaks indicating an increase in resis-
tivity. This increase in resistivity may be due to oil or gas or to the infiltration
of less saline water from the drilling fluid. If the second resistance curve (dot-
ted curve) or the *‘third curve” as it is known, is considered, it is evident that
the formation fluid possesses a low resistivity since the curve is nearly a straight
line. The formation fluid is therefore salt or brackish water and not oil or gas.
The sands below the 4750 foot level are all soft, partially consolidated, and
poorly sorted and doubtless possess a relatively high permeability. This would
favor the infiltration of drilling fluid.

In the upper portion of the hole, up to approximately 2200 feet, the sands all
show a low resistance both on the first and second resistance curves. Infiltra-
tion is not important in this portion of the section, and the fluid content of the
sands is either salt or brackish water.

The second resistance curve (“third curve”) does not indicate that petroleum
is present in any portion of the section.

CONCLUSIONS

As a result of the study of the core samples supplemented by the interpre-
tation of the electric log, the Ohio Oil Company abandoned the Hammond test
asa “dry hole,” on January 13, 1945.  No evidence of petroleum could be found
in any of the sands.
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METHOD OF ABANDONMENT

The surface casing-which was set at 530 feet was left in the hole. The well
was plugged from 600 feet to 347 feet with 180 sacks of Portland cement, and
the top of the hole was cemented off with 20 sacks of cement. Since the com-
pany failed to discover petroleum in this well, the lease under which the well
was drilled, was surrendered to its owner, Larry . Hammond.

Tie Socony-Vacuum OiL Company’s James D. BeTHarps No. 1 WeLL

INTRODUCTION
Preliminary Work

The James D. Bethards No. 1 well was a joint venture by the Socony-Vacuum
Oil Company and the Ohio Oil Company. The peliminary geological and geo-
physical work was carried out by the Ohio Oil Company, and the well was drilled
on a lease held by this company.

The well was located on the property of James D. Bethards in Worcester
County, Maryland. Tt was 11 miles southeast of the Hammond well of the
Ohio Oil Company, approximately 5 miles southwest of Berlin, 33 miles north-
west of Ironshire, and slightly more than 3 miles almost due north of Newark.

The well was spudded in on July 5 and was plugged and abandoned on August
26, 1945.

Method of Drilling and Sampling

The Bethards well was drilled by contract, and rotary tools were used from
the surface to the total depth of 7178 fect. A total of 31 conventional cores
was taken between 1709 feet and the bottom of the hole. After the electrical
log was run, a series of 27 Schlumberger side-wall cores were taken at selected
horizons between 1955 and 6434 feet. Ditch samples were collected every 10
feet from the surface to the bottom of the hole. A representative cut from all
of the ditch samples, except those between 100 and 790 feet, and all core samples
including those taken by the Schlumberger method were turned over to the
Department of Geology, Mines, and Water Resources for study. A description
of these samples is contained in the appendix to this report.

The well has a string of 20-inch conductor pipe sct at 39 feet and 923 feet of
102-inch casing cemented in with 775 sacks of cement. No other casing was
run in the hole, and all pipe was left in when the well was abandoned.

STRATIGRAPHY AND PALEONTOLOGY

The Basement Complex

The top of the basement complex was first definitely recognized in the core
sample taken at 7157 feet. The ditch sample from 7140-7150 feet contained a
few rather soft fragments of a dark-green basic igneous rock, and the core
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from 7111-7120 feet was conglomerate with pebbles measuring up to 1% inches.
From the electric log, the top of the basement is chosen at 7130 feet. The well
penetrated approximately 48 feet into the basement, to a total depth of 7178
feet.

The rock at the bottom of the well is dark greenish-black, similar to rocks in
the vicinity of Baltimore and Washington which have been mapped as gabbros.
The grain size varies from medium to fine. In places the rock is jointed, with
the joint planes dipping at 75 degrees and occasionally filled with carbonates.
Brecciation was noted at 7168 feet. Pyrite and serpentine are common.

A total of seven thin sections from different portions of the rock were studied.
Metamorphism has not entirely obliterated the original rock texture, and the
remains of what was originally an ophitic texture are still evident. The rock,
therefore, possesses a blastophitic texture. The original light minerals have
been altered both in composition and texture. They now have a granoblastic
texture.

Microscopically, amphibole, plagioclase, quartz, clinozoisite, biotite, apatite,
ilmenite, leucoxene, titantite, chlorite, and calcite were noted.

The amphibole occurs as subhedral to anhedral individuals, that are occa-
sionally well-twinned and frequently are frayed and rod-like. Basal sections
show the characteristic amphibole cleavage. Some cleavage lines are not
smooth and continuous but tend to be somewhat broken and interrupted. The

outlines of one basal section suggested a pyroxene, but the poorly developed
cleavage was that of an amphibole. Hence the rock may have originally con-
tained some pyroxene, but no definite pyroxene crystals were found in any of
the slides.

The amphiboles are strongly pleochroic as follows:

Z = bluish-green
Y = pale yellow
X = deep yellow-green

The extinction angle and the size of 2V are:

ZNc =13 —1¢°
V(=) = 72°

The relatively large optic angle and the moderately large extinction angle sug-
gest that the mineral might belong to the group of calciferous amphiboles con-
taining alkalies and titanium described by Winchell (124). The two optical
constants do not correspond to those of either the actinolite or hornblende
series.

Plagioclase feldspar and quartz form a granoblastic groundmass for the am-
phibole crystals. The composition of the plagioclase is that of oligoclase with
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indexes of refraction less than quartz. One grain showed {aint albite twinning
and a suggestion of a zonal growth. With this exception, all of the oligoclase
is untwinned. The association of clinozoisite with both oligoclase and quartz
mdicates that the original plagioclase was rich in anorthite. Through meta-
morphism the anorthite was changed into the more acid plagioclase and an
epidote mineral.

Accessory minerals are biotite, less than 1 percent; ilmenite, altering to leu-
coxene and titanite; and apatite.

Secondary minerals are chlorite, calcite, and serpentine. The first two are
associated with amphibole. Serpentine is the result of hydrothermal alterations
and occurs adjacent to the veins containing pyrite, ilmenite, and carbonates.

The approximate composition of the rock is 75 percent amphibole and 25
percent mostly plagioclase and quartz. It represents an igneous intrusion
whose mineralogy suggests a hornblende gabbro. The body has suffered only
a moderate degree of metamorphism which has not obliterated entirely its
original ophitic texture. The original plagioclases have disappeared, and in
their place occurs an annealed mass of oligoclase and quartz and associated
clinozoisite. The rock should therefore be classified, according to Eskola
(29, p. 355-359), as an Epidote Amphibolite, to bring out its metamorphic
characteristics.

Triassic
Newark Series

It is difficult to accurately select the top of the Newark series due principally
to the lack of continuous cores. There seems to be a change in lithology be-
tween the cored intervals of 6486 to 6501 feet and 6705 to 6713 feet. Below
this latter depth, the character of the beds is highly suggestive of the Triassic.
The ditch sample from the depth of 6610 to 6620 feet contains coarse sand and
reddish-brown shale, the reddish-brown shale increasing in amount below this
horizon. The electric log shows a pronounced lithologic change at 6500 feet,
from sands above to sandy shales and shales below. The top of the Triassic
has therefore been placed at 6566 feet. The total thickness of the sediments
referred to the Triassic is therefore approximately 585 feet.

The basal part of the Triassic of the Bethards well is conglomeratic. In the
core from the interval 7111 to 7120 feet are pebbles of quartzite, pegmatite,
serpentine measuring up to 3 inches and rounded milky-quartz pebbles up to
1} inches. Overlying this basal conglomerate, and extending upwards to about
6830 feet, is a series of coarse to fine-grained, mottled reddish-brown and bottle-
green sandstones and chocolate-brown shales and sandy shales with occasional
intercalations of lead-gray sands and shales. Above 6850 feet, and extending
upwards to the top of the series, is silty reddish-brown shale with a minor
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amount of greenish-gray shale. Fine-grained sand is very subordinate in this
part of the section.
Crelaceous

Lower Crelaceous

Patuxent Formation.—The portion of the section assigned to the Patuxent
formation 1s characterized by the extensive development of fine to very coarse-
grained and at times pebbly, soft, white, highly arkosic sands. Shales are
subordinate to the sands and are hard, lead-gray, and frequently mottled in
shades of reddish-brown, lavender, and green. Lignite and carbonaceous
matter are sparingly present in the ditch samples.

The electric log indicates the top of the Patuxent formation at 4876 feet,
although the coarse to pebbly sand did not show up in the ditch samples above
1930 feet. This is probably due to the lag in return of the cuttings from that
depth to the surface. Mineralogically, the break occurs between the sample
from 4890 feet and that from 5062 to 5082 feet. This is the same mineral
change noted in the Hammond well. The thickness of the Patuxent formation
in the Bethards well is, therefore, approximately 1690 feet.

Upper Crelaceous

Patapsco-Arundel Section.—The lack of critically placed core samples makes
it very difficult to pick accurately the top of the Patapsco-Arundel section.
The core from 2540 to 2560 feet is lithologically similar to sediments of the
Raritan formation in the Hammond well. Lithologically, the core from 2950
to 2966 feet indicates that it is from the Patapsco formation. The core from
2735 to 2751 feet, may be from either the lowermost Raritan beds or the upper-
most Patapsco. In the Hammond well, the mottled shales begin approxi-
mately 100 feet below the top of the Patapsco-Arundel section. In the Beth-
ards well they first appear in the ditch sample from 2860 feet. On the basis
of the lithologic similarity of the sediments from the two wells, the top of this
section is placed at 2770 feet. A lithologic correlation is not the most accurate,
especially when dealing with sediments whose environment of deposit changes
as rapidly as that of the Eastern Shore area. On the other hand, the lack of
more definitive data makes a more accurate correlation impossible.

The section between 2770 and 3440 feet is predominantly sandy. The sands
are fine to medium-grained, micaceous, and at times silty. The color varies
from shades of gray to grayish-green with occasional mottling. Rarely are the
sands coarse, and large feldspar grains seem to be lacking. Intercalated shales
show a variety of colors ranging from dark-gray slightly mottled to reddish-
brown highly mottled.

Below 3440 feet the section becomes predominantly shaly. The shales are
still highty mottled and reddish-brown colors predominate. Occasional sands
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are fine to coarse-grained, rarely limy, and at times micaceous. No fossil
remains were noted from this portion of the section.

The thickness of the Patapsco-Arundel section of the Bethards well is approx-
imately 2105 feet. This is very nearly the same thickness as the equivalent
section of the Hammond well.

Past-Patapsco Section.—The character of the well samples does not permit
an accurate division of the upper part of the Upper Cretaceous into formational
units.  On forammiferal evidence, Cushman has placed the Eocene-Cretaceous
boundary in the interval represented by the ditch sample from 1670 to 1680
feet. 'The core sample from 1709 to 1728 feet contained Cretaceous foraminif-
era. On this basis, the Upper Cretaceous of the Bethards well above the
Patapsco-Arundel section is about 1060 feet thick.

The core sample from the interval 1894 to 1914 feet was studied by L. W.
Stephenson. The upper two feet of this core contains a macro-fauna which is
similar to that found in the Hammond well at 1588 feet (See section on system-
atic paleontology). This would indicate that the Raritan formation of the
Bethards well extends from 2770 to 1894 feet, a thickness of 876 feet.

The electric log indicates that the basal 450 feet of the Raritan formation is
composed of intercalated thin sands and shales. The sands are fine-grained,
micaceous, and occasionally lignitic. Their color varies from grayish-brown
to greenish-gray. The shales are lead-gray in the basal part of the interval and
mottled in shades of gray, brown, and green in the upper part. In the upper
portion of the Raritan thicker bodies of sand and shale are developed.

It is not possible to delineate the formations above the Raritan. The section
is predominantly shaly and thin sands are only rarely present. The shales are
brownish-gray in color and glauconite is very common to abundant. A white
chalky clay with some glauconite was first noted at 1800 feet but disappears in
the samples helow 1840 feet.

Macro-fossils from the cored interval 1894 to 1914 feet were determined by
I.. W. Stephenson. Shells referred to Brachidontes appear to be related to B.
Siliseul ptus (Cragin) from the Lewisville formation (Upper Woodbine) of Texas.
“Corbuld” aff. “C.” manleyi Weller is closely related to the species described
by Weller from the Raritan formation of New Jersey. Three species of “Cerith-
wen” are common to the lower part of the Lewisville formation of Texas (See
systematic paleontology). The fossil evidence therefore indicates that the
section represented by the above core is of Raritan or late Cenomanian age.

Foraminifera from the core at 1709 to 1728 feet were determined by J. A.
Cushman. All forms with the exception of one are known from the Upper
Cretaceous Navarro of the Gulf Coast area.

Focene

Samples are lacking from the interval 1110 to 1270 feet, the interval within
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which the top of the Eocene is located. On foraminiferal evidence, the sample
from 1100 to 1110 feet belongs in the Miocene, but the sample from 1270 to
1280 fect contains Jackson Llocene forms. The top of the Eocene, therefore,
must be between 1140 feet, the top in the Hammond well, and 1270 feet. The
Eocene section of the Bethards well is, therefore, between 400 and 530 feet
thick, with approximately 430 feet as a closer figure.

The lithology of the available samples indicates that the Eocene is composed
primarily of dark grayish-brown clay with a small amount of fine sand. The
sample from 1270 to 1280 feet is only sparingly glauconitic, but glauconite
becomes common below 1500 feet.

Miocene

It is not possible to divide the Miocene into its formational units. The
samples collected are all from the Calvert formation. No samples were secured
between the depths of 100 and 790 feet. The Miocene probably extends up-
ward to about 130 feet.

The lithology of the samples from the Calvert formation indicates that it
consists primarily of pale-gray to grayish-white silty clay with occasional streaks
of fine to medium-grained sand. ‘Traces of glauconite, lignite and shell frag-
ments were noted.

Pleistocene

The samples from 10 to 100 feet indicate that the Pleistocene is composed of
medium to very coarse sand containing rounded quartz pebbles up to § inch in
diameter. They contain occasional pecten fragments.

MINERALOGY

A total of 40 mineral analyses were made from the core samples of the Beth-
ards well. Since the mineralogy of the Bethards sediments is similar to that
of the Hammond well, it will not be discussed in detail. ‘Table 11 shows the
distribution of the various mineral specics. The six mineral zones which were
recognized in the Hammond well were also recognized in the Bethards well. A
summary of these zones follows.

The Epidote Zone

This zone in which the epidote minerals pistacite and clinozoisite are very
abundant and which marks the top of the Magothy formation in the IHammond
well was observed in the first core sample at 1894 to 1914 feet. The ditch
samples locate the top of this zone within the interval 1780-1870 feet. It could
not be tied down closer because of the lack of sand in the samples.  The electric
log suggests that the top is close to the 1800 foot level. On this basis the top
of the Epidote Zone is approximately 300 feet lower in the Bethards well that
in the Hammond well.
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The Hornblende Zone

Subhedral green hornblende, which appears abruptly in a fairly common
amount 179 feet below the top of the Raritan formation in the Hammond well,
was also noted in the Bethards samples. It was first encountered in the sample
from 2170 feet. In the Bethards well, the top of the zone lies 276 feet below
the top of the Raritan formation.

The Brown Garnel Zone

The deep-brown variety of garnet makes its first appearance in the core
sample from 2894 to 2897 feet (Table 11). It islacking in the 2735 to 2751 foot
core and also in the ditch sample from 2790-2800. The top of the zone is
doubtless in the top of the sand body at 2870 feet (See Figure 20).

The Cleaved Staurolite Zone

Staurolite grains with well-defined saw-tooth edges and sharp planes which
traverse the grains were first encountered in the core sample from 3764 to 3767
feet. The ditch samples above this depth do not contain this type of crystal.
"The top of this zone, which lies within the Patapsco-Arundel section, is about
1035 feet below the top of the Patapsco. In the Hammond well, it was located
887 feet below the top of the Patapsco formation.

The Lower Staurolile-Garnet Zone

Figures 2 and 3 of the Ilammond well indicate that the basal Patapsco-
Arundel section is characterized by an increase in both garnet and staurolite.
The Bethards samples (Table 11) show a similar increase in staurolite at 4843
feet. A marked decline in the amount of staurolite was noted in the sample
from 5152 feet. This decline is also similar to that noted in the Hammond well.
The marked increase in the amount of garnet in the basal Patapsco-Arundel of
the Hammond well could not be detected in this well due to the lack of critically
placed cores.  There is a noticeable increase in garnet at the top of the Patuxent
formation, but the large increase occurs at 5002 to 5082 feet.  I'rom this horizon
to 6281 feet, garnct is very abundant but declines in amount from 6281 to 6930
feet. Below this horizon it again becomes abundant and continues to be abun-
dant until the bottom of the hole is reached. The staurolite-garnet charac-
teristics are so similar to those of the uppermost Patuxent formation of the
Hammond well that a direct correlation is possible.

The Tourmaline Zone

A marked increase in euhedral to subhedral brown and greenish-brown tour-
maline was noted about 785 feet below the top of the Patuxent formation in the
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Hammond well. This mineral, which was scarce to rare above this horizon,
suddenly hecomes abundant and continues relatively abundant on into the
Triassic (Fig. 3). A similar change was noted in the Bethards well at 6049
feet, which is approximately 1175 feet below the top of the Patuxent forma-
tion.  This zone affords another tic to the Patuxent formation of the Hammond
well.

EVIDENCE OF PETROLEUM
The Core Samples

The sands of the Schlumberger side-wall samples and the sands of the con-
ventional cores were all tested by the Socony-Vacuum Oil Company. No evi-
dence of petroleum was obtained from any of the sands.

The Llectric Log

‘The Schlumberger Well Surveying Corporation made an electrical survey of
the hole for the Socony-Vacuum Oil Company. Figure 20 is a reproduction of
the log. The potential curve indicates the distribution of sand and shale, and
the two resistance curves reveal the character of the fluid content.

The Eocene section shows a negligible development of sand.  The first resist-
ance curve has several very small peaks, but the second resistance curve
(known as the “third curve”) is a straight linc opposite these peaks. The con-
clusion is that these small, poorly developed sandy horizons contain salt water
and no oil or gas.

The Upper Cretaceous contains a better development of sand that the over-
lying horizons. The first resistance curve shows the cffects of infiltration of
water from the drilling fluid in the sands between 1850 and 2000 feet. The
character of the second resistance curve, which does not show corresponding
peaks, indicates that the sands contain a fluid which has a low resistivity. The
conclusion is that the sands are salt water bearing. The same conditions are
present in all remaining sands of the upper part of the Upper Cretaceous.

The second resistance curve of the Patapsco-Arundel section shows few
fluctuations from a generally straight line graph, and the first resistance curve
contains very few peaks. Infiltration was not important in this portion of the
section, and the fluid content again was one having a low resistivity. The
conclusion is that the sands of the Patapsco-Arundel interval are salt-water
bearing.

In the Patuxent formation, sand bodies are highly developed and infiltration
of drilling water is very pronounced as revealed by the large peaks on the first
resistance curve.  The second resistance curve, although sinuous, has none of
the pronounced peaks characteristic of oil and gas sands. The conclusion is
that these sands, too, contain salt water.
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CONCLUSIONS

The lack of any indications of petroleum in the sand cores together with the
salt-water character of the sands as revealed by the electric log led the Socony-
Vacuum Oil Company to abandon the James D. Bethards well as a “dry hole.”
The well was abandoned by placing 135 sacks of cement at the hottom of the
107 inch casing at 923 feet and 10 sacks of cement at the surface in the 103 inch
casing.

STANDARD O1L CoMPANY OF NEW JERSEY'S Maryvranp Esso No. 1 WrLL
INTRODUCTION

Preliminary Work

In 1945, the Standard Oil Company of New Jersey leased from the State of
Maryland 82,310 acres of State-owned land consisting of the inland waterways
in the bays along the Atlantic Coast, a strip § mile wide consisting of 10,240
acres extending from the beach outward into the Atlantic Ocean, the Pocomoke
State IForest Reserve consisting of 3,680 acres, and the Scarboro Game Refuge
consisting of 550 acres. The initial payment for these leases was $20,577.50
or 8.25 per acre. The lease requires a yearly payment of $20,577.50 while
drilling operations are not in progress and the further payment to the State of
a § royalty on each barrel of oil produced. The lease is to run for a period of
ten (10) years unless otherwise cancelled, and the Standard Oil Company of
New Jersey agreed to drill a well within 18 months after the signing of the lease
to a depth of at least 5000 feet or until o1l or gas was encountered.

The Maryland Esso well No. 1 was not drilled on State land but on a lease
located 43 miles north of Ocean City, Maryland, on the Ocean City-Rehoboth
highway and on the west side of the highway between the Assawoman Bay and
the Atlantic Ocean. The exact location of the well as given by the company
is latitude 38°24" and longitude 75°03'33”. It is not known whether the Stand-
ard Oil Company of New Jersey carried on any preliminary geophysical surveys
in this area.

Drilling and Sampling

The Maryland Esso well was drilled by contract for the Standard Oil Com-
pany of New Jersey by the Noble Drilling Company of Tulsa, Oklahoma, and
cost the company approximately $125,000 or $§16.20 per foot. A 127-foot L.
C. Moore jackknife derrick and diesel rig, shipped in from Oklahoma, were used
in drilling the well. Rotary tools employing 43 inch drill pipe were also used.
Drilling operations began on October 1, 1946, and were completed on December
14, 1946. Two cores were taken during the drilling of the well, one from 4600
to 4607 feet and the other from 4875 to 4885 feet. Ditch samples were col-
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lected every 10 feet from the surface to the bottom at 7710 feet. A total of 18
Schlumberger sidewall cores were taken from 1563 to 7702 feet, only 13 of which
were recovered. The Schlumberger sidewall cores and a representative cut
from all other samples were turned over to the Maryland Department of Geol-
ogy, Mines, and Water Resources for study. The sidewall cores were studied
and described by J. L. Anderson and the other samples were examined and
described by R. M. Oberbeck. A description of these samples is found in the
appendix of this report.
The results of a straight hole survey are shown in Table 12.

TABLE 12
Straight Hole Survey: Lease and Well No. Md. Esso No. I: Field, Worcester County

Deviation in Degrees at Depth in feet . Deviation in Degrees at Depth in fect
|

0 250 1 3950
i 843 1 4250
by 1050 3 4500
3 1500 b 4750
0 1750 1 5000
0 2000 3 5250
3 2190 i 5500
1 2440 ? 6050
3 2710 3 6540
4 2950 0 0850
1 3130 0 7230
B 3400 1 7540
'y 3700

The geological work pertaining to the drilling of the Maryland Isso well was
done under the supervision of Mr. K. D. White. Mr. W, B. Spangler was
directly responsible for the geological work at the well site.

STRATIGRAPHY AND PALEONTOLOGY
General

The Maryland Esso well, though 7710 feet deep, did not encounter the base-
ment complex, nor did it enter the red-bed series of the Triassic.  The well was
completed in the basal part of the Lower Cretaceous, at an undetermined point
above the bottom of the Lower Cretaceous.

Lower Cretaceous

Patuxent Formaiion.—The large increase in staurolite, characteristic of the
top of the Patuxent formation, in both the Hammond and Bethards wells, was
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first noted in the sample from 5400 to 3410 feet. The Patuxent formation
therefore extends from 5400 feet to below the hottom of the hole at 7710 feet,
a thickness of more than 2310 feet.

The section revealed by the electric log is composed of thick bodies of sand
with subordinate intercalated shales which become thicker in the basal part of
the section. The sand varies in size from very coarse grained with subordinate
gravel and pebbles in the lower part of the section to predominantly coarse-
grained with subordinate medium and very coarse grained in the upper part
(Fig. 20). Kaolinized feldspars are present in the sidewall cores. The shales
are light olive-gray, pale vellowish-green, medium greenish-gray and weak
brown in color. Occasional hard, calcareous beds are intercalated. The highly
mottled red, brown, lavender, green, and gray shales of the Hammond and
Bethards sections are largely missing in the Patuxent of the Esso well.

Upper Cretaceous

Patapsco-Arundel Section.—The top of the Patapsco-Arundel section is placed
at 3330 feet at the base of the very thick green-colored sand which is considered
as belonging in the Raritan formation of the Upper Cretaceous. The thickness
of this section is of the magnitude of 2070 feet.

Sand bodies are not as well developed in this portion of the well section as in
the underlying Patuxent formation (Fig. 20). Shale bodies are thicker, espe-
cially in the upper 900 feet. The sands vary from fine to coarse-grained, are
angular to subrounded, and contain mostly quartz with subordinate kaolinized
feldspars. The shales show a variety of colors ranging from light mottled
shales in the upper part through pale-brown and light brownish-gray to darker
shades of brown in the lower part.

All ditch samples are contaminated with foraminifera from higher horizons.
The core taken at 48735 to 4885 feet contained a macro-fauna composed of
petecypods and gastropods, which according to L. W. Stephenson is apparently
new and undescribed. Two species of gastropods appear to be related to two as
yvet undeseribed genera and species in the Woodbine (Upper Cretaceous) of
Texas. This fauna has been studied by H. E. Vokes (see section on paleon-
tology) who established its age as Cenomanian and possibly lowermost Upper
Cretaceous. The Upper Cretaceous is much thicker than has heretofore heen
considered, and the Patapsco-Arundel section is Upper Cretaceous; and only
the Patuxent formation is Lower Cretaceous. K. D. White (personal com-
munication) was of this opinion during the drilling of the Iisso well.

Post-Palapsco Section.—It 1s difficult, il not impossible, to correctly subdivide
the section above the Patapsco-Arundel into its formational units. On the
basis of lithology the contact between the Eocene and Upper Cretaceous is
placed within the interval 2100 and 2150 feet.
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The top of the Epidote zone, marking the top of the Magothy formation,
falls within the interval 2290 and 2400 feet, with the top probably coming at
2360 feet. The electric log indicates a well-developed sand section with sub-
ordinate shales between 2360 and 2480 feet. This interval might represent the
Magothy formation. If 2480 feet marks the base of the Magothy formation,
then the underlying Raritan formation is 850 feet thick. The section above the
top of the Magothy formation which contains the Matawan and Monmouth
equivalents is between 210 and 230 feet thick.

The basal 600 feet of the Raritan formation is composed almost entirely of
medium to coarse pale olive-green sand and pale-brown to dark-gray shales.
Occasional lime fragments, siderite spherules, and lignite are present. The
upper portion of the Raritan formation is composed of light yellowish-Drown
shale and a subordinate amount of fine sand.

In that portion of the section assigned to the Magothy formation, sands are
more abundant than yellowish-gray clay shales. Overlying the Magothy for-
mation and extending upwards to the Eocene contact, pale-brown and olive-
gray clay shales are more abundant than fine-grained sands. Glauconite is
fairly abundant below 2170 feet.

LFocene

The top of the Eocene on the basis of the foraminifera is placed within the
interval 1650 to 1670 feet by Cushman. The thickness of the Ilocene section is,
therefore, of the magnitude of 500 feet.

The Focene is composed almost entirely of pale-brown foraminiferal clay
containing a subordinate amount of glauconite, and a small amount of fine to
medium-grained, rarely coarse, light olive-gray sand. The heavy glauconite
zone which is characteristic of the lower half of the Focene on the western shore
and the basal 40 feet in the Hammond well seems to be entirely missing in the
Esso well.

Miocene

The top of the Miocene is placed approximately at 200 feet which gives a
thickness of about 1430 feet for the Miocene.

Lithologically the Miocene section has been divided into the following units
by R. M. Overbeck. These units are not formational units.

200-780  Chiefly light olive-gray and brownish-gray sand varying from medium to
very coarse grained. :\ minor amount of clay and sandy marl.

780-1160 Abundant hard, calcareous beds, shell fragments, and pale-olive to olive-
gray sand.

1160-1500 Predominantly yellowish-gray and pale-brown clay. Some fine to coarse
sand and hard, calcarcous beds. Shell fragments. Glauconite appears
in the cuttings between 1010 and 1220 feet. Diatoms present.
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1500-1650  Chiefly pale-brown clay. Foraminifera suggest that this interval corre-
sponds to the Calvert formation of the Hammond well. Heavy diatom
bed occurs at 1610-1630 fect and possibly represents the Fairhaven mem-
ber.

Pleistocene

The contact between the Miocene and Pleistocene has been tentatively
placed at 200 feet by Overbeck. The Pleistocene samples are largely sandy
and contain minor amounts of clay. The lower portion of the interval carries
heavy gravel. At 200 feet a color change occurs. Below this horizon clear
quartz, which is commonly found in the Miocene, is present.

MINERALOGY

The lack of core samples at critical horizons makes it very difficult to accu-
rately correlate the Esso well with the two other wells. The ditch samples
were utilized when possible and several of the zones encountered in the IHam-
mond and Bethards wells were located.

The Epidote Zone

The zone of abundant epidote marking the top of the Magothy formation
was located within the interval of 2300 and 2400 feet. From the electric log,
the sand development begins at 2350 and the top of the Epidote zone probably
falls at or near this horizon. On this basis, the top of the Magothy formation
in the Esso well is approximately 550 feet lower than in the Bethards well
(Fig. 20).

The Hornblende Zone

The hornblende zone in the Raritan formation of the Hammond and Bethards
wells was not definitely located in the Maryland Esso well. At 2790 feet, a
large quantity of chlorite and small amount of hornblende was encountered for
the first time. This horizon is within a sand body whose top is at 2760 feet.
The top of this sand may coincide with the top of the hornblende zone. There
appears to be a satisfactory electric log correlation between the Bethards and
Esso wells, the top of the sand at 2170 feet in the Bethards well being equivalent
to the top of the sand at 2760 feet in the Esso well.

The Brown Garnel Zone

The brown garnet zone, occurring in the uppermost part of the Patapsco-
Arundel section, was not located. If present, it should be encountered in the
sand which begins at 3460 feet. There is an excellent electric log correlation of
the sands and shales above and below this horizon in both the Bethards and
Esso wells.
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The Cleaved Staurolite Zone

The ditch samples from the depths of 4220 and 4290 feet were examined for
cleaved staurolite. None was found in the first sample, but it occurred in the
sample from 4290 feet. Checking the lithology of the ditch samples against
that of the electric log, Overbeck found an apparent lag of about 50 feet in the
ditch samples. If this is the case, then the top of the cleaved staurolite zone
might be located in the top of the sand body which begins at 4210 feet. On
this basis, the top of this zone is about 450 feet lower than the top of the same
zone in the Bethards well.

The Lower Staurolite-Garnet Zone

A marked increase in staurolite accompanied by abundant garnet, character-
istic of the top of the Patuxent formation in both the Hammond and Bethards
wells, was noted in the sample from 3460 feet. Allowing for the apparent lag in
the samples, this would place the top of the Patuxent at about the 5400 foot
horizon. On this basis, the top of the Patuxent in the Esso well is 525 feet
lower than in the Bethards well. The electric log corrclation confirms this
(Fig. 20).

The Towrmaline Zone

This zone, which was found in the basal part of the Patuxent formation in
both the Hammond and Bethards wells, was also encountered in the side-wall
core sample from the Maryland Esso well at a depth of 7136 feet. This
horizon is located within a massive sand, the top of which is at 7124 feet. It is
probable that the tourmaline zone reaches to the top of this sand body. No
tourmaline was noted in the ditch samples above 7090 feet.

The top of the tourmaline zone in the Bethards well was encountered 517 feet
above the top of the Triassic. In the Maryland Esso well, the top is located 586
fect above the bottom of the hole at 7710 feet. The top of the Triassic dips
110 feet per mile between the Hammond and Bethards wells (Table 14). H
this dip were maintained between the Bethards and Esso wells, the top would
be expected at about 7670 feet. The lithologic character of the sediments in
the bottom portion of the Esso well is different from that of both the Hammond
and Bethards wells. Tt is concluded that the Esso well ended in the very basal
portion of the Patuxent formation very close to the top of the Triassic.

EVIDENCE OF PETROLEUM
The Well Samples

All samples were carefully checked at the well site by the company geologist
using an ultra violet ray lamp. No indications of either oil or gas were noted
in any of the samples.
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The Electric Log

The first resistance curve shows large peaks both in the Upper and Lower
Cretaceous sections (Fig. 20). This is probably due to the infiltration of water
from the drilling fluid. A second resistance curve was run and, with several
exceptions, all peaks either disappeared or decreased in magnitude. The char-
acter of the second resistance curve was suggestive of oil or gas in one or two
places. In order to determine if oil or gas were present, a third resistance curve
was run. This curve definitely indicates that no oil or gas horizons were
encountered.

CONCLUSIONS

The Maryland Esso well, after failing to find oil or gas, was abandoned on
December 14, 1946.  The 24 inch, 16 inch, and 102 inch casing were left in the
hole. The well was filled with mud from 7710 to 1132 feet and a cement plug
extending from 1132 to 1057 feet was placed within the 10§ inch casing. A mud
column extending from 1057 to 170 feet was capped by a cement plug which
extended from 170 feet to the surface. A total of 113 sacks of cement were
used by the Noble Drilling Corporation.

CORRELATION OF THE Threr Deer TESTS
GENERAL '

The correlation of the three oil tests based on paleontologic, mineralogic, and
lithologic evidence is shown in Figure 20. A suggested relation of these three
wells with the subsurface section in the vicinity of Baltimore is given on the
geologic cross-section of Figure 21. Tables 13 and 14 summarize the infor-
mation obtained from the complete study of the three wells.

RELATION OF TIIE HAMMOND SECTION TO THOSE OF THE
BETHARDS AND ESSO WELLS

General

One of the most outstanding features revealed by Figures 20 and 21 is the
increase in thickness of the Mesozoic and Tertiary sections on passing eastward
from the Hammond well. In the Hammond well, the section above the base-
ment complex is 5498 feet thick and has increased to about 7130 feet in the
Bethards well. The Esso well with 7710 feet of section was still in the Lower
Cretaceous when completed.

Another important fact brought out by the correlation between these wells is
the attitude of the basement complex. This surface dips 150 feet per mile
between the Hammond and the Bethards wells, and the Bethards well is 1664
feet lower than the Hlammond well. 1t is not known whether this surface is a
peneplane or whether it is characterized by marked relief. 1f it is a peneplane,
its dip must flatten out somewhere between the Hammond well and the outcrop,
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otherwise it would be exposed to the east of the Chesapeake Bay (Fig. 21).
The change in dip might be explained by either a hinging of the basement or
erosion which carved out a canyon through which some pre-Mesozoic streamn
flowed.

The Triassic

In the Hammond well, the Triassic section is 135 feet thick (Table 13), and
in the Bethards well 560 feet. The dip on the top of the Triassic is 110 feet per
mile, and the increase in thickness is at the rate of 39 feet per mile. Struc-
turally the top of the Triassic is 1207 feet lower in the Bethards well than in the
Hammond well. Shales are more abundant in the Bethards well than in the

TABLE 14
Structural Data, Deep Tests, Eastern Shore, Maryland
| Hammond—Bethards Bethards—Esso
Differences | _ . | Difference | Apprnxi- | Apprnxi-
in Dip in feet | Increase in in ‘ mate Dip | mate In-

Elevation per Mile | Thickness | Elevation |in lleet per | crease in
Corrected | on Top of | "in Feet | Corrected | Mile on | Thickness

b for Formation | per Mile for | Top of in Feet
Topography Topography | I'nrmation | per Mile
Miocene. . — ? 8 | ‘ 38
Locene. .. .. R 1004 9+ 20+ 470 43 Nil
Upper Cretaceous. . .. ... . 522, 29 12 455 46 11
Magothy. ............. 314 | 29 I Nil 595 60 S
Raritan...............| 312 | 28 | 14 647 | 65 Nil
Patapsco-Arundel . . . 1469 | 43 | Nil 605 | 6l l Nil
Lower Cretaceous. . . . 464 | 42 | 69 L 569 57 62+
Patuxent. .......... .. 464 42 69 [ 569 57 62+
Triassic. ................| 1219 | 110 | 39 ‘ o= -
Basement Complex.. .. .. 1644 150 ! = ‘ = ‘

Hammond section. This would suggest that the Triassic basin of deposition
lay to the east of the Hammond well. No Triassic beds were reached in the
Esso Well.

The Lower Crelaceous

The excellent mineralogic and lithologic (electric log) correlation at the top
of the Patuxent formation serves to establish accurately the top of this horizon.
Below this point sands predominate in all three sections, but it is not possible
to correlate individual sand bodies. There is a very marked thickening of the
Patuxent formation from west to east; ranging from 939 feet in the Hammond
well, to 1694 feet in the Bethards well, to over 2300 feet in the Esso well. This
increase in thickness between the Hammond and Bethards wells is at the rate
of 69 feet per mile, and the dip of the top of the formation is at the rate of 42
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feet per mile. The thickness of the Patuxent formation in the three wells is in
marked contrast with the maximum thickness of about 350 feet measured on
the outcrop. There is, therefore, a progressive overlapping of the beds of the
Patuxent formation from bottom to top and a suggestion that marine or near
shore conditions existed in the vicinity of the lsso well. The top of the
Patuxent is 464 fect lower in the Bethards well than in the Hammond well and
569 feet lower in the Esso well than in the Bethards well.

The U pper Crelaceous

It is impossible to recognize the lithologic equivalent of the Arundel for-
mation in any of the wells. The section in both the Hammond and Esso wells
is much sandier than it is in the Bethards well. In the Bethards section, well-
developed sand bodies occur mostly in the uppermost and lowermost parts.
The top of the Patapsco-Arundel section is 469 feet lower in the Bethards well
than in the Hammond well and 605 feet lower in the Esso well than in Bethards
well. This represents a dip of 43 feet per mile between the Hammond and
Bethards wells and 61 feet per mile between the Bethards and Esso wells. The
thickness of this section is about 2100 feet in the three wells. It is in marked
contrast to the thickness of 385 feet measured on the outcrop.

The top of the Cleaved Straurolite zone remains nearly parallel with both
the top and base of the section, but the Brown Garnet zone shows a flattening in
dip. Evidence of brackish-water conditions is revealed by the presence of
fossiliferous shales at 4875 to 48835 feet in the Esso well. No evidence of
similar conditions was noted in either the Hammond or Bethards wells.

The top of the Upper Cretaceous is accurately established in both the Ham-
mond and the Bethards wells and fairly accurately located in the Isso well
(Table 13). The top of the Upper Cretaceous in the Bethards well is 322 fect
lower than in the Hammond well and approximately 4335 feet structurally
higher than in the Esso well. Between the Hammond and Bethards wells, the
Upper Cretaceous surface dips at the rate of 29 feet per mile and the increase
in thickness is at the rate of approximately 12 feet per mile. Between the
Bethards and Esso wells the dip is about 46 feet per mile and the increase in
thickness is approximately 11 feet per mile. The top of both the Magothy and
Raritan formations between the Hammond and Bethards wells conforms very
closely to the dip of the Upper Cretaceous surface, but the rate of increase in
thickness of the Raritan is 14 feet per mile whereas the Magothy shows no
appreciable change (Table 14). The thickness of the outcropping Upper
Cretaceous is approximately 900 feet, which is less than one third the thickness
noted in the three wells.

The large well-developed sand badies of the Esso well are in marked contrast
with the thin sands and interlaminated shales of the Bethards well and poor
development of sands in the Hammond well.  The top of both the Raritan and
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the Magothy formations is well established in the Hammond and Bethards wells
but only approximately located in the Esso well. Both paleontologic and
mineralogic data were used in this correlation. The Matawan and Monniouth
formations could not be accurately located in either the Bethards or Esso wells.
The interval represented by these two formations is 138 feet thick in the
Hammond well, approximately 130 feet thick in the Bethards well, and approxi-
mately 270 feet thick in the Esso well.

The Eocene

The top of the Eocene is accurately located by paleontologic evidence in both
the Hammond and Esso wells but only approximately in the Bethards well.
The top of the Eocene in the Bethards well is approximately 100 feet lower than
in the Hammond well and about 470 feet higher than in the Isso well. The
dip on the top of the Eocene is roughly 9 feet per mile between the Hammond
and Bethards wells, and the increase in thickness is roughly 20 feet per mile.
Between the Bethards and Esso wells, the dip is 43 feet per mile and the thick-
ness remains nearly constant.

The Eocene section is marine, but the micro-fauna was systematically
studied only in the IHammond section. The maximum thickness of the out-
cropping Eocene is nearly that observed in the Hammond well, but in the
Bethards and Esso wells the Eocene thickness is about twice as great.

The Miocene

The formational units of the Miocene were distinguished only in the lam-
mond well. The thickness of the Miocene in this well is 1010 feet, but in the
Bethards well it has increased to a maximum of 1140 feet, and in the Esso well

to about 1430 feet. The rate of increase between the Hammond and the
Bethards wells is of the magnitude of about 8 feet per mile. There is also a

decided increase in thickness of the Miocene from the outcrop area castward
to the Hammond well.

SUGGESTED CORRELATION WITII WATER WELLS OF THE BALTIMORE AREA

An attempt has been made, through the study of the mineral content of the
Cretaceous sediments, to establish a correlation between the section exposed
on the outcrop and that encountered in the Hammond well. It is obvious that
such a correlation based solely on mineralogy might not be a reliable one because
of the distance involved and possibility of different provinces contributing to
beds in question. Nevertheless, mineral analyses were made of the samples
from two water wells and an outcropping section of the Patapsco formation in
the vicinity of Baltimore. The results are compiled in Table 15.

The most important facts brought out by these analyses is the abundance
of staurolite in the Patuxent formation and its scarcity in the sands of the
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Patapsco, and the lack of garnet in both formations. Tourmaline is commonly
present in both formations, but cyanite is much more common in the Patuxent
than in the Patapsco. Chloritoid is found only in traces.

Comparing the minerology of the Patuxent formation of the Hammond
section with that of the wells of the Baltimore area, it will be noted that stauro-
lite shows a marked increase at the top of the Patuxent in the Hammond well
and continues to be abundantly present for about 250 feet. A marked decrease
in the amount of staurolite was noted when passing upward into the Patapsco
formation. Both formations in the wells of the Baltimore area are different
from those of the Ilammond section in that garnet is absent in the former but
abundantly present in the latter. This has been commented on in a previous
discussion. Tourmaline, which is abundant in the Baltimore sections, is very
scarce in the Patapsco and upper Patuxent formations in the Hammond well.
Cyanite which is commonly present in the Patuxent of the Baltimore area is
very rare to absent in this formation in the Hammond section. There are
many mineralogic dissimilarities between the two sections, but the abundance
of staurolite in the Patuxent formation of both sections suggests a correlation
on this basis. If this correlation be accepted, then the outcropping beds of the
Patuxent formation are represented by the uppermost 230 feet of section in
the Tammond well, the basal portion of the Hammond section not being repre-
sented on the outcrop.

PETROLEUM POSSIBILITIES OF THE EASTERN SHORE AREA
GENERAL

Origin and Accumadation of Petroleum

Geologic experience has indicated that most of the rocks from which petro-
leum is derived are of marine origin and that petroleum comes from the organic
material contained in sediments. As Trask has pointed out (103, p. 240), the
organic content of recent marine sediments, such as those of the Channel
Islands region of California, ranges upwards to 7 percent and that in the richest
deposits only about 235 percent of the organic matter is converted into petro-
leum. On this basis, only a small amount of organic matter, approximately 2
percent, is required to furnish petroleum.

Several factors affect the accumulation of organic matter. Trask (103, p.
230) points out that the configuration of the sea bottom strongly influences the
amount of organic material in sediments, more accumulating in depressions and
closed basins than on adjoining ridges and slopes. I'ine-textured sediments
such as clays and shales are higher in organic matter than coarser-grained
secdiments.  Organic material varies roughly with the supply of plankton in the
surface water. Near-shore sediments contain more organic matter than deep-
sea deposits, and in regions of upwelling of deep water to the surface the organic
content is high.




CRETACEOUS AND TERTIARY SUBSURFACE GEOLOGY

104

uonjesedas Jooq d - d d d £ F68-£°70

noycz |0z 1 1 081 1 £°06£-£798¢
al an| or | L | n 1 0 N 8 6L8-8°LLE
1 seig e fit 1| [P R I § 8°69£-8°9¢
| 1 S a1 1 0|7 4 8'£9¢- £9¢
1 4 4 o1 €1 | 0T | of 8°0££-8°8T¢
Judxmeg sz o] 1 i g (ST |6 9TE-8° T
T o1 s |- . L or | " 10k | T |01 Tie-role
9 ¢ | N Nz M| RIS “ o1 )08 | OF T 86T-L7L6T
I R [k o . Cofe l e ferfor sl 3 <1 apm
i - O B B e
T | 1§ 3 B2 1 L§T- ¢¢ ¢
1583 [BIOpPa g ‘0£-FCSE 1P
oc| £ il 1 s it st)on 9°9%(-9°T¥FT AR
| LR I 1 n|a ¢ | oF | 0T 9°1¥2-9°9¢T
n 1 1 : nlala n | n | LT oL [AVA N SrarA !
L2} 11 il oF | €S P 3 I AL TA S
oosdeyeq | L3 11 : RN S 0F | ¢ LIz Lon |
I | N 1 T IS 0¥ | 08 L°911-L7901
0z | L £ jlog|ce|s 19 - 1S
awad0IS191g ¢ |z 0z Jln|fsely o1 | ce polajoe i | 8781 -8°91
olzlelolololz slaolzlzlzlslalslielalzclel g~ L
UuoI BWIIO | FlE|8 mH W g mﬂ 2 5%z M., s m 2 w S|215 ¢ £ w oL
A . =l = | T2 2.1 e ol = 3 st =l =g 2 3 Jaejing puer Inos
d1o0an s .ma “ 515 1EE S sl fz | = .aN e I S S m = xo}aq yada(]
= S =1'=|& Sl5 2 g A=
c = I - R ° 18 !

PUDIKAD I “DaUD 2400)JDG 217 UL SJUIHIPIS UIDIJ (DISDOT) UL SIDAIULJY KapdJf fo saipjuasiad pappusd)ssy

ST ITHV.L




105

RTIARY SUBSURFACE GEOLOGY

CRETACEOUS AND TE

0

U

dejed

L

d

ot

1

1

£

n

1

3
1

2}
B2
1
n
1
1

1

Ee)

o~

o~

1
ot

n 1]
1
1
4
1 8
)
10N
n
41

n
4

E2)

-~

-~

1]

1

1

n

4

1

061

1
INH 4 1) es]
$114N)) ‘uotjeuLl 2
X doinno I 1d
101 3¢ Wi
d smouredg ‘o) |
U3Y3TYId0g ‘o I-1ed 119




106 CRETACEOUS AND TERTIARY SUBSURFACH GEOLOGY

Marine clays and shales are not the only potential source rocks of petroleum.
Limestones are frequently source rocks, and occasionally continental sediments
such as lake deposits contain sufficient organic matter to produce petroleum.

There is no general agreement at present concerning the manner in which the
organic matter of sediments is transformed into protopetroleum or petroleum
and the time at which such transformations take place. Various theories have
been advanced, some of which advocate that protopetroleum is formed very
soon after the deposition of the enclosing sediments, whereas other theories
postulate a relatively late origin associated with deformation. Whichever
theory is accepted, it must explain the manner in which the oxygen, nitrogen,
phosphorous, and sulphur are removed from the organic matter in order to
increase relatively the amounts of carbon and hydrogen, the essential con-
stitutents of petroleum.

One of the most recent theories dealing with the origin of petroleum is that
advanced by Zobell as a result of his micro-biological work at the Scripps
Institution of Oceanography. Zobell has shown that certain types of bacteria,
acting on either plant or animal matter in an oxygen free (anaerobic) environ-
ment, can liberate the oxygen, nitrogen, phosphorous and sulphur, and concen-
trate the carbon and hydrogen. This transformation is thought to take place
in a relatively low temperature environment and coincident with the deposition
of the fine-grained sediments. The place of accumulation of the petroleum is
considered to be near the locality at which it was formed. The hydrocarbon
thus produced is not the ultimate form which it may assume. Reactions with
minerals and salts in sediments and the mixing of different hydrocarbons during
migration will result in the formation of an oil such as that produced from any
oil structure.

There is no general agreement concerning the mode of accumulation of
petroleum. There is evidence to prove that some deposits of petroleum are

indigenous to the formations in which they are found, whereas in others there
is evidence to indicate that petroleum must have migrated into the reservoir
bed from a considerable distance.

Petroleum Siructures

One of the necessary requisites for the accumulation of petroleum is a geologic
trap. Petroleum cannot accumulate into commercial deposits unless it is
trapped in its subsurface migration. This migration takes place i porous
media such as sandstones or limestones and is the result of gases generated
during the formation of the oil and the circulation of underground fluids caused
by compaction of sediments. The pressure thus produced, acting on the oil and
subsurface waters, causes them to migrate. If the oil is not stopped in its sub-
surface migration and if the sedimentary strata through which it is passing are
inclined, it may migrate to the surface and escape. The geologic traps neces-
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sary to effect the accumulation of oil into commercial pools can be classified
under two main types, one known as structural traps and the other as strati-
graphic traps.

Structural Traps.—Deformation of the rocks of the carth’s crust produces in
them folds and fractures which are able to halt the general migration of o1l and
to cause it to accumulate in commercial quantities. The most important
structural traps are anticlines and domes, faults, monoclines, and salt domes.
Traps of lesser importance arc terraces, fissures, synclines, and igncous in-
trusions. All traps of the structural type must possess a closure otherwise the
petroleum would not accumulate. In the case of folded beds, some horizon or
horizons must completely encircle the structure thus producing a closed struc-
ture capable of holding petroleum. If the beds are faulted, some horizon or
horizons must close against the fault in order to trap the oil.

Stratigraphic Traps.—In contrast with the structural type of trap, which is
caused by deformation, is the geological structure known as the stratigraphic
trap. ‘This type is the result of changes in sedimentation which are affected to
a certain degree by deformation.  Tmportant traps of the stratigraphic type are
unconformities, sandstone lenses, shoe-string sands, old shore lines, overlaps,
and buried hills.  Of lesser importance are up-dip wedging sands and up-dip
decrease of porosity. Early geological search for petroleum-bearing structures
was confined to the location of the more obvious types such as the structural
traps. With the advent of geophysical methods and the advances in sedi-
mentation and paleogeography, the stratigraphic trap has assumed greater
importance. Much of our future supply of petroleum will doubtless be found
in stratigraphic traps.

SUBSURFACE STRUCTURES OF THE EASTERN SHORE

The attitude of the basement complex upon which the Mesozoic and Tertiary
sediments have been deposited is important from the standpoint of possible
petroleum accumulation. The seismic work of Ewing and others (31, 32,
33, 34) along the Atlantic Coastal Plain, together with the results of the deep
drilling, indicate that a regional low or bhasin structure exists in the basement
complex along the Eastern Shore of Maryland, extending northward into south-
castern Delaware and southward into the northern coastal plain of Virginia
(Fig. 24). This depression extends westward toward the fall-line.  The oil test
drilled one mile south of Meadows in Prince George’s County, Maryland,
penetrated to a depth of 1522 feet without encountering the basement.
Another well drilled at ¥ort Washington was carried to 1000 feet without reach-
ing the basement, but a well drilled at Indian Head, Charles County, Maryland,
reached the crystallines at 741 feet. Ewing’s (34) scismic survey shows the
hasement to be at depths of 3050 and 2950 feet below the level of Chesapeake
Bay near the Patuxent River. The extraordinary thickness of the Coastal
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Plain sediments in the two wells mentioned above led Clark (15) to postulate
that they were located along an old stream channel, probably the pre-Cre-
taceous Potomac River. Regionally, therefore, we are dealing with a basin
structure, the axis of which extends in a slightly northwest-southeasterly
direction and dips to the southeast.

Geophysical work, including seismograph, magnetometer, and gravity meter

Fiovee 22 Reproduction of U.S.0.5.-1. 5. Navy Airborne Magnetometer Contoir Map

surveys, was undertaken by several oil companies, the United States Navy, and
United States Bureau of Mines. The Navy made an airborne magnetometer
survey of Worcester and part of Wicomico county, the results of which are
contained in Preliminary Map No. 46 of oil and gas investigations of the United
States Geological Survey. The Bureau of Mines made a ground magnetometer
survey of Worcester county, and the results are discussed in a report by Kuehn
and Dent (64). The maps of these two surveys are reproduced in Figures
22 and 23.
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Both magnetometer surveys show two magnetic “highs,” one near the town
of Girdletree and the other approximately eight miles to the northwest. How-
ever the apex of the “high” near Girdletree on the Navy’s map is about two
miles southeast of the apex of the same “high” on the Bureau of Mines’ map.
The “high” to the northwest very nearly coincides on the two maps. Both
maps indicate a general rise in the magnetic contours between Wells 2

| AT =D
Pt Y

Fioure 23. Reproduction of U. S. Burcau of Mines Ground Magnetometer
Contour Map with Cheltenham Corrections

(Bethards) and 3 (Esso). This magnetic rise could hardly be due to a change
in topography in the basement complex since the basement in Well 2 was
encountered at 7140 feet and Well 3 at a total depth of 7710 feet was still in
the unconsolidated sands and clays of the lower Cretaceous.

The magnetic *“highs” may owe their origin to either changes in clevation of
the basement or to changes in the mineralogic character of the rocks of the
basement or possibly both. As pointed out by the authors of Map 46, basic
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intrusions, such as the one encountered in the hottom of the Bethards well
(Well 2), or basic dikes in the Triassic and the basement, may produce such
anomalies. It is hardly conceivable that the basement complex is a plane
surface, hence these two pronounced anomalies may owe their origin to both a
change in topography and a change in rock type. Seismic surveys would
largely reveal the character of the surface of the basement in this area.

From the standpoint of potential oil structures, these two anomalies are
important if they are topographic “highs” in the hasement complex. Younger
sediments would lap against their sides and be deposited over them. Com-
paction over their tops, caused by the weight of the overlying sediments,
would produce stratigraphic traps on the flanks of the highs. These would be
ideal traps for petroleum.

Aside from the traps produced by topographic expressions in the basement,
are the stratigraphic traps which result from changes in sedimentation. In the
Eastern Shore area, one of the most important types of stratigraphic trap is the
overlap.  Figures 20 and 21 show the effect of the overlapping in the Mesozoic
and Tertiary sediments, resulting in a marked thinning from cast to west.
Formational unconformities and lensing sands would also be important petro-
leum structures. There is no concrete evidence to indicate that deformation
has produced structures in the Mesozoic and Tertiary rocks of the arca, there-
fore, traps caused by changes in sedimentation should be the most important
structures for petroleum accumulation in this area.

CONCLUSIONS RESULTING FROM THE DRILLING OF THE THREE DEEP TESTS

The detailed section of the Hammond well together with the logs and samples
from the other wells permit certain general conclusions to be drawn concerning
the petroleum potentialities of the various sections. The presence of salt
water and the lack of petroleum in the three widely scparated wells might
suggest that the area as a whole is not structurally suited for the accumulation
of petroleum.  On the other hand, there is a possibility that the wells were not
located on suitable structures or too far down on potential structures. More
detailed geophysical work would doubtless eliminate this possibility. Another
important factor is the generation of petroleum. Do source beds capable of
producing petroleum exist in the area? The examination of the characteristics
of the various sections may answer these questions.

Potentialities of the Crelaceous Seclion

The Lower Cretaccous of the Hammond well has been shown to be primarily
of continental origin. Coarse, arkosic, rather poorly sorted sands and sub-
ordinate mottled shales were deposited by streams flowing into the basin. As
deposition continued, deltaic conditions developed, but no definite marine
sediments were laid down. Fine-grained deposits capable of containing organic




CRIETACEOUS AND TERTIARY SUBSURFACE GEOLOGY 111

matter are largely lacking, which means that potential source beds are absent
in the Lower Cretaceous of the Hammond and Bethards arcas. The shales
show the effects of oxidation, hence the environment in which they were laid
down was not suited to the generation of protopetroleum. This does not
entirely eliminate the possibility of petroleum accumulating in the area of these
two wells. If marine source beds were present farther to the east, oil could
migrate up dip in the abundant porous beds of the Lower Cretaceous and
accumulate in suitable stratigraphic traps. Although there is a decided over-
lapping of the Lower Cretaceous beds from east to west, large continuous shale
units scem to be lacking in all three sections. These would be necessary in
order to seal the porous sands and prevent the escape of oil which would migrate

into the traps.
If petroleum were forming during Lower Cretaceous times, then its formation

would have had to have taken place at some distance east of the present coast
line on the then existing continental shelf. Bottom conditions favorable to the
accumulation of fine-grained sediments and an anaerobic environment suitable
for the decomposition of organic matter would have been necessary. The
absence of petroleum in the Lower Cretaceous of the three test wells and the
lack of oil seepages in this part of the section along the fall line would suggest
that the necessary conditions for petroleum generation were lacking during
these times. Trask (103, p. 239) points out that the production of organic
matter in a marine deposit depends largely on the upwelling of deep water
bringing nutrients for the plankton. This upwelling occurs chiefly near the
coast and is caused by off-shore winds. Trask states that, at present, the sedi-
ments along the Atlantic coast are poor in organic matter.

The lowermost Upper Cretaceous section of the Esso well indicates near-
shore and at intervals, brackish-water conditions there. It is quite possible
that the Esso well is located where off-delta conditions prevailed during the
beginning of Upper Cretaceous time. If this be true, then the environment
would not be a suitable one for the generation of petroleum,

Marine and shallow-water sediments appear for the first time as a tongue
in the basal portion of the Raritan formation of the Hammond well.  They are
not thick and do not appear again until the upper part of the section is reached.
Slightly deeper water conditions probably existed in the areas of the Bethards
and Esso wells. Large sand bodies which could serve as reservoirs and thick
shale units which are seals for the underlying sands are present in the Esso well.
Passing westward, the sands and shales become thinner and interlaminated.
The Upper Cretaceous sediments in the vicinity of the Hammond and Bethards
wells do not seem to be suited to the formation of petroleum, but those of the
Esso well suggest that, if bottom conditions were right, petroleum could have
been generated. Although overlap in the Upper Cretaceous is not as pro-
nounced as in the Lower Cretaceous, there is sufficient to form a stratigraphic
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trap. The presence of salt water in the sands of the Upper Cretaceous indi-
cates that, if petroleum had been formed, either it has migrated away from this
general area or that the wells were located off-structure. This latter explana-
tion does not appear to be a satisfactory one, since there is no evidence to
suggest the presence of structural traps. If petroleum were trapped due to the
overlapping of the beds of the Upper Cretaceous then it would have to be
present to the west of the Hammond area. Deep water wells on the east side
of Chesapeake Bay have encountered both fresh and brackish water in the
uppermost beds of the Upper Cretaceous. On the western shore of the Bay, the
Upper Cretaceous contains fresh water sands. From a consideration of all the
factors, it seems very unlikely that petroleum ever existed in the sands of the
Upper Cretaceous.

Polentialities of the Eocene Section

The Eocene section of the Eastern Shore, as revealed by the samples from the
three tests, 1s a marine section rich in micro-fossils. Shales are very abundant,
but very fine sands which could serve as reservoir beds within the section are
rare. The Focene shows a marked thinning in a northwesterly direction
(Fig. 21) and is nowhere buried very deeply. If petroleum can form from the
remains of micro-fossils, then the shales of the Eocene must be considered as a
potential source bed. No indications of oil were noted in any of the Eocene
shales. If oil exists, it would have to be found to the east of the present coast-
line where a more complete section could be developed at greater depths.

Polentialities of the Miocene Section

The Miocene section is truncated and overlain by Pleistocene deposits. It
thins rapidly westward and is present at very shallow depths even in the Esso
well.  Even though the beds were laid down in a shallow-water marine environ-
ment and sands are rather well developed, it is hardly likely that any beds from
this shallow section would contain petroleum of a very good quality. The
thickening of the section at the rate of about 8 feet per mile would be sufficient
to provide stratigraphic traps; but, if petroleum is to be found, it probably
would be located far to the east of the present shore line.

SUMMARY

The subsurface material obtained from the drilling of the three deep tests on
the Lastern Shore of Maryland has given geological information on the
Mesozoic and Tertiary sections far removed from the outcrop. Paleontologic
studies have revealed new species not known from either the outcrop or the
subsurface of the Gulf Coast. On the basis of paleontologic evidence, the for-
mations in the upper part of the wells have been delineated. Petrographic
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studies have revealed the presence of mineral zones which serve to correlate the
completely cored Hammond section with those of the Bethards and Esso wells.
The detailed statistical studies have yielded information which has led to the
conclusion that the beds of the Hammond well were first deposited in a conti-
nental environment which changed gradually to deltaic, and finally to marine.
Progressive overlapping of the beds toward the west is more pronounced in the
Lower Cretaceous and less pronounced in the upper part of the well section.
<vidence of brackish-water conditions is noted in the lower part of the Upper
Cretaceous of the easternmost well. Intraformational unconformities as well
as formational unconformities occur.

Geophysical data suggest the presence of topographic “highs” in the base-
ment which could serve, through the compaction of the sediments over them, as
traps for petroleum. Stratigraphic traps such as overlaps, lensing sands, and
unconformities are present. Reservoir beds are well developed, but thick
shales which would serve as seals are lacking in the Lower Cretaccous.  Source
beds are not in evidence in the Lower Cretaceous and only occasionally present
in the Upper Cretaceous. The Cretaceous section of the Iastern Shore,
although suited for the accumulation of petroleum, is not very favorable for
the generation of petroleum. If any oil is to be found in Cretaceous sediments,
it will probably have to be found to the east of the present coast line where
suitable marine conditions would occur. The Eocene and Miocene sections
although marine are considered to be of little value due to their shallow depth.
No evidence of petroleum was found in any of the sands of the three wells.  The
results of the drilling has discouraged further search for oil in this region for
the present.
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TERTIARY MOLLUSCA FROM DEPTHS OF 330 TO gg90
FEET IN THE HAMMOND WELL

BY

JULIA A. GARDNER

Only coarse sand and gravel including a few fragments of carbonized wood
are found in the samples from 10 feet to 330 feet.

The samples from 330 feet to 510 feet are referred to the St. Marys forma-
tion without reservation. U'zila peralta (Conrad) and Budliopsis quadrata
(Conrad) occur at several depths within the interval and are considered diag-
nostic; in Maryland, the genus Bulliopsis and the rare forms, Terebra simplex
Conrad, Terebra curvilirata Conrad and Acteon pusillus Forbes are restricted in
their known range to the St. Marys formation.

The two samples from 510 feet to 520 feet are confusing; the first, from 310
feet to 515 feet, includes among the half dozen organisms a young Usila re-
sembling the St. Marys species, {'zifu peralta, although the possibility that it
may be the young of the rare U. peralivides of the Choptank and Calvert for-
mations has not been eliminated. In the second sample, from 510 feet to 520
feet, no fragments suggesting diagnostic species of the St. Marys formation
were observed and echinoid fragments make their first appearance. Possibly
the contact between the St. Marys and the Choptank falls close to 515 feet;
the first sample may then be from the St. Marys formation and the second
sample, if taken from the lower part of the interval, may be of Choptank age.

The faunas from 520 feet to 540 feet are meager assemblages of fragments of
echinoid tests and spines, Pecten sp., Anomia sp. and barnacle plates and seem
to indicate a near-shore fauna. 1In the surface outcrops of the Chesapeake
Group in Maryland, echinoid faunas have been recognized only in the basal
Choptank. That horizon is apparently represented in the sample from 630
feet to 640 feet. The higher echinoid horizon is probably uppermost Chop-
tank rather than basal St. Marys, for Discinisca ligubris (Conrad), a small
brachiopod which is common only in the Choptank, was recovered from the
samples from 540 fect to 560 feet, and an echinoid spine was noted in associa-
tion with the brachiopod in the sample from 550 feet to 560 feet. No species
peculiar to the Choptank have been recognized between this depth and the
lower echinoid horizon at 630 feet to 640 feet, a zone which may well be the
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equivalent of the Echinocardium orthonotim (Conrad) zone in Calvert Cliffs and
in the lower bed at Jones Wharf on the Patuxent River in St. Marys County.

Fragments of the diagnostic Calvert species, Anadara subrostrala (Conrad)
probably appear for the first time in the sample from 640 feet to 650 feet.
Parvilucina prunus Dall, another diagnostic Calvert species, is present in the,
sample from 630 feet to 660 feet. A third zone marker, Asiarie cunciformis
Conrad, was recovered from a depth of 660 feet to 670 feet. The most common
and widely distributed species, Chlamys (Lyropecien) madisonia (Say), is
common to the Calvert and the Choptank. It is recorded at various depths
from 390 feet to 850 feet. The lowest samples examined, from 850 feet to 990
feet, include barnacle plates in extraordinary numbers, a possible indication of
the shoaling of the waters. IHowever, barnacles are common throughout the
Chesapeake Group and are in all the samples from 540 feet down to 990 feet.

ST. MARYS FORMATION

Depth in Feet Depth in Feet
330-340 Mactroids
*Nucula sinaria Dall (PL. 1, figs. 1, 4) Scaphopod
“Cardium” sp. Lunatia sp. cf. L. heros (Say)
Turritella plebeta Say? R Barnacle plate

Lunatia sp. cf. L. heros (Say) R
Usita peralta (Conrad)

Usita? sp.

Bulliopsis? sp. R

Barnacle plates

Vertebrate fragments

370-380
Nucula sp. cf. N. sinaria Dall
“rea sp.
“Pecten’ sp.
*Vactra clathrodon Lea R (PL. 1, figs. 2, 3)
Mactroids

il ) Turritella sp
e TN, .
.\\111(1:10 .s;ndrm Dall? oo, el " Pl Gl
Mactroids
350-360 380—3?0 . l
Nucula sp. cf. N. sinaria Dall Nucula .51’- cf. N. stnaria Dal
Mactroid

Nucuda sp.

“Cardium” sp.

Mactra clathrodon Lea R
Mactroids

Turritella sp. cf. T'. variabilis Conrad
Stnum? sp.

Venus sp. 390400
Barnea? sp. Nucula sinaria Dall R
Turritella sp. cf. T plebeia Say R Nucula sp. cf. N. sinaria Dall
Lunatia sp. cf. L. heros (Say * N uculana concentrica (Say)? R (P11, figs.
Usita peralta (Conrad) 5, 10
Barnacle plates Fragment of large “Arca” ribs R
Mactra clathrodon l.ea R

360-370 Mactroids

Nucula sinaria Dall Corbula sp.
* Igured.

R Loaned through the kindness of Horace G. Richards.
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ST. MARYS FORMATION —Continued

Depth in Feet
*Dentalium caduloide Dall R (Pl I, fig.
1)
Turritella sp. cf. T. plebeia Say R
Lunatia heros (Say) R
Naticoid
Uzita peralta (Conrad)
Barnacle plate

400410
Nucula sinaria Dall R
Nucula sp. cf. N. sinaria Dall
Nucudana concenirica (Say)?
“Area” sp.
Mactroids
Pholad
Scaphopod
Turritella sp. cf. T. variabilis Conrad
Lunatia? sp. cf. L. heros (Say)
Usita sp. cf. U. peralta (Conrad)

410420

Nucuda sp. cf. N. sinaria Dall

“Leda”? sp.

Nuclana concentrica (Say)? R

“Area” sp. cf. “A.” idonea Conrad R

Mactra clathrodon Lea R

Mactroid

Pholad

Dentalinm attenuatum Say? R

*Budliopsis guadrata (Conrad) R (PL I,
figr. 27)

*Cymatosyriny limatula (Conrad) R (Pl
I, fig. 13)

420-430
Vucrda sinaria Dall? R
Nucula sp.
“Cardium” sp.
Mactra clathrodon l.ea
Mactroid
*Turbonilla (Pyrgiscus) sp. R (PL. 1, figs.
18, 19)
*Turritella sp. cf. T. variabilis Conrad R
(PL. 1, fig. 22)
Turritella sp. cf. T. variabilis Conrad
*Usita peralta (Conrad) R (PL. 1, figs. 25,
26)
*Terchra simplex Conrad R (PL. 1, fig. 16)

Depth in Feet
*Terebra curvilirata Courad R (PL. 1, figs,
23, 24)
430-440
Nucula sinaria Dall R
Nucula sp.
*Budliopsis quadrata (Conrad) R (Pl I,
fig. 17)
Terebra sp. cf. T. curvilirate Conrad R

440-450
Nucuda sinaria Dall R
Nucula sp.
Nuculana concentrica (Say)? R
Mactra clathrodon Lea R
Dentalium cadudoide Dall
Otolith

450-460
Nucula sp.
Nuculana concentrica (Say)
Corbuda sp.
Naticoid
Barnacle plates
Otoliths

460470
Nucula sp.
Nucudana sp. cf. “N.* concentrica (Say)
“UArea” sp.
Mactroid
Venus sp.
Scaphopod

470480
Nucula sp. cf. N. sinaria Dall
Mactroid
Turritella sp.
Uzita sp. of. U. peralta (Conrad)

480-490
Nucula sp.
Ostrea sp.
Mactroid
Dentalium? sp.
Naticoid

490-500
Nucula sp.
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Depth in Feet
“Cardium” sp.
Barnacle plate
500-510
Nucula sinaria Dall
Nuculana concentrica (Say)?

Anadara sp. cf. A. idonea (Conrad) and

A staminea (Say)
Mactroids

Depth in Feet
Venus sp.

Scaphopods
Turritella sp. of. T. variabilis Conrad
Uzita sp.

cf. Bulliopsis sp.

*Acteon sp. cf. A. pusillus Forbes (PL I,
figs. 20, 21)

ST. MARYS FORMATION?

Depth in ¥Feet
510-515
Nucula sp.

Anadara sp. cf. A. idonea (Conrad) and

A. staminea (Say)

Depth in Feet
Mactroids
Turritella sp.
Usita sp.
Barnacle plates

CTIOPTANK FORMATION?

Depth in Feet

510-520
Echinoid fragments
“Pecten” sp.
Mactroids
Dosinia sp.

Barnacle plates

Depth in Feet

520-530
Echinoid fragments
“Pecten’ s).
Barnacle plates
Echinoid fragments
“Pecten’ sp.
Anomia sp.
Barnacle plates

CHOPTANK FORMATION

Depth in Feet

510-550
Discinisca