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GROUND WATER RESOURCES
OF THE
SOUTHERN MARYLAND COASTAL PLAIN

BY
E. G. OTTON

Abstract

The Southern Maryland area, comprising the five counties of Anne Arundel,
Prince Georges, Calvert, Charles, and St. Marys, includes more than 1,900
square miles, and had a population of about 373,000 in 1950. The area lies
within the Coastal Plain physiographic province and has a maximum relief of
only about 460 feet. Approximately 60 percent of Southern Maryland is farm-
land. Tobacco is the chief crop.

The sedimentary rocks of Southern Maryland consist of sand, gravel, clay,
sandy clay, shell beds, and marl, which range in geologic age from Early Cre-
taceous to Recent. They are underlain by a “floor” or “basement’” of hard
crystalline rocks, chiefly pre-Cambrian. The crystalline-rock floor slopes
gently southeast from the Fall Zone along the northwestern boundary of the
Coastal Plain, or roughly along U. S. Route 1 between Baltimore and Washing-
ton, D. C. The sedimentary rocks thicken wedge-like southeastward to a thick-
ness of more than 3,000 feet at Solomons Island at the mouth of the Patuxent
River in Calvert County.

The Patuxent, Patapsco, Raritan, and Magothy formations of Cretaceous
age are the most important aquifers in the area. The yields of wells tapping
the sand and gravels in these formations are, in a few localities, greater than
1,000 gallons per minute. The Aquia greensand and the Nanjemoy formation
of Eocene age are the chief aquifers in Calvert and St. Marys Counties, al-
though the yields of wells are seldom more than 400 gallons a minute. Many
of the dug wells supplying farms and rural residents yield 5 to 20 gallons a min-
ute from the sands and gravels of Pliocene(?) and Pleistocene age. Local
precipitation is the source of essentially all ground water in Southern Maryland.
The water in dug and drilled wells occurs under both water-table and artesian
conditions. Some ground water moves vertically between the essentially
horizontal beds, indicating the existence of so-called “leaky” aquifers. In some
of the tidewater areas flowing wells are obtained when the deeper artesian
strata are penetrated. In a few localities the artesian head has declined so
that wells which formerly flowed at the land surface must now be pumped.

Of the slightly more than 20 million gallons of ground water pumped, or dis-
charged, daily during 1951 in Southern Maryland, about 1114 million gallons

1
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(54 percent) was used for domestic and rural consumption, about 54 million
gallons (24 percent) for military and institutional purposes, and the remainder,
414 million gallons (22 percent) was for public-supply and commercial purposes.
The Patapsco and Raritan formations furnished about 634 million gallons
(more than 30 percent) and the Aquia greensand, the next important aquifer,
furnished a little less than 4 million gallons (about 18 percent). The remainder,
about 11 million gallons a day, was withdrawn chiefly from the Patuxent,
Magothy, and Nanjemoy formations, and from deposits of Pliocene(?) and
Pleistocene age.

Chemical analyses of about 275 samples of water from the major aquifers
show the quality of the ground water is satisfactory for most uses. In a few
localities the iron content is excessive (as much as 30 parts per million), and
treatment for iron removal is necessary even for domestic use. Some of the
water in ecastern Anne Arundel County and northern Prince Georges County
contains free acid and has a lIow pH. The hardness of the water from most
aquifers is below 100 parts per million. The chloride and nitrate contents of un-
contaminated water are commonly below 235 parts per million. The relation of
the chemical character of the water to the geology and hydrology of the area
is discussed. Base exchange, or natural water softening, takes place in some
of the water-bearing strata.

On the basis of hydrologic and geologic data from pumping tests, well records,
sample studies, and piezometric and geologic maps, the available ground-water
supplies in four subareas of the Southern Maryland peninsula were estimated.
The estimates indicate the untapped ground-water supplies are extensive and
constitute one of the most valuable natural resources of the area.

The report contains records of representative wells, drillers’ logs, and sample-
study logs of key wells.

Introduction
LOCATION OF THE AREA

The Southern Maryland area, an irregularly shaped peninsula of 1,944 square
miles, is bounded on the south and west by the Potomac River; on the northwest
by the District of Columbia and by Howard and Montgomery Counties, on the
north by the Patapsco River and small parts of Baltimore City and Baltimore
County, and on the east by the Chesapeake Bay along which it extends for 90
miles (fig. 1). Tt lies between parallels 38°02 and 39°14’ north latitude, and
meridians 76°18" and 77°17" west longitude.

PURPOSE AND SCOPE OF TUE REPORT

During the years 1944 to 1952, the ground-water resources of the five counties
of Southern Maryland, Anne Arundel, Calvert, Prince Georges, St. Marys, and
Charles, were investigated under a cooperative agreement between the United
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States Geological Survey and the Maryland Department of Geology, Mines
and Water Resources. As the work in the successive counties was completed,
the results were published by the Maryland Department of Geology, Mines and
Water Resources in five county reports. Since Southern Maryland is a geologic
and hydrologic unit, the purpose of this report 1s to integrate the five separate
county reports into a comprehensive interpretation of the geology and hy-
drology of the whole area.

The report was prepared under the general supervision of A. N. Sayre, Chief
of the Ground Water Branch of the United States Geological Survey, and
under the immediate supervision of R. R. Bennett, District Geologist in charge
of the ground-water investigations in Maryland.

A county coordinate system is used to designate and locate the wells. ach
county is divided into 5-minute quadrangles of latitude and longitude desig-
nated from north to south in upper-case letters and from west to east in lower-
case letters. The quadrangle designation is preceded by an abbreviation of the
county name. The wells in a quadrangle are numbered in the order in which
they were inventoried. Thus well Cal-Bc 2 is the second well inventoried in
quadrangle Bc in Calvert County.

PrEVIOUS INVESTIGATIONS AND ACKNOWLEDGMENTS

Much of the basic data in this report is from the five published reports de-
scribing the ground-water conditions in the Southern Maryland counties.
These reports contain information on the yields, depths, locations, and static
water levels of hundreds of wells in the area. The reports are Charles County
in the county report series by Overbeck (1948); Bulletin 5, Anne Arundel
County by Brookhart (1949); Bulletin 8, Calvert County by Overbeck (1951);
Bulletin 10, Prince Georges County by Gerald Meyer (1952); and Bulletin 11,
St. Marys County by Ferguson (1953). Substantial contributions were analyses
of pump test data by Rex R. Meyer and the foraminiferal studies (Table 35)
by Glenn G. Collins which formed the basis for the classification of the marine
formations. The discussion and analysis of water-level tluctuations is largely
the work of Claire A. Richardson. Substantial additional data and much help
was received from these members of the cooperative ground-water staff in the
preparation of this report.

The writer is greatly indebted to numerous residents of the area who supplied
information concerning privately owned ground-water supplies and to personnel
of industrial plants and military installations who assisted in the collection of
ground-water data.

W. O. Monroe, Chief Engineer, provided pumpage data and records of
wells drilled for the Anne Arundel County Sanitary Commission. George 1.
Hall, Chief Engineer of the Maryland State Department of Health, supplied
chemical analyses of water and other information on public ground-water
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supplies in Southern Maryland. Whitman, Requardt and Associates supplied
copies of engineering reports dealing with the ground-water supplies at An-
napolis and at the Patuxent Naval Air Station. Allen Lee, Engineer, Maryland
State Roads Commission, furnished elevations of benchmarks on road rights-
of-way.

Acknowledgment is made of the use of an unpublished report by Whitman,
Requardt and Associates (consulting engineers) which provides considerable
data on the treatment, source, and distribution of water at Annapolis (1946).

In 1048 the J. E. Greiner Company of Baltimore prepared an engineering
report on the proposed (now completed) Chesapeake Bay Bridge which con-
tains a detailed geologic section across the Bay at the site of the bridge. The
section reveals the complexity of the sedimentary deposits in the vicinity of the
Bay and was useful in interpreting the ground-water conditions in the area.

Julia A. Gardner of the U. S. Geological Survey, named and determined the
geologic ages of fossil specimens.

Considerable data were obtained from an unpublished report (Fiedler and
Jacob, 1939) describing the hydrologic conditions at the Indian Head Naval
Powder Factory in Charles County which contains the results and analyses
of extensive pumping tests of wells at the powder factory.

Thanks are due Richard C. Erd of the Geologic Division of the U. S. Geo-
logical Survey for counting and identifying the heavy minerals in the well
cuttings.

Particular thanks are due the well drillers who collected and submitted
the sample cuttings and who supplied data on the construction, depths, and
yields of wells.

Geography
PHYSIOGRAPHY

Southern Maryland lies within the Coastal Plain physiographic province,
one of five physiographic provinces into which the State of Maryland has been
divided (fig. 1). These five provinces are, from west to east, the Appalachian
Plateaus, the Valley and Ridge province, the Blue Ridge, the Piedmont Pla-
teau, and the Coastal Plain.

The Piedmont Plateau is characterized by moderately dissected to rolling
topography. The Piedmont surface has been carved chiefly into ancient crystal-
line rocks, which are more resistant to erosion than the softer sedimentary
materials of the Coastal Plain. The boundary between the Piedmont and the
Coastal Plain is known as the “Fall Line” or, more properly, the “Fall Zone.”
This zone, a few miles in width, is characterized by an increase in the gradient
of streams crossing it, narrow, steep-walled valleys, and by rapids and waterfalls
in the streams. The Fall Zone passes through and near the cities of Baltimore
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and Washington, D. C., and follows approximately the route of U. S. Highway 1
connecting those cities.

The Coastal Plain province is an area of less relief than the Piedmont prov-
ince. Swampy areas are common adjacent to the major waterways, and flat
upland plains exist in some of the interstream areas, but, generally, the to-
pography is gently rolling to undulating. The streams are characterized by low
gradients and few, if any, waterfalls and rapids. Geologically, the two provinces
are dissimilar, the Coastal Plain province consisting of softer sedimentary ma-
terials derived from the erosion and decomposition of the older, harder rocks
of the Piedmont province to the west. The highest point in the area is in
northern Prince Georges County near the Montgomery County line at an eleva-
tion of about 460 feet above sea level.

A prominent topographic feature in the area is a group of hills in northern
Anne Arundel County near the towns of Elvaton and Lipins Corner. These
hills are erosional remnants of indurated strata in the outcropping Raritan for-
mation (Upper Cretaceous). Another prominent topographic feature is a ridge-
like hill near the District of Columbia-Prince Georges County line. Part of this
ridge, known as Good Hope Hill, attains an elevation of about 290 feet above
sea level. Its height is conspicuous because it is bordered on the north and west
by the valleys of the Anacostia and Potomac Rivers where the Coastal Plain
strata are deeply dissected.

The numerous estuaries and river valleys of Southern Maryland arc the
most prominent physiographic features. The estuaries are characterized by
irregular shorelines, wide mouths, and tidal marshes; in many places they
are shallow and not easily navigable. Water depths of 10 feet or less are common
in most of the estuaries.

CLIMATE

Southern Maryland lies in the humid temperate climatic belt of the eastern
part of the United States. It has warm summers and wet, but not extremely
cold, winters. Weather-reporting stations have been maintained in the area
for a number of years, and the records of several stations are sufficiently long
to give a reliable picture of the climatic conditions. Table 1 gives the stations,
the lengths of record, the average annual precipitation and the average annual
temperature.

The precipitation is fairly uniformly distributed throughout the year. During
the driest month, November, the precipitation averages about 60 percent of that
during the wettest month, July (Table 2). Anne Arundel and Prince Georges
Counties appear to have slightly more rainfall than the other three counties.
Central Prince Georges County has about 120 days a year during which 0.01
inch or more of precipitation occurs (Weeks, 1939, p. 20). The rest of Southern
Maryland has 100 to 120 days during which 0.01 inch or more of precipitation
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occurs. In general, 15 to 20 inches of snowfall occurs during the winter season
throughout Southern Maryland.

The record of precipitation at the Cheltenham station, covering the period
from 1902 through 1951, shows that the year 1930 was the driest. The total pre-
cipitation that year amounted to 22.58 inches or about half the mean annual

TABLE 1

Weather-reporting stations in Southern Maryland and annual precipitation and temperature

f Average annual |Average annual

Station County Yree';?rg pre(gli]%ihtgst)ion tem)i)sg‘z;ture
U. S. Naval Academy. . ..... ... Anne Arundel 86 44.04 55.6
Solomons Island . . . . . .. ... .. .. Calvert 60 38.44 57.3
LaPlata.....................| Charles 37 43.86 56.2
Cheltenham .. .. ........ ... ... Prince Georges 51 44.06 55.0
College Park. .. ..... ... .. do | 65 41.79 54.7
Charlotte Hall. . ... ... .. .. St. Marys 30 41.44 SO8Y
Leonardtown. .. ........ .. ... do 17 39.97 56.2
TABLLE 2

Mean monthly precipitation, in inches, in Southern Maryland

| |
Station Jan. | Feb. |Mar. | Apr. | May |June | July | Aug. [Sept. | Oct.

Nov. | Dec.
U. S. Naval Academy. . ... .. |3.37[3.21/3.70/4.07(4.04/4.03|4.41 4.523.79{3.16 2.82/3.34
Charlotte Hall. . . .......... .| 3.30(3.103.31.3.61(3.67(3.56/5.19/3.7613.03,3.32/2.63|2.96
Cheltenham. .. ... ... .. ... .. !3.72i2.77|3.663.93 3.67|4.23/14.514.933.60|3.042.783.22
College Park............. .. 3.313.023.533.503.963.894.164.343.432.89‘2.733.03
TaPlata. .. .. ..... ... ... .. |3.84] — [3.30]3.88/3.88/4.27/4.62/4.59|3.72/3.10;2.86/2.91
Leonardtown. . ............ [3.0612.92 4.07i3.06,3.233.674.64 4.102.32|3.21 2.84|2.85
Solomons Island. .. ... .. .. |3.102.853.29|3.17/3.24/3.394.62(4.04/2.97(2.70(2.32|2.75
All stations. ... ... ... ~13.3812.97|3.55(3.63[3.67/3.86/4.59 4.32}3.26{

| |

3.0612.713.00

From Annual Summary Climatological Data, U. S. Weather Bureau, 1951.

precipitation during the 50-year period of record. At Cheltenham only 12 years
have an annual precipitation of less than 40 inches.

Records of temperature at the seven stations in Southern Maryland show a
range of mean annual temperatures from 54.7°F at College Park to 57.3°T at
Solomons Island, or a range of about 3°F from the northern part of the area to
the southern part. The highest temperature recorded at the weather station at
La Plata was on July 20, 1930, when 108°F was measured. The lowest tempera-
ture recorded at this station was on January 12, 1912, when —12°F was meas-
ured (Brancato, 1948, p. 220).

The length of the growing season, or the period from the last killing frost in
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the spring to the first killing frost in the fall, ranges from a mean of 210 days in
the vicinity of Point Lookout to 180 days in the Laurel-Bowie area (Weeks,
1939, p. 19). Records of the weather station at La Plata show that the longest
growing season was 237 days and the shortest was 165 days; the mean length
of the growing season at this station is 189 days.

Records at the La Plata station also show that the mean annual number of
clear days is 164 and of cloudy days is 103. The sun shines about 60 percent of
the possible time from May through October. The cloudiest period of the year
is during December and January when the sun shines only about 46 percent of
the possible time (Brancato, 1948, p. 227).

The chief geographical factor affecting the climate of Southern Maryland
are the two major water bodies adjoining the area, the Chesapeake Bay and
the Potomac River. They modify somewhat the extremes of weather conditions
in their vicinity. Maps showing the position of annual isotherms (lines of equal
mean annual temperature) indicate that the average annual temperature near
Baltimore is about the same as that at La Plata and Prince Frederick, which
are roughly 50 miles south of Baltimore. For example, the 56° isotherm trends
easterly through La Plata and Prince Frederick and then abruptly bends
northward and crosses the Chesapeake Bay near the Patapsco River, indicating
an anomaly in a northerly direction about 40 miles long (Weeks, 1939, p. 9).

PoruratioN, TRANSPORTATION, RESOURCES, AND INDUSTRY

Southern Maryland was largely rural prior to 1940. During the decade 1940
to 1950, the fringe areas of Anne Arundel and Prince Georges Counties near Bal-
timore and Washington, D. C., respectively, increased considerably in popula-
tion. During this decade the population of Charles and St. Marys Counties
also increased markedly. The population growth of Southern Maryland is due
in part to increased economic opportunities within the area and in part to a
migration from the cities of Baltimore and Washington. The population by
counties (1950 census) and the percentage of increase during the preceding dec-
ade 1s shown in Table 3.

The population of the major towns in Southern Maryland (1950 census) is
shown in Table 4.

Southern Maryland was settled during colonial times largely because of the
excellent natural harbors and availability of water transportation. Towns such
as Port Tobacco, Lower Marlboro, Annapolis, and St. Marys City were for
many years thriving seaport and harbor towns. With the exception of An-
napolis, which has continued to thrive, the decline in water transportation and
the growth of the road system during the past 50 years have caused marked
changes in the growth and prosperity of the towns of Southern Maryland. The
development of the system of modern paved roads has been chiefly responsible
for shifting the centers of commerce from the older seaport communities to
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the inland towns. Among the major highways in Southern Maryland are U. S.
Route 301, linking northern Virginia with Washington, D. . and Baltimore;
Maryland Route 2, which extends southward from Baltimore to Solomons

TABLE 3

Population by counties in Southern Maryland

County Population 1950 Percent increase (1940-50)

Anne Arundel .. 117,392 7
Calvert . .. 12,100 1
Charles .. - . 23,415 3
Prince Georges. - 194,182 11
St. Marys ) 29,111

Totalg. 4. SR | 376,200

TABLE 4
Population of towns in Southern Maryland

Town or city Population

Annapolis . o 10,047
Bowie. .. . 860
Capitol Heights. a5
Chesapeake Beach . 504
College Park.. ... ... . .. ... .. 11,170
Colmar Manor. . oo 1,732
Glen Burnie. . ... . .. ... ...............12,000®
Hyattsville. . ... .. ... ... .. 12,308
La Plata. . . - 708
Laurel . e e e 4482
Leonardtown. . ... .. ... .. ... ... ... 1,017
North Beach.......... ... ... ... .. .. .. 314
Odenton..... . . e 1,059
Severna Park-Round Bay . ... ... ... ... .............. .. ... ........... 1,095
Solomons. . : 270
Upper Marlboro 702

 Unincorporated; population estimated from sources other than the Census Bureau.

Istand; Maryland Route 5, which links the District of Columbia with Waldorf
in Charles County and with Leonardtown in St. Marys County; and U. S. Route
1, which connects Baltimore with Washington, D. C., and passes across north-
ern Prince Georges County. In addition to these roads, superhighways are now
under construction which will provide quick transportation between Washing-
ton and Baltimore, and between Washington and Annapolis and the Chesa-
peake Bay Bridge.
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Rail facilities are generally lacking in Southern Maryland, although the Bal-
timore and Ohio Railroad and the Pennsylvania Railroad both have main
tracks passing through the northern part of the area connecting Baltimore and
Washington. The Baltimore and Annapolis Railroad in Anne Arundel County
connecting the two cities has recently abandoned passenger service. The only
other rail facilities in the area are a single-track line extending south from the
Pennsylvania Railroad at Bowie to Popes Creek in Charles County and to the
Patuxent River Naval Air Station in St. Marys County.

Farming continues to be the chief occupation of the inhabitants of Southern

TABLE 5
Mineral production of Southern Maryland in 1950

County ' Quantity (short tons) Value

Sand and gravel

Prince Georges. .. ........ ... ... 1,060,172 $1,275,493
Anne Arundel. .. ...l 557,587 724,293
Total. ... ... ’ 1,617,759 $1,999,786

Clay, all types

Prince Georges......................... 140,395 $ 103,888
Anne Arundel. .. ... . ... ‘ 1,451 8,865
Total. . ... ‘ 141,846 $ 112,753

Agricultural limestone (oyster shells)

Anne Arundel. ... ... ... ... ... ... ‘ 50 $ 400

Maryland, although some industrialization has taken place near Baltimore
and Washington. Many hundreds of persons in the area are employed at the
various military and naval installations such as the Patuxent River Naval Air
Station, the Indian Head Naval Powder Factory, the U. S. Naval Academy at
Annapolis, and Fort George G. Meade. The many beaches and shore areas have
been responsible for rapid and continuous growth of the resort industry. Fishing
and oystering are now minor economic activities, although a century ago
these industries ranked second to agriculture in importance.

In Southern Maryland during 1950 about 60 percent of the land area was
under cultivation. Tobacco is the most important crop raised, although some
corn, hay, and small grains are grown. The total value of all crops sold in 1949
was nearly 20 million dollars.
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The major industrial plants are in northern Anne Arundel and western Prince
Georges Counties. Chemical and fertilizer plants, as well as clay and brick
plants, are located adjacent to Baltimore City along the Patapsco River. A
large plant at Odenton manufactures plastic products. Other clay and brick
plants are in the Laurel-Hyattsville area of Prince Georges County, and one
plant in that locality manufactures mineral pigments.

Sand and gravel are an important and extensively utilized mineral resource
of Southern Maryland. The value of the 1950 production amounted to about 2
million dollars. Although minable clay deposits occur in northern Anne Arundel
and Prince Georges Counties, they are at present largely undeveloped. Exten-
sive deposits of diatomaceous earth are at or near the surface in some localities
in southern Prince Georges and northern Calvert Counties, but these beds have
not been commercially developed to any extent. Greensand is abundant at
many places in Southern Maryland, but the market for this material has not
been sufficient to stimulate its production.

Table 5 lists the mineral production, by counties, of Southern Maryland
in 1950.

General Geology and Hydrology

The rocks in Southern Maryland consist chiefly of sedimentary formations
composed of clay, sand, marl, gravel, and diatomaceous earth ranging in geo-
logic age from Larly Cretaceous to Recent. They form a wedge-shaped mass
which thickens to the southeast and pinches out to the west and northwest.
Underlying these deposits are much older and harder crystalline rocks, chiefly
of pre-Cambrian age. The position and extent of the rocks underlying Southern
Maryland are shown in a sectional diagram compiled from drillers’ logs and
well cuttings (P1. 1). The crystalline rocks are exposed at the surface in the Pied-
mont Plateau immediately to the west and northwest of the Southern Mary-
land area and along a few stream valleys in northern Prince Georges County.
The age of the crystalline rocks may range from pre-Cambrian to Ordovician,
but for convenience they are considered in this report to be pre-Cambrian.

During most of the Paleozoic era and much of Triassic and Jurassic time
Southern Maryland is believed to have been above sea level and undergoing
erosion, so that the crystalline-rock surface was reduced to a peneplain of low
or moderate relief (Stephenson and others, 1935, p. 5).

At the beginning of the Cretaceous period the Southern Maryland area (and
adjacent parts of the Atlantic Coast) was tilted or downwarped eastward and
the shoreline of the Atlantic Ocean stood somewhere west of the present shore-
line. Possibly this downwarping of the crystalline-rock mass was accompanied
by faulting along the present border of the Cretaceous deposits at the Fall Zone.
The gradient of the castward-draining streams was sufficient to carry sand, silt,
clay, and organic debris and deposit these materials between the Atlantic Ocean
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to the east and the highlands to the west. The nature of the continental deposits
suggests that they were carried by low-gradient streams whose channels mean-
dered back and forth across a land surface of gentle relief. The sediments com-
monly contain plant fragments and occasionally the remains of dinosaurs or
other reptiles, but in many places fossil remains are scarce or lacking. The
deposits are characterized by the presence of lenticular bodies of sand, which
may be very coarse and gravelly or fine and clayey, that grade into varicolored
clays and sandy clays. Nodules and bands of ironstone are common, and in
some places the ironstone layers attain a thickness of more than 5 feet. An
essentially deltaic, flood-plain environment is believed to have existed during
much of the time when the Patuxent, Arundel, Patapsco, and Raritan forma-
tions were being deposited in Southern Maryland.

The logs of a few deep wells that completely penetrate these continental
deposits show that their thickness increases from about 930 feet in the vicinity
of Glenn Dale in Prince Georges County to approximately 3,700 feet near Salis-
bury in Wicomico County (Anderson and others, 1948).

After the deposition of the Raritan formation, the sea advanced westward, so
that during the time interval represented by the deposition of the Magothy
formation, the sedimentary environment changed and (ongues of estuarine de-
posits mingled with the fluvial deposits. Beds of irregularly distributed sand
and clay were deposited under conditions of sedimentation probably not greatly
different from those at the mouth of the Mississippi River today. Some marine
shells have been found in the Magothy formation, and the carbonaceous remains
of plants are common. By the end of Cretaceous time marine waters probably
covered the entire Southern Maryland area, and the sands and muds washed
into the Late Cretaceous sea constitute the Matawan and Monmouth forma-
tions. The marine sediments deposited in the advancing Cretaceous sea are the
oldest in Maryland in which the mineral glauconite is abundant.

Conditions of sedimentation similar to those of Late Cretaceous time existed
during most of Paleocene and Eocene time, as glauconite is also a common con-
stituent of the Paleocene and Eocene formations. Their relatively high glau-
conite content indicates that the Southern Maryland area was covered by shal-
Iow seas which received only small amounts of coarse terrigenous material from
the north and west. The fauna of Paleocene and Focene time, however, do show
differences from the Cretaceous forms. The rock material and the Foraminifera
show that during late Eocene (Jackson) time the waters of the sea were suffi-
ciently quiet and free from land-derived detritus that thin layers of limestone
formed in the sea bottom. Locally the “shell” or limestone beds attain a thick-
ness of 3 feet or more.

Sedimentary rocks of Oligocene and early Miocene age are not known to be
present in Maryland, and the time interval is believed to be represented in
Maryland by a period of retreat of the sea accompanied by erosion of the Eo-
cene sediments (Stephenson and others, 1933, p. 10). During middle Miocene
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time the seas once again flooded the Coastal Plain region from New Jersey
southward to North Carolina. Deposits of the Miocene epoch have been found
on the crystalline rocks of the Piedmont Plateau in northern Virginia about 90
miles west of the present Atlantic Coast. They consist of sand, clay, sandy
clay, and beds of diatomaceous earth. They attain a thickness of about 350 feet
in the southern tip of St. Marys County and thicken castward to more than
1,000 feet near Salisbury in Wicomico County (Anderson and others, 1948, p.
98).

At the close of Miocene time the Miocene sediments along the Atlantic Coast
were raised above sea level, and during Pliocene(?) and early Pleistocene time
the rivers draining the highlands to the west deposited fan-shaped sheets of
sand, gravel, and clay on the surface of the gently undulating sediments. The

Potomac, Patuxent, Patapsco, and Susquehanna Rivers probably transported
much of this alluvial material to the Southern Maryland arca. The sediments

carried southeastward by the various streams formed broad coalescing deltas,
which eventually merged into a gently sloping veneer of deposits completely
covering the Miocene sediments. During much of Pliocene time the shoreline is
believed to have lain to the east and south of Southern Maryland. However,
marine fossils of Pliocene age have been reported south of the James River in
Virginia, indicating that tongues of the Pliocene sea spread to a point not far
south of Southern Maryland. The stratigraphic break recorded in the sediments
between the Pliocene and Pleistocene series in the northern Atlantic Coastal
Plain is not conspicuous. In general, these sands and gravels are devoid of
remains of life, except for a few plant fossils.

The Pleistocene epoch was characterized by at least four major stages of
glaciation, of which no direct record is found in the rocks of Maryland. The
glacial and interglacial stages of the Pleistocene were characterized by world-
wide changes in sea level, the lowering of the seas having been caused by the
withdrawal of water from the oceans to be locked up in the great continental
ice sheets. The successive fall and rise of the sea level during this period per-
mitted the erosion and filling of the stream valleys in the Chesapeake Bay area.
Thus, the Pleistocene sedimentary rocks in and along the tributaries of the
major streams in the Southern Maryland area have a complex geologic history.
Although the extent of this fall and rise is inconclusive and open to discussion,
it is at least 300 feet or more. The youngest deposits in Southern Maryland are
those laid down during the Recent epoch or during the time since the retreat of
the last continental ice sheet from North America. These deposits are variable
in nature and contain the remains of modern species of plants and animals.

Although most of the ground-water supplies in Southern Maryland are ob-
tained from the Coastal Plain deposits, some are derived from the crystalline
rocks along a narrow belt in northern Prince Georges County. Many wells
drilled into the rock yield only small quantities of water, as the crystalline-rock
formations are not generally considered to be good aquifers. The sands and
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gravels in the Coastal Plain constitute a vast reservoir for storing and trans-
mitting ground water, which is readily tapped by wells. Although many of the
sands are discontinuous and somewhat irregular, they are sufficiently connected
that they may be grouped into geologic and hydrologic units and traced across
the Maryland coastal plain and into adjacent areas. In general, the major
water-bearing strata are separated from each other by relatively impermeable
clays or sandy clays. The principal aquifers in the area are the Patuxent, the
Patapsco, and the Magothy formations of Cretaceous age, the Aquia greensand,
and the Nanjemoy and Piney Point formations of Eocene age, and the deposits
of Pleistocene age.

Except where the aquifers occur at great depth, where they may contain
connate water, the source of all water in them is precipitation. It is probable
that the aquifers have been largely filled with water since the time of their de-
position. The ground water stored in and transmitted through the water-bearing
strata is a part of the hydrologic cycle, in which water is in continual movement
from the atmosphere to the land, to the sea, and back to the atmosphere again.
Some of the water falling on the earth’s surface evaporates, some is utilized by
plants and animals, some runs directly to the sea in rivers and streams, and
some percolates down into the rock formations where it may remain for a few
hours, for days, or for centuries before it comes close enough to the surface to
be evaporated, or enters the streams and rivers (and thence the sea) via springs,
seeps, and underflow. Some water may migrate during long periods of time
through permeable strata and enter the ocean directly. A relatively small
proportion of it may become chemically bound to the rock materials and its
return to the atmosphere be delayed indefinitely.

Perhaps the most commonly observed ground-water feature is the upper
limit of the zone of saturation, or the water table. This is a gently undulating
surface, which must be penetratecd by wells if they are to obtain water from the
ground-water reservoir. The water table rises and falls in response to changes
in ground-water storage and rates of recharge and discharge. Where water
occurs in a permeable bed overlain by a confining bed of lesser permeability
(usually a clay or other fine-grained material) artesian conditions exist. Ground
water occurs in most of the aquifers in Southern Maryland under both artesian
and nonartesian (water-table) conditions, artesian conditions existing in the
subsurface and water-table conditions in the outcrop areas. The important
water-bearing formations in Southern Maryland and their hydrologic properties
are shown in Table 6.

Geologie Formations and their Water-bearing Properties
PRE-CAMBRIAN CRYSTALLINE RoCks

Distribution and characler—The crystalline rocks of the Piedmont Plateau
northwest and west of Southern Maryland dip beneath the Coastal Plain sedi-
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ments in the vicinity of the Fall Zone. They are important as a source of water
in Southern Maryland only along a narrow belt in northern Anne Arundel and
Prince Georges Counties. Farther southeast the crystalline rocks lie at con-
siderable depth, and the presence of several overlying sedimentary aquifers
has made it unnecessary to drill water wells to the pre-Cambrian rocks.

The crystalline rocks consist mainly of hard dense granite, schist, gabbro,
diorite, gneiss, and marble. They are exposed in places along tributaries of the
Anacostia River near the northern limit of the area, and in scattered patches
along Walker Branch, Bear Branch, and the main channel of the Patuxent River
north of Laurel. At many places the crystalline rocks have been decomposed
or “rotted” to depths which, in places, may exceed 100 feet, although commonly
not greater than 50 feet. The weathered rock frequently retains many of the
textural and structural features of the original material. Most of the ground
water derived from the crystalline rocks occurs in crevices, joints and other
fractures. These tend to disappear and become less numerous beyond depths
of a few hundred feet, and hence are not a likely source of ground-water supplies
at greatl depths.

Configuration of the bedrock surface—The crystalline rocks do not constitute
a major aquifer where they are overlain by more than a relatively thin mantle
of sedimentary rocks, as openings sufficiently large to permit the movement of
ground water are not likely to exist at great depths beneath the sedimentary
overburden. Comparatively small yields are obtained from the few water wells
ending in the crystalline rocks where they are deeply buried by sediments. The
crystalline-rock surface sloping bencath the Coastal Plain is, therefore, a *‘tloor”
below which it is not advisable to explore for ground-water supplies.

The records of a comparatively few deep wells in Prince Georges, Anne Arun-
del, and Charles Counties and the published reports describing the geology of
adjacent areas provide the main source of data concerning the depth to bedrock
in Southern Maryland. Bennett and Meyer (1932, Pl 5) show that crystalline
rock was encountered at a depth of 750 feet below sea level at Sparrows Point
in Baltimore County. A deep well (AA-Ad 29) drilled for the Anne Arundel
County Sanitary Commission near Glen Bumie encountered crystalline rock
at a depth of 490 feet below sea level. A well (PG-Ce 16) drilled about a mile
south of Glenn Dale in Prince Georges County at the Glenn Dale Sanatorium
encountered crystalline rock at a depth of 801 feet helow sea level. A well
(AA-Df 39) at the U. S. Naval Experiment Station near Annapolis failed to
penetrate crystalline rock at a depth of 1,000 feet. On the east bank of the
Potomac River in Charles County a well (Ch-Bb 10) at the Indian Head Naval
Powder Factory, penetrated bedrock at a depth of 709 feet below sea level.
Well Ch-Ce 8 at La Plata in Charles County, approximately 11.5 miles east of
Indian Head, failed to reach crystalline rock at a depth of 934 feet below sea
level. Tt is estimated that at La Plata the crystalline rock lies at a depth of about
1,400 feet below sea level.




RN MARYLAND CoasTAL Pramx

o8

16  GROUND-WATER RESOURCES—SOUTHI

‘pues [eseq dey
SBW S[[aM I[P M Y "voim
doJd3no ut sjjam paloq 1o Snp o}

‘31es

SnoadewoleIp umJOumu_:m

193ea jo sonnjuenb [[ews splalg | -soj ‘pues auy puw Aep ApueS | 081-07 _ 113418 _
‘19 |
-inbe juellodwr ue joN -waie
dotoyno 1eou sjem 3np moy ® "S19A7€[ SNOIBJI[ISSO] YIIm
031 19384 Jo sarjddns [yews splaix |pues pue ‘Aepd Apues ‘pues auty | <OI-07 Jueridoy)
(s1Bag
‘19)1nbe jueyiod 000°000°cS
-Wl ue JoN ‘seljunoy) sAiepy uonel
IS PU® JI9a[B) UI s[[am Snp 03 '$NOJaJIISs0] ‘e | -np ajewxold
193ea Jo sonddns pajuuy) sparg | anjq pue ‘puss Lo4e]d ‘pueg 0S-0 sAlejy 11§ | ayeadesay)) suaooryy | -de) S1enugg,
I
|
‘sorjddns 133em f
[eIn1 SNOIZWNU JO 92INOG “S[[3: (¢) auad0
paioq 1o 3np 0} 1djem punocil *sasua] > pue ‘pues ‘Paeid | -d pue (¢) S1enaag,
jo sannuenb 3jelapow  SpaTx _ ‘sa1qqod psynens Apiengdaiag , ) sysodap puepdn | UID0ISILJ  PUB Aleuldleng)
f — W
“edIB puRlAlR]y UWIsyInog A
ul I3jes punoid jo 9d1nos € s |
pado[aaspun App8iv[ Ing ‘sjpam |
Pa[[Hp 03} 9nunu © suofied 000°000°z
paipuny maj e Sp[alA £317) atowr U ﬁ L
-NIRY Jo YIION s[em 3np o) S0 syisod -0ISW9[g | -Mr ajpmirend
133em Jo sannuenb pajtwy] spaly | pue ‘Aep Spues ‘[paeid ‘pues | 0S1-0 -3p  pue[mo] pU® 1ua00y _ -dlu) Senageng
_ (a31) A ‘
sa131adoxd 3urieaq-1a)e — 1ayoereqd [edrsdqd mmo.:_u_u.- UOI3BLIO dnoixy sal1ag w3ysdg
yeunxoiddy |

9 4T1dVL

pupI&an Iy uddynog ur suoypuiof 9130095y



17

‘ORMATIONS

RTIES OF GEOLOGIC IF

WATER-BEARING PRroOPE

'SSa A[qedapls
-u0d 318 sppatd adelaae Inq ‘An
-ulw g suofes o[ pIelL A[pe
-odar sqam awy v sanuno)
[opUnIy duuy pue $9d109c)
duug ut 3pmbe jueyrodwr uy

‘a1tudi pue
uAd surejuod ‘siafe] Aep
Pappaqdajul yiia [3aeid auy
pu® pues iym o1 Aeid-1ydry

[

0r1-0

ER
PAJ[Up [enpialpur wody pajiod
-31 U23( 3ABY djNUIW © suo[ed

Ayjodely

*2131u0dne[d s3] pue 10[0d
ur 123y8y st yred [eseg oju |

(s1eal
000°000°¢s
uotjel

0¢ 031 dn sppa1s Inq ‘pueplrefy -oone[d swos yitm ‘yoerq 03 | ueMEIRY SNO3dE} -np ayewnxoad
ulayinog ur 1ayinbe rofew e jo)N | Lfe1d-yiep ‘pues pue {e[d Apueg _ Se1-07 _}Em YINoWuoJy -01) 1addp) | -de) snoadwja1)
2r —
‘pue[AIR]y UIdYINOG “Ae]d Lpues pue LIS
ut 19jinbe ue aq 03 umouy JON | snoadedlw Avid-yiep o1 Lvin 0F-0 jeasydug ﬂ QuD03[tg
‘S[[a [enpla W

-ipul woiy pajiodal ajnuiw e ‘sjaed
suoj[ed go¢ 03 dn sp[alg "sa13 | [BSBQ puE J[PPIW UL SIALE[
-uno)) s.iIeJy "I§ pue ‘sapdey)  |,Y201,, 10 paIBINPUL YI1M PUBS pues
‘31a.4[e) ul Jannbe jueyioduwy uy ! umo0Iq 0] Ysiuaaad onuoone[s) | £07z-0¢ -ud213 Binby

"ajnutw e suoj[ed g9 03 dn
pajtodal s[ja.m [BNpIAIpUL WOy Ao Keid
SP[31Y "Saljuno)) sAIeJy 1§ pue 10 pai st red [esey "s1aie|
119A18)) wl Jojinbe jueniodwt uy | £34ep yum pues onwodne) | OFZO0OF AowsfueN | Aayunweg

S[em | |

pajup wolj pajrodar aynuiw
© suof[ed gog 01 dn SpaIX "uoly
-ew10] Aowafuey Jurfjrapun 'S194%] Y201, P3IIB[E2IIIUL
iln  pajdouucd  L[jeadojoipiy ulog Laurg EXERL 4]

it ‘onnuoane[d ANy s ‘pues 09-0




CoAsTAL Prain

MARYLAND

1.1

1
=
5
o
Q_U
wm
H
O
&
5
o
77}
=
~
~
=
=
-
%
=)
%
=
S
[
&}

18

*aanonpord
-un aIe s[Ps Awog ‘[aa Iad
9Inulw € SUO[[B3 ()¢ ULy} dI10W
jou Af[eisusd ‘1sjem punoid

ISIYOS pazliueid puw
21u101p zyrenb ‘oiqqedeisw

jo sonddns  ajmdpow sppRly | ‘olqqed ‘onueid ‘sstauf S{yory) | umouyup)

‘juosald e puepilejy uid
-yanog ur padoasspun £[p81e]
19)inby’ -aInuiw B suo[fed OF¢
01 dn spp1s {sanjuno)) [IpunIy
suuy put s$adloar) adulg Jo
jo syed ur sam £q pazini

(s18a4
uoliw paip
-uny [BI3A3S

uoljeinp)
UBLIGWE)-31]

-ayeutwopaid
s10.4e] Ag[d {[[L207] ‘UOWWOd
udp pue Iedspa] paziuyf
-oey {Ae]d PIappaqiaiul yim
pues sofpf pue fe1d Lpgawy) |+0¢+-001

]
-AIBJy wIdyinog ul uoljruwiof
Suureaq-193en ® £[[r1dUal joN

surewal jue(d pue sanpou
Juojsuolt  sutejuod  saoed

ut {Aep {13 pue ‘umoiq ‘pIy 007-<7

JuoXMIT]

$N0221)
-910) 10MO7]

e[ [ppuniy

~nofal
pue pa1 Jo sony Apa1yd ing
pajedatiea 1o0j0d Lfe]d Apues |

pue ‘e[ ‘pues pappaqisiul | 0$9-00T

‘pariod
-31 9)nutw e suoj[ed paipuny
a9y e o) dn sppry -Ajuno)
[Ppuniy  suuy  ul  ApRIYd

s[ex Snp pue paup £ pazii) |Yitw LT[D pu® pues pappagIaiu]

sarjaadosd Sulreaq I93epm

*s13.T[ PajRINpUI SUIRIUOD
A[[ed0] {sopnpou  2UOISUOL
F001

(3931
SSURIIY)

13128I8YD [edISAQd s Y
k3% 1 g

odsdeye |

v uejuey

7 uoneulo

panunquo)—o A 19V.L

ewojoq

ERIS BN

waysdg




WATER-BEARING PPROPERTIES 0F GEOLOGIC TORMATIONS 19

Asno wells are known to have penetrated crystalline rock in eastern Charles,
southern Prince Georges, southern Anne Arundel, Calvert, and St. Marys
Counties, the depth to bedrock in this part of Southern Maryland is not known,
except as indicated by recent geophysical work and the logs of three deep oil-
test wells on the Eastern Shore of Maryland. A geophysical sounding at a point
in the Chesapeake Bay near the mouth of the Patuxent River just cast of Solo-
mons Island indicates that crystalline rocks are present at a depth of about
3,050 feet below sea level (Iiwing and others, 1946, p. 918). Thus, the crystalline-
rock surface drops about 2,350 feet between Indian Head and the mouth of the
Patuxent River, or at a rate of about 30 feet per mile along a horizontal distance
of 40 miles. Bedrock was encountered at a depth of 5,293 feet below sea level
in the Hammond well near Salisbury, about 435 miles cast of Solomons Island
(Anderson and others, 1948, p. 98). Therefore, the slope of the bedrock surface
continues at about 50 feet per mile between (he mouth of the Patuxent River
(Solomons Island) and Salisbury.

‘The slope of the bedrock surface beneath the sedimentary rocks varies from
place to place. Locally, as in the Harbor and Canton districts of Baltimore
City (Bennett and Meyer, 1952, PL 3), the slope of the surface is as much as
125 to 150 feet to the mile. Darton (1930, fig. 9), describing the configuration
of the bedrock surface in the District of Columbia, shows a small, well-defined
channel in the vicinity of the Washington Monument where the gradient of the
eroded pre-Cambrian surface is as much as 30 feet in a horizontal distance of
1,000 feet. Relief of this magnitude is probably exceptional for the surface as a
whole. Darton states that, in general, the slope of the bedrock surface in the
District of Columbia is between 100 and 150 feet per mile. The records of deep
wells at Indian Head, Mount Vernon, Glenn Dale, Glen Burnie, and other
localities not far east of the Tall Zone indicate that the slope of the bedrock is
greatest near the Iall Zone and that it decreases somewhat to the east toward
the Chesapeake Bay.

Water-Bearing Properties—The crystalline rocks are important as a source
of ground-water supplies in Southern Maryland only along a belt a few miles
in width which extends northeastward from the District of Columbia to the
Patuxent Riverand into Howard County just west of the Anne Arundel County
line. In this area the Coastal Plain sediments are thin, or occur only as isolated
patches capping the upland interstream divides. Wlere the sediments lie above
the zone of saturation (whose surface is the water table), or where they lie
within the zone of saturation but consist of clay or sandy clay, they are com-
monly cased off and the wells are completed in the crystalline rocks. Rock wells
are successful only where a sufhcient number of water-bearing openings or
crevices are encountered that are able to transmit water into the well at a rate
about equal to that at which it is being withdrawn. In some cases, where rock
wells are pumped at a relatively high rate, the yields quickly decline because
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much of the water is derived from storage in the rocks and the rate of replenish-
ment is slow,

As the crystalline rocks are nearly everywhere in Southern Maryland covered
with a mantle or veneer of weathered rock and sediments, they have been
utilized as a source of ground water only where the sediments have failed to
provide an adequate supply. As most of the crystalline-rock wells are in places
where the rocks lie beneath a sedimentary cover, it is pertinent to evaluate the
water-hearing properties of the crystalline rocks under these conditions. Table
7 shows the depth, diameter, yield, and thickness of rock penetrated in 30
crystalline-rock wells in and near the Southern Maryland area. In most of the
wells casing was driven to the top of hard, dense rock beneath sediments; in a
few wells much of the material cased off consisted of weathered crystalline rock.
None of the wells were screened. The wells penetrated from 3 to 235 feet of
rock. The thickness of sediments above the hard, dense rock ranged from 39
to 228 feet. The yields of the wells ranged from less than 1 to 25 and averaged
about 6.5 gallons a minute. Thus for every 10 feet of rock penetrated an average
of about 0.8 gallon a minute was obtained. Most of the wells listed are domestic
wells where a supply of a few gallons a minute was adequate. It is therefore
likely that the drillers did not pump some of the wells at their maximum
capacity. The logs of a few wells with moderately high yields suggest that water-
bearing sediments lie above the crystalline rocks. The water pumped from such
a well may be derived from an overlying sand which was cased off, and leakage
may occur along the walls of the casing.

The specific capacity provides a means of comparing the relative efficiencies
of wells. The specific capacities of 17 wells in Table 7, based on the drawdowns
reported by the drillers, range from 0.03 to 1 and average about 0.2 gallon a
minute per foot. Thus, on the average, the wells yield 1 gallon a minute for
every 5 feet of drawdown, indicating that the crystalline-rock wells are usually
much less efficient than screened wells tapping the sedimentary deposits.

In general, the crystalline rocks are not a source of large ground-water sup-
plies in Southern Maryland. In some localities even small domestic supplies can
be obtained only with difficulty.

CRETACEOUS SYSTEM
LOWER CRETACEOUS SERIES
Patuxent formation (Potomac group)
Distribution and character—The Patuxent formation is exposed in Southern
Maryland along a belt extending from the Patapsco River southwestward near
Deep Run, thence to the Patuxent River south of Laurel, and into the District

of Columbia. The outcrop belt of the Patuxent ranges from about 4 to 7 miles
in width and narrows to about 2 miles in the District of Columbia (PL 7).
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The Patuxent formation immediately overlies the crystalline rocks and con-
sists chiefly of sands, clays, sandy clays, and arkosic sands deposited mainly in
a continental and fluviatile environment. The individual beds of sand or silt
rapidly give way to others in both a horizontal and a vertical direction, sug-
gesting alluvial-fan or deltaic deposition. Between the irregularly distributed
stream channels, conditions favoring a quiet-water, swamp environment existed.
Under these conditions were deposited the clay layers in which are found car-
bonized logs, stumps, and other plant remains. In some localities lignitized tree
stumps have been found in an upright position, indicating rapid deposition of
the sediments. The sands in many places are crossbedded, gravelly, white to
yellowish gray, and either relatively free from clay or slightly clayey. Locally,
the individual sand beds are 40 or 30 feet thick. Beds of clay commonly occur
as partings or stringers interbedded with the sands. The clay in many places is
lignitic, and its color ranges from purple to brick-red, gray, or almost pure
white. Bands or seams of iron oxide are common. A hard, indurated brownish-
purple gravel layer is exposed in a small gully near Halethorpe and in adjacent
localities. This layer, at least 4 feet thick, is probably 10 to 20 feet above the
contact of the formation with the underlying crystalline rock.

Subsurface character —Table 8 shows the total thickness and the percentage
of different types of sediments in the Patuxent formation as reported in the
drillers’ logs. Some of the material called sand by the drillers may be clayey
sand, and some of the clay may be sandy clay or silt; nevertheless, the lithologic
types shown in the logs are believed to be essentially correct. Table 8 shows
that the proportion of sand to clay and similar materials varies from place to
placein a given area, and also from one area to another. Thus, the logs of three
wells drilled near Beltsville in Prince Georges County show that in one well

(PG-Bc 8) the formation was 142 feet thick, of which 47 feet, or 33 percent, is
sand and gravel, but two nearby wells (PG-Bd 14 and PG-Bd 26) penetrated a

total of 435 feet of the formation, of which 270 feet, or 62 percent, was logged
as sand and gravel. The average for the three wells is 35 percent of sand and
gravel.

The logs of four wells in the District of Columbia penetrating a total of 903
feet of the Patuxent show that 331 feet, or nearly 37 percent of the formation,
consists of sand and gravel. The logs of four wells farther south along the Po-
tomac River valley at Indian Head, and at Quantico, Fort Humphrey, and
Mount Vernon in Virginia, show that 246 feet of sand and gravel was encoun-
tered, or 23 percent, in 1,066 feet of formation penetrated. In the Mount Vernon-
Indian Head area the Patuxent formation has not been as extensively developed
for large ground-water supplies as it has in localities to the northeast, where
the proportion of sand and gravel in the formation is higher. Thus the logs of 8
wells penetrating a total thickness of 1,206 feet of Patuxent formation in the
Curtis Bay district of Baltimore show that 739 feet, or 61 percent, is sand and
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gravel (Bennett and Meyer, 1952, Table4), and in this area the Patuxent forma-
tion is extensively utilized as a source of large industrial ground-water supplies.
Bennett and Meyer indicate that for the Baltimore area as a whole about half
the formation consists of sand and gravel.

TABLE 8
Thickuness, in feel, and percentage of different types of sediments encountered in wells peneirating
the Patuxent formation

Thickness Sand and/or | Clay and
: Sand 2 Clay, ctc.
~ . of formation gravel sediments | £
Well Locality penetrated rar}d]/((){t ) (percent of | other than \fl;[;:;;rilogg
(ft.) LGRS 9 formation) sand (ft.)

ANAd 29 Glen Burnic 216 123 57 93 43

Bd 23 | do 206 137 60 69 34

Ad 8 Curtis Bay 236» 33 14 203 86

Bb § Fort George G. 160 25 16 135 84

Mecade

BL 20 do 128 63 49 65 51

Be 28 Dorsey 136 26 19 110 81
PG-Ad 5 Laurel 100 87 87 13 13
Bc 8 Beltsville 142 47 33 95 67

Bd 14 do 180 104 58 70 42

Bd 26 do 255 166 65 89 35
Tonlo | || Frattewille 147 al R 04 64
Ce13 | Glenn Dale 1718 g |} 15 145 85

Ce 16 do 275 98 35 177 65
Ch-Bb 10 Indian Head 437 102 23 335 77
D.C.2 District of Colum- 207 80 39 127 61

bia

4 do | 253 78 31 175 69

9 do 252 96 38 156 62

10 do 1912 77 40 114 60

Va. 1199 Quantico, Va. 185 21 11 164 89
1536 Fort Humphrey 222 84 38 138 62
1690 Mount Vernon 222 39 18 183 ‘ 82

All wells 4,321 | 1,565 37 2,756 63

(Total) | (Total) | (Average) | (Total) ! (Average)

* Formation not completely penetrated.

Mechanical analyses.—Mechanical analyses of six samples of sediments from
the Patuxent formation are shown in figure 2. The samples are from the coarser
beds (sands and gravels) in the formation. No scparations were made of par-
ticles smaller than very fine sand (0.125 mm.). The analyses show the variations
in the grain size of the sediments of the Patuxent, and may be useful to drillers
in selecting the proper screen size for producing water wells. The samples are
from both surface exposures and well cuttings.
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The number of grain-size analyses is inadequate for a statistical evaluation of
the size properties of the sediments of the Patuxent formation, but they do show
that the coarse sands vary in degree of sorting and contain relatively smil]
amounts of material finer than fine sand. The grains are predominantly of the
medium and coarse sand fractions. Sample 4, from a depth of 496 to 522 feet
in well AA-Bd 23 at Harundale, consists largely of clay, silt, and very fine sand.
The drilling interval of this sample was logged by the driller as clay, but the
analysis shows that 29 percent of the material is coarser than very fine sand,
which is probably typical of many of the so-called clay layers in the Patuxent
formation.

Heavy minerals—To aid in the tracing and identihcation of the geologic
units in Southern Maryland and in the nearby parts of Baltimore City and
County, heavy-mineral determinations were made of 404 samples of cuttings
from wells and from outcrops of several of the formations, chiefly of Cretaceous
age. The heavy minerals were counted and identified by Richard C. Yrd of the
Geochemistry and Petrology Branch of the U. S. Geological Survey. Some of
the samples contained so few heavy minerals as 10 be of no use. The results of
the heavy-mineral examinations of the cuttings from four wells are shown
graphically in Plate 2. The data are presented in a modified well-log form in
which the heavy-mineral constituents are grouped on the log in their strati-
graphic position. It is thus possible 10 compare the changes m the dominant
minerals at various horizons in the same well, The data are in two main groups:
(1) a group in which the grain count of the detrital nonopaque minerals totals
100 percent;; (2) a group in which the proportions (or percentages) of the opaque,
nonopaque, authigenic, and platy minerals total 100 percent. The total grain
count of minerals in group 1 is also that of group 2. This method of presentation
was chosen in order that the extremely high proportion of some of the more
common authigenic minerals in the sediments, such as glauconite and siderite,
would not dominate the analyses.

As all the samples graphed on Plate 2 are from wells drilled by the rotary
method, some of them may have been subject to contamination by material
encountered farther up the hole. In al, 28 samples from the Patuxent formation
were examined for heavy-mineral content, The chief detrital minerals are zircoi,
tourmaline, epidote, staurolite, kyanite, and chloritoid; minor constituents sire
rutile, anatase, garnet, andalusite and sphene.

The heavy-mineral studies show that the proportions of heavy minerifs
(especially the detrital group) vary as much from welt to well in suites from the
Patuxent formation as they vary in a given well between the suites from the
Patuxent formation and the suites from other formations of the Potom:c
group. For example, in well 3S3E-46 seven suites from the Patuxent formation
contain kyanite (about 30 percent) as the dominant heavy mineral of the
detrital group. Zircon, staurolite, and tourmaline are next in abundance. T'm
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mineral suites from well AA-Bd 23 contain zircon (35 percent) as the dominant
mineral of the detrital group, and tourmaline (22 percent) and chloritoid (16
percent) next in abundance. Five suites from well 1S41:-19 contain zircon {about
48 percent) as the dominant detrital constituent, and tourmaline (18 percent)
next in abundance; only minor amounts of chloritoid and kyanite are present
in the Patuxent formation in this well. Six suites (Patuxent formation) from well
3S5E-32 are characterized by high proportions of zircon and tourmaline;
staurolite, kyanite, and epidote are present only in minor amounts.

To summarize, the heavy-mineral examinations of samples of the Patuxent
formation show that the detrital minerals zircon and tourmaline are present in
significant proportions in all samples. Staurolite, although common, is not
abundant; kyanite and chloritoid are common in the samples from only two
wells, and are almost entirely absent in the other two wells. The authigenic
mineral siderite is abundant in a few suites from wells penetrating clayey zones
in the formation, as, for example, suites from depths of 122 to 160 feet in well
1S4E-19.

Thickness and siratigraphic relations—The thickness of the Patuxent forma-
tion cannot always be determined from drillers’ logs or from the sample cuttings.
In some places the upper part of the formation consists largely of clay similar
to the overlying Arundel clay. Although the Arundel clay possesses distinguish-
ing characteristics, the drillers often fail to note or record them. Also both the
Patuxent and the Arundel formations may change their lithologic character
downdip from their outcrop areas and may lose their identities as mappable
geologic units.

In some of the deep wells in southeastern Prince Georges County, as, for
example, in well PG-Fb 14, drilled to a depth of 1,000 fect at Fort Washington,
the Patuxent formation cannot be separated from the overlying Arundel clay
on the basis of the driller’s log. However, it can be separated from the overlying
Arundel in several wells in northern Prince Georges and Anne Arundel Coun-
tics, where its thickness ranges from a featheredge along the Fall Zone to as
much as 300 feet in the Glenn Dale-Bowie area. In western Charles County near
Indian Head the Patuxent may be more than 400 feet thick. In the subsurface
of the Baltimore area the formation ranges in thickness from less than 100 to
nearly 300 feet (Bennett and Meyer, 1952, p. 35). Where it has been completely
penctrated by wells in Southern Maryland the Patuxent formation ranges in
thickness from 150 to about 400 feet.

The contact of the Patuxent formation with the underlying crystalline rocks
marks a pronounced unconformity in the geologic column. The nature of the
contact between the sedimentary deposits and the underlying crystalline rocks
varies from place to place, and the contact is not always readily identified in
the drillers’ logs. In some localities the weathered, decomposed crystalline rock
is largely micaceous clay, which is not always distinguishable in the logs from
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dull-colored or gray clays of the Patuxent formation. In other places, as in an
exposure near the National Zoological Park in Washington, D. €. (Darton,
1950, p. 6), the lowermost deposits of the Patuxent consist of coarse, arkosic
sand, gravel, and boulders which contrast sharply in character with the under-
lying gneissic crystalline rock. In the sample cuttings the change from sedi-
mentary to crystalline rock is usually marked by an increase in the coarseness
of the rock fragments, the presence of fresh coarse, angular quartz grains, an
increase in micaceous clay, and, where the crystallime rock material is un-
weathered and dense, the appearance of fresh fragmentsof gneiss, schist, granite,
or other crystalline rock.

The upper surface of the Patuxent formation is rather irregular and has a
variable but gentle slope to the southeast. In northern Anne Arundel County

between wells AA-Ac 15 and AA-Ad 29 the top of the Patuxent formation dips
194 feet in 4.1 miles, or 47 fect to the mile. In northern Prince Georges County,

northwest of Glenn Dale, it dips 514 feet in 4.5 miles, or at a rate of 114 feet
per mile. Locally, as at Beltsville, the irregularities in the upper surface of the
formation cause slight reversals of the slope.

Water-bearing properties—The water-bearing properties of the Patuxent
formation vary from one locality to another in Southern Maryland, as would
be expected in view of the inhomogeneity of the sediments. The layers of sand
and gravel, constituting 25 to 50 per cent of the formation, vary from fine,
clayey sands to clean, coarse sandy gravels. Where wells are screened in the
coarse gravels the highest yields are generally obtained, although the yield of
a well is dependent also on other factors, such as the size of screen used, the
diameter of the casing, the type of pumping equipment, and the development
of the well.

Table 9 shows the range in yield, the length of screen, and the specific capa-
city of 37 wells in the Patuxent formation. Although it would be desirable to
compare the water-bearing properties of the formation in various localities, un-
fortunately in many areas only one or two wells tap the Patuxent formation;
the yields and specific capacities of those wells obviously are inadequate 1o
evaluate the water-bearing properties of the formation as a whole for those
localities. Also, the reported yields for some wells may not be the maximum
yields obtainable from those wells; furthermore, some wells are screened in only
one of two or more water-bearing sands, and are probably capable of yielding
more water if additional sands in the well were screened. In order to obtain a
closer appraisal of the maximum yields from the formation, domestic and farm
wells yielding only a few gallons a minute are not included in Table 9. The yields
listed range from 17 gallons a minute in well PG-Be 10 near Bowie to 439 gal-
lons a minute in well PG-Eb 1 at Forest Heights; most of the wells yield from
100 to 300 gallons a minute. In general, the Patuxent does not appear to be as
good an aquifer in Southern Maryland as it is in the industrial district of Balti-
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TABLT ©
Yields and specific capacities of wells screened in the Patuxent Sformation

. B Specific
Loty | Bismoterof| enathof | ield | Dragown | capacity
\ ) o t _’_ :
Vi-Ace 11 | I"'riendship-Linthi- ’ 6 ) 8 60 83 0.7
cim
\c 23 do 4.2 3 20 32 .6
\d 43 do 10 16 230 78 Slad
\d 8 Curtis Bay 8-6 l - 100 78 118
Bb 3 Laurel | 10 10 43 36 | 1°2
BhS | do ' 12 } 2 ‘ 66 108 .6
31 22 do i 6 ! 10 60 l 11 5.5
P BBe 3 ' Beltsville 6 20 14 1.4
Bd 4 1 do 8-6 15 250 80 3.1
Bd 15 do 8 20 110 114 .9
Bd17 | do 8 28 20 32 .6
Bd t9 ‘ do 6 - 100 135 7
8d 21 do 6 60 100 | 88 1.1
Bd 22 do 0 : 60 85 i
Bd 25 do [0 19 73 78 .9
Bd 27 do [ 21.5 120 109 1.1
B8d 28 do 6 ; 42.5 163 56 2.9
Be 2 Bowie 100 7l 1.4
Be 8 do 10 20 125 23 5.0
Be 10 do 6 17 50 .3
Gcl'S Bladensburg 10-8 30 300 5 o)
LG 71 College Park 8 . 125 85 1.4
Eb 1 Oxon Hill-Forest 18-10-8 40 439 | 244 158
- Heights ! L ‘
Uh-Ce 8 La Plata 10-8-6 24 100 2331 &8 3
Be 6 | Indian Head-Gly 18-8 50 385 64 6.0
mont

Bb1 | do 8 120 1500 7 2.1
Bb 2 slo 8 80 1340 <) 4.2
Bl 4 do 8 47 1430 49 2.9
Bh S do 8 32 124h 30 3.2
BL 6 do 8 41= 2484 69 3.0
Bh 7 ' do 8 3 154h 62 2048
Bb 8 do - 8 328 212h 46 1.6
Bh 9 do 8 RY & 126° | 16 7.9
Be 1 do 8 860 13 6.0
B¢ 2 do 8 132! 13 10.2
Bc 3 do i 8 2420 32 4.7
Be 4 do 8 : 304P 62 4.9

Multiple-screened well, partly screened in the Tatapsco formation.
Vield and drawdown measured in 1938.
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more City, wlhere wells have been reported to yield up to 900 gallons a minute,
and many of the industrial wells yield from 400 to 600 gallons a minute (Ben-
nett and Meyer, 1952, p. 43).

The specific capacity of a well affords a more accurate measure of the water-
bearing properties of a formation than the yield alone, in that it eliminates one
variable, namely that the maximum yield obtainable from wells is limited by
the available drawdown. The drawdown of a well is not constant but changes
as the well is pumped. As the pumping tests cover time intervals of different
lengths, the specific capacities computed from the drawdowns are still only a
rough means of evaluating the hydrologic properties of the formation. The
specific capacities of the wells in Table 9 range from 0.3 to 10.2 gallons a minute
per foot of drawdown and average 2.8. Since 23 of the 37 wells listed in the
table are located at Beltsville and Indian Head, the average values are weighted
in favor of these localities and may not be indicative of the Patuxent formation
throughout its extent in Southern Maryland. A comparison of the specific
capacities of 10 wells in the Beltsville arca and 13 wells in the Indian Head area
shows that the Indian Head wells have a greater average specific capacity than
the wells at Beltsville, 4.8 contrasted with 1.3 gallons a minute per foot. Also,
the vields of the wells at Indian Head average more than those at Beltsville;
the average yield of the Indian Head wells is about 187 gallons per minute and
that of the Beltsville wells is 102 gallons per minute.

Bennett and Meyer (1952, p. 45) report that five wells ending in the Patuxent
formation in the Curtis Bay area have an average specific capacity of 7.6
gallons per minute per foot and an average yield of 340 gallons a minute, or
almost twice the average yield of the wells at Indian Head.

Permeability, transmissibility, and storage coefficients—The hydrologic
propertics of earth materials may be expressed quantitatively by the use of the
terms coefficient of permeability, coefficient of transmissibility, and coefficient of
storage. The permeability of a substance is its capacity to transmit fluids through
its interstices; the coefficient of permeability, as defined by the U. S. Geological
Survey, is the volume of water, in gallons a day, that will pass through a cross-
sectional area of 1 square foot of material under a hydraulic gradient of unity
(1 foot per foot) at a temperature of 60° I, or, expressed more conveniently,
through a strip of the aquifer 1 foot thick and 1 mile wide, under a hydraulic
gradient of 1 foot per mile. This unit by which the coefficient is expressed has
been termed the Meinzer unit, or simply the meinzer. The field coefficient of
permeability is that quantity of water which passes through earth materials at
the prevailing ground-water temperature. Earth materials tested in the hydro-
logic laboratory of the U. S. Geological Survey had coefficients of permeability
ranging from 0.0002 to about 90,000 (Meinzer and others, 1942, p. 453). How-
ever, the permeabilities of most water-bearing materials are between 10 and

5.000.
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The coefficient of transmissibility (Theis, 1935, p. 520) is the product of the
ficld coefticient of permeability and the saturated thickness of the water-bearing
bed. It is best expressed as the quantity of water, in gallons a day, moving
through a strip of the aquifer 1 mile wide under a hydraulic gradient of 1 foot
per mile, at the prevailing temperature of the water.

The cocefficient of storage is a measure of the ability of an aquifer to store
water. It is the quantity of water, expressed as a fraction of a cubic foot, re-
leased from each vertical column of the aquifer having a basal area of 1 square
foot for each foot of lowering of head. The lowering of head in an artesian
aquifer is accompanied by a slight compression of the aquifer, and probably a
slight rearrangement of the earth materials. Tt is believed that this compression
and rearrangement, plus slight expansion of the water itself as the head is
lowered, contribute the water indicated by the coefficient of storage. The co-
efficient of storage for water table conditions is analogous to the specific vield,
which is the volume of water that will drain by gravity from 1 cubic foot of
saturated material; specific yield is commonly expressed as a percentage of the
total volume of the saturated material. In general, with an equal lowering of
water level, the quantity of water released from storage in an artesian aquifer
is only one-hundredth to one ten-thousandth of that released from a water-
table aquifer. A common range of the coeflicient of storage for artesian con-
ditions is 0.00001 to 0.001; for water-table conditions, from a percent or two to
30 percent.

The coeflicient of permeability of earth materials may be determined by
means of laboratory tests on small samples, or by pumping test on wells. In
determining the hydrologic properties of aquifers through pumping tests, the
rate of pumping, or discharge, is measured and changes in the water levels in
the pumped well and in nearby observation wells are measured. These measure-
ments are commonly continued for a period after pumping has ceased. Changes
in hydrauhc head that occur in an aquifer as a result of pumping define quanti-
tatively the hydrologic properties of the aquifer.

Two Dbasic types of mathematical formulas, the equilibrium and the non-
equilibrium, are commonly used for determining the coefficients of transmissi-
bility and storage by means of pumping tests. Both formulas involve an analy-
sis of the behavior of the slope of the water table or piezometric surface’ around
a discharging well. The basic equilibrium formula, known as the Thiem formula,
is applicable when the cone of depression surrounding a discharging well has
esscntially reached equilibrium shape; that is, the cone is declining at an equal

! The piezometric (pressure-head-indicating) surface of an artesian aquifer is analogous to
the water table of an unconfined aquifer. It is the imaginary surface defined by the level to
which water will rise in tightly cased wells penetrating the artesian aquifer. The water table
may be considered one type of piezometric surface—that indicating the head of water in an
unconfined aquifer.



WATER-BEARING PROPERTIES OF GEOLOGIC [FORMATIONS 31

rate throughout the area covered by observation wells. The formula, shown
below modified for artesian conditions, is discussed in detail by Wenzel (1942,
p. 81) and has been commonly used in quantitative ground-water studies
during recent years:

527.70 log
= N
S1 — S
where 7 = the coefficient of transmissibility, in gallons a day per foot
(Q = the rate of pumping, in gallons a minute

n = Lhe distance, in feet, of one observation well from the pumped well

ry = the distance, in feet, of a second observation well from the pumped
well

= drawdown, in feet, of the water level in the observation well at
distance r;

= drawdown, in feet, of the water level in the observation well at
distance 2

This formula is based on the assumption that the hydraulic system has reached
a state of steady flow (so-called equilibrium conditions), a condition that is
not generally achieved during pumping tests of relatively short duration. The
factor of time is included in the formula only in the sense that the well is as-
sumed to have been discharging for a sufficient length of time to produce con-
ditions of hydraulic equilibrium.

In 1935 Theis described a formula (nonequilibrium) based on the behavior of
the cone of depression around a discharging well which includes the factor of
time, and hence does not depend on the hydraulic system reaching a state of
equilibrium. The formula also takes into account the factor of removal of
ground water from storage. It is based on the assumption that Darcy’s law is
analogous to the laws governing the flow of heat by conduction. The formula
may be expressed as follows:

114.6Q f° ¢ *
= - - —d
’ 78 1.87r28 1 u

o

where s the drawdown, or recovery, in feet, at any point within the cone
of influence of the discharging well

Q = the discharge of the well, in gallons a minute
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T" = the coeflicient of transmissibility of the aquifer, in gallons a day
per foot

S = the coefficient of storage as a decimal fraction

r = the distance, in feet, of the observation well from the discharging
well

[ = time, in days, since pumping (or discharging) was started or
stopped

As the coefficient of transmissibility (7') appears on both sides of the equation,
the formula cannot be solved directly for 7. However, 7" may be determined
graphically by the use of type curves. The formula may be writien as follows:

S D ()O W (n)
where 1 (u) is defined as the “well function of #” or
3
—0.577216 — log. - ..
577216 og. 1t + u 22'-{-33'

The coefficient of transmissibility may then be computed by the formula:

T = 11460 ¥ (“)

The use and derivation of this formula are described by Meinzer and Wenzel
(Meinzer and others, 1942, p. 472).

Theis (19353, p. 519-524) also introduced a formula for determining the trans-
missibility of an aquifer from the recovery of the water level in a well after
pumping or discharge has stopped. Modified somewhat by Cooper and Jacob
(1946), the formula is a variation of the nonequilibrium formuta and may be
expressed as follows:

264
7 = 2640
As
where () = the discharge in gallons per minute
As = the time, in minutes, since pumping began divided by the time

since pumping stopped, plotted over one log cycle on semi-
logarithmic paper against the recovery, in feet, of the water
level in the pumped well

The nonequilibrium formulas are based on assumptions that are seldom, if
ever, completely fulfilled in nature; they are (1) that the aquifer is homogeneous
and isotropic, that is, capable of transmitting water equally well in all direc-
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tions, (2) that the formation has an infinite areal extent, (3) that the discharg-
ing well penetrates the entire thickness of the aquifer, (4) that water is released
instantancously from storage with a decline in head, (5) that the discharging
well is of an infinitesimally small diameter, and (6) that the formation is
bounded on the top and bottom by impermeable layers. Probably the most
serious sources of error in the use of the nonequilibrium formulas in quantitative
ground-water studies occur because the aquifers are seldom homogencous and
almost never isotropic, and because the water is not instantancously released
from storage with a decline in head. Experiments on the rates at which water
drains by the force of gravity from water-bearing materials show that even
after a period of months or years a small quantity of water continues to drain
from the material. However, despite the theoretical limitations of the formulas,
they afford a reasonable and highly useful means of evaluating the hydrologic
properties of aquifers. The applicability and usefulness of these formulas are
discussed by Brown (1933, p. 844-8606).

Pumping tests were made on several wells tapping water-bearing sands in
the Patuxent formation in Southern Maryland. The results and analyses of
these tests are shown in Table 10. The coefficients of permeability, transmissi-
bility, and storage represent only a sampling of the hydrologic properties of the
formation. In practically every locality the formation consists of more than
one water-bearing sand, but wells generally are screened in only one. The
permeability of individual layers of sand or gravel may vary from place to
place owing to differences in grain size and in textural characteristics of the
sediments. The field coeflicients of permeability, as indicated by the pumping
tests, range from 22 to 380 gallons per day per square foot. The minimum value
was obtained on well AA-BD 3 at the District Training School for Boys, just
west of Fort Meade in Anne Arundel County, which yields water from a 27-foot
sand near the base of the formation. The test indicated a transmissibility of
600 gallons per day per foot. The maximum value was obtained in a recovery
test on well PG-Cc 3, near Hyattsville in Prince Georges County, which has a
transmissibility of 10,730, showing that the water-bearing sand at this locality
is more permeable than the sands in the other localities where the hydrologic
properties of the formation were determined by pumping tests.

A test utilizing wells Bd 32 and Bd 33, at the plant of the Mineral Pigments
Corp. near Muirkirk, in Prince Georges County, showed a coefficient of trans-
missibility of 430 to 640, which averaged 350 gallons per day per foot. The
coefficients here are in general agreement with those obtained at the District
Training School. The aquifer at the Mineral Pigments plant consists of two
sands, totaling 14 feet in thickness, overlain by clay and sandy clay. The co-
efficient of transmissibility obtained from this test may be less than the true
amount because the test was relatively short (353 minutes), the test well was
pumped at a low rate (27 gallons a minute), and the well screen may be par-
tially clogged.
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11 1938 Fiedler and Jacob (1939, p. 39, 41) made an extensive series of pump-
ing tests at the Indian Head Naval Powder Factory in Charles County. Thesc
tests, extending over a period of more than 10 days, show that two sands in the
Patuxent formation in this locality have a coefficient of transmissibility of
about 4,200 gallons per day per foot and a field coefficient of permeability of
about 60 gallons per day per square foot.

The coefficients of storage obtained from the pumping tests range from
0.00001 in the Beltsville-Muirkirk area to 0.00037 in the Indian Head area.
The latter value is probably more nearly correct for the water-bearing zones
of the Patuxent formation where it occurs under artesian conditions.

in the Sparrows Point district of the Baltimore industrial area the average
coefficient of transmissibility of the Patuxent formation is about 50,000 gallons
per day per foot (Bennett and Meyer, 1952, p. 50) and the average field co-
efficient of permeability is 900 gallons per day per square foot. These values are
higher than those obtained in the Southern Maryland area, showing the for-
mation is less permeable where it has been tested in Anne Arundel, Prince
Georges, and Charles Counties than it is in the Baltimore area. This conclusion
is supported by the data in Table & which show that the amount of clay and
sandy clay in the formation increases southwest of Baltimore. In general, the
specific capacities and yields of wells tapping the formation are lower in
Southern Maryland than in the Baltimore industrial area (see Table 9). How-
ever, where it lies at depths of more than a few hundred feet the formation has
not been adequately tested by deep wells and its hydrologic properties are
unknown.

UPPER CRETACEOUS SERIES
Arundel clay (Polomac group)

Distribution and character—The Arundel formation is composed largely of
clay and in recent years has been designated the Arundel clay. It extends
southward in an irregular belt 1 to 4 miles wide from the Bush River i Harford
County to Muirkirk and Bladensburg in Prince Georges County. South of
Bladensburg the Arundel clay is difficult to distinguish from the other for-
mations of the Potomac group, although it has been tentatively identified in a
few wells in the District of Columbia and in Charles County. In northern Anne
Arundel County the outcrop belt of the clay forms a poorly defined ridge of
southwest-trending hills cast of Dorsey, Montevideo, Jessup, and immediately
west of Fort George G. Meade, or roughly along the route of the new Washing-
ton-Baltimore Expressway. The clay may be seen in a number of road cuts
along this highway, where it is commonly overlain by sand, gravel, or silt of
Pliocene(?) or Pleistocene age. The following section, measured near Jessup in
the autumn of 1952, shows the Arundel clay where it is overlain by deposits of
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Pliocene(?) age:

Geologic scction showing Arundel clay overlain by Pliocene(?) deposits along the Baltimore-
Washington Expressway (See fig. 3 for diagram of section)
Location: In Anne Arundel County, 1.3 miles southeast of Jessup, 200 feet north of
Maryland Route 175 overpass.
Altitude: Base of section 270 feet above mean sea level (by altimeter).

Bed Thickness
Number (feet)

Pliocene(?) series:

7 Soil and covered interval ... . 1.5
6 Sand and gravel, coarse, clcan yellow 1sh -gray to grayish- bro“n
contains quartz pebbles up to 4 inches in diameter. . .. . . . 9.9

Upper Cretaceous series:
Arundel clay:

5 Clay, grayish, white, tough, with ironstone layer at top; ironstone
layer composed of reddish-black indurated gravel about 0.3 foot
thick (absent 15 feet southeast). .. .. . 3.0
4 Ironstone layer, sandy, rusty to reddish- purplc lmrd (abscnl '1l)out
35 feet southeast). . . ...... .. .. 0.5
3 Clay, grayish-white and red, motllcd slre'll\cd lough sllghlly
sandy. T T S o S e 3.0
2 Conccaled (cut back slopc covered with sandy wash) . . . .. .. 1.5
1 Clay, tough, red, slightly greasy, streaked, mottled brown to gray-
ish-yellow. ... .. ... . .. e 13.0
Total. o= @ a0 s s ' g 28.6

(Base of section at road level during construrlmn)

The Arundel clay consists chiefly of clay and sandy clay containing inter-
bedded layers of ironstone and nodules of iron carbonate. Tt is commonly
lignitic and contains carbonaceous stumps, fragments of logs, and small pieces
of disseminated lignitic matter. Colors vary from red to purplish red and grayish
white to yellowish gray. Small amounts of pyrite and gypsum are common.
The clay appears to have been deposited chiefly in a quiet- water, lacustrine
environment as coarse sandy beds are absent or are of minor extent.

Subsurface character—1In drilled wells the Arundel clay may be identified
chiefly by its toughness or resistance to penetration by the drill. Tn many wells
the drillers find a zone of tough, red or gray clay and interbedded thin ironstone
layers. In some wells thin beds of sand are encountered which probably are
lenses of limited extent, as they are not reported in nearby wells. In a few wells,
as in wells PG-Bd 29 at the Beltsville Research Center and PG-Cc 16 near
Hyattsville, water-bearing sands have been reported; however, the sands are
only a few feet thick and are not a satisfactory source of ground water.

Mechanical analyses—No particle-size analyses of the Arundel clay were
made.

Heavy minerals—Heavy-mineral suites were examined and grain counts
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made from 10 samples of the Arundel clay in wells 1S4E-19, 3S5E-32, and
AA-Bd 23. Although the base of the Arundel clay is not definitely established
in well 1S4E-19 (Crown Cork and Seal Company well), it is believed that 7
heavy-mineral suites from depths of 45 to 87 feet are from the clay. One suite
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Fic. 3. Geologic section near Jessup (Anne Arundel County) showing the Arundel clay
overlain by the Pliocene(?) upland deposits

from depths of 170 to 190 feet in well 3S5E-32 and two suites from depths of
298 to 411 feet in well AA-Bd 23 are from the Arundel.

Zircon and tourmaline are the dominant detrital minerals; kyanite, stauro-
lite, hornblende, chloritoid, and epidote are minor minerals. In the authigenic
mineral group siderite is very abundant in most of the samples, and in some it
is the main constituent of the heavy fraction. The graphs on Plate 2 show that
the Arundel clay cannot readily be separated from the underlying Patuxent
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formation on the basis of the relative proportions of heavy minerals or the
presence of specific minerals, although the mineral siderite is more abundant
in the Arundel than in the Patuxent.

Thickness and stratigraphic relations—The Arundel clay in Anne Arundel
County ranges in thickness from less than 25 feet in well AA-Ad 8 in the Curtis
Bay district to as much as 165 feet in well AA-Ac 11 at Friendship Airport. The
average thickness in 8 wells in the county is approximately 100 feet. In northern
Prince Georges County its thickness ranges from 30 feet in well PG-Bd 19 near
Beltsville to 196 feet in well PG-Ce 16 at the Glenn Dale Sanatorium. Its
average thickness in 15 wells in Prince Georges County is 112 feet. The Arundel
clay has been tentatively identified in 6 wells drilled at the Indian Head Naval
Powder Factory in Charles County, where it is from 86 to 124 feet thick and
averages 108 feet.

The Arundel clay lies unconformably on the irregular surface of the Patuxent
formation and is overlain unconformably by sand and clay of the Patapsco
formation. The upper surface of the formation is irregular in slope and dip.
Southeasterly from Beltsville to the Glenn Dale Sanatorium the surface dips
413 feet across a distance of 3.7 miles, or about 70 feet per mile; southeasterly
from North Linthicum to Glen Bumnie the formation dips 66 feet along a dis-
tance of 2.6 miles, or about 24 feet to the mile. In the Sparrows Point district
of the Baltimore industrial area the slope of the formation is about 100 feet to
the mile, but in a few places in the Baltimore area the slope of the upper surface
of the Arundel is somewhat greater (Bennett and Meyer, 1932, pl. 8).

Water-bearing properties—The Arundel clay is not regarded as a water-
bearing formation, although a few dug wells yield small domestic supplies,
probably derived from sandy zones in the clay. The drillers’ logs of a few wells

show lenses of water-bearing sand which are less than 3 feet thick. They were
not utilized as a source of water in the wells in which they were encountered.
Because of its relative impermeability the formation functions chiefly as a
confining layer for the water-bearing sands in the underlying Patuxent and the
overlying Patapsco formations.

Palapsco and Rarilan formalions

Disiribution and character—The Patapsco formation is the uppermost for-
mation of the Potomac group and is now considered to be of Late Cretaceous
age by the U. S. Geological Survey. The Patapsco is overlain unconformably
by the Raritan formation. In Southern Maryland the two formations are similar
lithologically, consisting chiefly of deposits of sand, gravel, sandy clay, and clay.
Cuttings from a number of drilled wells penetrating the two formations have
failed to reveal lithologic characteristics to serve as a basis for the separation
of the two units. Since the formations have similar hydrologic properties and
cannot readily be separated on a lithologic basis, they are treated in this report
as one unit.
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The Patapsco and Raritan formations extend southward from Baltimore
City across Anne Arundel and Prince Georges Counties as a poorly defined
band. In northern Anne Arundel County they are exposed along a broad belt
extending southeast about 12 miles from Stony Run and the Patapsco River to
Round Bay on the Severn River. In west-central Anne Arundel County, along
the Patuxent River, their outcrop belt narrows to about 8 miles, owing partly
to the overlap of the overlying Magothy, Monmouth, and Aquia formations
(PL. 8). In northeastern Prince Georges County both formations are exposed in
a belt about 7 miles wide extending from Muirkirk to the vicinity of the Bowie
Race Track. Further southwest the belt of outcrop narrows to about 2 miles
near the junction of Oxon Run and the Potomac River. Southward in Prince
Georges and Charles Counties additional exposures are seen only along the
Potomac River cliffs as, for example, at Fort Washington and Glymont (PI. 8).

The materials composing the Patapsco and Raritan formations are similar
in character to those of the underlying Arundel and Patuxent formations, con-
sisting chiefly of deposits derived from the eroded crystalline rocks to the west
and from reworked Lower Cretaceous sediments. The sediments were deposited
in a deltaic and estuarine environment of relatively low relief in which me-
andering streams deposited sand and gravel in essentially swampy or quiet
water, in which the associated and interbedded clays accumulated. During the
deposition of the sediments composing the Raritan formation tongues of the
Atlantic Ocean spread as far north and west as Salisbury and southern Charles
County. At Maryland Point in Charles County fragments of marine shells were
identified in the well cuttings at a depth of 300 fcet from the J. R. Hampton
well which penetrated the Patapsco or Raritan formation (well Ch-Ec 5, Table
34).

The sediments of the Patapsco and Raritan formations consist of red, gray,
grayish-yellow, and brown clay and interbedded sand and sandy gravel. Iron-
stone layers and bands are common, but most of them are not more than a few
feet thick and are of variable extent and character, consisting chiefly of nodules
or ledges of sandy iron carbonate or limonite. The sands are commonly cross-
bedded, in places clayey, and generally not as arkosic as the sands in the Pa-
tuxent formation. Carbonaceous material and pyrite are dispersed throughout
some of the sand and clay layers.

Near Elvaton in northern Anne Arundel County the Raritan formation con-
tains layers of silica-cemented sand, which form a group of small hills that rise
40 to 60 feet above the surrounding countryside and are capped by a 10- to
20-foot layer of especially tough sandstone. Drillers report “rock” layers in
wells a few miles south of the Elvaton area, which may indicate that the layers
dip southward and are continuous in that vicinity. “Rock” layers, chiefly
ironstone, are also common at the base of the Arundel clay and in the Patuxent
formation at some localities.

Subsurface character.—The sands and gravels in the Patapsco and Raritan




40 GROUND-WATER RESOURCES~—SOUTHERN MARYLAND Co0ASTAL PraIN

formations are the most important water-bearing beds in the Southern Mary-
land area, but the variable nature of the deposits precludes the tracing of
individual beds for more than short distances. In some places, however, the
formations are more clayey than in others. Table 11, compiled from drillers’
logs of about 75 wells completely or partly penetrating the formations, shows
the relative proportions of sand and gravel to clay, sandy clay, and related
fine-grained sediments. The data, grouped by localities, indicate significant
variations in these proportions from place to place. A total of 18,404 feet of
deposits were logged of which 3,748 feet, or 20 per cent, were sand and gravel.
Thus about 80 percent of the Patapsco and Raritan formations in the Southern
Maryland area consist of clay, sandy clay, rock, or sediments other than sand
or gravel. The proportion of sand to clay varies widely from well to well in some
localities, but, in general, the groupings show a similarity. Only those wells are
used in Table 11 in which a fair thickness of the formations was logged. The
greatest proportion of sand in the Patapsco and Raritan formations is in the
Odenton area, where the logs of six wells show that of a total 976 feet of depos-
its logged, 433 feet consist of sand and 343 feet consist of clay and related sedi-
ments; thus, 44 per cent of the deposits consist of sand and gravel. The Odenton
area is the site of heavy industrial ground-water development where, in 1952,
about a million gallons per day was pumped from wells of the National Plastic
Products Co.

Bennett and Meyer (1952, p. 61) report that the logs of 8 wells in the Curtis
Bay and Fairfeld districts of Baltimore City show 201 feet of sand and gravel
in a total of 470 feet of Patapsco formation, or about 43 percent sand. The
Curtis Bay district is the site of moderately heavy industrial development of
ground water from the Patapsco formation.

In thie Annapolis area a total of 2,864 feet of formation was logged in 7 wells,
of which 818 feet was sand and 2,046 feet was clay. Thus, about 29 percent of
the formation here is sand and 71 percent clay and related sediments. The
Annapolis area is the site of several large-capacity wells producing from the
Patapsco and Raritan formations, chiefly at the various U. S. Naval establish-
ments.

In 4 wells at Glen Burnie in northern Anne Arundel County, which pene-
trated a total of 636 feet of the Patapsco formation, 19 percent of the material
encountered was sand and 81 percent was clay and related sediments (128 feet
of sand and 528 feet of clay). The proportion of sand to clay at Glen Burnie is
approximately the same as the average for the Patapsco and Raritan formations
in the Southern Maryland area.

In general, the ratio of sand to clay in the formations in Prince Georges and
Charles Counties is less than in Anne Arundel County. The logs of 7 wells in
the Bowie-Glenn Dale area show that, of a total of 1,814 feet of formations
logged, 419 feet, or 23 percent, is sand and 1,393 feet, or 77 percent, is clay.
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TABLE 11

Thickness, in feet, and percentage of different types of sediments encountered in wells penetral-
ing the Patapsco and Rarilan formations

. . , Clay and
Thickness Sand and/or ‘ L
Well Loaality of formation/Sand and/or gravel zig;?fﬁ:i (’clf).'ni(cf
Y | penetrated | gravel (ft.) | (percent of ) I" L @
(ft.) formation) SRl o ormation

‘ gravel (ft.)

AA-Ad 8 Curtis bay 130 80 o1 50 | 39

Ae d do 165 07 41 98 | 39
Ae S do 163 72 44 91 56
Ad 29 Glen Burnie 130 16 12 114 88
Ad 40 do 100 33 33 67 67
Ad 41 do 148 40 27 108 73
Bd 23 do 278 39 14 29 | 8
L | T 1 S| Ly 2 - S
Ae 28 Stony Creck 238 54 23 184 77
Be 48 do 254 s1 | 32 173 | 68
Be 58 Lipins Corner 489 151 31 338 69
Bf 10 Bodkin Creek 431 226 52 205 48
Be 1 Odenton 174 93 53 81 47
Be 30 do 148 40 31 102 09
Be 38 do 182 ‘ 54 30 128 70
Be 39 do 152 58 38 94 62
Bc 40 do 168 119 71 49 29
Be 45 do 152 63 41 89 59
Cd 10 Crownsville ll 136 \ 87 ‘ 20 349 80
——— — Sl ‘ — — | —————— — S
Ce 52 Arnold ‘ 200 ‘ 44 \ 22 156 78
De4d | Annapolis 522 | 80 17 133 83
Df 3 do ! 322 139 43 183 57
Df 4 do 294 03 21 231 79
DI7 do 285 ‘ 166 38 119 12
Di 19 do 318 79 25 239 75
Dif 20 do 377 | 145 38 232 02
Df 59 do 746 \ 137 18 609 82
PG-Be 5 Bowie-Glenn Dale 242 88 36 154 064
Be 6 do 179 12 i 167 93
Be 14 do 106 01 57 45 43
Ce3 | do 130 78 60 52 40
Ce 13 do 480 19 4 461 96
Ce 16 do 174 120 | 25 354 75

Ce 24 do 203 41 ‘ 20 162 80
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TABLE 11.—Continued

Thickness Sand and/or | Clay and . :
well Loty fllomstion Swdantisr mravel | e han perent o

(ft.) formation) gmv':ﬂ 8.1;.) oinatiel
PG-Ec 2 Oxon Hill 267 27 10 240 90
Ec 4 do 290 5 2 295 98
Ec 14 do 228 10 4 218 96
Ec 25 do 185 21 11 164 89
Dc 4 ‘f do 368 17 S, 351 95
Bd 4 Beltsville 119 42 33 77 65
Bd 21 | do 35 2 6 33 94
Bd 23 do 134 28 21 106 79
Bd 24 do 82 11 13 70! 87
Bd 29 do ’ 27 13 48 14 52
Bd 30 do ’ 60 8 13 52 87
EcS Camp Springs- 230 S 2 225 98

Andrews Field
Ec 24 do I 240 0 0 240 100
Ed 2 do 248 19 | 7 229 93
Ed 3 do 261 39 15 222 85
Ed 21 do 297 12 4 285 96
Ed 24 do 250 103 41 147 59
Ed 32 do 479 81 17 398 83
Ed 34 do 487 48 10 439 90
Eb3 Fort Foote-Fort 285 10 3 275 97
Washington

Eb 6 do 204 12 4 282 96

Fb 1 do 187 1 0.5 186 99.5
Fb 2 do 199 0 3 193 97
Fb 4 do 215 6 3 209 97
Fb 13 do 372 42 11 330 89
Fb 17 do 194 33 18 159 82

Fb 18 do 360 1 .3 359 99.7
Cd1 Dodge Park 227 18 8 209 92
Cdo9 do 185 100 54 85 || 46
Cf 25 Hall 235 104 44 131 56
Dd 17 Seat Pleasant 214 33 15 181 85

Dd 3 Randolph Village 330 17 S 313 95
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TABLE 11.—Continued

Clay and

Thickness Sand and/or | Ggiments | Clay, etc.

of formation|Sand and/or| ~ grave

penetrated | gravel (ft.) [ (percent of oth('rdthan r}er cent of
(ft.) formation) sand or ormation
‘ gravel (ft.)

Locality

Ch-Bb 7 Indian Head-Gly- 133 11 122 92
mont
Bb9 do 166 16 I 150 90
Bb 10 do 204 24 180 88
Bl U1 do 145 7 [ 138 95
Be 6 do 130 0 130 100
Be 15 do 145 0 145 100
Be 16 do 141 0 141 100
Ch7 do 132 28 104 79
Cd 7 ILa Plata 164 Sl 153 93
Ce8 do 136 82 354 81
Ce 16 do 208 33 16 | 175 84
All wells 18,404 | 3,748 20 14,656 80
(Average) (Average)

In the Camp Springs-Andrews Field area the logs of 8 wells show that of a

total of 2,492 feet of formation penetrated, only 307 feet, or 12 percent, is sand.
An attempt was made to develop a ground-water supply at Andrews [Field
when this base was under construction, but as the yields of most wells were
below the quantities desired, it was necessary to obtain water from another
source (the District of Columbia municipal system). The sanding of a number
of wells was also a contributing factor leading to the abandonment of the swell
supply.

Near lFort Foote and Fort Washington the proportion of sand to clay in the
Patapsco and Raritan formations is the smallest in the Southern Maryland area.
The logs of § wells penetrating a total of 2,106 feet of the formations show that
only 113 feet, or 5 percent, consists of sand and gravel, 1,933 feet, or 95 percent,
consists of clay or clayey sediments.

The logs of 8 wells in the Indian Head-Glymont area show that, of a total
1,196 feet of formation logged, 86 feet, or 7 percent, consists of sand and gravel.
Although moderately large ground-water supplies have been developed in the
Indian Head area, to obtain a sufficient quantity of water it has been necessary
to screen the wells opposite sands in both the Patuxent and the Patapsco for-
mations. Most of the wells at the Indian Head Naval Powder Factory are
believed to be producing chiefly from sands in the Patuxent formation.

Mechanical analyses—Mechanical analyses of six samples of sand and gravel
from the Patapsco and Raritan formations are shown in figure 4. Five of the
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samples were obtained from drilled wells and one from an exposure of cross-
bedded sand in the vicinity of the Severn River in Anne Arundel County. The
number of analyses is insufficient to evaluate the size characteristics of the sands
throughout the formations. However, the samples show, in general, that the
sands in the Patapsco and Raritan formations are only moderately well sorted
and that in five of the six samples medium sand (0.25 to 0.5 mm.) is the chief
constituent. About 55 percent of the material in sample 3, from a well near
Forestville in Prince Georges County, is classed as granule or larger (greater
than 2.0 mm.). Layers of fine gravel similar to that of sample 3 are commonly
reported by drillers in the Patapsco and Raritan formations in northern Anne
Arundel County.

Heavy minerals—Plate 2 shows graphically the heavy-mineral suites of 14
samples of the Patapsco formation from 3 wells, 3S5E-32, 5S3E-46, and AA-Bd
23. One suite only is from well 3S5E-32, drilled for the Chemical & Pigment Co.
of Baltimore. The other suites are from 2 wells located, respectively, in the
Curtis Bay district of Baltimore and in northern Anne Arundel County. Authi-
genic minerals are largely absent in well 583E-46 and hornblende and zircon
are the dominant detrital minerals; epidote is present in moderate amounts;
staurolite, tourmaline, kyanite, rutile, and anatase are minor minerals. Authi-
genic and platy minerals are present in minor amounts only in the suites from
well AA-Bd 23. Tourmaline and zircon are the predominant detrital minerals;
chloritoid, staurolite, epidote, garnet, and sillimanite are minor detrital min-
erals. The high hornblende content of well 5S3E-46 may be the result of con-
tamination of the sample cuttings from the overlying Pleistocene deposits,
which are present to a depth of 45 feet in this well. Otherwise, the mineral
suites from the two wells are similar. Bennett and Meyer (1952, p. 62) found
only moderately small amounts of hornblende in 7 heavy-mineral suites from
a well drilled into the Patapsco formation in the Sparrows Point district of
Baltimore County, whereas the Pleistocene deposits in this well contain a large
proportion of hornblende. Suites of outcrop samples of the Patapsco formation
listed by Bennett and Meyer have tourmaline and zircon as the dominant
detrital minerals,

In summary, no valid criteria have been established for separating the for-
mations of the Potomac group on the basis of the heavy-mineral suites from
wells and outcrop samples. It is not implied, however, that such criteria cannot
be established if a study is made of a large number of suites obtained from wells
or outcrops that are adequately distributed geographically.

Thickness and stratigraphic relations—The thickness of the Patapsco and
Raritan formations in the Southern Maryland area ranges from a featheredge
along the western part of the outcrop belt to at least 746 feet in well AA-Df 59
in the Annapolis area. Near Glen Burnie, where only the Patapsco formation is
present, its thickness ranges from 130 to 278 feet. Near Odenton, a few miles



46  GROUND-WATER RESOURCES—SOUTHERN MARVILAND Co0ASTAL PLaIN

south of Glen Burnie, 182 feet of the Patapsco formation was penetrated in
well AA-Bc 38 without reaching the underlying Arundel clay. In a deep test
well drilled to the base of the Patuxent formation at the Glenn Dale Sanatorium
(PG-Ce 13) in Prince Georges County 480 feet of combined Patapsco and Rari-
tan formations was penetrated. At La Plata in Charles County 436 feet of
sediments constituting the Patapsco and Raritan formations were encountered
in well Ch-Ce 8 at depths of 380 to 816 feet. In the parts of Anne Arundel,
Prince Georges, and Charles Counties where the Patapsco and Raritan for-
mations are extensively utilized as a source of ground water, they are fromi
150 to 700 feet thick.

The thickness of the individual beds of water-bearing sand ranges from a
few inches to a reported maximum of 57 feet. A water-bearing sand and gravel
is 57 feet thick, at a depth of 523 to 580 feet, in well AA-Df 16 at the U. S.
Naval Academy. In the vicinity of Glen Burnie 24 feet of coarse water-bearing
sand and gravel was penetrated by well AA-Bd 23 at a depth of 101 to 125 feet;
a 1-foot clay streak was reported in the middle of the sand.

Solid beds of variegated clay in the Patapsco and Raritan formations exceed
200 feet in thickness in some wells in western Prince Georges County, but com-
monly in southern Maryland the individual clay beds are less than 100 feet in
thickness. A zone of gray, brown, and yellow clay with interspersed thin sandy
layers was reported to be 209 feet thick at a depth of 130 to 339 feet in well
PG-Fb 4 near Accokeek in Prince Georges County.

The Patapsco formation lies unconformably on the Arundel clay or directly
on the Patuxent formation where the Arundel clay is absent. The Patapsco
formation is said (Clark and others, 1916b; p. 39) to be separated from the
Raritan formation by an unconformity, but the similarity of the sediments
comprising the two formations makes difficult its recognition and tracing. If
it exists in Southern Maryland, the unconformity is probably marked chiefly
by differences in the flora of the two formations. The Raritan formation is
separated from the overlying Magothy formation by an unconformity. The
contact between the two units is usually recognized by the presence of vari-
colored clays (chiefly reddish) in the Raritan which contrast with the drab or
dull-gray clays and carbonaceous sands of the Magothy formation. In places
the Magothy is absent and the marine Cretaceous, Paleocene, or Locene strata
directly overlie the Patapsco or Raritan formation. In southeastern Prince
Georges County and in central and western Charles County the overlap of the
younger strata on the Patapsco and Raritan formations becomes important
with respect to the availability of ground-water supplies. Here the Magothy
formation (an important aquifer) is absent and the Patapsco formation is over-
lain by the relatively impervious, nonproductive Monmouth and Brightseat
formations. Because of the absence of the Magothy formation, and because of
the clayey nature of all the formations, it has been necessary to drill some wells
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Fic. 5. Geologic section near Glymont (Charles County) showing the Pleistocene deposits
and the Aquia greensand overlying the Patapsco formation

Bed No.

[N v e

[T

Reddish material with pebbles and boulders.

Light yellowish and greenish sands; greensand without fossils, much weathered.
Greensand with fossils, much weathered toward top.

Indurated zone, impressions and shells.

Fossiliferous greensand; quite green but not dark. Ostrea and Twrritella common.
Greensand without fossils; quite dark near base and lighter (more weathered?)
upward. Sharp contact, with few small pebbles above base. Minor erosional ir-

regularities.

Light blue or olive yellowish or brownish clays, weathering light gray to whitish.
Yellow sands and sandy clays. Firmly indurated zone 4-inch thick at top.
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to considerable depths into the Patapsco or Raritan formation before water-
bearing sands have been encountered.

Dryden (Dryden, Overbeck and others, 1948, p. 78) describes an exposure n
western Charles County where the Aquia greensand of Eocene age rests uncon-
formably on the Patapsco formation (fig. 5).

The upper surface of the Patapsco and Raritan formations slopes generally
to the southeast. The degree of slope, or the dip, varies from place to place.
Well Togs at Crownsville and Annapolis show that the top of the Raritan for-
mation dips southeast about 183 feet in approximately 7 miles, or about 26 feet
per mile. Southwestward the slope of the surface increases to about 37 feet per
mile from well PG-Df 16 near Hardesty to well AA-I'd 13 near Mount Zion.
In central Prince Georges County the upper surface of the formations is ir-
regular and the records of some wells indicate a local reversal of the general
slope direction. Thus, the log of well PG-Ec 5, near Oxon Hill, shows that the
top of the Patapsco formation is 80 feet above sea level, and the log of well
PG-Ec 1, located 1.5 miles north of PG-Ec 3, shows the top of the formation
is 25 feet above sea level, indicating a northward dip of 35 feet between the two
wells. Eastward from Pomonkey to Bryantown, in Charles County, the top of
the Raritan formation declines 377 feet in a horizontal distance of 14 miles, or
about 27 feet per mile (see logs of wells Ch-Be 12 and Ch-Cf 0).

Waler-bearing properties—Although the Patapsco and Raritan formations
include the most extensively developed aquifers in Southern Maryland, their
hydrologic properties vary considerably from one locality to another. The yields
of wells ending in the formations range from a few gallons a minute in many
domestic wells to as much as 1,000 gallons a minute (reported from well AA-Df
12 at the U. S. Naval Academy). In general, the highest yields are obtained
where comparatively thick beds of coarse, clean sand and gravel are encoun-
tered. The individual water-bearing sands, however, are irregular in extent and
character, and can seldom be traced for more than a few miles.

At Glen Burnie, in northern Anne Arundel County, a lens of water-bearing
sand and gravel in the Patapsco formation can be traced throughout an area of
about 5 square miles. This sand has a maximum thickness of about 40 feet, as
is shown in the log of well AA-Ad 2. Its upper surface slopes eastward from
approximately 25 feet above sea level in well AA-Bd 34 near Harmans to ap-
proximately 70 feet below sea level in well AA-Bd 37 at Harundale. The public-
supply wells at Glen Burnie produce from this sand; one well produces about
450 gallons a minute, and all the large-capacity wells average about 250 gallons
a minute. Thin clay streaks within the aquifer are reported in a few of the logs,
but the sand is generally coarse and permeable.

Near Odenton and Gambrills at least three water-bearing sands have been
identified at different stratigraphic positions in the Patapsco formation. The
uppermost sand, about 10 feet thick, has been identified in three wells (AA-Bc
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31, AA-Bc 38, and AA-Be 39), where its top lies at an altitude of 60 to 75 fect
above mean sea level. The sand yields water to one of these wells, but is re-
ported 1o be fine-grained in the other two wells. In several wells the interval in
the formation occupied by this sand is reported as sandy clay. The sand varies
in water-hearing properties from well to well and is so clayey in some places
that it is not capable of yiclding water to wells. A deeper sand in the Odenton
area is utilized as the source of industrial ground-water supply at the plant of
the National Plastic Products Co. This sand, which is about 35 feet thick, has
been identified in the logs of 9 wells in the area, and can be traced as a con-
tinuous unit throughout 3 square miles from the west end of Odenton eastward
to the U. S. Naval Academy Dairy at Gambrills. Its top is approximately at
sea level in well AA-Be 23 and slopes eastward to about 50 feet below sea level

at Gambrills. The sand in most wells is reported to be coarse and permeable.
One 12-inch-diameter well of the National Plastic Products Company (AA-Be

40) yields more than 300 gallons a minute from it. A third and still deeper
water-hearing sand is penetrated by only one well, AA-Cc 2 at the Naval
Academy Dairy. No log is available for well AA-Cc 2, but it is assumed that
the top of the 20-foot screen in the well is opposite the top of the sand body,
which is about 278 feet below sea level. In 1914 the well reportedly yielded 42
gallons a minute, but it has since been abandoned.

The water-bearing properties of the Patapsco and Raritan formations in
Southern Maryland can be roughly evaluated by comparing the yields and
specific capacities of wells grouped according to localities or areas where the
formations are utilized as a source of ground water. Table 12 shows the vields,
lengths of screen, drawdowns, and specific capacities of 78 wells producing from
the Patapsco, Raritan, or both. Many domestic wells with small yields have
heen omitted from the table in order to indicate more clearly the maximum
yields obtained. The specific capacities range from 0.1 (wells PG-Lc 14 and
PG-Dc 3) to 12.0 (well AA-Df 3). The average specific capacity for the for-
mations as a whole, based on the vields of 66 wells, is 3.2 gallons per minute
per foot

The specific capacities of 8 wells in the Annapolis area range from 0.1 to 12.0
and average 9.5 gallons per minute per foot. The yields of the large-capacity
wells at Annapolis are among the highest known in Southern Maryland. The
average yield of 8 of the hest wells is about 600 gallons a minute. The yicld
per foot of screen is about 11 gallons a minute.

The specific capacities of 7 wells in the Glen Burnie area range from 3.7 to
8.8 gallons per minute per foot and average 6.3 gallons. Yields of the large-
diameter wells in this group range from 96 to 467 gallons a minute. The yield
per foot of well screen is approximately 17 gallons a minute.

The specific capacities of wells in the Odenton-Gambrills arca range from
0.7 to 11.4 and average +.8 gallons. The yields of the five most productive wells
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TABLE 12
Yields and specific capacities of wells screened in the Patapsco and Raritan formations

|
| L {| Lengthof | Yield | Drawd ) i
9 o Yiameter o ength of ‘ie rawdown capacity
Well | Locality casing (in.) | screen (ft.)| (gal./min.) (ft.) (gali/min./
t.)

AA-Ae 10 ‘ Curtis Bay 10 17 2001
|
Bf 1 ’ Fort Smallwood-
Pinehurst
do
do
do
do

| North Linthicum-
‘ Friendship

—
(3]

do

(3]
>

Glen Burnie
do
do
do
do
do
do
do
do

| 2|
o]

8.
4.
3.
S

~r N\
L= e RN B S I

Odenton-Gambrills
do
do
do
do
do
do
do

W n
Oy W

I —_

Crownsville

Pasadena

Arnold

! Gibson Island
do
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Specific

5 B Di £ ) L h of Yield Drawd i

wen oaity | Dimterf| Leath ot | VL P G2l
AA-Df 4 Annapolis 12-10-8 6 300 — —
DiSs do 15-12-10 36 748 62 12.0
Dio6 do 12-10-8 32 374 45 8.3
DI7 do 12-10-8 34 501 46 10.9
DI do 12-10-8 42 498 | 43 11.6
Df 12 do 18 67 1,000 105 9.5
DI 13 do 18 70 920 95 9.7
Df 16 do 12 142 [ 620 44 14.0
Df 20 do 10-8-6 40» 28 172 1
|
PG-Be 4 Bowie-Glenn Dale — — 40
Be 15 do 4 5 21 20 1.0
Ce 1 do 0 None 10 10 1.0
Ce 2 do 6 do 10 5 2.0
Ce3 do 6 — 10 | 15 6
Ce 13 do 10413 e 50 15 3.3
Ce 24 do [ 5 30 105 .3
Ci4 do [ 6 15 30 -5
Ce 18 Woodmoor 0-4 10 45 20 28
Cf25 Hall 0 6 00 40 1.5
De 1 Silver Hill 6 — 23 (1= 25 0.9
Dec 3 do 6 — 20 140 1
Dc 4 | do ‘ 8-6 15 30 125 .4
DA2 | Largo 6 10 20 20 1.0
Dd 3 do 8 11.5 25 159 .2
Eb 3 Fort Foote-Fort ~ 0 None 10 10 1.0
Washington

Eb o6 do 0 6 60 88 i
Eb 7 do 6 [ 33 100 3
b 8 do 8 14 50 80 .0
Iic 10 do [ 11 40 105 4
Ec 1 Clinton 40 30 1.3
c2 | Oxon Hill 6 10 10 30 0.3
Ec 4 do 6 None 10 30 .3
Fc 14 do O 10 20 150 1
Tc 25 do 0 13 40 36 1.1
Ec 26 do 0 6 40 ‘ 66 .6
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TABLE 12.—Continued

‘ Spectfic

L A el
t.
PG-Ed 2 Camp Springs-An- 8or6 60 60 1.0
drews Field
Ed 4 do 8 10 50 23 2.2
Ed 22 do — — 50 -
Ed 32 do 8-6 38 80 - =
IEd 33 do 8-6 9 50 100 5
Ed 34 do 8 20 ‘ 135 79 1.7
Ch-Cc 7 La Plata-Port To- 6 5.5 35 100 0.3
bacco
Cd9 do 6 7 40 204 .2
Ce 16 do 8-6 15 60 — —
De 1 do 6 7 24 30 .8
Be 13 Indian Head-Gly- 6 None 10 20 | 0.5
mont
Cb 6 do 4 5 85 6 5.8
Cch7 | do 86 12 151 54 2.8

* Also producing from the Magothy formation.

in the arca average about 290 gallons a minute. The average yield per foot of
screen is about 13 gallons a minute.

The specific capacitics of 7 wells in the Bowie-Glenn Dale arca of Prince
Georges County range from 0.3 to 2.0 and average 1.2 gallons. The yields of the
five most productive wells average about 30 gallons a minute. The yield per
foot of screen (only 3 wells) averages slightly more than 4 gallons a minute.

The specific capacities of 4 wells in the Camp Springs-Andrews Field arca
range from 0.5 to 2.2 and average 1.3. The yields of the 6 best wells average 70
gallons a minute, and the yield per foot of screen averages 4.1 gallons a minute.

The specific capacities of 5 wells in the Fort Foote-Fort Washington area
range from 0.4 to 1.0 and average 0.6. The reported yiclds of the four most
productive wells average 43 gallons a minute, and the yield per foot of screen
averages 5.2 gallons a minute.

The specific capacities of wells producing from the Patapsco and Raritan
formations in Southern Maryland show that their water-bearing propertics
change from place to place. Where the sands are thin or less permeable, the
formations have not been extensively utilized as a source of water supply. Where
the sands and gravels are thick, permeable, and capable of yielding large
quantities of water, they have been extensively utilized, as in the Glen Burnie,
Odenton, and Annapolis areas.
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In the Annapolis area and at Gibson Tsland the high iron content of the water
from the Patapsco and Raritan formations has necessitated treatment before
use; because of the poor quality of the water, these formations have not heen
tapped extensively by either domestic or commercial wells.

Permeability, transmissibility, and storage coeflicients—The results of
several pumping tests on wells tapping the Patapsco and Raritan formations in
Southern Maryland show a wide range in the coefficients of transmissibility
and permeability. Pertinent data concerning these tests are shown in Table 13.
Asmost of the wells tested are in Anne Arundel County, the results are weighted
in favor of that county. The coefficients of transmissibility determined from
the tests range from 1,300 gallons per day per foot in well PG-I15b 7 in the Fort
FFoote area to 76,400 gallons per day per foot in well AA-Ad 2 near Glen Burnie.

Coetlicients of permeability range from 140 to about 3,300 gallons per day per
scuare fool. As these figures represent a sampling of scattered segments of the
formations, it is doubtful if an average of all the tests would be of special
significance.

A series of pumping tests made on the public-supply wells of the Anne
Arundel County Sanitary Commission at Glen Burnie and Harundale furnish
fairly reliable values for the coeflicients of permeability and transmissibility
for the Patapsco formation there. The wells penetrate a 25-foot-thick water-
bearing sand in the Patapsco formation, which is 150 to 230 feet thick at Glen
Burnie. Field coeflicients of permeability range from 820 to 3,300 and average
1,400 gallons per day per square foot. Coefficients of transmissibility range
from 21,300 to 76,400 and average 35,600 gallons per day per foot. The figure
of 1,400 for the field coefficient of permeability is higher than the average
figure of 320 reported by Bennett and Meyer (1952, p. 66) for the lower part of
the Patapsco formation in the Sparrows Point district of the Baltimore in-
dustrial area, indicating that the formation is more permeable in the Glen
Burme area. The trend of increased permeability southwestward from the
Sparrows Point district is confirmed by the field coefficient of permeability of
970 gallons per foot reported by Bennett and Meyer as the result of a pumping
test in the Curtis Bay district.

Values of the coefficient of storage, exclusive of the high figure of 0.0010 ob-
tained from the test on well AA-Ad 2, range from 0.00003 to 0.00053 and
average (.0002 cubic foot per foot. This average is a reasonable coefticient of
storage for an unconsolidated sand where the ground water occurs under
artesian conditions. The duration of pumping in some of the tests was not long
enough to obtain a more reliable figure for the coeflicient of storage.

The field coefhicients of permeability derived from a series of pumping tests
on wells tapping the Patapsco and Raritan formations in the Annapolis area
range from 230 to 850 gallons per day per square {foot and average about 580,
indicating that the formations are less permeable in the Annapolis area than
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at Glen Burnie. The thickness of the combined Patapsco and Raritan for-
mations at Annapolis is in excess of 700 fcet, and the wells tap water-bearing
sands approximately 60 to 75 feet thick. Coefticients of {ransmissibility range
from 17,300 to 52,100 gallons per day per foot and average 38,300, or about the
same as at Glen Burnie. Three coeflicients of storage in the Annapolis area
range from 0.00001 to 0.00061 and average 0.00026. This average is in the
general range of coefficients of storage obtained where the ground water in un-
consolidated sedimentary deposits occurs under artesian conditions.

On the basis of a recovery test on well PG-Eb 7 in the Fort Foote area of
Prince Georges County, the coefficient of permeability of a 9-foot sand in the
Patapsco formation is 140 gallons per day per square foot and the transmissi-
bility is 1,300. Although one test is not an adequate sampling of the hydrologic
properties of the formation, the results of this test are in agreement with the
low yields and low specific capacities of the wells tapping the Patapsco and
Raritan formations in western Prince Georges County along the Potomac
River valley (Table 12). The formations are probably poorer aquifers in this
area because of the greater proportion of clay and sandy clay. It is doubtful,
therefore, if large ground-water supplies are available from the Patapsco and
Raritan formations in the Oxon Hill-Fort Foote area.

Magothy formation

Distribution and character— In Anne Arundel County the Magothy for-
mation, of Late Cretaceous age, 1s irregularly but prominently exposed along
a belt about 5 miles wide near Severna Park and in the interstream area he-
tween the Severn and Magothy Rivers. Southward its outcrop belt narrows (o
about 3 miles in the vicinity of the little Patuxent River. On the geologic map
accompanying Darton’s report (1939) on the gravel and sand deposits of eastern
Maryland it is shown to occupy a rather narrow outcrop belt in Prince Georges
County southwestward from the Patuxent River to Glenn Dale. Cooke (1952,
p. 7), however, believes that the formation is overlapped by the Monmouth
formation in Prince Georges County, and does not show it on the revised geo-
logic map of the county (Cooke and Cloos, 1951).

The Magothy formation consists chiefly of lignitic or carbonaceous light gray
to yellowish quartzitic sand with interspersed clay layers. The sand commonly
is coarse and slightly arkosic, and in many places is crossbedded or laminar.
Nodules and undulating bands of iron oxide are present in some places. Pyrite
is a common mineral in the sand, as is glauconite in places. The somewhat
plastic clay layers are gray, grayish black, or brown and in some outcrops occur
as lenses which grade rapidly horizontally into sandy clay or clean sand. An
excellent exposure of the formation occurs in the bluffs of the Severn River at
Sullivan Cove, just south of Severna Park. This exposure, measured and de-
scribed by R. M. Overbeck, is shown graphically in figure 0.
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F1c. 6. Geologic section at Sullivan Cove on the Severn River (Anne Arundel County) showing
the Magothy formation overlain by the Matawan formation

Bed No.
] Light-grayish glauconitic sand.
7 Pale-brownish glauconitic and argillaceous saund.
0 Pale brown sandy clay carrying pieces of lignite; pale brown clay.
5 Rather thin-bedded, cross-bedded coarse white sand, iron layers, and carbonaceous
layers.
4 Concealed, but probably as above.
S Brown carbonaceous clay.
2 Very carbonaccous beds, black and brown.
1 White sand and dark interbedded carbonaceous material.
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Subsurface character—Throughout most of the Southern Maryland area
the Magothy formation can be identified readily in the well cuttings or in the
drillers’ logs by its stratigraphic position and by the grayish-white or grayish
color of the sands, which frequently have a high content of carbonaceous mat-
ter. The clays of the Magothy formation generally lack the pink or reddish hue
common to the clays of the underlying Raritan formation. The Magothy may
be distinguished from the overlying Matawan or Monmouth formations chiefly
by its lesser glauconite content, its lighter color, and by the more clayey nature
of the overlying formations.

The Magothy formation is one of the important aquifers in the Southern
Maryland area where a number of drilled wells utilize it as a source of supply.
The logs of 12 wells in Anne Arundel County that penetrate a total of 1,317 feet
of the formation show that 1,137 feet (or 86 percent) is sand and gravel, and
180 feet (or 14 percent) is clay and related sediments. The logs of 9 wells com-
pletely penetrating the formation in Prince Georges County show that of 375
feet of formation 280 feet (or 75 percent) is sand and 95 feet (or 25 percent)
is clay. Near Annapolis and Sandy Point the formation consists almost entirely
of sand and gravel; some of the logs show no clay. In central Anne Arundel
County the Magothy is not readily distinguishable, in the drillers’ logs or in
the sample cuttings, from the upper part of the Raritan formation which com-
monly consists of similar coarse clean sand and sandy gravel. However, the
top of the Raritan in a few wells in central Anne Arundel County and in most
wells in Prince Georges and northern Charles Counties is characterized by a
red or pinkish clay which can be distinguished from the grayish-white or gray
clay of the Magothy.

The sediments composing the Magothy formation are believed to have been
deposited mainly in a deltaic and lagoonal environment. Many of the sands are
typical of those deposited in meandering streams, and the abundance of lignitic
matter suggests that swamp conditions existed in which plant life flourished.
The presence of thick beds of coarse sand and gravel in the Annapolis-Sandy
Point area may indicate a high rate of deposition during Magothy time by
rather active stream currents carrying considerable amounts of coarse sediments
from the Piedmont uplands.

In some localities the top of the Magothy formation consists of medium to
coarse gray sand, but in other places it is characterized by gray sandy clay,
although medium to coarse sand is usually present within a few feet of the top.

Mechanical analyses—Sieve analyses of six samples of sand and gravel from
the Magothy formation are shown in figure 7. Two of the samples are from
outcrops of the formation and four are from well cuttings. The samples show
only a moderate degree of sorting and are characteristic of stream-channel
sands and gravels. In five of the six samples medium sand (0.25 to 0.5 mm.) is
the chief constituent, and the fine-grained fractions are largely lacking. Sample
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6 (well AA-Cd 33) 1s chiefly coarse material, containing 61 percent in the very
coarse sand fraction (1.0 to 2.0 mm.) and 12 percent in the fine gravel fraction
(2 to 8 mm.). This sand is highly permeable and is an excellent source of ground
water. No mechanical analyses were made of the clay layers in the Magothy
formation.

Thickness and stratigraphic relations—The Magothy formation varies in thick-
ness throughout Southern Maryland, ranging from a featheredge at its outcrop
to a maximum of 130 feet near Annapolis. In the logs of some wells in the An-
napolis area the Magothy formation is not readily separated from the under-
lying Raritan because of the lithologic similarity of the sands of the two forma-
tions. However, the driller’s log and sample-study log of well AA-De 45 (City
of Annapolis) show 130 feet of grayish-white to gray coarse sand and gravel,
probably the Magothy formation, underlain by 160 feet of bluish-gray and red-
dish-brown clay and sandy clay typical of the Raritan formation. The driller’s
log of well AA-Df 10 (U. S. Naval Academy) shows about 130 feet of sand and
clay of the Magothy formation underlain, at a depth of 307 feet, by 30 feet of
red clay marking the top of the Raritan formation. As the Magothy is only
about 40 feet thick at Sullivan Cove, the subsurface information indicates a
southward basinlike thickening toward Annapolis where the formation appar-
ently attains its maximum thickness. Two miles east of Priest Bridge near the
Patuxent River well AA-Dc 5 penetrated 71 feet of the Magothy formation. In
the vicinity of Collington, Prince Georges County, well PG-Cf 4 encountered
51 feet. At Andrews lield, 5 miles southeast of the District of Columbia, the
formation is about 43 feet thick, as shown by the driller’s log of well PG-Ed 24.
It is 49 feet thick in well PG-Fd 11 at the Cheltenham Naval Communication
Station in southern Prince Georges County. The formation ranges from 25 to
50 feet in thickness throughout most of its extent in Prince Georges County, hut
it probably thins rapidly in northwestern Charles County; only 4 feet was en-
countered in well Ch-Bc 12 near Pomonkey. It is at least 18 feet thick near Wal-
dorf, as shown by the log of well Ch-Bf 3 (Maryland State Police Barracks)
which did not completely penetrate the formation, but appears to be absent at
La Plata and southward. East of La Plata it may thicken somewhat, as it is
about 75 feet thick in well Ch-Cf 9 at Bryantown.

In the Annapolis area the thickness of the individual beds of sand and gravel
in the Magothy ranges from a few feet to about 30 feet, according to well logs.
Near Upper Marlboro individual beds range in thickness from a few feet to as
much as 31 feet.

Throughout part of Prince Georges and northern Charles Counties the Mago-
thy formation is overlapped by the Monmouth formation. Plate 3, showing by
contours the approximate altitude of the uppermost water-bearing sand in the
Magothy formation, also shows that the sands on the Magothy formation are
not present in Prince Georges County west and northwest of a line extending




WATER-BEARING PROPERTIES OF GEOLOGIC FORMATIONS 61

from Bowie southward through Morningside and east of Piscataway. In Charles
County the formation thins markedly west of Pomonkey and south of White
Plains. It is not known if it was deposited in the area west of these towns and
later removed by crosion, or if it was never deposited there. The Magothy un-
conformably overlies the Raritan formation throughout most of the Southern
Maryland area.

The Magothy formation strikes generally northeast and the dip, or rate of
slope, is fairly uniform throughout the Southern Maryland arca. From Gam-
brills to the south bank of the West River the top of the uppermost sand de-
clines 545 feet in a horizontal distance of 16.5 miles or at the rate of about 33
feet per mile. In northern Calvert County the dip of the formation decreases to
about 20 feet per mile. In a few localities, as in the vianity of Camp Springs,
the dip increases to about 48 feet per mile. The average dip in Southern Mary-
land is about 33 fect per mile.

Water-bearing properties—The water-bearing sands in the Magothy formation
are sufficiently coarse and permeable to yield ample supplies of water to drilled
wells throughout most of the area where they have heen encountered. At Annap-
olis yields of as much as 1,000 gallons a minute have been obtained from large-
diameter wells. However, in a few localities, particularly near its outcrop area
in Prince Georges County, the formation does not yield water to wells, and to
obtain adequate supplies it has been necessary to drill to deeper aquifers, usually
to sands in the Raritan or Patapsco formation. In some places the clayey na-
ture of the upper part of the Raritan formation necessitates drilling to depths
of 200 to 300 feet below its top before an aquifer capable of yielding even do-
mestic supplies is encountered.

In and near Upper Marlboro and Brandywine the formation is separated into
two sands, the uppermost of which is fine-grained and clayey in some wells. This
condition was encountered in well PG-If 3 (Buchheister well) a few miles north-
east of Upper Marlboro; the well was originally screened opposite 10 feet of
water-bearing sand at a depth of 324 to 334 feet, but a satisfactory supply of
clear water could not be obtained at this depth, and the well was later drilled
to 366 feet. The top of a deeper sand, which yielded 35 gallons a minute, was
encountered at a depth of 351 feet. The log of well PG-15d 32, supplying a hous-
ing development north of Camp Springs, shows 13 feet of fine muddy sand at
a depth of 265 to 280 feet which was not sufficiently permeable to be utilized
as a source of ground water.

The log of well PG-Ed 34, 1.4 miles northeast of PG-Ed 32, shows four thin
streaks of fine- to medium-grained water-bearing sand in the Magothy forma-
tion between depths of 253 and 291 feet, but as a moderately large water supply
was needed the driller completed the well in the underlying Patapsco formation.

The sands in the Magothy formation are coarser, thicker, and more perme-
able throughout most of Anne Arundel County, particularly near Annapolis and
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TABLE 14

Vields and s pecific ca pacities of wells screened in the Magothy formation

1
Specific capa

we tocity | Dlameteof | Lonthat | Nied | Dewwdoun SEEY
|
AA-Cd 1] Crownsville 10 20 175 27 6.3

Cd 12 do 10-8 25 175 -

Cd o Severn Crossroads 6 6 15 21 7

Cd7 do 6 6 25 17 1.5

Ce 51 Arnold 4 3 20 0 B

Cf 30 do 4 5 50 —

C=21 Cape St. Claire 6 7 15 50 o)

Cgo Sandy Point 0-4 10 ‘ 220 7l 3.1

Cg8 do 10-8 15 225 58 3.9

Cg 10 do 10-6 — 38 5.5 6.9

Dc 3 Priest Bridge \ 4-2 10 15 0 2.5

De 7 ‘ do b6 10 47 19 AE

Dd 16 Davidsonville ‘ 4-2 10 20 10 210

De 45 Annapolis 20-10 50 1,000 102 9.8

De 46 do | 2010 ’ ‘ 1,000 52 19.2

Dio do 16-12-10 60 235 82 2.9

DI 58 do 6 10 100 B

Ed 19 Mount Zion-Har- 6 = 15 | 62 7

wood ‘

Fd 13 do 8-6 20 76 20 3.8
Cal-Bb 10 Sunderland 10-6 15 30 | 103 3
PG-Dd 9 IForestville 6 5 20 40 15

Di 21 Iall 6 [ 60 60 1.0

d 8 | Andrews Field 6 12 50 91 5G]

Ed 27 do 6 2 85 B

[d § Clinton 0 15 50 — —

Ed 31 do 6 10 I 40 25 1.6

Ee 2 Upper Marlboro 2 - { 8 14 .6

e d do 6 12 60 30 2.0

e 4 do 6 6 12 85 1

Ee 6 do 8-6 15 180 87 2.1

Ile 31 do 6 8 30 40 .8

Ef 1 = do 8 8 153 9 | 1.7

f 5 do 8 70+ —

Ee 32 Mellwood 6 9 30 35 .9

Fel Hyde Field 8-6 — 55 60 .9

Fd 1 Cheltenham-Bran- 6 - ‘ 35 82 Bl

dywine

Fd 2 do [ — 12 23 1.8

Fd 5 do 8 21 165 121 1.4

I'd o6 ! do 8 30 150 40 | 3.8

Fd 11 | do 8 46 239 61 3.9

Id 24 do 8 14 70 | 55 1.3

Fd 32 do 8 12 80 | 130 .6
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TABLE 14—Continued

wan Loy | Dlmeteral| Longthel | Vieke | Drepoun YRS GH
Ch-Be 12 Pomonkey 6 0 12 33 .3
Bd 11 do 6 10 25 60 4
BES | Waldorf 6 12 20 | 45 9
BEO3 | do 0 55 |70 68 1.0
PG-I'd 35 do 6 5.5 | 70 | 65 1.1
50

Ch-Cf 9 Bryantown 0-3 20

Crownsville, than to the southwest in Prince Georges and Charles Counties. 1t
is likely that the formation will be developed most extensively as a source of
water supply in southern and central Anne Arundel County.

The yields, lengths of screen, drawdowns, and specific capacities of 48 wells
producing from the Magothy formation are listed in Table 14. At only a few
places, as Upper Marlboro, Cheltenham and Annapolis, are there data on a suffi-
cient number of wells to make possible a comparison of the hydrologic proper-
ties of the formation. The yields of the wells range from less than 20 to about
1,000 gallons a minute (wells AA-De 45 and De 46 at the Annapolis Water
Works). The maximum yield from the formation in Prince Georges County 1s
239 gallons a minute (well PG-Fd 11 at the U. S, Naval Communication Sta-
tion). Many of the wells listed yield less than 100 gallons a minute, but it is
likely that some of them have not been tested at their maximum capacity, as
a smaller yield was adequate for the needs of the owner. The specific capacities
of 42 wells, most of which are based on the drillers’ pumping tests, range from
0.1 to 19.2 and average 2.4. In general, the specific capacities are lower than
those computed for wells tapping the Patapsco and Raritan formations where
these aquifers are highly productive, as at Odenton, Glen Burnie, and Annapo-
lis.

At Crownsville the Magothy is coarse and highly permeable, as is shown by
the records of wells AA-Cd 11 and AA-Cd 12. Here it is about 90 feet thick and
consists chiefly of coarse sand and gravel containing a few thin clay streaks.
Botli wells yield about 175 gallons a minute. The specific capacity of well AA-Cd
11 is 6.5, which indicates this well is one of the most efficient wells tapping the
formation.

The yields of 7 wells near Upper Marlboro range from 8 to 180 gallons a min-
ute. The specific capacities range from 0.6 to 2.1 gallons per minute per foot and
average 1.2, which is considerably less than those of many wells in Anne Arundel
County. Drillers’ logs show that the formation at Upper Marlboro contains less
coarse gravel than it does at Crownsville and Annapolis.

The yields of 7 wells near Cheltenham range from 33 to 239 gallons a minute.
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The specific capacities range from 0.4 to 3.9 and average 1.8. It is likely that at
many localities in Southern Maryland yields in excess of the reported maxi-
mums can be obtained from the Magothy formation by means of large-diameter
wells properly screened and developed opposite maximum thicknesses of perme-
able sand and gravel.

Permeability, transmissibility, and storage coefficients.—Table 15 shows the
coefficients obtained from several pumping tests on wells ending in the Magothy
formation. Most of the wells test pumped are in Anne Arundel County, although
a few are in Prince Georges County. The values for the coefficients of permea-
bility, transmissibility, and storage are weighted in favor of those areas where
the formation is most widely utilized as an aquifer. Field coefficients of permea-
bility range from 240 to 3,800 gallons per foot. Coefficients of transmissibility
range from 6,300 in the vicinity of Mount Zion to 93,000 at Crownsville. ‘The
highest values were obtained in the general area of the lower Severn River
near Annapolis, Crownsville, and Sandy Point.

An extensive pumping test was made on a group of wells in and near the
Sandy Point State Park in Anne Arundel County. Well AA-Cg 8, which is 204
feet deep and contains 15 feet of screen opposite a coarse sand, was pumped at
an average rate of 225 gallons a minute for 48 hours. During the period of pump-
ng drawdowns were measured in 5 nearby observation wells. At the end of 48
ihours the pump was shut off and the recovery of the water level measured in
the pumped well and in the 5 observation wells.

A shorter test was made on well AA-Cg 10, also at Sandy Point, which was
pumped at an average rate of 38.5 gallons a minute for 614 hours. After shutting
off the pump the recovery of the water level was measured in the pumped well
for 31, hours. As the wells were adjacent to the Chesapeake Bay, a tidal gage
was installed in order to correct the measured water levels for the effect of cyclic
tidal changes. The results of the tests were analyzed by the Theis recovery
method and by modifications of the Theis nonequilibrium formula proposed by
Jacob (1944). The method of computation and the formulas used in one analy-
sis of the tests are shown in figure 8. The Sandy Point tests show that the co-
efficients of transmissibility range from 10,330 to 91,200 gallons per day and
average about 38,000. Coeficients of permeability range from 430 to 3,800 and
average 1,600 gallons per foot per day. Variations in the results obtained by
using different methods of analysis may be ascribed to the fact that the liydro-
logic conditions do not conform to the theoretical limitations on which the for-
mulas are based. The water-bearing sand varies in thickness from well to well,
is probably anisotropic, and varies in permeability within short distances. Some
of the wells may be screened in only a small part of the water-bearing bed or in
more than one water-bearing bed in the formation. The sample cuttings ob-
tained from well AA-Cg 8 (the pumped well in the 48-hour test) show that ma-
terial overlying the water-bearing sand is a clayey sand, which probably func-
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tions as an imperfect confining layer. However, an average of the results
obtained by the various methods of analysis providesa reasonably accurate value
of the permeability of the Magothy formation at Sandy Point. The total thick-
ness of the formation in the Sandy Point-Severn River area is estimated to be
about 100 feet, of which one-half consists of water-bearing sand. 1f the average
field coefficient of permeability of 1,600 gallons per foot is multiplied by 30 feet
of effective sand thickness, the coeflicient of transmissibility of 80,000 gallons
per day per foot mile is obtained for the formation as a whole.

Seven figures obtained for the coefficient of storage in the Sandy Point area
range from 0.00005 to 0.0054 and average 0.00014 cubic foot per foot, which
probably is of the correct order of magnitude. A 48-hour test is probably not
sufficiently long to determine accurately the coefficient of storage. The high fhg-
ures of 00054 and 0.0012 indicate that imperfect confining layers overlie the
aquifer at Sandy Point.

The results of pumping tests utilizing wells AA-De 1, -De 2, -De 45, and -De
16 (the pumped well) at the Annapolis Water Works show a rather close agree-
ment when various methods of analysis arc applied. The coeflicients of perme-
ability range from 740 to 880 and average 810 gallons per foot per day. Coefh-
cients of transmissibility range from 66,900 to 79,000 and average 72,800 gallons
per day per foot mile. The total thickness of the formation at the Annapolis
Water Works is about 100 feet, of which about 90 feet is permeable coarse sand
and gravel. Thus, although the sand at the Water Works is less permeable (810
compared with 1,600 gallons per foot) than that in the Sandy Point area, the
formation as a whole is capable of transmitting about as much water as it is in
the Sandy Point area (coefficient of transmissibility of 72,800 compared with
80,000). This is mainly because of the greater thickness of water-bearing ma-
terial at the Annapolis Water Works. The coefficients of transmissibility of the
Magothy formation in the Annapolis and Sandy Point areas arec among the high-
est of any aquifer in Southern Maryland.

Coefficients of storage determined in the tests at the Annapolis Water Works
range from 0.0007 to 0.00023 cubic foot per foot and average 0.0003 cubic foot
per foot. This value is of the general order of magnitude to be expected for un-
consolidated sedimentary sands under artesian conditions.

The drawdown and recovery curves obtained from a pumping test on well
PG-Fd 5 at Cheltenham in Prince Georges County show that the transmissi-
bility of the sand is between 13,500 and 17,200 gallons per day. According to the
log of nearby well PG-Fd 11, the formation at this locality is approximately 50
feet thick and consists largely of coarse sand separated by clay layers a few feet
thick. Tt is estimated that in the Cheltenham arca about four-fifths of the for-
mation, or 40 feet, is water-bearing sand, and on this basis the field coefficient
of permeability is between 340 and 430 gallons per day per square foot. If these
figures are in the correct order of magnitude, the Magothy formation not only
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becomes thinner near Cheltenham but is somewhat less permeable than it is
near Annapolis. This conclusion is further supported by the specific capacities
of 12 wells ending in the Magothy formationin the Cheltenham-Waldorf area. The
average specific capacity of the wells there is 1.4 gallons per foot of drawdown
in comparison with 5.9 gallons per foot for 7 large-capacity wells in the Annapo-
lis-Sandy Point area.

Coefficients of storage for the Cheltenham test are 0.00001 and 0.00007. These
are probably somewhat below the true values, because of the relatively short
duration of the test (well PG-Fd 5 was pumped for only 315 hours).

Matawan and Monsmoulh formations

Distribution and character—In central Anne Arundel County the Matawan
and Monmouth formations of Late Cretaceous age, are exposed in an irregular
band 5 to 7 miles wide extending southwestward from Gibson Island to Priest
Bridge. In Prince Georges County, southwest of Priest Bridge, the Matawan
formation is absent, and the outcrop belt of the Monmouth narrows to about
2 miles near Bowie and to less than a quarter of a mile near Seat Pleasant and
Capitol Heights. The formations are not known to be exposed in Charles
County.

In the sample cuttings and in the drillers’ logs the Matawan and Monmouth
formations are inseparable, and in this report they are treated as one unit. They
consist chiefly of gray to grayish-black micaceous sandy clay. Where weathered
the sediments are frequently a dull brown to grayish brown. Clark (1916b, p.66)
indicates that the Matawan formation commonly contains oval nodules or con-
cretions of clayey ironstone. Glauconite is common in both formations, although
Clark states that it is more abundant in the Monmouth. Fossils also are common,
several species of fish remains, gastropods, pelecypods, forams, and ostracods
having been found. Locally, the Monmouth formation contains thin lenses of
rather clean sand or gravel. Cooke (1952, p. 8) states that a bed of sand and
gravel about 2 feet thick occurs near the base of the formation in Prince Georges
County. The sand and gravel grades upward into fine micaceous sand, which
weathers rusty brown.

Subsurface character—The Matawan and Monmouth formations are the old-
est of a sequence of marine formations. These formations tend to be more homo-
geneous than the underlying nonmarine formations. The fossiliferous nature of
these and the overlying Eocene formations enables them to be traced and identi-
fied with comparative ease.

The Matawan and Monmouth formations in the subsurface may be separated
from the overlying strata by their greater mica content, by their dark or me-
dium gray color, and by the occurrence, in some places, of pellets of bone phos-
phate and small rounded granules of gray to blue-gray or violet quartz. The
Matawan and Monmouth formations may usually be separated from the under-
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lying Magothy formation by its lighter color and by the appearance, in the lat-
ter unit, of lignitic or carbonaceous debris.

The logs of a few wells in Southern Maryland show sands 1 to 10 feet thick
that are probably in the Matawan or Monmouth formations; for example, 10
feet of sand was reported in well AA-Cd 11 near Crownsville, 2 feet of water-
bearing sand in well AA-Df 9 at the U. S. Naval Academy, 1 foot of water-hear-
ing sand in well PG-Ed 24 at Andrews Field, 6 feet of water-bearing sand in well
PG-I'd 33 near Brandywine, and 12 feet of sand in well Cli-Bf 15 at Waldorf.
The occurrence of sand layers in the formations is somewhat erratic, as the logs
of several wells adjacent to those listed above show no coarse sands.

Mechanical analyses—No mechanical analyses were made of the Matawan
and Monmouth formations. However, Goldman (1916, p. 111-176) lists threc
particle-size analyses of material from the Matawan formation in the vicinity
of the Chesapeake and Delaware Canal, which show that 64 to 75 percent of the
material consists of sand, mostly fine, and 21 to 29 percent of clay. Much of the
material composing the formations in Southern Maryland probably is fine- to
medium-grained sand and silt.

Tirickness and stratigraphic relations—The Matawan and Monmouth forma-
tions range in thickness from a few feet or less along parts of their outcrop arca
to more than 130 feet in well AA-De 45 at the Annapolis Water Works. The
average thickness of both formations in several wells in the Annapolis and
Sandy Point areas is about 100 feet. The formations thin to the west and aver-
age about 45 feet in Prince Georges County. The combined formations average
about 25 feet in thickness in several wells in Charles County, but this interval
may include the Brightseat formation, which, in some places, is not readily sep-
arable from the Monmouth formation. It is likely that the formations thin in
Calvert County southward from the area of maximum thickness, near Annapo-
lis. The sample cuttings from well Cal-Bb 10, at the Mount Hope School near
Sunderland, indicate that the Matawan and Monmouth formations are approx-
imately 60 feet thick in this well. The thickness of the formations in southern
Calvert or St. Marys County is not known.

The Matawan formation unconformably overlies the Magothy formation and
in parts of Prince Georges and Charles Counties is unconformable on the Rari-
tan and Patapsco formations. Clark (1926b, p. 67) indicates that the Monmouth
formation overlies the Matawan unconformably, but in the subsurface studies
this relationship could not be detected, as the two units are similar lithologi-
cally. The Monmouth formation is overlain unconformably by the Brightseat
formation of Paleocene age and, where that unit is absent, by the Aquia green-
sand of Eocene age. In some localities in Prince Georges County the Calvert
formation of Miocene age immediately overlies the Monmouth formation.

Water-bearing properties —Because the Matawan and Monmouth formation
are composed chiefly of sandy clay and clay, which are generally too imperme-
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able to yield water to wells, the formations are not important aquifers. How-
ever, the records of a few wells in the Southern Maryland area indicate that
where lenses of coarse sand are present the formations may be utilized as a
source of water. One such well (AA-Cg 2), 6 inches in diameter, drilled to a
depth of 138 fect at the abandoned Sandy Point ferry terminal in Anne Arundel
County, reportedly yielded 20 gallons a minute in 1943. The water was of poor
quality, and the well was abandoned in a few years after its construction. Two
wells at Waldorf, in Charles County, are believed to be producing water from
a sand or sands in the Monmouth formation. One of these, Ch-Bf 15, drilled to
a depth of 392 feet and containing 11 feet of screen, yields 50 gallons a minute
and has a specific capacity of 1.8 gallons per foot; the other well, Ch-Bf 92,
drilled to a depth of 381 feet, yields 50 gallons a minute and has a specific capac-
ity of 1.0 gallon per foot. Well PG-Fd 33, drilled 370 feet to supply a service
station a few miles north of Waldori, yields about 7 gallons a minute from a
sand probably in the Monmouth formation.

TERTIARY SYSTEM

PALEOCENE SERIES
Brightseal formation

Disiribution and character—The Brightseat formation (Bennett and Collins,
1952) is exposed at a few localities near Brightseat and Capitol Heights in
Prince Georges County. Foraminifera of Paleocene age, which may indicate
strata equivalent to the Brightseat formation, have been identified by Shifflett
(1948) and others (Anderson and others, 1948) from wells in the Maryland
Coastal Plain. Exposures of the Brightseat formation are irregular and it has

not been found at the surface in Anne Arundel or Charles County. It consists
chiefly of gray to dark gray sandy clay similar in character to the marine Cre-
taceous formations. The Paleocene deposits, however, generally contain less
fragmental carbonaceous material than the underlying Cretaceous strata, are
somewhat softer, and do not tend to break into large pieces or blocks.

Subsurface character—In the well cuttings the Brightseat formation has
been separated from the overlying Aquia greensand chiefly on the basis of diag-
nostic Foraminifera and a change in the color of the sediments from the typical
greenish gray of the Aquia to the medium gray or dark gray of the Brightseat.
The Brightseat formation may be separated from the underlying Monmouth
formation by the relative abundance of finely divided mica and carbonaceous
fragments in the Monmouth.

Mechanical analyses.—No particle-size analyses of the Brightseat formation
were made.

Thickness and siratigraphic relations— The Brightseat formation ranges in
thickness in Southern Maryland from a featheredge to as much as 40 feet in well
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PG-Ef 3 near Upper Martboro. The formation apparently thickens to the soutl-
east and may attain its maximum thickness on the east side of the Chesapeake
Bay (Shifflett, 1948, p. 20). The Brightseat formation has been identified by
means of foraminiferal studies and sample examinations in the wells in South-
ern Maryland listed in Table 16.

The Brightseat overlies the Monmouth unconformably, although the contact
between the two formations has been observed at only one outcrop. 1t is over-
lain unconformably by the Aquia greensand, the basal portion of which, in
places, is characterized by a pebble zone consisting of black phosphatic nodules.
The Brightseat strikes northeast and dips southeast at a rate similar to that of
the Monmouth. The top of the Brightseat is 95 feet above sea level in well
PG-Ed 4 at Morningside, and 3 feet below sea level in well PG-Ed 8 south of

TABLE 16

Brighiseal formation in wells in Southern Maryland

‘ Apgroxim;\le
thickness
(feet)

Location

PG-Df 21 North of Upper Marlboro 30
Ed 4 Morningside Village 10
Ed 8 Just east of Andrews Field 20
Ed 31 Town of Clinton 20
Ef3 Northeast of Upper Marlboro 40
Ch-Be 12 Pomonkey 10
BfS North of Waldorf 20
Del North of Bel Alton 20

Andrews Field, indicating a dip of about 98 feet in a distance of 3.4 miles (or 29
feet to the mile).

Waler-bearing propertiecs—No wells are known to yield water from the
Brightseat formation in Southern Maryland, and as the formation is composed
chiefly of sandy clay it is not believed to be an aquifer.

EOCENE SERIES

Aquia greensand (Pamunkey group)

Distribution and character—In the Annapolis-Crownsville area of Anne Arun-
del County the Aquia greensand crops out along a 12-mile belt; southwestward
in Prince Georges County the outcrop belt narrows and the greensand is over-
lapped by younger Eocene and Miocene formations. Along the east bank of the
Potomac River near Broad Creek it is exposed only in hillsides and in major
tributaries of the river, such as Henson and Piscataway Creeks. In Charles
County exposures of the greensand may be seen near Glymont, at a few places
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along Mattawoman Creek, along Reeder Run, and in a fresh road cut on Mary-
land Route 563 near Clifton Beach (P1.9).

The Aquia greensand consists chiefly of glauconitic sand and sandy clay con-
taining, in many places, numerous calcareous and fossiliferous layers. In central
Anne Arundel County the calcareous layers are absent, but nodules and bands
of ironstone are common. The color of the greensand ranges from greenish
brown to greenish black or bluish green. When weathered, its color is drab rusty-
brown, due chiefly to the oxidation of iron in the glauconite. In some outcrops
its base is marked by a pebble zone consisting largely of rounded phosphatic
nodules.

The character of the Aquia where it contains abundant nodules and crenu-
lated ironstone is shown by an excellent exposure in a sand pit just south of U.
S. Route 50 in eastern Anne Arundel County. This exposure is described below:

Location: In Anne Arundel County 1.0 mile northeast of St. Margarets, about 200 fect
south of U. S. Route 50 near Broad Neck Road.
Altitude: Base of section 15 feet above mean sea level (estimated).

Bed Thickness
number (feet)

Pleistocene series:
Sand and gravel, reddish-brown to drab-brown; gravel more abundant
near base of bed and thin ironstone layers common near base. 13
Pebbles and cobbles up to 6 inches in diameter, quartzitic and rust-
colored; layer partially cemented with ironstone. .
Locene serices:
Aquia greensand:
Greensand, dul} greenish-brown, even-textured; contains thin iron-
stone layers . o
Greensand, grayish-green (covered in part wit 9+
Greensand, clean, grayish-green; crenulated ironstone layers com-
mon. .. . 2 P 7
Covered with slope wash, although greensand present at north end

Subsurface character—In the subsurface the Aquia greensand is character-
ized by an abundance of glauconite, which in some of the sample cuttings con-
stitutes more that 50 percent of the sample. The grains of glauconite are botry-
oidal to oblate,dull to shiny,and greenish black to light tanor reddish brown. The
quartz grains and granules are subangular to rounded, dull to shiny, and range
in color from white to yellow or yellowish gray. Microfossils and shell fragments,
including corals, small gastropods, pelecypods, and ostracods are common in the
cuttings from some wells. The Aquia greensand may be identified in the subsur-
face by its position beneath the pink Marlboro clay member of the Nanjemoy
formation, by the occurrence of numerous indurated shell layers, by the presence
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of characteristic Foraminifera (Shifflett, 1948, p. 19 and 20), and in some places
by an abundance of yellow subrounded to rounded quartz grains. The Aquia is
distinguished from the underlying Brightseat or Monmouth formation, by an
increase in mica content in the underlying formations and by the change in color
of the sediments from pale green or greenish gray in the Aquia to dark gray or
black in the Brightseat or Monmouth formation.

Mechanical analyses.—DParticle-size analyses of nine samples from the Aquia
greensand are shown graphically in figure 9. The analyses are of outcrop sam-
ples and well cuttings. In general, they show a greater sorting of the Aquia sedi-
ments and a more uniform texture than is shown by the analyses of sediments
of continental origin from the Cretaceous fromations. Although nine samples
are not representative of the formation in its entirety, they do show that me-
dium sand (0.25 to 0.5 mm.) is the dominant size. Fine sand (0.125 to 0.25 mm.)
is common in all samples and next in abundance. Material of silt and clay size
is present in all samples, and sample 6, from well PG-Dd 19 near Forestville,
consists largely of fine sand, silt, and clay. Sample 7, from well St.M-Dc 10 near
Compton, consists largely of coarse and medium sand; many domestic wells in
this locality yield water from the Aquia greensand at about the horizon of this
sample. Some of the analyses show a particle-size distribution similar to that
shown by Krumbein and Sloss (1931, p. 208) for sediments typically depositer
in a beach or near-shore environment.

Thickness and stratigraphic relations —The thickness of the Aquia greensand
ranges from a few feet at the outcrop to 203 feet in well Cal-Bb 10, drilled near
Sunderland for the Calvert County School Board. Throughout much of south-
e Prince Georges County a thickness of 100 to 150 feet prevails. In Anne
Arundel County the maximum thickness of the greensand is 134 feet, in well
AA-Ed 19 near Mount Zion.

The thickness of the permeable coarse sandy beds ranges from less than a foot
to more than 40 feet in St. Marys and Calvert Counties (wells St.M-Dc 2, -Dc
5, -Dg 2; Cal-Gd 6, -Gd 7, and others). Near Birdsville in southern Anne Arun-
del County 20 feet of coarse water-bearing sand is reported in well AA-1'd 19.
The thickness of the hard indurated layers commonly found in the formation
ranges from less than a foot to as much as 8 feet, noted in a fossiliferous ledge
near Clifton Beach in western Charles County.

The Aquia greensand lies unconformably on the Brightseat formation of Pa-
leocene age or on the older formations of Cretaceous age. It appears to overlap
successively older formations in a southwesterly direction from central Anne
Arundel County, where it lies directly on the Monmouth formation. At Gly-
mont in Charles County it directly overlies the Patapsco formation (fig. 3).

Throughout most of Southern Maryland the Aquia greensand is overlain by
the Nanjemoy formation, probably unconformably, for the contact of the Mar!-
horo clay member with the greensand is distinct and slightly undulating.
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F16. 9. Histograms of samples from the Aquia greensand
Samples 1. Outcrop 3 feet above Cretaceous contact at bluff, 1,500 feet north of wharf,
Glymont, Charles County (from Dryden and others, 1948, p. 43).
2. Outcrop 3 feet above base of section in sand pit south of U. S. Route 50 near
St. Margarets, Anne Arundel County.
3. Outerop 5 feet above base of road cut on south side of Md. Route 214, west of
Woodland Beach, Anne Arundel County.
- Sand from depth 110 to 120 feet, well AA-Fe 30, drilled for William Myers, Cape
Anne, Anne Arundel County.
- Outcrop at base of road cut along Md. Route 202, in Upper Marlboro, Prince
Georges County'.
. Sand from depth 170 to 180 feet, well PG-Dd 19, drilled for the County Com-
missioners near Forestville, Prince Georges County.
- Sand from depth of 336 feet, well St.M-Dc 10, near Compton in St. Marys County.
- Sand from depth 320 fect, well St.M-Dec 10, near Compton in St. Marys County.
. Sand from depth 150 to 160 feet, well AA-Fe 41, drilled for James Stewart near
Edgewater, Anne Arundel County.
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The Aquia greensand strikes approximately northeast along its outcrop belt
in Prince Georges and Anne Arundel Counties (Pl 4). Its upper surface dips
southeastward from an altitude of 130 feet above sea level in central Prince
Georges County to 430 feet below sea level near Solomons Island at the mouth
of the Patuxent River. The dip ranges from as much as 37 feet per mile in the
area south of Upper Marlboro to less than 6 feet per mile south of Chaptico in
St. Marys County. In the vicinity of Bel Alton and Port Tobacco reversals in
the direction of slope occur, which may indicate structural anomalies. Plate 4
shows that the rate of dip of the formation increases rather sharply along a
northeast-southwest belt which extends from Herring Bay in Anne Arundel
County to Port Tobacco in Charles County. Southeast of this belt the surface

of the formation flattens. It is not known if this structural terrace is reflected in
the deeper formations, for only a few wells in Calvert and St. Marys Counties
have penetrated below the Aquia greensand.

W aler-bearing properties—The Aquia greensand is one of the most widely uti-
lized and important aquifers in Southern Maryland. It is the source of a number
of domestic and public supplies, including military and naval installations in
St. Marys and Calvert Counties. It is tapped by many domestic wells in the
Wayside-Cobb Island area of Charles County and in the Fairhaven and Deale
arcas of Anne Arundel County. Although the formation has been encountered
in the drilling of many wells in the area west of U. S. Route 301 in western
Charles and Prince Georges Counties, it consists, in that area, chiefly of sandy
clay and clayey greensand. At only a few places west of Route 301—for example,
at Port Tobacco and Popes Creek—is the greensand sufficiently coarse and
water-yielding for successful wells to be completed in it. Where it 1s too clayey
wells can be completed in productive sands in the underlying Cretaceous strata.
In general, the greensand yields adequate ground-water supplies to drilled wells
in the arca south of the minus 30-foot contour on Plate 4.

The yields, specific capacities, diameters, and screen lengths of 40 wells pro-
ducing from the Aquia greensand are grouped by location in Table 17. Only the
most productive wells are included in the table; domestic wells producing less
than 10 gallons a minute are omitted. The reported or tested yield of a well may
not represent the maximum yield obtainable, but, nevertheless, the information
serves as a rough means of evaluating the water-bearing properties of the aqui-
flerd

The formation is tapped by several hundred domestic wells in southeastern
Anne Arundel County. The reported yields of 4 of the most productive wells in
the Mayo-Shadyside area range from 15 to 210 gallons a minute. Specific capaci-
ties of 3 of the wells range from 0.2 to 1.7 gallons per minute per foot of draw-
down.

The most productive wells tapping the Aquia greensand are in the vicinity
of the Patuxent Naval Air Station. Yields there range from 125 to 350 gallons
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Ff 16
Cal-Ca 2
Cc 18
Cc 19
Db 3
Db 21
Dc 26
Fd1

Gd 6
Gd7
St.M-Df 1
Df 3
Df 4
DfS
Df 10
Bb 4
BbL 9
Be 1
Db 29
Dc 26
Dd1
Dd 2
Ef 17
Fe 21

Fe 23
Fe 24
Ff 21
Ch-Cg 1
Lie 39
Ee 41
Ef 4
Ef S
Ff 33
Ff 36

TABLE 17

Locality

| Mayo-Shadyside
do
do
do
Fairhaven
Hall
Naylor-Croom
do
Lower Marlboro
Randle Clifts

do
Prince Frederick
do
do
Solomons Island-Pa-
tuxent Naval Air
Station
do
do
do
do
do
do
do
Mechanicsville
do
do
Bushwood
St. Clement Shores
Leonardtown
do
Park Hall
Piney Doint-Webster
Field
do
do
do

Hughesville
Wayside-Cobb Island
do
! do
do
do
do

Yields and specific capacities of wells screened in the Aquia greensand

Diameter of
casing (in.)

!

om0 0O
=y

2 oo

6 l
314-214-114 |
1%

Length

Yield

steen | (214
7.5 ' 20
8 210
12 | 20
20 15
12 125
— 20
12 40
7.5 65
None 53
14 | 42
14 40
- 75
14 75
10 65
23 125
24 150
25 350
20 225
| 20 257
20 300
20 300
20 225
10 50
11 60
10 20
10 40
10 ‘ 50
20 1 150
- 200
21 109
12 48
8 220
5145 25
22 150
10 50
10 40
— 60
— 25
— 24
40 15
20 15

Draw-
down

(ft.)

80
212
9
208
40
120
70
27
46
62
120
75
65
151

75
100
53
77
152
150
98
35
67
30
140
42
110
90+
88
108

70
17
115
150
50
20
33
28
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a minute, and specific capacities of 8 wells range from 0.8 to 4.2 and average 2.5
gallons per foot. In general, these values are the highest known for the aquifer.
All the large-capacity wells here have 20 to 25 feet of screen placed opposite
sand near the top of the formation. The Aquia greensand is not nearly as pro-
ductive an aquifer as the Patapsco-Raritan formations when the specific capac-
ities of the wells at Solomons are compared with the specific capacities of the
wells in the Patapsco-Raritan formations at Annapolis. The average specific
capacity of the wells at Solomons is 2.5 in comparison with a specific capacity
of 9.5 at Annapolis. However, the Aquia greensand is a satisfactory source of
supply in the Solomons area for the quantity of ground water currently needed.

In the Wayside-Cobb Island area of southeastern Charles County the yields
of the most productive wells range from 15 to 60 gallons a minute. Specific capac-
ities range from 0.6 to 3.0 and average 1.3 gallons per foot. This would indicate
that the aquifer is not potentially as productive in this locality as in the Solo-
mons area, but such a conclusion may not be warranted as there are only a few
large-capacity wells in the Cobb Island area.

Yields and specific capacities of a few wells near Naylor and Croom in Prince
Georges County suggest that the formation is less permeable and less produc-
tive in this county than to the south and east, in St. Marys and Calvert Coun-
ties. The yields of 3 wells in the Naylor-Croom area range from 20 to 65 gallons
a minute; specific capacities range from 0.3 to 0.9 gallon per foot.

For the remainder of Southern Maryland specific-capacity figures are avail-
able for only a few large-capacity wells, so that the water-bearing properties of
the aquifer for these localities cannot be evaluated with any accuracy.

For the formation as a whole, the average specific capacity of the 40 wells in
Table 17 is 1.3 gallons per foot.

Permeability, transmissibility, and storage coefficients.—The results of six
pumping tests on wells in the Aquia greensand are shown in Table 18. The tests
show field coefficients of permeability ranging from 130 to 1,340 gallons per day
per square foot. The maximum value is from a recovery test made on well St.
M-Fe 23 at Piney Point in St. Marys County. Coefficients of transmissibility
determined from the tests range from 3,500 at well Cal-Gd 7 near Solomons Is-
land to 33,000 gallons per day at well St. M-Dg 2 at the Patuxent Naval Air
Station.

A coefficient of transmissibility of 10,100 was obtained from a recovery test
of well Cal-Cc 18 at the Naval Experiment Station at Randle Cliffs in northern
Calvert County. The well was pumped for 3 hours at an average rate of 42 gal-
lons a minute. At the end of this period the pump was shut off and the recovery
of the water level was measured for 130 minutes. The coefficients of transmissi-
bility and permeability obtained from this test are about in the median range of
the values obtained from all the tests on wells in the Aquia.

The transmissibility coefficient of 33,000 gallons per day obtained from a test
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on well St.M-Dg 2 at the Patuxent Naval Air Station is considerably higher
than the coefficients of 5,630 and 3,500 obtained from recovery tests on wells
Cal-Gd 6 and Cal-Gd 7 near Solomons Island, although the Air Station well is
only about 5 miles south of the Solomons wells. The coefticient of 33,000 was
computed from the measured recovery in the water level of well St.M-Dg 2 after
cessation of pumping in well St.M-Dg 1, located about 1,500 feet from St.M-Dg
2. The recovery of the water level in St. M-Dg 2 was affected to some degree by
tidal loading and by the pumping of other wells at the Air Station. The effects
of these factors could not be completely handled in the analysis, so that the com-
puted coethicient is probably somewhat higher than the true figure.

In general, the pumping tests on wells in the Aquia greensand in Southern
Maryland show that the formation transmits water less readily than do the Up-
per Cretaceous aquifers in localities to the north. It is likely that, for the water-
bearing parts of the formation as a whole, the coeflicients of transmissibility are
in the range of 10,000 to 20,000 gallons per day per foot, and coefficients of per-
meability in the range of 500 to 1,000 gallons per day per square foot.

The figure for the coefficient of storage (0.00023 cubic foot per foot) obtained
on the test on well St.M-Dg 2 is probably of the correct order of magnitude, but
is only an approximation.

To determine the hydraulic characteristics of the aquifer more accurately, it
would be necessary to run additional pumping tests utilizing one or more obser-
vation wells and to extend the period of pumping and recovery over a period of
at least 1 or more days.

Nanjemoy formation (Pamunkey group)

Distribution and characler—The basal part of the Nanjemoy formation con-
sists of a bed of pink or red plastic clay known as the Marlhoro clay member.
The remainder of the formation consists chiefly of greensand and clayey green-
sand.

The Nanjemoy crops out as an irregular belt about 10 miles in width, which
extends southwestward from the Chesapeake Bay in southern Anne Arundel
County into Prince Georges County near Upper Marlboro and into southern
Charles County where it narrows to about 8§ miles (Pl. 10). The formation
strikes northeast in Anne Arundel and Prince Georges Counties but changes to
nearly due north in southern Charles County.

The Marlboro clay member, one of the most distinctive stratigraphic markers
in the coastal plain of Maryland, consists chiefly of reddish brown or pink soft
clay which changes to a gray color in the subsurface in southern St. Marys and
Calvert Counties. The clay locally contains a few thin sandy glauconitic streaks,
but usually it is rather pure. Nodules or pellets of siderite are found in some
places in the clay, which is well exposed in road cuts and stream valleys near
Upper Marlboro, Davidsonville, Woodland Beach, and Piscataway.
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The upper part of the Nanjemoy formation consists chiefly of glauconitic sand
and clayey sand, containing, in some localities, an abundance of marine mega-
fossils and microfossils.

Subsurface character—In the subsurface the Nanjemoy formation differs
from the overlying Calvert formation of Miocene age by an abundance of green-

Percent by weight
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F1c. 10. Histograms of samples from the Nanjemoy formation
Samples 1. Sand from depth 139 to 141 feet, well AA-Fe 35, drilled for D. M. Grady near
Sudley, Anne ArundelCounty.
2. Sand from depth 250 to 260 feet, well Cal-Bc 14, drilled for Archie Norfolk near
North Beach, Calvert County.
. Sand from depth 262 to 273 feet, well Cal-Ed 6, drilled for Robert Hall, Long
Beach, Calvert County.
. Sand from depth 321 to 330 feet, well Cal-Cc 37, drilled for O. L. Evans near
Parran, Calvert County.
. Outcrop sample from road cut, east side of U. S. Route 301 about 400 feet north
of intersection with Md. Route 4 near Upper Marlboro, Prince Georges County.
. Sand from depth 140 to 150 feet, well PG-Ff 16, Naylor School, Prince Georges
County.

sand, by the presence of small amounts of microgranular pyrite, and by yellow-
ish or pale green subrounded quartz grains. The cuttings from many wells also
contain distinguishing assemblages of Foraminifera. Where the Nanjemoy for-
mation is overlain by the Piney Point formation, as in southern St. Marys and
Calvert Counties, the contact between them is gradational and the top of the
Nanjemoy formation is not so easily identified. The sample cuttings from many
wells, however, show that the Piney Point-Nanjemoy contact is marked by a
color change in the sediments from light gray to dark gray-green, due largely to
the greater abundance of glauconite in the Nanjemoy. Where microfossils are




WATER-BEARING PROPERTIES OF GEOLOGIC FORMATIONS &1

encountered the assemblage from the Nanjemoy formation is usually distinct
from that of the Piney Point formation.

Mechanical analyses—The particle-size analyses of six samples of the Nan-
jemoy formation are shown graphically in figure 10. Five samples are from
drilled or jetted wells and one sample is from an outcrop in southern Prince
Georges County. In samples 1, 2, and 4, medium sand (0.25 to 0.5 mm.) is the
dominant grain size; the sorting of these samples is generally good and the histo-
grams are similar to that shown by Krumbein and Sloss (1951, p. 208) for a
beach sand or sediment deposited in a littoral environment.

Samples 3, 5, and 6 are less sorted than the other samples. Sample 3, contain-
ing a high proportion of medium and coarse sand, may be typical of the Nan-
jemoy formation where it is tapped by many wells along the bay shore of Cal-
vert County. Sample 5, from an outcrop of the formation in the Upper Marlboro
area, contains nearly 30 percent of material finer than 0.125 mm., or very fine
sand, silt, and clay; the fineness of sample 6 may be representative of the sedi-
ments of the Nanjemoy in the Upper Marlboro area, as the formation is not
known 1o yield water to drilled wells there.

Thickness and stratigraphic relations—The Nanjemoy formation in Southern
Maryland ranges in thickness from a few feet in its outcrop belt to as much as
240 feet in well St.M-Be 1 near Mechanicsville. The formation generally is less
than 100 feet thick along an irregular belt trending southwestward from David-
sonville in Anne Arundel County to Pomonkey in northern Charles County. Tt
increases in thickness to the southeast and attains its maximum thickness in the
area bordering the lower Patuxent River and including most of Calvert County.
In St. Marys County the formation thins southward from a maximum of 240
feet at Mechanicsville to 148 feet in well St.M-Df 22 at Lexington Park. Where
this thinning takes place the overlying Piney Point formation, which is not pres-
ent in central Calvert and eastern Charles Counties, attains its maximum
thickness. Thus, the two formations, the Nanjemoy and Piney Point, appear to
be complemental with respect to their thickness.

Where the Nanjemoy formation is thickest the Aquia greensand is also rela-
tively thick, although sample cuttings are available from only three wells that
completely penetrate both the Nanjemoy formation and the Aquia greensand
in their area of maximum thickness. These wells and the total thickness of
Focene strata are: Ch-C{ 9 near Bryantown, 371 feet; Cal-BD 10 near Sunder-
Jand, 390 feet; and Cal-Ca 2 near Lower Marlboro, 318+ feet. It thus appears
that the lower part of the Patuxent River valley constituted a more or less
prominent basin of marine deposition during the part of Locene time repre-
sented by the Nanjemoy and Aquia formations.

The thickness of the Marlboro clay member ranges in the subsurface from 2
feet in St. Marys County (wells SUM-Eb 2 and St.M-Bc 2) to as much as 40
feet in Charles County (well Ch-Ce 8). Throughout most of Prince Georges
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County the clay member is about 25 feet thick, but it thins to the southeast in
Calvert and St. Marys Counties; it is only 6 feet thick in well Cal-Dc 17 at
Prince I'rederick and only 8 feet thick in well St.M-Fe 24 at Piney Point.

The Nanjemoy formation overlies the Aquia greensand unconformably, al-
though it is likely that the hiatus between the units was of short duration, as
the sediments composing the two formations, with the exception of the Marl-
boro clay member, are similar.

The Nanjemoy formation is overlain by the Piney Point formation in the
southern part of Calvert and St. Marys Counties (PL. 5). It is not knownwhether
the contact between the two formations is unconformable, as the Piney Point
formation has been recognized only in the subsurface. Northwest of the known
fimits of the Piney Point formation, the Calvert formation unconformably over-
lies the Nanjemoy. The dip of the Nanjemoy formation is to the southeast but
the rate of dip varies. Near Croom in southern Prince Georges County the for-
mation dips 75 feet in 5 miles or 13 feet per mile. Near the mouth of the Wicom-
ico River along the boundary between Charles and St. Marys Counties the dip
decreases to about 4 feet to the mile. The contact of the Nanjemoy formation
with the overlying Calvert formation along Md. Route 210 near Piscataway
(Cooke, 1952, p. 37) is approximately 145 feet above sea level; 33 miles south-
east,at well St.M-I'h 3 near Point No Point, the top of the Nanjemoy formation
lies 374 feet below sea level, a drop in altitude between the two points of 519
feet, or a little less than 10 feet per mile. This is about the average dip of the for-
mation throughout the Southern Maryland area.

Water-bearing properties—The Nanjemoy formation is an important aquifer
in Calvert and St. Marys Counties where it is tapped by several hundred wells,
most of which are domestic wells yielding less than 10 gallons a minute. In
southern Anne Arundel, southern Prince Georges, and eastern Charles Counlies,
it is not generally productive of ground water. Tt yields water to a few dug wells
near its outcrop area in Anne Arundel County and to a few wells along the I’a-
tuxent River valley in southern Prince Georges County. No wells are known to
yield water from the formation in Charles County. Where it has not been pro-
ductive of ground water the drillers’ logs and sample studies show that it is com-
posed chiefly of marl, sandy clay, and blue and pink clay (basal Marlboro clay
member). The log of well PG-Ff 16 shows that the formation, which is 234 feet
thick at this site, is composed chiefly of sandy clay and clayey sand containing
a few thin rock layers. The log of well PG-I'd 32 at the Brandywine School de-
scribes similar lithology.

Marl, sandy marl, and black clay are reported in a number of wells penetrat-
ing the formation in the Waldorf-La Plata area, where it is not productive. It
is likely that at least moderate amounts of ground water could be obtained from
the formation in localities where it is not now utilized. For example, no wells are
known to end in the Nanjemoy in southern Anne Arundel County, although the
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the driller’s log of well AA-Ed 19, necar Birdsville, shows 4 feet of black and
white water-bearing sand in the Nanjemoy at a depth of 170 to 174 fect.

tast of an ill-defined line trending northward across Calvert and St. Marys
Counties the Nanjemoy formation commonly yields water to drilled wells (PL
10).

Permeable water-bearing sands occur chiefly in the uppermost 80 feet of the
Nanjemoy formation throughout the southeastern third of St. Marys and Cal-
vert Counties, where it is overlain by the Piney Point formation. The latter for-
mation, consisting largely of permeable glauconitic sands and layers of rock, is
probably hydrologically connected with the Nanjemoy formation. Many of the
wells are screened in both aquifers, or, where screens are not used, the wells are
cased only to the base of the overlying Calvert formation and yield water from

both uncased aquifers. It is difficult to evaluate the hydrologic properties of
cach formation on the basis of data from such wells. Wells drilled into the Nan-
jemoy but screcned opposite only the Piney Point formation are discussed in the
description of the water-hearing properties of that formation.

The yields, specific capacities, and lengths of screen of 19 wells in the Nanje-
moy in Southern Maryland are shown in Table 19. In order to provide informa-
tion on the maximum yields available, data on many domestic wells are omitted
from the table, especially where nearby large-diameter commercial or public-
supply wells tap the aquifer.

In the North Beach-Willows Beach arca of northern Calvert County the
yields of 9 domestic wells range from 3 to 10 gallons a minute, and the specific
capacities range from 0.2 to 1.6 and average 0.8 gallon per foot. Tt is probable
that the efficiency of many of the domestic wells for which specific capacity
figures are available is less than the potential efficiency of properly screened
large-diameter wells ending in the same aquifer. Undoubtedly vields of as much
as 100 gallons a minute could be obtained from the Nanjemoy formation in the
North Beach area.

The yields of 6 wells near Hollywood in St. Marys County range from 22 to
60 gallons a minute; the wells are 6 and 8 inches in diameter and contain 5 to 12
feet of screen. Specific capacities in the Hollywood area range from 0.2 to 1.2 and
average 0.6 gallon per foot.

For the formation as a whole, the specific capacities of 19 wells range from
0.1 to 2.4 and average 0.8 gallon per foot. Using the specific capacity of 0.8 as
a rough index of the hydrologic properties of the aquifer, it is apparent that the
Nanjemoy formation is less permeable than most of the deeper and geologically
older aquifers.

1o evaluate the hydrologic properties of the Nanjemoy formation more fully
it would be desirable to test it with large-capacity wells screened opposite the
greatest number of water-bearing sands. In many localities the formation
has been tapped only by domestic wells yielding 5 gallons a minute or less, and
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screened opposite only one water-bearing sand. Throughout a large part of Cal-
vert and St. Marys Counties the formation constitutes an important and readily
accessible source of ground water of a quality suitable for most uses.
Permeability, transmissibility, and storage coefficients.— Data concerning
the coefficients of transmissibility and permeability are available from pumping
tests on only two wells ending in the Nanjemoy formation. In 1944 a recovery
test was made on well Cal-Gd 3 at the site of the former U. S. Naval Amphibi-

TABLE 19
Yields and s pecific capacities of wells producing from the Nanjemoy formation

. Specific

wel Localit ol sasng | Lozl | ¥ied | Drawdown | ca T
G-Gf 1 Aquasco 6 11 15 110 0.1
Cal-Bc 7 North Beach-Willows 214 None 3 S .6

Beach

Be 12 do 2 do 4 17 .2
Be 14 do 2% do 5 3 1.6
Cecl do 2 do 8 9 .9
Cc 2 do 2 do 8 9 .9
Cc 5 do 2 do 10 13 47
Cc o i do 2 do 10 12 .8
Cc 26 do 2 do 10 11 .9
Cc 27 do 2 do 10 1 .9
Dc 16 Scientists Cliffs 6 10 40 50 .8
Dc 27 do 2l None 4 7 .5
Ec3 St. Leonard [4) 10 60 25 2.4
St.M-Ce 4 Hollywood 6 9 45 36 1.2
Ce 14 do 8 11 50 115 A4
Ce 20 do 6 5 60 98 N¢
De 3 do 0 112 60 50 1182
De6 | do 06 12 30 65 4
De 7 | do 6 7 22 105 .2

ous Training Base near Solomons Island. Well Cal-Gd 5 is an 8-inch well, 248
feet deep, with 15 feet of screen set opposite a bed of water-bearing greensand
at a depth of 217-232 feet. Prior to the test the well had been pumped at a rate
of about 100 gallons a minute for several days. Measurements were made of the
recovery of the water level in the pumped well and on the basis of these data a
coefficient of transmissibility of approximately 2,000 galtons per day was com-
puted (Bennett, 1944, p. 11). As the effective sand thickness at the site of well
Cal-Gd § is about 30 feet, the field coefficient of permeability is 66 galtons per
day per foot. It was not possible to determine the coefficient of storage from the
test on this well.
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The results of a recovery test on well PG-Hf 3, a 200-foot well ending in the
Nanjemoy formation at the town of Eagle Harbor, indicate a coetlicient of
transmissibility that ranges from 260 to 840 galtons per day per foot. The field
coefhicient of permeability could not be determined as the thickness of the water-
bearing sand was not known. The test is not considered reliable, as the well re-
portedly had been flowing for 26 years prior to the test, and the recovery of the
artesian head in the well was measured only for a period of 18 minutes. It is
also likely that the well is inefficient because of incrustation and corrosion.

To determine more accurately the hydraulic characteristics of the Nanjemoy
formation in Southern Maryland it is necessary to make additional pumping
tests, preferably in localities where one or more observation wells can be uti-
lized.

Piney Point formation (Jackson age)

Distribution and character. —Strata of Jackson age were first identified in the
Maryland coastal plain by Shifflett (1948, pp. 26, 27, and 30) in a well near Sol-
lers in Calvert County and in two wells in Dorchester and Somerset Counties.
Approximately 30 feet of strata of Jackson age are identified in well Cal-1d 19
at a depth of 220 feet. No formational name was given to these deposits, which
consist of hght gray to yellowish glauconitic sand and interbedded “‘rock” or
shell layers containing a foraminiferal assemblage distinctive from that of the
overlying and underlying deposits. The character of the strata is shown by the
driller’s logs and sample logs in reports on the ground-water resources of Cal-
vert and St. Marys Counties (Overbeck, 1951, and Ferguson, 1933).

The cuttings from wells in Calvert, St. Marys, and Charles Counties show
that sediments exhibiting the characteristic Jackson lithology are present
throughout Southern Maryland southeast of a line extending southwestward
from Kenwood Beach across Calvert and St. Marys Counties to the vicinity of
CobDb Island in Charles County (PL. 3). This distinctive lithologic unit, contain-
ing a characteristic fauna of Jackson age, is recognizable in the subsurface in
Charles, Calvert, St. Marys, Dorchester, and Somerset Counties, and in North-
umberland and Westmoreland Counties in Virginia. Deposits of Jackson Age
have not been recognized in surface exposures and are not known to lie above
an altitude of 75 to 80 feet below sca level (wells Ch-I'f 43 and St.M-Bc 12).

The hitherto unnamed glauconitic sands and interspersed shell beds of Jack-
son age lying above the Nanjemoy formation and below the Calvert formation
are herein named the Piney Point formation from their typical development in
a well at Piney Point along the north bank of the Potomac River in St. Marys
County. This well (St.M-Fe 24), which penetrated 50 feet of the Piney Point
formation, is designated the type-locality well. It was dritled for Curtiss Steuart
in 1950 near the tip of the Piney Point peninsula 0.8 mile northeast of the Piney
Point lighthouse. The well produces water from the Aquia greensand at a depth
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of 399 10 411 feet and its altitude is approximately 3 feet above mean sea level.
Sample cuttings collected at 10-foot intervals from the surface to the bottom of
the hole arc on file at the Maryland Department of Geology, Mines and Water
Resources. Microfossils obtained from the cuttings, with species and generic
identifications, are on file with the well cuttings. They are listed in Table 33.
The log of the well is in Table 34.

The indurated shell layers characteristic of the Piney Point formation at its
type locality are believed to be formed by recrystallization of calcium carbonate
dissolved from the fossil shells by circulating ground water. The number and
thickness of the individual layers is not always known, as the churn drill grinds
and mixes the material of the indurated tayers with the sands separating the
rock layers. In many wells rock layers are reported by the drillers to range in
thickness from a few inches 1o as much as 5 feet. In places the sands of the Piney
Point formation grade from grayish green to grayish white, owing in part to a
decrease in the amount of glauconite in the sand.

Subsurface character—In the subsurface the overlying Calvert formation
may readily be separated from the Piney PPoint, as the lower part of the Calvert
consists chiefly of diatomaceous clay or sandy clay, usually light olive-gray to
grayish olive. In some places the diatomaceous beds of the Calvert formation
are resistant to penetration by the light jetting rigs commonly employed by
drillers of domestic wells, whereas the underlying sand layers in the Piney Point
formation are more readily penetrated by these rigs. The change of rate of pene-
tration is noticed by the drillers. The rate of penetration may decrease mark-
edly, however, when rock is encountered in the Piney Point formation. The un-
derlying Nanjemoy formation is identified by a greater proportion of greenish
brown and brown glauconite in the cuttings, by a targer proportion of clay in
the sand, and by the absence of the indurated light-colored rock layers.

Mechanical analyses.—No particle-size analyses were made of samples of the
Piney Point formation. The well cuttings suggest that the sand layers are com-
posed mainly of medium- to fine-grained material.

Thickness and stratigraphic relations. —The Piney Point formation occurs as
a wedge-shaped geologic unit overlying the Nanjemoy formation. It attains its
maximum known thickness of 60 feet at wells SCM-Df 22 and St.M-Ec 11 near
Lexington Park and Breton Beach. The formation thins to the northeast and is
only 12 feet thick at well Cal-Eb 2, a few miles west of the town of Island Creek;
at well SCM-Be 12, on the south bank of the Patuxent River near Cremona, it
is 10 feet thick. Table 20 gives the approximate thicknesses of the Piney Point
formation in wells based on an examination of the sample cuttings and for-
aminiferal studies:

The lithologic character of the Piney Point and Nanjemoy formations in the
subsurface suggests that they are probably conformable; changes in the faunal
assemblages are not great. In a few wells in St. Marys County the basal 10 to
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15 feet of the Piney Point formation grades into the underlying Nanjemoy with
no sharp lithologic break, and the contact can be only approximated.

The Calvert formation overlies the ’iney Point, the contact between the for-
mations being marked chielly by the change from the gray sand and indurated
shell layers of the Piney Point to the diatomaceous clay of 1he Calvert. In some
wells the base of the Calvert formation is marked by a fine-grained sand, gener-
ally lacking in microfossils, which is distinctive from the overlying diatomaceous

TABLIS 20

Thickness of the Pinev Poinl formation in wells

Well no. County Approximate location Thickness (ft.
Cal-EDb 2 Calvert Island Creck 12
e 3 do St. Leonard 25
lic 19 do | Parkers Wharf 12
'd 5 do Appeal 18
I°d 7 do Johnstown 42
I'd 19 do Sollers 32
1°d 22 do Bertha 42
I'e 2 do Cove Point 31
Gd 30 do Solomons 31
St.M-Cd 1 St. Marys Sandgates ‘ 20
Db 14 do Avenue 40(?)
Dc 34 do Compton 30
Dd 1 do Leonardtown 20
Dd 14 do Beauvue 40
Df 22 do Lexington Park 00)
lie 11 do Breton Beach 060
Ee 26 do Callaway 50
Fe 24 do Piney Point 50
I'h 3 do Point No PPoint 40
Gg 1 do Scotland 40

Ch-Ff 20 Charles Cobb Island 12

beds. Tt commonly does not contain shells and is characterized by only minor
amounts of glauconite. In the vicinity of Cobb Island and at Breton Beach, the
Calvert formation has been removed by erosion, and the estuarine Pleistocene
deposits lie directly on the Piney Point or the Nanjemoy formation,

Plate 5, showing the altitude of the base of the Miocene series, also shows the
strike and dip of the top of the Piney Point formation where it immeditely un-
derlies the Calvert formation. The formation strikes north-northeast and dips
to the east at a relatively gentle rate ranging from less than 5 feet per mile in
the area south of Leonardtown 1o about 12 feet per mile in the vicinity of Smith
Creek and Jutland Neck. The formation is 75 feet below sea level in well Ch-Ff
43 at Cobb Tsland and 334 feet below sea level in well St.M-Th 3 at Point No
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Point, indicating a decline in elevation of about 260 feet across St. Marys
County.

Waler-bearing propertics—The Piney Point formation is widely utilized as a
source of domestic ground-water supplies throughout those parts of Calvert and
St. Marys Counties where it is as much as 40 to 50 feet thick. It is estimated
that from 300 to more than 1,000 domestic wells tap the Piney Point and Nan-
jemoy formations. Some of the wells flow, and many are equipped with small-
capacity pumps. The indurated layers in the Piney Point formation seemingly
prevent caving of the interspersed sandy strata, which would clog the wells so
that many of the wells are not screened opposite the Piney Point formation, as
is the common practice when wells are completed in most other aquifers. The
yiclds of the domestic wells are generally adequate, ranging from 3 to 20 gallons
a minute. At the Naval bases near Solomons Island and Cedar Point, large-
capacity wells, screened opposite the Piney Point, and the upper part of the
Nanjemoy formation, yield as much as 190 gallons a minute. Table 21 shows the
yields, specific capacities, screen lengths, and diameters of 27 wells tapping the
Piney Point formation.

In southern Calvert and eastern St. Marys Counties the Piney Point forma-
tion and the upper part of the Nanjemoy formation probably function as a hy-
drologic unit, for both formations contain permeable water-bearing beds ad-
jacent to one another. The classification of the well data in Table 21 is, therefore
somewhat arbitrary with respect to the formation from which the ground water
is produced, but it permits the hydrologic unit in the two formations to be com-
pared with other hydrologic units in a single formation.

The specific capacities of 25 wells tapping the Piney Point formation range
from 0.1 to 3.3 and average 1.2 gallons per foot. The average for the formation
as a whole is weighted in favor of 12 large-capacity wells in the Solomons Island-
Patuxent Naval Air Station area. The average specific capacity for the 12 wells
in this arca is 1.4 gallons per foot, which is slightly more than half the average
specific capacity of 2.5 gallons per foot for 8 wells tapping the Aquia greensand
in the same area. The reported yields of wells tapping the two formations are
roughly in the same proportion. Hence, the deeper aquifer, the Aquia greensand,
is more permeable and capable of more extensive ground-water development.

At Chingville, in St. Marys County, well St.M-Ee 4 yields 60 gallons a minute
and has a specific capacity of 1.0 gallon per foot. Data on yields and specific
capacities of wells tapping the formation in localities other than the Solomons
Island area are too scanty to warrant a comparison. The formation is not gener-
ally utilized as a source of ground water in its area of pinch-out or minimum
thickness in central Charles, southeastern Prince Georges, and northwestern
Calvert Counties. Here the logs of some wells show that the formation is water-
bearing, but the underlying Aquia greensand is tapped as it is thicker and more
uniform in its water-bearing properties.
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TABLE 21
Vields and specific capacilies of wells producing from the Piney Poini formation

— D -
. Specific
Well Locality Diameter of Length of Yield Drawdown | capacity

casing (in.) screen (ft.)| (gal./min.) (ft.) (gal./min./

t.)
= I |

Cal-Ec 6 | Broomes Island 3-2 None ‘ 3 32 0.
Fc 8 do 114 do 15 15 1
Edo6 | Long Beach 214 do § =
Fd 4 | St. Leonard Creek 2 do 12
Fe 2 Cove Point 2y do 12
Ie 3 do 3 do 5
Fe 4 do 2Ly do 10
Fe 5 ‘ do 215 do 10
Fe 10 do 214 do 14
Ed 31 Solomons Island- 5-315 do 27

Patuxent Naval
Air Station
Gd 3 do 13
Gd 4 do 15
5d 5 do 15
Gd9 do None
Gd 34 do 12.5
St.M-Df 6 do 13
DI8 do L 10+
DI9 do 15
Df 23 do 9
DIf 30 do 10
Df 35 do —
Df 25 California 11
Fe 4 Chingville 12
Fe 30 | Great Mills 0.5
Ef3 do 12
Ef 13 do
Point No Point

MIOCENE SERIES

Calvert formation (Chesapeake group)

Distribulion and characler—In Southern Maryland the Chesapeake group is
divided into the Calvert, Choptank, and St. Marys formations (Shattuck,
1902). In Anne Arundel and Calvert Counties the basal formation of the group,
the Calvert, is exposed along the stream valleys from Davidsonville south as far
as Governors Run on the Chesapeake Bay. In Prince Georges County the Cal-
vert is present at the surface on hillsides near the District of Columbia line and
crops out at progressively lower altitudes to the southeast. It is exposed along
many of the stream valleys in eastern Charles County and it may be seen at the
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surface in St. Marys County as far southeast as Sandgates and St. Clement
Creek.

The Calvert formation is divided, chiefly on a lithologic basis, into two mem-
bers, the lower Fairhaven diatomaceous earth member, consisting mainly of
diatomaceous clay and fine sandy clay, and the upper Plum Point marl member,
consisting of sandy clays and shell beds.

At the base of the Iairhaven a thin bed of fine-grained white sand is observed
at some exposures and has been noted in cuttings from a number of wells. Above
the basal sand are thick beds of yellowish diatomaceous earth, many of which
are more than 50 percent skeletal remains of diatoms, a form of marine plant
life. This material, which consists mainly of silica, commonly bleaches to a
whitish gray on weathering, and as such forms the cliffs in the vicinity of TFFair-
haven in southern Anne Arundel County. The Fairhaven member ranges in
thickness from 32 feet in the vicinity of Chesapeake Beach (Clark, Shattuck,
and Dall, 1904) to as much as 80 feet in well Ch-Bf 5 at the State Police Bar-
racks at Waldorf.

The upper member of the Calvert formation, the Plum Point marl, consists
of sandy clay and clayey sands containing several shell beds; layers of sandy
diatomaceous earth are common, although they are not as thick or prominent
as in the Fairhaven member. The Plum Point marl is 50 to 75 feet thick in
Charles County (Dryden, Overbeck, and others 1948). However, in the subsur-
face throughout much of Southern Maryland the two members cannot ecasily be
split and their thicknesses are not known.

The following section of the Calvert formation was measured in northern Cal-
vert County where the toughness and resistance to erosion of the sandy clays is
well illustrated. Samples of the formation from beds 1, 2, and 3 were collected
for particle-size analysis.

Geologic section of the Calvert formation along the Calvert Cliffs

Location: Tn Calvert County along the Chesapeake Bay approximately 1,500 fcet south
of the wharf at Camp Roosevelt
Altitude: Base of section at mean sea level

Thickness
Bed No. (feet)
7 Covered interval (may include Pleistocene deposits). ... ... . ..., ) 154
6 Sand, clayey, yellowish-gray to brownish-gray, shghtl) (llatomaceous 10
5 Clay, silty, tough, yellowish-gray to reddish-gray .. o o 5
4 Clay, thin, sandy; pelecypods abundant; contains forams ..... . 1
3 Clay, tough blue-gray; forms almost \crtlcal cliff at this spot; fossil <hell<
rare or absent (sample no. 8)...... .. .. 85
2 Clay, sandy, dark-gray, tough; marine shells abundant (sample no. 7) 12
1 Clay, blue, tough, highly diatomaceous (sampleno. 6)......... ... .. 17

Total. ... .. 95
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Subsurface character—In the well cuttings it has not been possible to sepa-
rate the Calvert formation from the other formations of the Chesapeake group,
except where the cuttings contain microfossils or small megafossils. In some
wells the top of the Calvert formation has been arbitrarily placed where con-
spicuous beds of diatomaceous earth appear, although this material has heen
found also in the overlying Choptank formation. The base of the Miocene series
(bottom of the Calvert formation) may be determined in the subsurface by the
change from the glauconitic greensand of the underlying 1Socene strata to fine-
grained whitish sand with associated small phosphatic pebbles, or to yellowish
diatomaceous beds. The Calvert formation contains a distinctive suite of Foram-
inifera that serve to separate it from the underlying and overlying formations.
Diatoms also serve to identify the Calvert formation and, especially, to separate
it from other formations of the Chesapeake group.

Sample cuttings from well St.M-Te 24 at Piney Point were examined by K.
I5. Loliman of the U. S. Geological Survey, who placed the top of the Calvert
formation in this well at a depth of 120 feet on the basis of an assemblage of di-
atoms in the cuttings from depths of 120 to 150 feet. The species identified by
l.ohman and his statement concerning the classification of the strata are:

Actinocvelus octonarius Ehrenberg
Actinoptychus cf. A. heliopelta Grunow
senarins IShrenberg
cf. . vulgaris Schumann
spp-
Annellus californicus Tempere
Asterolam pra marylandica Ehrenberg
Awlacodiscus sp.
Cestodiscus marylandicus L.ohman
Coscinodiscus apicilatus Fhrenberg
arcus Lohman
cf. C. argus ILhrenberg
convexus Schmidt
cf. C. curvaiulus Grunow
elegans Greville
excavalus Grunow
lewisianus Greville
lineatus Ehrenberg
monicae Grunow
radiatus Fhrenberg
salisburyanus Lohman
stellaris Roper
spp.
Cladogramma ellipticum Lohman
Craspedodiscus coscinodiscus Ehrenberg
Cymatogonia amblyoceras (Ehrenberg) Hanna
Dicladia sp.
Diploneis subcincia (Schmidt) Cleve




92  GROUND-WATER RESOURCES—SOUTHERN MARYLAND COASTAL PLAIN

Endictya robusta (Greville) Hanna and Grant
Goniothecium rogersii Ehrenberg
Grammalophora sp.
Hemiaulus bipons (Ehrenberg) Grunow
polymorphus Grunow
IT'yalodiscus laevis Ehrenberg
Liradiscus sp.
Melosira complexa L.ohman
sulcata (Ehrenberg) Kiitzing
Nitzschia sp.
Periptera tetracladia Ehrenlerg
Plewrosigma affine var. marylandica Grunow
DPlioaria petasiformis Pantocsek
Pseudopyxilla americana (Ehrenberg) Forti
Pyuxilla johnsoniana var. tntermedia Tempere and Forti
Rha phoneis augustala Pantocsek
gemmifera Ehrenberg
aff. R. immunis Lohmann
spp.
Sceptroneis cf. S. caducea Ehrenberg
Stephanogonia sp.
Stephanopyxis barbadensis Grunow
lineata (Ehrenberg) Forti
turris (Greville and Arnott) Ralfs
Thalassionema sp.
Thalassiothrix longissima Cleve and Grunow
T'riceratium inter punclatum Grunow
tessellatum Greville
Xanthiopyxis maculata Hanna
oblonga Lhrenberg
‘“This assemblage indicates definitely that the beds at depths between 120 and 150 fect
are in the upper part of the marine Calvert formation, of middle Miocene age. More specifi-
cally, they can be correlated with zones 11 to 13 inclusive as used by the Maryland Geological
Survey in 1904. T have made collections from the 24 zones assigned to the Calvert, Choptank,
and St. Marys formations and have used those collections as comparative material in making
this assignment.”

Mechanical analyses—Particle-size analyses of nine samples of the Calvert
formation are shown graphically in figure 11. Although the formation is com-
posed mostly of beds of clay and sandy clay, it contains beds of coarse shelly
sand locally. Sample 2, from an outcrop 214 miles east of Hughesville, consists
of 90 percent material classed as medium and coarse sand, and samples 4 and 5,
also from surface exposures in Charles County, consist chiefly of fine and me-
dium sand. The histograms of these samples contrast sharply with those of sam-
ples 8 and 9 from the Calvert Cliffs and Port Tobacco. Sample 8§ consists of
96 percent clay and silt and is representative of some of the toughest and most
erosion-resistant sediments in the Southern Maryland area; sample 9, consisting
of 99 percent clay and silt, is similar in texture. Where material of this character
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Fic. 11. Histograms of samples from the Calvert formation
Samples 1. Outcrop in road cut 7 miles south-southeast of La Plata in Charles County; sample
taken about 25 feet below contact with Pleistocene deposits (from Dryden,
Overbeck, and others, 1948, . 59, sample 5).

52

Qutcrop from ravine on property of Elmer Stonestreet, 214 miles east of Hughes-

ville, Charles County; coarse material largely shell fragments (from Dryden,
Overbeck, and others, 1948, p. 59, sample 06).
3. Qutcrop a few feet below Pleistocene contact in blufl at Popes Creek, Charles
County (from Dryden, Overbeck, and others, 1948, p. 59, sample 7).
4. Outcrop a few feet below Calvert-Pleistocene contact in exposure along Md.
Route 429 near Popes Creek (from Dryden, Overbeck, and others, 1948, p. 59,

sample 8).

5. Outcrop from base of section near Rogers Mill along Md. Route 6, 3.5 miles
southwest of La Plata, Charles County (from Dryden, Overbeck, and others,

P. 59, sample 9).

6. Outcrop 1 foot above tide level from bed no. 1, measured section 1,500 feet south
of wharf, Camp Roosevelt, Calvert County.

7. Outcrop 2 feet above base of bed no. 2, same locality as sample 6.

8. Outcrop 5 feet above hase of bed no. 3, same locality as sample 6.

9. Clay from depth 40 to 50 feet, well Ch-Cd 9, at the new school at Port Tobacco,

Charles County.




94 GROUND-WATER RESOURCES—SOUTHERN MARYLAND COASTAL Prain

is encountered by the drillers, it is common practice to set the casing of a well
in the clay and to leave the remainder of the hole uncased. The material is sufli-
ciently tough and impervious that the well does not collapse, even after being
used for a number of years.

Thickness and stratigraphic relations—The thickness of the Calvert formation
in Southern Maryland ranges from a few feet near the edge of its area of out-
crop to 184 feet at well Cal-Bb 10 near Sunderland in Calvert County. In wells
in which diagnostic forams or diatoms were not identified it was difficult to sepa-
rate the Calvert from the other formations of the Chesapeake group. However,
the microfaunas were studied in a sufficient number of wells to determine that
the formations of the Chesapeake group vary in thickness. In general, the Cal-
vert formation is thicker than the Choptank or the St. Marys formation. In
Prince Georges County the Calvert formation ranges in thickness from 20 feet
at well PG-Ec 25 to 100 feet at well PG-Ec 24. In Anne Arundel County it
ranges in thickness from 20 feet at well AA-Ge 2 near Iairhaven to 135 feet at
well AA-Fd 13 at Mount Zion. Part of the formation has been removed by ero-
sion in the vicinity of well AA-Ge 2. In Charles County it is less than 20 feet
thick at well Ch-Ff 21 near Cobb Island and about 125 feet thick at well Ch-Cg
1 at Hughesville; at the latter well the Calvert formation comprises two-thirds
of the thickness of the Chesapeake group. It is less than 20 feet thick at well
St.M-Dc 34 near Compton and about 130 feet thick at well St.M-Eg 16 near St.
James. In many localities, particularly near the major estuaries in the Potomac
River valley, the formation is relatively thin as a result of its erosion and sub-
sequent replacement with deposits of Pliocene(?) or Pleistocene age. Similarly
in outcrops along the Calvert cliffs, Pleistocene channel deposits locally occupy
valleys cut in the underlying Miocene formations.

Throughout most of the Southern Maryland area the Calvert formation lies
on Eocene strata consisting of the Aquia greensand, the Nanjemoy formation,
and the Piney Point formation. Shattuck (1902) believed that the Calvert for-
mation was overlain unconformably by the Choptank, but Cooke (1952, p. 34),
among others, has questioned this view, and the relationship between the two
formations is somewhat uncertain. Identification of several small pelecypods in
the cuttings from well SL.M-Dd 1 at Leonardtown indicates that the Choptank
formation is absent and the Calvert formation is overlain directly by the St.
Marys formation.? In many places the Calvert is overlain unconformably by the
sands and gravels of Pliocene(?) or Pleistocene age.

The Calvert formation strikes northeast and dips generally southeast at rates
ranging from 25 feet per mile near Croom in southern Prince Georges County
to less than 4 feet per mile in the vicinity of the lower Wicomico River in
Charles and St. Marys Counties, probably averaging 15 feet per mile through-

? Formations identified on the basis of {ossils examined by Julia A. Gardner of the Paleon-
tology and Stratigraphy section of the U. S. Geological Survey.
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out the Southern Maryland area as a whole (Pl. 3). The upper surface of the
formation is irregular and has not been recognized in many wells where it is
overlain by other formations of the Chesapeake group. The eroded top of the
formation is 220 feet above mean sea level at well PG-Ec 24 near Camp Springs,
and 115 feet below sea level at well St.M-IFe 24 at Piney Point, 50 miles south-
east, an average slope of about 6.7 feet per mile.

Water-bearing propertics—The Calvert formation is not an important source
of ground water in Southern Maryland. No drilled wells are known to vield
water from the formation, but in and near its area of outcrop it supplies a num-
ber of dug wells ranging in depth from 20 to as much as 91 feet. Little informa-
tion is available concerning the yields of these wells, but they probably can sup-
ply no more than ordinary domestic needs. Where diatomaceous beds of the
[airhaven member are present the formation is relatively impervious and func-
tions chietly as a confining layer, creating artesian or semiartesian conditions in
the underlying water-bearing sands in the Eocene formations.

Choptank formation (Chesapeake group)

Distribution and character—The Choptank formation is well exposed in Cal-
vert County in the Calvert Cliffs, from Dares Wharf south to Rocky Point, and
it can be seen along the hanks of several streams tributary to the Patuxent River
in Calvert, Prince Georges, and St. Marys Counties. The formation consists
chiefly of beds of yellowish gray to gray sandy clay, sand, and shells. Ledges or
Iayers of indurated rock as much as 10 feet thick occur at some localities, as at
Mackall in southern Calvert County. Drillers report “rock” layers 1 to 2 feet
thick in a few wells that penetrate the Choptank in southern Calvert County.

The Choptank formation is not greatly different in lithology from the upper
member of the Calvert formation or from the overlying St. Marys formation,
and is separable in exposures along the Calvert Cliffs mainly on the basis of the
megafossil zones (Clark, Shattuck, and Dall, 1904).

In the vicinity of Brandywine, in southern Prince Georges County, the Cal-
vert formation is overlain by a fine-grained sand about 40 feet thick, which ap-
pears to be of marine origin and may be equivalent to, or a part of, the Chop-
tank formation. The sand has been recognized in outcrops in Charles County
and in parts of northern Calvert County along the Patuxent River valley. It is
described in a recent publication (Hack, Nikiforoff, and Overbeck, 1930, p.
I11-4) and is shown as an unnamed geologic unit on the map of the Brandywine
quadrangle included in their report. The fine-grained, even-textured, unfossilif-
erous character of this sand, however, is not typical of the sandy clays and shell
beds comprising the Choptank formation where it is exposed along the Calvert
Cliffs. It is believed that sediments of late Miocene age similar in nature to this
sand are present in some of the wells in Southern Maryland. For example, fine-
grained, even-textured, yellowish sand occurs at a depth of 30 to 50 feet in well
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PG-1'd 5 at the Cheltenham Reform School; the log of well AA-Ed 19 near
Birdsville in Anne Arundel County shows fine, uniform-textured, angular, yel-
lowish orange, silty sand to a depth of 20 feet; the log of well Cal-Bb 10 at Sun-
derland shows yellowish brown clayey sand at a depth of 26 to 44 feet. These
sediments may be the Choptank formation. Hack and Nikiforoff believe that
Shattuck included this somewhat distinctive lithologic unit in his Sunderland
and Brandywine formations in the earlier geologic mapping of the Southern
Maryland counties.

The Choptank formation strikes approximately northeast and dips southeast.
Its rate of dip is not known with certainty. The truncated upper surface of the
formation is about 125 feet above sea level at well Cal-Dc 17 at Prince Fred-
erick, and 84 feet below sea level at well St.M-Fh 3 at Point No Point, 31 miles
southeast, indicating roughly a southeast dip of 7 feet per mile.

Subsurface character. —The lithology of the Choptank formation is so vari-
able that no lithologic criteria have been established by which the formation can
readily be identified in sample cuttings. In a few localities where the Miocene
deposits are relatively thick, at least a part of the sediments are assumed to be-
long to the Choptank formation. On this basis, Dryden and Overbeck (1948, p.
67) suggest that 50 feet of the formation may be present at well Ch-Cg 1 at
Hughesville. Twenty to thirty feet of the Choptank may be present in wells
near Cheltenham, Birdsville, and Sunderland, but its presence was not estab-
lished with certainty. Where forams or diatoms from the well cuttings were stud-
ied it was possible to identify the formation with reasonable accuracy as in wells
St.M-Fh 3, Cal-Dc 17, and Cal-Fe 2.

Mechanical analyses—Particle-size analyses of samples from the Choptank
formation were not made. Tt is likely such analyses would show a considerable
variation in the sorting and grades of the sediments, although much of the ma-

terial would consist of clay, silt, or fine-grained sand.
Thickness and stratigraphic relations. —The thickness of the Choptank forma-

tion ranges from a few feet on the edge of its outcrop area to as much as 60 feet
in well St.M-I'h 3. Probably it is not more than 40 to 50 feet thick in southern
Prince Georges and eastern Charles Counties. Where the formation has been
identified in wells in Calvert and St. Marys Counties it is usually less than 100
feet thick, and in a few wells downdip from the outcrop area it appears to be ab-
sent entirely. It is significant that in wells where the Calvert formation is rela-
tively thick, the Choptank formation is comparatively thin. Commonly, the
total thickness of the Miocene formations is nearly equal in nearby wells, sug-
gesting little variation in the environment of sedimentation for all of them.

The stratigraphic relation of the Choptank to the underlying Calvert forma-
tion is not clear, although Clark and Shattuck (1904, p. 80) state that the Chop-
tank lies unconformably on the Calvert. Other more recent geological studies
indicate that the two units may grade into one another with no sharp break be-
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tween them (Cooke, 1932, p. 34; Hack, Nikiforoff, and Overbeck, 1950, p. III-
24). In places the Choptank formation is unconformably overlain by the St.
Marys formation. In general, the Choptank does not appear to be a well-defined
formation, and it probably cannot be accurately separated in the field or in the
subsurface except on the basis of diagnostic fossils.

W aler-bearing properiies—No drilled wells are known to produce water from
the Choptank formation in Southern Maryland. Some dug wells, yielding a few
gallons a minute, probably penetrate the formation near its area of outcrop n
southern Prince Georges, central Calvert, and northern and central St. Marys
Counties. Tt is likely that the water from these wells is derived mainly from the
overlying Pleistocene sands and gravels. Where permeable beds of shelly sand
interspersed throughout the formation lie beneath the water table, the forma-
tion undoubtedly will vield water 10 wells, but, as the beds are irregularly dis-
tributed and little is known of their water-bearing properties, wells are generally
finished in beds known to be productive. Several small springs were observed 10
issue from a layer of shelly sand at an outcrop of the formation along Cole Creek
in northern St. Marys County. The formation is not an aquifer of any impor-
tance.

St. Marys formation (Chesapeake group)

Disiribution and characler —The St. Marys formation crops out at scattered
localities in Calvert and St. Marys Counties along bluffs and tributaries of the
Chesapeake Bay, the Patuxent River, and the Potomac River southeast of a
line joining the communities of St. Leonard, Calvert Beach, Hollywood, and
Leonardtown. It is commonly fossiliferous, and is lithologically similar to the
underlying Choptank and Calvert formations, although somewhat less clayey.
1t consists of beds of grayish blue to gray or yellowish gray sandy clay, clay and
sand.

Subsurface character—In the subsurface the St. Marys formation does not
appear to have any distinctive lithologic characteristics which make it possible
1o separate it from the other formations of the Chesapeake group, although it is
generally less clayey than the Calvert formation and lacks the thick beds of di-
atomaceous earth common in that unit. Fragmental and whole pelecypod and
gastropod shells are common in the sample cuttings, but identical species are
found also in the Choptank formation in the cuttings from many wells. The St.
Marys is readily separated from the overlying Pleistocene deposits, as the latter
commonly consist of reddish brown to yellowish brown (oxidized) sandy gravel,
clayey sand, or tough brown to gray clay. In well St.M-Dd 1 at Leonardtown
the St. Marys formation consists of light olive-gray, fine- to medium-grained
sand. Small pelecypods, sponge spicules, and ostracods are common in the cut-
tings. Suites of small megafossils from depths of 30 to 80 feet were examined by
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Julia A. Gardner of the U. S. Geological Survey, who identified several species
of pelecypods that occur only in the St. Marys formation.

The fossils identified by Miss Gardner are listed below; those marked (R)
are known to have been found only in the St. Marys formation:

Nucularia sinaria Dall

Area sp.

Cardium sp.

Dosinia acetabulum Conrad

Mactra clathrodon Isaac Lea
Dentalinm caduloide Dall (R)
Turritella sp.

Polinices (Neverita) duplicatus (Say)?
Uzila peralta Conrad

Terebra (Hastula) simplex Conrad (R)
Andara sp.

Corbuda inequalis Conrad

Crepidula fornicata (Linnaeus) (R)
Uzita marylandica (Martin)?
Bulliopsis sp. (?)

Oliva sp.

Terebra (Hastula) inornala Whitfield

In well St.M-Th 3 at Point No Point the St. Marys formation consists of
about 60 feet of fine clayey sand containing a zone of abundant shell fragments
underlain by approximately 20 feet of light olive-gray sandy clay. The St.
Marys formation was identified in this well by Glenn Collins on the basis of the
forams.

Mechanical analyses—No sieve analyses of the St. Marys formation in
Southern Maryland were made. Examination of well cuttings suggests that the
formation is similar in texture to the underlying Choptank formation.

Thickness and stratigraphic relalions—The thickness of the St. Marys forma-
tion in the subsurface of Calvert and St. Marys Counties ranges from 30 feet in
well St M-Dd 1 to 80 feet in well St M-Fh 3 but may locally exceed 80 feet.

The St. Marys formation lies unconformably on the Choptank formation, but
in the vicinity of Leonardtown (well St.M-Dd 1) the latter unit is absent and
the St. Marys lies directly on the Calvert. The St. Marys is overlain uncon-
formably by the Pleistocene deposits. It strikes approximately north-northeast
and dips southeast. Its eroded upper surface is at an altitude of 47 feet above sea
level in well St.M-Dd 1 at Leonardtown, and + feet below sea level in well S{.M-
Fh 3, 20.5 miles to the east, indicating a slope across St. Marys County of
about 2.5 feet per mile.

Waler-bearing properiies—Little is known of the water-bearing properties of
the St. Marys formation in Southern Maryland for it has seldom been tapped
by drilled or jetted wells. A few shallow augered wells in the vicinity of Great
Mills furnish domestic supplies from permeable zones in the formation. Wlere
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examined at outcrops in Calvert County it appears to be too clayey to be capa-
ble of supplying water to drilled wells. It is likely that where sandy zones are
present, as at Leonardtown, domestic ground-water supplies could be obtained
from dug or augered wells.

TERTIARY(?) AND QUATERNARY SYSTEMS
PLIOCENE(?), PLEISTOCENE, AND RECENT SERIES

Classification and origin.—The surficial deposits of the Maryland coastal plain
consist of a blanket of sand, coarse gravel, silt, and clay deposited during the
Pliocene(?), Pleistocene, and Recent geologic epochs. Shattuck (1906) separated
these sediments in Maryland into four formations, the Lafayette, Sunderland,
Wicomico, and Talbot, largely on the basis of their topographic position and
their rather ill-defined physiographic expression as terraces They were believed
to have been formed as a result of deposition and erosion during successive
stages of the Atlantic Ocean. More recent studies by other geologists (reviewed
in Dryden, Overbeck and others, 1948, p. 68-69) have created doubt as to the
marine origin of three of the formations, the Lafayette (name changed later to
Brandywine), Sunderland, and Wicomico. Evidence is cited to show that the
Pliocene and Pleistocene geologic history of the Maryland coastal plain is com-
plex, and that the Pliocene(?) and Pleistocene deposits now found at elevations
of more than 40 (o 60 feet above mean sea level are probably of fluviatile origin,
derived mainly from the deposition of sand, gravel, boulders, and silt carried
into the region chiefly by the drainage systems of the Susquehanna and Potomac
Rivers. It is likely that these deposits were coalescing alluvial fans whose rem-
nants now cap the upland interstream areas between the present river valleys.
There is general agreement that the deposits now lying less than 40 feet above
sca level are chiefly of marine or estuarine origin. It is also generally held that
the major stream terraces of Pleistocene and Recent age bordering the Potomac
and Patuxent Rivers represent successive periods of alluviation in the Quater-
nary history of the streams.

For convenience in describing the occurrence of ground water in Maryland
the deposits of Pliocene(?) and Pleistocene age are grouped into two main units,
upland and lowland (Bennett and Meyer, 1952, p. 68). The upland deposits are
arbitrarily considered (o consist of sediments of Pliocene(?) and/or Pleistocene
age lying higher than 40 feet above sea level; the lowland deposits consist chiefly
of sediments of Pleistocene and Recent age lying below this elevation and ex-
tending to depths as great as 200 feet below sea level. They occupy extensive
arcas along the bays and estuaries of the Southern Maryland area (Pl. 6).

PLIOCENE(?) AND PLEISTOCENE (UPLAND) DEPOSITS

Distribution and character —The upland deposits are a surficial mantle or cov-
ering on the older sediments in the topographically higher parts of Southern
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Maryland, except in northern Anne Arundel County and in parts of northern
Prince Georges County where they are absent locally. Southwestward along a
broad belt, 10 to 20 miles in width, extending from Gibson Island and Bodkin
Point on the Chesapeake Bay to the District of Columbia boundary near the
Anacostia River, the upland Pleistocene deposits are present only as erosional
remnants capping the higher hills and as stream terrace deposits along the Pa-
tuxent River and its tributaries. Throughout most of this belt they are under-
lain by formations of Early and Late Cretaceous age.

The upland deposits vary in lithology from place to place, but they are char-
acteristically composed of yellowish gray to reddish brown sand and gravel con-
taining layers of clean sand and clayey silt. Boulders and cobbles up to several
inches in diameter are common in the coarser lavers. The upland deposits are
economically important as a source of shallow ground-water supplies and of
sand and gravel for road Duilding and construction purposes. The sand pit of
the Arundel Supply Corporation, in central Prince Georges County at the in-
tersection of Walkers Mill Road and Addison Road, about one-half mile north
of District Heights, shows in excellent detail the permeable nature of the
Pliocene(?) deposits. The geologic section exposed in this pit is:

Bed Thickness
number (feet)

Pliocene(?) deposits:

6 Soil, buff to brown. . . .. 1

5 Sand and gravel, clayey, reddlsh to rust) brown, strta}\ed, gravel com-
posed mostly of white to yellowish rounded quartz pd)l)]es less than 2
inches in maximum diameter.. . ..... . . . . .. ... 5+

4 Clay, sandy, huff-gray to chocohte brown, composcd in pdrt of angular
detrital reddish clay fragments containing small quartz pebbles; may he

a soil zone; carbonaceous material present ... . . . 3+

3 Clayey sand grading downward to sand, mottled bufi to gray, gravel
pebblesinbase ......... ... . . ... 2+

2 Sand, coarse, clean, white to yellowish, rust-streaked; rounded lumps of
grayish-white clay, 4 to 5 inches in maximum (Inmctcr, in sand matrix 3.5

1 Gravel, coarse, clean; vellowish to grayish-white; quartz pebbles up to
about 4 inches in maximum diameter. .. . . . A 112

Total. ... 1. 2065+

Hack and Nikiforoff (1950, p. 111-3) have shown that in the Brandywine
quadrangle the Pliocene(?) upland deposits (Brandywine formation) consist of
two members. The basal member, 5 to 40 feet thick, is mainly gravel in a coarse
sandy matrix, which grades laterally into beds of sand and fine silt. ‘The upper
member is poorly sorted sandy clay which grades upward to a silty loam. In
places the entire upper member is loamy. Detailed field studies would probably
reveal the presence of two or more members in the Pliocene(?) and Pleistocene
upland deposits throughout a large part of Southern Maryland.

Subsurface character—In the subsurface the Pliocene(?) and Pleistocene up-
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land deposits are readily recognized by their lithologic character. The reddish
brown to dark yellowish-orange sands, gravels and sandy clays, containing
coarse, broken pebbles and granules of gray, white, or pink chert and associated
arkosic sand, are markedly different from the underlying drab to grayish Terti-
ary marine sands and clays. Globules and lumps of limonitic material and pieces
of woody material are common in the sample cuttings from the Pliocene(?) and
Pleistocene deposits. Shells and marine fossils are not known to occur in the de-
posits, although some of the sample cuttings contain small amounts of glauco-
nite, probably derived from the preexisting Eocene formations.

In some localities in Southern Maryland the fine-grained sands in the Calvert
or Choptank formation are yellowish brown to dull orange, owing largely to oxi-
dation, and are similar in appearance to the sands of Pliocene(?) and Pleistocene
age. However, the latter are generally more arkosic and less sorted, and fre-
quently contain small pieces of plant debris.

Mechanical analyses—Histograms of 9 samples of sand and gravel from the
upland deposits are shown in figure 12. The samples are unlike the marine strata
of Eocene and Miocene age, and also somewhat different from the Lower and
Upper Cretaceous continental deposits. They are characterized generally by
poor sorting; for example, sample 3 from the vicinity of Camp Lee is composed
mostly of material coarser than granule size (2.0 mm.) and smaller than very
fine sand (0.125 mm.). Sample 4, from a gravel pit near Broomes Island, con-
sists mainly of coarse sand with lesser proportions of medium and fine sand and
silt; the histogram suggests deposition of the material by swift currents in a
stream channel. The histogram of sample 1 is characteristic of coarse gravel in
which only a small proportion of the sediment is less than granule size (2.0 mm.).
The histograms show great textural variation in the deposits.

Thickness and stratigraphic relations—The thickness of the upland deposits
in Southern Maryland reported in drillers’ logs ranges from a few feet to as much
as 55 feet (well PG-Dc 3 near Silver Hill in Prince Georges County). The de-
posits are 30 feet thick at well Cal-Ec 3 near St. Leonard in southern Calvert
County. They are 62 feet thick at an exposure near Little Cove Point (Clark,
Shattuck, and Dall, 1904, p. 91). The average thickness reported in the driller’s
logs and sample cutting logs of 45 wells in Prince Georges County is 28 feet.

The upper surface of the upland deposits conforms essentially to the present
land surface, but the basal surface is undulating in character and variable in the
direction of strike. The basal surface is at an elevation of approximately 250 feet
above sea level at well PG-Ed 24 in the vicinity of Andrews Field; 192 feet at
well PG-T'd 2 near Cheltenham; 110 feet at well AA-Ed 16 near Davidsonville;
140 feet in well Ch-De 16 at the Bel Alton school; and 60 feet in well St. M-Df 25
at California. In general, the basal surface of the upland deposits shows an east-
ward and a westward slope from a high central ridge extending south from the
vicinity of Andrews Field through Cheltenham, Brandywine, Mechanicsville,
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Frc. 12. Histograms of samples from the Pliocene(?) and Pleistocene upland deposits
Samples 1. Outcrop from roadside pit on highway 134 miles west of Lorton, Fairfax County,

Virginia (Wentworth, 1930, p. 42).
2. Outcrop 4 feet below top of railroad cut al Franconia, Fairfax County, Virginia

(Wentworth, p. 42).

. Outcrop at an elevation of 170 feet from exposure near Camp Lee, Prince George
County, Virginia (Wentworth, p. 54)

. Outcrop from road cut on Md. Route 264, 1 mile north of Broomes Island, Calvert
County.

. Outcrop from bed no. 2 in Arundel Supply Corp. sand pit near District Heights,
Prince Georges County'.

. Outcrop from bed no. 5 in Arundel Supply Corp. sand pit near District Heights.

. Sand from depth 0 to 10 feet in well PG-Dd 19, drilled for the Prince Georges
County Commissioners, near Forest Heights.

. Outcrop from bed no. 6 at exposure along the Washington-Baltimore Expressway
near Jessup, Anne Arundel County (fig. 3).

. Sand from depth 10 to 20 feet in well Ch-Cd 9, Port Tobacco School, Charles
County.
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and California. The configuration of this surface seems to conform roughly with
the present land surface.

Waler-bearing properties—The Pliocene(?) and Pleistocene upland deposits
are an important source of ground-water supplies throughout the rural areas of
Southern Maryland. They are tapped by a number of dug wells ranging in depth
from less than 10 to about 50 feet. Many of the wells are not equipped with
power pumps, but where such a pump is used, the delivery of a few gallons a
minute is generally adequate; reported yields commonly range from 2 to 10 gal-
lons a minute. The coarse sands and gravels constituting the major part of the
deposits are fairly permeable and, where saturated to a sufticient thickness, are
capable of yielding large quantities of water. The maximum yield reported from
a well tapping the upland deposits is 25 gallons a minute (St.M-Bb 1 at New
Market). This well is 13 feet deep and consists of a concrete-lined pit 10 feet
square. The water is used during the summer for ice manufacturing.

A number of springs issue from the upland deposits, and in a few places they
have been utilized as a source of ground water. At the Charlotte Hall Military
Academy in St. Marys County a series of springs near the base of the deposits
has supplied the institution for more than 30 years. The springs have been im-
proved by means of concrete pits at their discharge points; approximately 7
springs supply 60 to 80 gallons a minute. A spring issuing from the upland de-
posits provides the water for the small industrial plant of the J. H. Mulholland
Corporation, near Pomonkey in Charles County. This spring, located near the
base of a small draw, reportedly yields 17 gallons a minute. Other springs are
used as a source of ground-water supply in Southern Maryland, but little infor-
mation is available concerning their permanence of flow or their rate of dis-
charge. Springs in general are subject to fluctuation in their rate of flow due to
seasonal variations in the position of the water table, and for that reason are not
always regarded as a dependable source of supply in Southern Maryland. Prob-
ably the relative ease of well construction has been a factor contributing to the
lack of use of springs. Because of their thinness, elevated position, and dissec-
tion, the upland deposits are not reliable sources of water during prolonged dry
periods. They are most reliable where thickest and least dissected.

PLEISTOCENE AND RECENT (LOWLAND) DEPOSITS

Distribution and character —These deposits, consisting of sediments lying be-
low an altitude of approximately 40 feet above sea level, include the strata
mapped as the Talbot formation by Shattuck (1906, p. 25) and by Clark and
Mathews on the geologic maps of the Southern Maryland counties (Clark, 1903,
1916a; Mathews, 1939). Deposits of Pleistocene and Recent age in Prince Geor-
ges County mapped by Cooke (Cooke and Cloos, 1951) as the Pamlico forma-
tion are included in the lowland deposits. The lowland deposits are largely of
marine or estuarine origin and consist of sand, clay, gravel, and boulders occu-
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pying trenches or valleys in preexisting sediments. Diatoms, marine shells, logs,
stumps, and fragments of plant debris are common in the clayey parts of the
sediments.

"The logs of wells and the records of borings for the Chesapeake Bay Bridge
and the Patuxent River Bridge at Holland Point indicate the nature and thick-
ness of these deposits in Southern Maryland. At well St.M-Fe 4 near Piney
Point sand and gravel constituting the basal part of the lowland deposits lie at
an altitude of 149 feet below sea level; at Solomons Island on the Patuxent River
the base of the lowland deposits lies at an altitude of 121 feet below sea level.
Approximately 24 miles upstream, at the bridge at Holland Point, borings by
the Maryland State Roads Commission show that the basal gravel of the low-
land unit is 96 feet below sea level. Borings a few miles east of Sandy Point at
the site of the Chesapeake Bay Bridge (J. E. Greiner Co., 1948) show that the
lowland deposits, consisting in the basal part of sand and gravel, extend to a
depth of 194 feet below sea level. The distribution of the lowland deposits and
their thickness in parts of Calvert, Charles, and St. Marys Counties is shown
on Plate 6.

Subsurface character. —The lowland deposits commonly consist of three litho-
logic units, a basal sand and gravel, an intermediate bed of tough clay, and an
upper bed or beds of sandy clay or clayey gravel. The basal unit consists of 10
Lo 20 feet of coarse arkosic sand and gravel, which in places contains cobbles up
to 6 inches in diameter. In some places the drillers are unable to penetrate the
cobble zone with lightweight jetting rigs and are forced to abandon a well or
complete it by some other method. The basal gravel is overlain by a few feet to
as much as 90 feet of tough brown to gray clay, which is overlain by 10 to 30
feet of sand and gravel, part of which is probably of Recent age. The lowland
deposits may be recognized by the toughness and grittiness of the clays which
commonly contain the soft bluish mineral vivianite, by the angularity and fresh
appearance of the quartz granules in the sand and gravel, by occasional pebbles
of schistose rock in the gravel, and by the prevalence of small pieces of plant
debris, especially in the uppermost sandy zones. The sample-cutting log of well
St.M-Dc 20 near Abell, in St. Marys County, shows the typical lithology of the
lowland deposits. A collection of small megafossils from depths of 50 to 70 feet
in the well were submitted to Julia A. Gardner of the U. S. Geological Survey,
who identified three species, Mulinia laleralis (Say), Rangia cuncala Gray, and
Skeniopsis planorbis (Fabricus), which establish the Pleistocene age of the sedi-
ments. The pelecypod Rangia cuneala was noted in the cuttings of several wells
penetrating the lowland Pleistocene deposits. Rangia cuneala also has been iden-
tified from a Pleistocene outcrop locality near Wailes Bluff in St. Marys County.

Mechanical analyses—No particle-size analyses were made of samples from
the lowland deposits. Wentworth (1930, p. 95) has published the histograms of
a number of samples of Recent deposits in Virginia which show a wide variation
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in grain size. Most of his samples comprise material coarser than fine sand
(0.125 mm.).

Thickness and stratigraphic relations—The thickness of the lowland deposits
in Southern Maryland ranges from a few feet to as much as 150 feet near Scot-
land Beach in well St.M-Gg 4. At Solomons Island in well Cal-Gd 30 the de-
posits are 126 feet thick, and at Cove Point on the eastein tip of Calvert County
they are 63 feet thick; near the center of the Chesapeake Bay, according to data
obtained from the deep borings (J. E. Greiner Company, 1948), they are 112
feet thick.

The lowland deposits lie unconformably on rocks ranging in age from pre-
Cambrian through upper Miocene. Darton (1930, p. 25) shows that Recent de-
posits lie directly on the crystalline rocks at the Arlington Memorial Bridge
across the Potomac River. The log of well Ch-Cb 7 drilled at the Naval Powder
Factory in western Charles County shows 35 feet of clay and gravel of Pleisto-
cene and Recent age overlying deposits of Late Cretaceous age, presumably the
Patapsco formation. The sample log of well St.M-Fh 3 at Point No Point shows
10 feet of fine sand, probably of Recent age, overlying the St. Marys formation.

Waler-bearing properties—The water-bearing sands and gravels in the low-
land deposits have not been extensively developed in the Southern Maryland
area, except at some localities bordering the Potomac and Patuxent Rivers
where numerous dug wells, generally not more than 30 feet in depth, furish do-
mestic supplies. These wells tap surficial sands and gravels of Recent or late
Pleistocene age. Yields are generally not more than 5 to 10 gallons a minute.

The basal bed of sand and gravel reported so frequently in the drillers’ logs
of wells is usually waterbearing and, as in many places it contains cobbles and
pebbles up to several inches in diameter, it is believed to be highly permeable.
In St. Marys County the basal sand and gravel ranges in thickness from a few
feet to as much as 87 feet in well St.M-Ee 7, a few miles northwest of Piney
Point. Commonly it is less than 20 feet thick. A few drillers report that the water
from the basal sand and gravel has an irony, or otherwise unpleasant, taste.
Chiefly for this reason, comparatively few drilled wells in the Southern Mary-
land area are completed in the basal gravel. However, two drilled wells n
Charles County tap the aquifer. Well Ch-Eb 3 near Riverside, screened opposite
7 feet of coarse gravel, is 96 feet deep and yields 25 gallons a minute. Well Ch-Ile
6, drilled for a small housing development at Morgantown, is 80 feet deep and
yields about 10 gallons a minute.

During World War I three collector wells (a type of large-diameter dug well
utilizing radial collector pipes) were constructed at Marshall Hall as an auxiliary
source of water supply for the Indian Head Naval Powder Factory. One of
these, well Ch-Ac 2, is 68 feet deep and reportedly yielded 200 to 350 gallons a
minute, presumably from the lowland deposits. These wells are no longer used.
Bennett and Mevyer (1932, p. 72) report that well Bal-Ge 1, a collector-type
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well tapping the lowland deposits in the alluvium of the Patapsco River south
of Relay, yields 1,000 gallons a minute. This is the maximum vield reported
from any well tapping the lowland deposits in, or adjacent to, Southern Mary-
land.

The lowland deposits, particularly the basal gravel bed, constitute a little-
utilized reservoir of ground water, which can be further developed as a source
of supply. However, in many localities, because of the nearness of the water-
bearing sands to the overlying brackish water in the estuaries, heavy ground-
water withdrawals would probably result in the encroachment of salt water into
the water-bearing zones as it has in the adjacent Baltimore area. It is also prob-
able that in many places the high iron content of the water or its turbidity might
require its treatment for most uses, including ordinary domestic use.

Occurrence of Ground Water
GENERAL PRINCIPLES

The general principlcs governing the occurrence and movement of ground
water have been discussed comprehensively by various authors, among them
Meinzer (1923; Meinzer and others, 1942), Tolman (1937), King (1899), and
Slichter (1899).

Most of the important supplies of ground water in Southern Maryland, are
obtained from the sands and gravels in the unconsolidated sedimentary de-
posits. These deposits consist largely of rock and mineral particles or grains sep-
arated by interstices or voids through which ground water moves in response to
differences in hydraulic head. The deposits vary widely in the size, shape, and
arrangement of their interstices and in the total volume of interstitial space.
The interstices are usually connected, and in sedimentary rocks the stratifica-
tion of the earth materials produces a laminar arrangement of the interstices,
which is a factor of fundamental importance in the movement of ground water.
The most productive aquifers are beds composed of well-sorted, or uniform-
sized, coarsely granular material such as coarse sand and gravel.

The source of all fresh ground water in the area is precipitation. However,
only a part of the total precipitation enters the ground-water reservoirs. Some
of the water runs off the surface and enters the streams, and some is returned
to the atmosphere as water vapor by direct evaporation from the soil zone and
by transpiration (evaporation due to the life processes of plants). The part of the
precipitation that moves downward below the soil zone and enters the ground-
water reservoirs constitutes recharge. This water, however, is stored only tem-
porarily, for the major part of it moves slowly through the ground-water reser-
voirs into the streams, or other bodies of surface water. Thus, the water is in
continual movement, except for that water bound to the rocks chemically or by
the forces of molecular attraction. This continual movement and circulation of
water from the atmosphere to the earth and back again to the atmosphere is
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known as the hydrologic cycle. The water present in one stage of this cycle, that
which occurs beneath the water table, is called ground water.

WATER-TABLE AND ARTESIAN CONDITIONS

Subsurface water occupies two zones with respect to its position and the man-
ner in which it is held in the voids in the rock and soil zone. The lower zone is
called the “zone of saturation’’; in this zone the voids or interstices are filled
with water which is free to move under the influence of gravity and which is
called ground water. The upper surface of the ground water is called the “water
table.” It is not, however, a sharply defined surface, as molecules of water are
continually passing between this zone and the overlying vadose zone (zone of
aeration) where the water is held against the force of gravity by forces of ad-
hesion (capillarity). The lower part of the zone of aeration is the capillary fringe;
the lower part of the capillary fringe is nearly or completely saturated, and the
water is held above the water table by capillarity and is not free to flow into a
well. The exact surface of the water table within granular materials is difficult
to determine; however, when the zone of saturation is penetrated by wells or
other excavations, the ground-water surface lies at a level that may be measured
rather exactly. In general, the water table is a sloping surface which shows ir-
regularities related to, and conformable with, the land surface—although usually
of lesser relief. The position of the water table is continually changing, owing
chiefly to variations in the amount of water reaching it from the zone of aera-
tion. In Southern Maryland the maximum effective recharge occurs during the
late winter and early spring, at which time the water table is generally at its
highest position; during the late summer and early fall the water table is at its
lowest position. This periodic rise and fall of the water table is illustrated in the
graphs showing the measured water levels in several shallow observation wells
in the area (see Water-Level Fluctuations).

Locally a bed of permeable rock underlain by a bed of relatively impermeable
material may be saturated with ground water and lie above the general zone of
saturation in the area. The surface of this upper saturated bed is call a perched
water table. During long dry periods, or periods of no recharge to the water-
bearing led, the perched reservoir may drain completely and cease to be capable
of supplying wells or springs. A condition somewhat analogous to this exists at
some localities in the coastal plain of Southern Maryland where dug wells situ-
ated on the crests of isolated gravel-capped hills occasionally fail during inter-
vals of little or no rainfall near the end of the summer.

Artesian conditions exist where a bed of water-bearing material is overlain by
a less permeable or a relatively impermeable bed and where the contained water
is confined under hydrostatic pressure. The distinction in nature between arte-
sian and nonartesian, or water-table, conditions is not always precise, as many
of the strata regarded as confining layers are not entirely impermeable, but
merely less permeable than the adjacent water-bearing beds. However, the rate
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at which water is transmitted through such confining layers may be many thou-
sands of times less than the rate at which it is transmitted through the aquifer.
When an artesian reservoir is penetrated by a well the water will rise in the well
above the level of the base of the confining layer; such a well is said to be an ar-
tesian well. There are both nonflowing and flowing artesian wells. As the water
in an artesian aquifer is confined by the essentially impervious overlying rock,
it has no water table; there is, however, an imaginary surface defined as the
level to which the water will rise in wells. This level is known as the “piezomet-
ric” or pressure-head-indicating surface of the aquifer. Flowing wells occur
where the piezometric surface is at a higher elevation than the land surface.

More than one piezometric, or artesian-pressure, surface can exist in a single
geologic formation composed of 2 or more water-bearing beds separated by rela
tively impermeable or less permeable beds. This condition exists in the Odenton
area of Anne Arundel County. Odenton is underlain at the surface by about 200
feet of sediments of the Patapsco formation. As the town has no municipal
water-supply system many domestic and commercial wells have been drilled
into this formation. The National Plastic Products Company pumps about
1,000,000 gallons a day from 4 wells ending in a water-bearing sand approxi-
mately 30 feet thick, the top of which lies at an altitude approximately 10 feet
below sea level. A number of domestic wells end in a shallower water-bearing
sand approximately 10 feet thick, which lies at an altitude of about 75 feet above
sea level. The upper and lower sands are separated by beds of clay and sandy
clay. Water-level measurements during a 2-day period in FFebruary 1933 showed
that the nonpumping (static) water levels in wells tapping the higher sand were
about 40 feet above those in wells ending in the lower sand, the artesian head of
which is directly affected by the pumping from the industrial plant. Ground
water in both water-bearing sands occurs under artesian conditions, although
the Odenton area is within the outcrop belt of the Patapsco formation. It is
probable, however, that the upper sand is hydrologically connected with the
deeper sand, either directly at an indeterminate distance and direction from the
Odenton area, or through the intervening confining bed, or both. The upper
sand probably is receiving ground-water recharge from Severn Run, which
drains the area, and from precipitation at a rate faster than it can be depleted
by leakage to the lower sand, from which heavy withdrawals of ground water
are being made. The ground-water conditions at Odenton serve to illustrate the
extreme complexity of hydrologic conditions where the aquifers are irregular in
extent and thickness, variable in permeability, and hydrologically connected
with one another to an indeterminate extent.

MOVEMENT OF GROUND WATER

Rate of movement

The rate of movement of water in earth materials varies widely, but in gen-
eral, in the aquifers in Southern Maryland, the movement is very slow under
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natural gradients. If the permeability, the hydraulic gradient, the porosity, and
the cross-sectional area of a formation are known, it is possible to compute the
rate at which ground water is moving. The following formula may be used in
computing the approximate average velocity of ground water moving through
sediments:

P
P

where V = average velocity in feet per day
P = permeability in cubic feet per day per square foot
i = hydraulic gradient expressed as a decimal fraction
p = porosity expressed as a decimal fraction

'||.' =

From this equation a rough approximation can be obtained of the rate at
which ground water is moving through one of the major aquifers in Southern
Maryland, the Patapsco formation. The generalized piezometric map (PL 8)
shows that across a section of the aquifer extending from Odenton to the Patux-
ent River the average hydraulic gradient was about 16 feet per mile (expressed
as a decimal, 0.003) in 1951. The Patapsco formation liere is about 200 feet
thick, of which about 90 feet consists of water-bearing sand and gravel. The
average coefficient of transmissibility determined from the pumping tests in the
Odenton area is 35,000 gallons per day. The field coefhicient of permeability is

35,000

therefore o0 O 388 gallons per day per square foot (51.8 cubic feet per

square foot per day). The porosity of the water-bealing sediment in the Pa-
tapsco formation is not known, but a value of 35 percent may be reasonably as-
sumed. Substituting the values in the formula we obtain:

_ 51.8 X .003

\7
35

= 0.44 foot per day

At this rate it would take a particle of water almost 33 years to move 1 mile
toward the discharge area from the point where it entered the aquifer. The nat-
ural hydraulic gradients vary from place to place, and the permeability and
porosity of the aquifers also vary, but as the normal hydraulic gradients in the
artesian aquifers are seldom more than a few feet per mile it is apparent that
the average rate of movement of water through the aquifers is exceedingly slow.
Most of the ground water now being withdrawn by wells from the artesian aqui-
fers in Southern Maryland entered the water-bearing strata several tens or hun-
dreds of years ago.

Recharge and discharge

The energy that keeps ground water in motion is provided by the head or po-
tential differences at various points along the path of movement. As the water
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moves energy is lost to the surrounding materials through friction. If no replen-
ishment to the ground-water reservoirs occurred, the movement of the water
resulting from the initial differences in hydraulic head would ultimately cease,
much as a clock would stop after the potential energy stored in the mainspring
was utilized. However, the ground-water reservoirs are constantly being replen-
ished, either by direct infiltration from precipitation or by flow from another
aquifer.

The proportion of precipitation that recharges the ground-water reservoir
may be increased by decreasing the amount of water held in or removed from
the soil zone or returned to the atmosphere by direct evaporation. Withdrawals
of ground water by pumping in the area of outcrop of an aquifer tend to lower
the water table, which may salvage some of the water leaving the area as sur-
face runoff or ground-water underflow. In a humid area such as Southern Mary-
land the replenishment of water to the ground-water reservoirs usually exceeds
the depletion of the reservoirs due to pumping from wells, artesian flow, or leak-
age into adjacent beds, so that in the outcrop or recharge areas of the water-
bearing strata the excess water is discharged from the water-bearing beds into
the streams or by evapotranspiration. It is this discharge, or rejected recharge,
that maintains the flow of surface streams in the area of recharge during periods
of little or no precipitation. Heavy ground-water withdrawals where the ground
water occurs under water-table conditions may effectively reduce the rate of
flow of water from the aquifers to the surface streams. The normal hydraulic
gradient from the aquifer to the surface stream may cven be reversed, and the
stream may contribute water to the aquifer.

The effect of heavy withdrawals of ground water from an artesian aquifer is
somewhat different. In such cases heavy pumping usually does not result in an
actual dewatering of the aquifer (unless the pumping level in the wells is drawn
down below the base of the confining layer), but merely results in a lowering of
the artesian pressure (the piezometric surface) in the vicinity of the pumped
well or wells. The cone-shaped depression in the piezometric surface continues
to expand until the withdrawal of ground water from the aquifer is balanced by
the flow of water into the area of withdrawal. Water is also contributed to the
aquifer as a result of compression of the strata and by leakage through the con-
fining layers. These increments of water further serve to balance the withdraw-
als. In a perfect artesian system, where the rate of withdrawal of water exceeds
the rate at which the aquifer can transmit the water to the point of withdrawal,
the cone of depression continues to expand until it reaches the outcrop area of
the aquifer. Further pumping then causes a lowering of the water table in the
outcrop area and a consequent decrease in discharge from the aquifer to the sur-
face streams. In this manner some of the rejected recharge, or normal discharge
to the surface streams, may be salvaged.

Within a few days after a period of rainfall most of the direct runoff in sur-
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face streams has vanished, and the water that has percolated into the ground
continues to maintain the flow of the stream as it moves out of the reservoir
rocks adjacent 1o the stream channel. This flow constitutes ground-water runoff
or the “base flow” of the stream. Where long and continuous records of stream-
flow are available for a particular drainage basin in the recharge area of an aqui-
fer, a determination of the base flow constitutes one of the most reliable methods
of estimating the rejected recharge from the ground-water reservoirs. Ground-
water runoff may also be called “effective” recharge or the net recharge after
subtraction of any water lost by evapotranspiration.

Streamflow records of the North River near Annapolis show that the ground-
water runoff, or effective recharge, amounted to about 640,000 gallons a day per
square mile of drainage area, or about 38 percent of the precipitation. The river
drains an area of about 8.5 square miles and the records analyzed cover a period
of 33§ years beginning in January 1946. It is estimated that ground-water run-
off, or effective recharge, in Southern Maryland ranges from 20 to 35 percent
of the precipitation, or from 8 to 15 inches per year.

Bennett and Meyer (1948, p. 14) found that in the drainage basin of Beaver-
dam Creck near Salisbury, the effective recharge to a shallow Pleistocene aqui-
fer amounted to about 600,000 gallons a day per square mile of drainage area,
which was equivalent to 27 percent of the precipitation.

Discharge from the ground-water reservoirs in the water-table areas occurs
chiefly in the form of rejected recharge, through pumping from wells, and
through evapotranspiration. Soil evaporation and plant transpiration are par-
ticularly effective processes for removing ground water from the reservoirs
where the soil zone and the plant roots are at or near the water table. The
amount of water lost by these processes varies seasonally and is greatest during
the growing season, which in Southern Maryland is usually from early April un-
til late October or mid-November. Probably from 50 to 70 percent (21 to 30
inches) of the total annual precipitation returns to the atmosphere through
evaporation and transpiration.

The disposition of ground water after it enters the reservoir rocks may be ex-
pressed in the following manner:

Loss by evapotranspiration (water-table conditions)

. ’Rejected recharge, including spring discharge (water-table conditions)
Discharge = < . : ok
Ll{cmoval by flowing or pumped wells (water-lable or artesian conditions)

Leakage through confining layers (artesian conditions)

SPRINGS

Springs are not as important in Southern Maryland as they were during the
early period of settlement of the area, when towns and homesites were fre-
quently located near them as the only sources of potable water. Springs may be
classified on the basis of the magnitude of their yield or their geologic occur-



112 GROUND-WATER RESOURCES—SOUTHERN MARYLAND COASTAL PLAIN

rence. In Southern Maryland they are chiefly depression or contact springs. De-
pression springs occur where erosion or dissection by streams has cut below the
walter table into saturated zones of permeable material. Contact springs occur
in valleys or draws where permeable water-bearing material, commonly sand
and gravel in Southern Maryland, is underlain by relatively impermeable ma-
terial. Many springs are found at the base of Pliocene(?) and Pleistocene sand
and gravel where it overlies the less permeable sandy clay of the Miocene series.
Springs also issue from outcropping Cretaceous deposits where a clay layer un-
derlies a bed of saturated sand and gravel. The discharge of individual springs
in the area is not generally large, although the aggregate quantity of water dis-
charged from the aquifers by this means is considerable.

Several contact springs may be observed along the Calvert Cliffs in Calvert
County, along the east bank of the Potomac River in Charles County, and along
the bluffs of the Patuxent River. At the Charlotte Hall Military Academy in
northern St. Marys County a series of springs at the base of a sand and gravel
bed of Pleistocene age provide the water supply. The discharge from these
springs during the summer of 1950 was more than 60 gallons a minute.

Many springs in Southern Maryland have been abandoned as a source of do-
mestic water supply because the flow decreases markedly or ceases entirely dur-
ing prolonged drought periods, the springs are not readily accessible, or they are
subject to surface poltution and contamination.

DISTRIBUTION OF ARTESIAN D’RESSURE

"The piezometric maps on Plates 7 to 10 show the outcrop areas and the static
water levels or artesian heads in wells tapping the important aquifers in South-
ern Maryland. The maps show the areas of ground-water intake and discharge
in the aquifers, the distribution of artesian head, and the effects of heavy pump-
ing on those heads. They show also the differences in artesian head in the differ-
ent aquifers.

PATUXENT FORMATION

Plate 7 shows the distribution of artesian head in the Patuxent formation in
1951 in norther Anne Arundel and Prince Georges Counties. ‘The general slope
of the piezometric surface is to the southeast. The steepest gradients occur in
the outcrop area. The general trough in the vicinity of College Park and Hyatts-
ville along the valley of the Anacostia River shows that the base flow of the Ana-
costia River is maintained in part by ground-water discharge from the Patuxent
formation. In flatlands in the river valley south of Hyattsville and Bladensburg
the aitesian head is above the land surface and many wells flow. Clark and
others (1918, p. 390) report that the artesian head in a 160-foot well near the
town of Tuxedo on Beaverdam Branch was 45 feet above mean sea level in 1918.
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