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THE WATER RESOURCES OF CARO-
LINE, DORCHESTER, AND
TALBOT COUNTIES

THE GrROUND-WATER RESOURCES
BY
WILLIAN C. RASMUSSEN AND TURBIT 1. SLAUGHTER

ABSTRACT

Caroline, Dorchester, and Talbot Counties, the middle three counties of the

Llastern Shore, have abundant ground water. Not less than 100 million gallons
a day are available, about 9 times the current use. The potential yield of the

Pleistocene and Pliocene(?) series at depths of 30 to 100 feet is estimated to
be 60 million gallons a day. Many million more gallons of mineralized water
for restricted use are available from sands not yet penetrated at depths of
1,600 to 3,000 feet.

Water is produced from 10 aquifers which range in depth from the surface
to more than 1,400 feet. Three of those aquifers are used extensively down to
depths of 600 feet. Two potential aquifers lie at depths from 900 to 3,300 fect.

Caroline, Dorchester, and Talbot Counties lie in the Atlantic Coastal Plain
province which is underlain by a huge wedgeshaped mass of sediments resting
upon a sloping surface of hard crystalline rock of Precambrian and Paleozoic
age, referred to as ‘‘the basement.”

The Coastal Plain sediments range in age from Early Cretaceous to Recent.
Beneath Caroline, Dorchester, and Talbot Counties, the Coastal Plain de-
posits range from 2,000 to 4,000 feet in thickness. They are composed of sands,
greensands, gravels, silts, clays, shales, and shell beds. In general, the sands
and gravels are porous and permeable and yield water freely; the finer-grained
beds contain water but yield it slowly or not at all. The basement complex
slopes generally to the southeast as do the overlying sediments, most of which
thicken down the dip so that the slope of the upper formations is not as great
as that of the lower formations.

The land forms of the Coastal Plain have an important effect upon the re-
tention and infiltration of rainfall, the retardation of runoff, and the discharge
of ground water by evapotranspiration. Remnants of six coastal marine ter-
races account for the flatness of the landscape and the low stream gradients.
Poorly drained oval-shaped depressions, ranging in size from 7 acres to over
17,000 acres, bounded by sandy rims of low relief are the most important minor
land form.




2 CAROLINE, DORCHESTER, AND TALBOT COUNTIES

The lower Cretaceous rocks may contain good aquifers and good water but
are so far below the surface that they have not been explored. The formations
of the Upper Cretaceous series and of the Tertiary and Quaternary systems
contain the principal aquifers. The significant aquifers in the area are in the
Piney Point, Aquia, Choptank, and Calvert formations and in the Pleistocene
and Pliocene(?) series. The most important of these on the basis of present
development and probable potential yield are the Piney Point formation and
the Pleistocene and Pliocene(?) series.

Overlying the crystalline rocks is a series of sands, clays, and shales corre-
lated with the Patuxent formation, part of the Lower Cretaceous series. The
top of the Patuxent formation probably occurs about 1,600 feet below land
surface on the northwestern margin and about 3,300 feet below land surface on
the southeastern margin of the area. The formation increases in thickness from
600 feet to 800 feet in a southeasterly direction. The top of the formation dips
to the southeast at an average rate of 50 feet to the mile. Regional geologic
evidence warrants the assumption that the sands in the formation may yield
large quantities of water, most of it, however, probably too highly mineralized
for most purposes.

Overlying the Lower Cretaceous series is a thick group of shales and sands
correlated with the Upper Cretaceous series. This series, divided into six for-
mations, has an estimated thickness ranging from 1,000 feet along the south-
west margin of Talbot County to 2,500 feet along the southeast margin of
Dorchester County. The dip of the top of the series is about 8 feet per mile,

The lower three formations, the Arundel, Patapsco and Raritan, are com-
posed of silty sands intercalated with silty clays. The cleaner sands are po-
tential sources for large quantities of warm water at depths ranging from 1,000
to 3,500 feet. Water from a depth of 1,351 to 1,420 feet in a sand of Raritan(?)
age, flowing from a test well at Wades Point, Talbot County, was irony but
otherwise good. Water from the Raritan(?) from a flowing well at Church
Creek was also reported “good.”

The Raritan formation is unconformably overlain by the Magothy forma-
tion, the most persistent aquifer of the Cretaceous system in Maryland. The
formation consists of ‘“‘sugary’” sands and irregular lenses of lignitic clay. Thick-
ness of the Magothy formation in this area ranges from 43 feet to 135 feet. The
formation yields fairly large quantities of water of remarkably good quality
to seven wells in Dorchester and Talbot Counties from depths of 800 to 1,100
feet below sea level.

The Matawan(?) formation unconformably overlies the Magothy forma-
tion. It consists of micaceous glauconitic clays and glauconitic sands encoun-
tered at depths from about 700 to 900 feet below sea level. The Matawan(?)
formation functions as an aquifer in Caroline and Talbot Counties and as an
aquiclude in Dorchester County. Lying conformably above the Matawan(?)
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formation is the Monmouth formation, which functions almost entirely as an
aquiclude. The Monmouth 1s a glauconitic silty clay and clayey sand. The
formation ranges from 34 feet to 230 feet thick. The top of the formation dips
an average of & feet per mile in a southeasterly direction.

The Tertiary system includes the most important aquifers and thickest aqui-
cludes.

The Paleocene series consist of alternate hard and soft beds of clay and
sparsely glauconitic sand, with thin beds of shells and chalk(?). In general,
it functions as an aquiclude, but it does yield water to a few wells. The Paleo-
cene ranges in thickness from about 70 feet 1o more than 300 feet,

The major artesian water-bearing beds in use in Caroline, Dorchester, and
Talbot Counties are in the Eocene series. The Locene series is represented in
ascending order by the Aquia greensand, the Nanjemoy formation, and the
Piney Point formation.

The Aquia greensand is an important aquifer in the western half of Talbot
County and northwestern Dorchester County. The aquifer is composed of
green quartz sand, moderately glauconitic, with a few lenses of clay and oc-
casional hard beds. The top of the formation dips from 255 feet below sea level
at Claiborne, Talbot County, to 605 feet below sea level about 4 miles west of
Cambridge, Dorchester County, where the formation presumably wedges out.
The rate of dip 1s about 25 feet per mile. A maximum thickness of 231 feet is
recorded at Wades Point, Talbot County. The average specific capacity for
99 wells producing water from the Aquia greensand 1s 2.0 gpm per foot of draw-
down, indicating that high rates of yield will cause large drawdowns. The qual-
ity of water from the Aquia greensand is good for almost all purposes.

The Nanjemoy formation is primarily a leaky aquiclude, composed of black-
ish-green, highly glauconitic sand, silt, and clay. The formation is very irregular
in thickness, apparently owing to erosion of its upper surface. The average
recorded thickness is 166 feet. The formation slopes toward the southeast. So
far the Nanjemoy formation yields water only to open holes in conjunction
with formations above or below.

The Piney Point formation 1s the major aquifer in the area. It probably un-
derlies all of Caroline, Dorchester, and Talbot Counties, although in places
it is quite thin. It ranges from a few feet to more than 200 feet in thickness
and averages 74 fect in logged wells. The Piney Point formation is a quartz
sand, somewhat glauconitic, ranging in color from brown to olive-green to
green. The top of the formation dips to the southeast at an average rate of 29
feet per mile. An estimated 1.9 billion gallons of water a year is produced from
the Piney Point formation. Wells yielding more than 600 gpm have been de-
veloped at Cambridge. The water is of good quality.

The Miocene series contains relatively thin aquifers. The series is repre-
sented by its middle and upper parts, called the Chesapeake group, and is com-
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posed of the Calvert, Choptank, St. Marys formations of middle Miocene
age and the Yorktown formation of late Miocene age. The Chesapeake
group in the southern tip of Dorchester County is represented by a sand
of late Miocene age, tentatively correlated with the Yorktown formation of
Virginia and the Cohansey sand of New Jersey.

The Calvert formation is generally an aquiclude; however, in places it func-
tions as an aquifer yielding small quantities of water to numerous wells, and
moderate to large quantities of water at Cordova, Easton, Federalsburg, Hur-
lock, and Vienna. The Calvert formation is predominantly a silt, slightly glau-
conitic in the upper part and diatomaceous in the lower part, and contains
several lenticular beds of sand. The top of the Calvert formation dips an av-
erage of 10 feet per mile toward the southeast. It ranges in thickness from 20
feet in western Talbot County to more than 300 feet in southeastern Dor-
chester County. The aquifers are of moderate to low productiveness. The av-
erage specific capacity is 2.7 gpm per foot of drawdown. The water from the
Calvert formation is usable for most purposes.

Conformably overlying the Calvert formation is the Choptank formation.
It functions as an aquifer, its principal development being in Caroline County.
The formation consists of lenticular beds of sand and silt with shell marl. The
top of the formation ranges from 55 feet above sea level in northern Caroline
County to more than 200 feet below sea level along the Nanticoke River in
the southeast margin of the area. The rate of dip is about 4 feet per mile. The
Choptank formation ranges in thickness up to about 150 feet and averages
about 80 feet. The average specific capacity is 2.4 gpm per foot of drawdown.
The Choptank formation is capable of producing small to moderate yields be-
neath most of its area and moderately large yields at a few locations. In gen-
eral, the quality of water is good; but in northern Caroline County it is very
irony (12-13 ppm).

The St. Marys formation overlies the Choptank formation principally as a
clayey silt and silty clay aquiclude with stringers and small lenses of sand. It
blankets the southeastern half of the area. The top ranges from 38 feet above
sea level at Goldsboro, Caroline County, to 83 feet below sea level at Llliott
Island, Dorchester County. The thickness of the formation ranges up to about
120 feet and averages about 35 feet. Water is produced from local stringer
sands, generally in rather small amounts per well.

The Yorktown and Cohansey formations(?) are sand containing a few shells.
They are a small wedge of sediment at the low and marshy southern end of
Dorchester County, resting upon the St. Marys formation. No wells were
found in this area, presumably because the water is unpalatable. The dip on
the formation is southeasterly at the rate of 8 to 10 feet per mile. The forma-
tion ranges in thickness from 20 to 62 feet.

A red and orange gravelly sand is tentatively correlated with the Brandy-
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wine and Bryn Mawr formations of Pliocene(?) age. The average thickness of
the sand is estimated at 10 feet. It yields water to large-capacity wells at
Ridgely, Preston, Hurlock and Cordova. The red gravelly sand functions with
the overlying formations of Pleistocene age as a single aquifer. The quality of
water from the Pleistocene and Pliocene(?) series, in general, is the best of
all the ground waters.

The Pleistocene series comprises all of the shallow yellow, buff, and tan de-
posits of sand, silt, and clay between soil zone and the Pliocene(?) red gravelly
sands. The average thickness of the combined Pleistocene and Pliocene(?)
series is 37 feet. The Pleistocene deposits yield water to more wells in Caroline,
Dorchester, and Talbot Counties than any other series of sands. The specific
capacities of wells in the Pleistocene and Pliocene(?) series are higher than
those for any other formation, ranging up to 30 gpm per foot. The quality of
ground water from the Pleistocene series is remarkably good.

Ground water satisfactory in quality for ordinary uses can be obtained at
most places in Caroline, Dorchester, and Talbot Counties.

INTRODUCTION
Location and Purpose of Investigation

Caroline, Dorchester, and Talbot Counties are the middle three counties
of the Eastern Shore of Maryland (fig. 1).

Ground water is the major source of water in this area. The water supply
of the cities and towns, of the rural homes and on the farms, and of the can-
neries and industries is supplied by wells. Supplemental irrigation from wells
is growing. There is practically no use of surface water, because many of the
rivers are tidal, and saline and brackish marshes and swamps are prevalent
in the lowland areas.

A cooperative investigation of the ground-water resources of the Eastern
Shore was begun in July, 1949, by the U. S. Geological Survey and the Mary-
land Department of Geology, Mines and Water Resources. The investigation
was made under the general supervision of A. N. Sayre, Chief of the Ground
Water Branch of the U. S. Geological Survey, and under the immediate super-
vision of William C. Rasmussen, Area Geologist of the U. S. Geological Survey.

Extent of Area and Scope of Investigation

Caroline, Dorchester, and Talbot Counties form a rough parallelogram
bounded on the north by Queen Annes County, on the east by the State of
Delaware, on the southeast by the Nanticoke River, and on the west by Chesa-
peake Bay.

The area of the three counties is 1,732.38 square miles, of which 1,174.82 is
land and 557.36 is water (Gazetteer of Maryland, 1941, P- 239). Caroline
County has an area of 326.35 square miles, of which 322.06 is land and 4.29 is
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water. Dorchester County has an area of 943.52 square miles, of which 580,94
is land and 362.58 is water. Talbot County has an area of 462.51 square miles,
of which 271.82 is land and 190.69 is water.

Field work was begun with a well canvass in Dorchester and Talbot Counties
during the summer of 1950, and in Caroline County in the summer of 1951,
Earlier reconnaissances at Cambridge, in 1946, and Easton, in 1948, had been
made by the Baltimore cooperative ground-water office.

Many well logs were available as a result of the Maryland Well Law of 1943,
Sediment samples from many of the wells had been collected by the drillers.
Earlier well logs were collected from well drillers, water superintendents, and
others. Sediment samples were collected by the staff at the drilling sites of
several deep wells. A total of 238 well logs are published in this report (39 from
Caroline County, 64 from Dorchester County, and 135 from Talbot County),
but additional logs were used in the geologic interpretations and in the con-
struction of the geologic maps.

Additional hydrologic and lithologic data were obtained from samples from
9 test holes representing 2,205.5 feet of hole. Four of the holes, 4 to 6 inches
in diameter, totaling 1,253 feet of hole, were logged electrically with a Widco
logger.

Subsurface samples collected by well drillers and the staff total 5,960, rep-
resenting 60,157 feet of hole. The samples were utilized in the construction
of 32 sand logs representing 15,097 feet of hole, and 34 peg logs representing
14,316 feet of hole. In addition, 328 graphic strip logs representing 123,759
feet of hole were made to help in the mapping of the areal extent and thickness
of aquifers and aquicludes.

Paleontological studies of macrofossils and microfossils, chiefly Foraminifera,
were made on 3,017 feet of samples from 7 wells and 1 roadcut. In the early
part of the investigation identification was by Glenn G. Collins, micropaleon-
tologist, of the Maryland Department of Geology, Mines and Water Re-
sources, and later the collections were studied by the U. S. Geological Survey.

Nine shallow water-table observation wells were driven, and the water levels
measured monthly by tape for periods of 2 to 5 years. At the Eastern Shore
State Hospital at Cambridge, Dorchester County, an abandoned well (Dor-Ce
22) 406 feet deep has been used since March 1952 as an observation well,
equipped with an automatic water-stage recorder. An automatic water-stage
recorder on a 380-foot well (Dor-Bd 2) on Hambrook Bar, near Cambridge,
recorded waler levels from July 20, 1951 to December 31, 1952. This well was
then measured once a week by hand tape. A well (Care-Dc 56) at West Denton
has been equipped with an automatic water-stage recorder since September
1952. On April 15, 1953, an automatic water-stage recorder was installed on
an unused 1,015-foot well of the Taston Utilities Commission. During the
spring and summer of 1953, water-level measurements were made of {wo aqui-
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fers in the western part of Talbot County, in three wells. These were the “200-”
and “350-foot” aquifers of Eocene age in general use in that area, to obtain a
background record prior to anticipated large pumpage.

From August 1949 through June 1954, 1,086 water-level measurements were
made and 23 hydrographs were prepared to show fluctuations of water level
in the area. In the course of routine well canvass, 323 water-level measure-
ments were made; and 904 water-level measurements reported by well drillers
and well owners were recorded. The 4 automatic water-stage recorders have
provided 349 weeks of continuous water-level records.

Aquifer tests were made at Easton, Cordova, Federalsburg, Hurlock, West
Denton, and Cambridge.

Water samples were collected from 32 wells,; 13 complete analyses were
made on 10, and 23 partial analyses on 22 in the laboratory of the U. S. Geo-
logical Survey. The Maryland Department of Health, well drillers and other
sources supplied 132 additional analyses. All told, 168 analyses are tabulated
in Tables 30, 31, and 32: 39 in Caroline County; 73 m Dorchester County, and
56 in Talbot County. Field analyses of 75 water samples were made: 30 in
Caroline County, 22 in Dorchester County, and 17 in Talbot County. The
field analyses are listed in the “Remarks” section of Tables 33, 34, and 35.

The original draft of the report was completed in June 1954. Subsequently
it was substantially revised and four additional aquifer tests were made in
1956 by Turbit H. Slaughter.
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Well-Numbering System

Wells listed in the well tables (Tables 33, 34, and 35) of Caroline, Dorchester,
and Talbot Counties are located on county base maps (Pls. 13, 14, and 15).
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The maps are covered by a grid system of latitude and longitude lines forming
S-minute quadrangles.

The S-minute quadrangles are identified by two letters, an uppercase and a
lowercase. Uppercase letters begin at the top of both sides of the map with the
letter “A” and extend to the bottom of the map. Lowercase letters begin at
the left edge along the top and bottom of the map with the letter “a” and ex-
tend across the map. Wells located in each quadrangle are numbered consecu-
tively in the order in which they were visited.

To distinguish wells of different counties, a county abbreviation is placed
before the quadrangle designation, separated by a hyphen. For example, a well
designation Dor-Ce 2, represents the second well located in the Ce quandrangle
of Dorchester County.

Geography
Physical Features

Caroline, Dorchester, and Talbot Counties form a low-lying, gently rolling,
terraced plain, which ranges in altitude from sea level, in the many tidal rivers,
to 78 feet above sea level in the northern end of Caroline County. Dorchester
and Talbot Counties are more than three-quarters surrounded by tidewater,
and are deeply indented by tidal rivers. Much of the lower two-thirds of Dor-
chester County is marshland, with altitudes of 2 feet or less above sea level.
The land gradually rises from the marshland to a maximum of 33 feet in north-
ern Dorchester County. The land surface in Caroline County is predominantly
a plain, 40 to 65 feet above sea level, dissected by a few narrow tidal water-
ways. The western half of Talbot County is an area of necks and drowned val-
leys, where the land is 20 feet or less above sea level. The eastern half of Talbot
County is a plain which ranges, in general, from 40 to 70 feet above sea level,
and reaches 78 feet at the highest point near Easton. Elevations of localities
are given in Table 1.

The drainage of the area is controlled by two large tidal rivers, the Choptank
and the Nanticoke, and by many small rivers and creeks directly tributary to
Chesapeake Bay. The Nanticoke River has a prominent tributary, Marshyhope
Creek, which is tidal to Federalsburg. The Choptank River is tidal to Greens-
boro. It has a prominent tributary, Tuckahoe Creek, which is tidal to Hillsboro.
Along the bayside of Talbot County, the Wye River, Miles River, and Tred
Avon River are tidal estuaries. In Dorchester County, the Little Choptank
River and the Honga River are embayed estuaries. The Blackwater River,
Transquaking River, and Chicamacomico River are meandering swampy
bayous. The specific type names—creek, river, bay, sound, gut, etc.—are dic-
tated more by local custom than exact definition.

The islands and island necks of the low country are the homesites of the
watermen. The peninsula necks are finger-like in outline. The higher land of
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the plain, in the range from 20 to 78 feet above sea level, is about half wooded
and half cultivated. These are the homelands of the lumbermen and farmers.

There are a few ponds and lakes in the higher land. The ponds were formed
by the damming of a creek, where sufficient head existed to operate a mill.

TABLE 1
Elevations in Caroline, Dorchester, and Talbot Counties
Llevations are those of benchmarks in or near the locality listed or of contours. The posi-
tion in the county is a compass reference with respect to the center: N, north; NI, northeast;
E, east; SE, southeast; S, south; SW, southwest; W, west; NW, northwest; C, central.

Caroline County Dorchester County Talbot County

. | Alti-
Posi-

h tude
tion (ft.)

Posi-
tion

Posi-

Locality i

Locality tude Locality

Templeville N Williamsburg NE | 38 | Fairbank W
Henderson N Finchville NE | 42 | Tilghman W
Goldsboro N Eldorado NE | 10 | Sherwood Y
Baltimore Corner | NW Rhodesdale I NE | 41 | Wittman

Bridgeton NW Hurlock | NE | 45 | Neavitt W
Greensboro NC East New Market| NC | 35 | Bozman
Whiteleysburg NE Secretary NC | 20 | Claiborne

Ridgely wC Reids Grove L 25 | McDaniel

Hillsboro W Vienna L 13 | St. Michaels

W. Denton @ Salem EC | 16 | Royal Oak

Denton C Hicksburg EC | 21 | Bellevue

Burrsville 5, Drawbridge SE 3 | Oxford

Hobbs EC Elliott Island SE 3 | Tunis Mills

Hickman SE Bloodsworth S 1 | Unionville

Smithville SE Island Longwoods

Williston sC | Bishops Head S Skipton

Concord SC Wingate S Wye Mills

Harmony SC Toddville S Cordova

American Corners SC Hoopersville Matthews
Bethlehem SW Lakesville Woodland

Dover Bridge SW Andrews SC LEaston

Choptank SW Robbins SC Stumptown

Preston S Seward C Hambleton
Federalsburg S Bucktown C Bruceville

Taylors Island W Trappe

Madison W Barber

Church Creek Highlys Beach
Hudson
Cornersville
Lloyds
Christs Rock
Cambridge
Jacktown

D B OV WO W RN RN N W
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Many of these mill ponds have been drained, since the mills are no longer op-
erated. Among the ponds still existent are: Caroline County—Mud Millpond
on the upper Choptank River, near Henderson, a pond on Broadway Branch
near Goldsboro, and a pond on Hunting Creek near Linchester; Dorchester
County —Big Mill pond on the Chicamacomico River near Salem, Higgins
Millpond on Transquaking River near Airey, Irving pond and a pond at Gales-
town on Gales Creck; Talbot County—remnant ponds on Miles Creek, near
Trappe, Williams Creck and Papermill Pond near Easton, The lakes are found
chiefly in Caroline County. Garland Lake, Williston Lake, and a lake at Smith-
ville are in “Maryland basins.” There is topographic evidence of the former
existence of many similar lakes, which have been drained by enlargement of
the outlet (c.g., Watts Creek, near Denton).

Among the marshes in the central and southern parts of Dorchester County
are many bodies of open water at sea level, called ponds and lakes, which are
connected by tidal channels to the bay. Because the water in them is brackish
and connected to tidal flow, they are not lakes and ponds in the usual sense of
the word, but bays or bayous.

A prominent break in the slope of the land occurs in the altitude range from
25 to 40 feet above sea level. This break in slope is discernible in the field and
is particularly apparent on the topographic map, as a gentle terrace scarp,
which extends from south to north along the centerline of Talbot County, pass-
ing through Easton. West of this scarp is the lowland neck arca, below 23 feet
in clevation; east of the scarp is a dissected plain ranging from 40 to 78 feet in
elevation. The 23- and 40-foot terraces are described in the section on geo-
morphology. The same terrace scarp faces the Choptank estuary in eastern
Talbot County and in Caroline County.

A physical feature which has influenced life in many ways in this area, but
which is so subdued that many persons who live here are unaware of it, is the
profusion of broad, poorly drained basins. They have been termed “Maryland
basins” (Rasmussen and Slaughter, 1955) and are described in the section on
geomorphology. They are low, sandy rims with a central depression of oval
shape. The long diameters of the basins range from a few hundred feet to sev-
eral miles in length. The relief is seldom more than 25 feet, and commonly 10
to 15 feet. The basins retard runoff and frequently the water table is only a
few inches from the land surface in the central area. Swampy conditions persist
in many basins, although some have been drained by natural outlets and others
with ditches and canals. The basins contribute stored moisture which stimu-
lates luxuriant, verdant growth. The stands of pine, oak, gum, cypress, and
cedar are governed by topographic position and basin development.

‘The soils of Caroline, Dorchester, and Talbot Counties are loams, loamy
sands, sandy loams, silt loams, and clay loams. They are, in the main, remark-
ably permeable, although the deflocculated soils of the saltmarsh area in Dor-
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chester County would require drainage and removal of salt to render them
useful.

Because of the abundant rainfall, the gentle terrace slopes, and the profusion
of “basins”, a high water table exists in many places, particularly in the wet
seasons. This has resulted in a substantial drainage program in Caroline and
Dorchester Counties. Talbot County is more dissected, so artificial drainage
has not been so urgent there.

Although there are many miles of bay shoreline in these three counties, wide,
sandy beaches are rare. The best are developed on the tidal reaches of the
Choptank River, in the vicinity of Cambridge. Dunes are also a rarity, although
a few low, sandy hills are associated with the sandy rims of the “‘basins.”

Climate

The climate of Caroline, Dorchester, and Talbot Counties is mild and equa-
ble. Precipitation is fairly evenly distributed throughout the year, with an
annual average of about 43 inches. Summers are warm, but tempered in the
tidewater area by the bay breezes; winters are cool, and rarely cold. The air
is humid, but not oppressive.

Precipitation

The average monthly precipitation for the years of record at Cambridge and
Faston is given in Table 2. The precipitation is fairly evenly distributed. The
average for the summer quarter is 29 percent and for the autumn quarter 21
percent; the winter and spring quarters have each about 25 percent. August
has the highest average precipitation, but this is counterbalanced by high evapo-
transpiration losses, so that moisture recharge generally is deficient. November
has the lowest monthly precipitation; but, because evapotranspiration losses
have decreased, moisture recharge is usually adequate.

Table 2 also records precipitation for a single year, 1952, at Cambridge,
Denton, and Easton in order lo contrast the variations from place to place
and month to month. The year was one of abnormally high precipitation. Cam-
bridge received almost 6 inches more than Easton that year, although on the
long-term average it receives only about 1.5 inches more.

Snowfall is slight, and ice is uncommon except for 2 or 3 days each winter.
Small tornadoes and waterspouts, doing little damage, occur at rare intervals.
High winds are brought by local thundersqualls. Remnants of tropical hurri-
canes are attended by heavy rains, but not often by winds of hurricane veloc-
ity.

The monthly and annual precipitation records at Cambridge show the vari-
able nature of precipitation, month-to-month and year-to-year. The year 1930
had the lowest annual total, 23.63 inches, but the summer of 1943 recorded
the severest dry spell, with only 1.15 inches of rain in July and August. The
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record annual rainfall was 66.54 inches in 1948, September 1935 was the record
month, with 16.26 inches.

Of almost as much significance as the monthly total rainfall is the rainfall
distribution. A dry spell may be loosely defined as a period of 14 days or more
in which the rainfall is 1 inch or less. Dry spells occur at the rate of one or two
a year, during the 180- to 200-day growing season. They cause short and poor

TABLE 2
Precipitation at Cambridge, Denton and Easton
(inches of water)

Jan. Feb. \Iar ‘Apr May | June | July | Aug. | Sept.| Oct. [Nov. Dec ]Annual

Cambridge. . . ) 4.8412.89/4. 90\() 24/4.17/1.953.079. 4()3 38/1.47\7. 084 37,53.82
Denton 5.032.16/5. 33\5 9714.653.554. 45‘8 33‘3 17 .79;5. 553. 56,52.54
Easton 4.252.683.726.06(3.58 1. 94/2.58 8. 0()\4 051.185. 334 4147.84

Average \
Cambridge (58 years)..3. 643 313. 83‘3 613. ()3‘3 78‘4 55‘4 87/3.41 3 182. 853.1643.82
Easton (62 years) 3.383.153.703.39/3.493.824. 554, 4()3 373.192.773. 0742 34

TABLE 3
Average Temperatures at Cambridge, Denton and Easton
(degrees Fahrenheit)

] - '
Jan. Feb.‘Mar. Apr. [ May | June| July | Aug.|Sept. | Oct. |Nov. | Dec Ann-

ual

Cambridge. . _.141.040.2(44 .1/56.8/63.5(75.8/80.475.9(68.7/54.9/48.6.39.7/57. 5
Denton .. 40.7| — |42 555 8162.4(74.4/78.2/75.2/67.8/54.4/47.7 38.7
Easton - 40. 4’39 3!44 3156.4/62.6/76.0[79. 9176.0-68.855.3‘48.5 38.7137.2

Average
Cambridge (58 years)...[36.1/36.2[45.1|54.565.173.3/77.6/75.9/70.2|59. ()48 0[38.356.6
Laston (62 years). . ....[35.0(35.3/44.4/53.463.871.9 7().3|74.6()8.9,57.747.0 37.1/55.4

quality crops. Supplemental irrigation from streams, dug-out ponds, and from
wells may be the ultimate answer to this hazard.

Temperalure

The average monthly and annual temperatures for the years of record are
suminarized in Table 3. The average annual temperature is 56°F. The lowest
monthly average is 35°F in January. The highest monthly average is 77.6°F in
July. The tempering effect of Chesapeake Bay and of the Atlantic Ocean re-
duces the extremes that are experienced at this latitude in the continental
interior.
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Population

Caroline, Dorchester, and Talbot Counties are predominantly rural. In 1950
the population was 65,477 (U. S. Census), or an average of 50 persons per
square mile of land area. The population is concentrated in the county seats
and in small communities, leaving the country areas sparsely settled. The pop-

TABLE 4
Population of Caroline, Dorchester, and Talbot Counties, 1900 to 1950
(U. S. Census)

Caroline County i Dorchester County

Talbot County Area total

20,342
19,620
18,306
18,583
18,784
19,428

16,248
19,216
18,652
17,387
17,549
18,234

27,962
28,669
27,895
26,813
28,006
27,815

64,552
67,505
64,853
62,783
64,339
65,477

TABLE §
Population of the Principal Communities in Caroline, Dorchester, and Talbot Counties, 1950

Caroline County Dorchester County Talbot County

1,806, Cambridge.

Denton. 10, 351‘ Easton ..

1,878 Church Creek... . .. .
1,181 Eldorado.. . ..
198! East New Market. .

Federalsburg.
Greensboro
Goldsboro

187| Oxford
79| St. Michaels. .. ... .
264 Trappe

944
344
414

Henderson

Hillsboro. . . ..
Marydel. . ..
Preston... ... ..
Ridgely..............

106| Hurlock

179| Secretary...... ..
110, Vienna

353

834 |

7,388

6,645‘ 12,583

Total.

ulation has been remarkably stable from 1900 to 1950 (Table 4). Table 3 lists
the population in 1950 of the principal communities. The rural population is
about 33 persons per square mile of land area.

Agriculture, Industry, and Transportation

Farming is the principal occupation in Caroline, Dorchester, and Talbot
Counties. The chief sources of farm income are poultry, vegetables, field crops,
and dairy cattle. In Caroline County the revenue from the raising of poultry
accounts for 63 percent of the products sold (Hamilton, 1951, p. 12). Dorchester
County, formerly primarily concerned with vegetable produce, has turned
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more to poultry and field crops. Poultry and dairying are chief sources of in-
come in Talbot County. The chief field crops are corn, wheat, soybeans, barley,
hay, and Irish and sweet potatoes. The chief vegetables produced are tomatoes,
sweet corn, and lima beans. Table 6 summarizes farm acreage and income
(Hamilton, 1951).

Employment is offered itinerant workers in picking of tomatoes, snap beans,
lima beans, and peas. At the same time, seasonal canneries and packers operate
for portions of July, August, and September.

TABLE 6
Farm Acreage and Income in Caroline, Dorchester, and Talbot Counties, 1950
Caroline | Dorchester Talbot
County County County
Land acreage (tillable and forest) . } .| 204,800 @ 371,200 | 178,560
Farm acreage (tillable and forest) . .. 165,079 179,323 | 139,698
IF'arm acrcage as percentage of land area. ‘ ; 80.6 48.3 78.2
Value of farm products sold per farm. .. .. $6,480 | $4,723 | $6,907
Income above expenses per farm. .. . $2,558 | $1,305 | $3,408

TABLE 7
Commercial Forests in Caroline, Dorchester, and Talbot Counties, 1950
County Area (acres) Type

Caroline. . . .. .. 84,800 Virginia pine, loblolly pine, with mixed hardwoods,
chiefly oak and poplar

Dorchester. . .. .. 160, 300 Loblolly pine

Talbot. ... .. . 47,200 Hardwoods of white oak, red oak, and tulip poplar,
with pine

Total. ........ ... 292,300

Lumbering is a sustained industry. The entire area has probably been cut
over 6 or 7 times since settlement in the 17th century. The acreage and types
of commercial forest in 1950 are given in Table 7 (U. S. Dept. Agriculture,
Iorest Service, 1954).

Food packing and canning plants, fertilizer and feed companies, shipbuilding
and repair, lumber mills, a wire cloth company, a plastics company, and poul-
try dressing plants offer diversity in employment.

The seafood industry includes many oyster and craly processing plants. Sev-
eral hundred tons of fish, mostly striped bass, croakers, flounders, shad, trout,
herring, bluefish, and perch, are caught each year. Irogs, turtles, and terrapin
are also prized.
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The main power plant for the Maryland Eastern Shore is located at Vienna,
Dorchester County, where steam turbines are used to generate power.

The Del-Mar-Va Division of the Pennsylvania Railroad provides freight
service to many of the cities and towns of the area, with branch lines which
connect to the main line between Wilmington, Delaware, and Cape Charles,
Virginia.

Hard-surface roads form a network across the tricounty area. The main
road carrying traffic north and south through Talbot and Dorchester Counties
is U. S. Route 50. Centrally located in Caroline County, Route 404 carries the
greatest amount of traffic from northwest to southeast, connecting at Wye
Mills, Queen Annes County, with U. S. Route 50 and at Bridgeville, Delaware,
with U. S. Route 13.

Bus service connects all major cities and towns of the area. Cambridge and
Easton are the termini of many interstate truck fleets. The Choptank River
is the main artery for water freight traffic. The Easton airport serves the sur-
rounding area as a passenger terminus for major flight lines.

Previous Investigations

Comprehensive bibliographies on the geology of the Coastal Plain are pre-
sented in the volumes of the Maryland Geological Survey on the Lower Cre-
taceous (Clark, Bibbins, and Berry, 1911), the Upper Cretaceous (Clark and
others, 1916), the Eocene (Clark and Martin, 1901), the Miocene (Clark, Shat-
tuck, and Dall, 1904), and the Pliocene and Pleistocene (Shattuck, 1906).

Darton (1896) made the first report by counties on the ground-water con-
ditions on the Eastern Shore (p. 124-133, 148-150, 153-154). Fuller (1905,
p. 114-123) summarized Darton’s work. A well at Tilghman, Talbot County,
is listed by Fuller and Sanford (1906, p. 90-91).

The physiographic origin and relationship of terrace formations, which are
so extensive on the surface of Somerset, Wicomico, and Worcester Counties,
were emphasized by Shattuck (1906).

The first detailed work on the geology of the area was the Choptank folio
(Miller 1912). A geologic map of Talbot County by Miller and Little followed
in 1916. Miller also wrote the geologic section of the Talbot County report
published in 1926.

A report by Clark, Mathews, and Berry (1918) includes brief descriptions
of the geology, surface waters and ground waters of Caroline, Dorchester, and
Talbot Counties, and tables of well logs, water analyses, and general water
supply.

Stephenson, Cooke, and Mansfield (1932) reviewed the geology of the Ches-
apeake Bay region, making important contributions to the areal stratigraphy.
Cooke expanded the study of Pleistocene terraces, begun by Shattuck, along
the entire Atlantic Coastal Plain, making observations pertinent to the Pam-
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lico, Talbot, Penholoway, and Wicomico terraces which cover Caroline, Dor-
chester, and Talbot Counties.

Richards (1936) described marine fossils of the Pamlico formation (25-foot
terrace) which extends over much of Talbot County and most of Dorchester
County. His study of invertebrate fossils from deep wells along the Atlantic
Coastal Plain (1947) included specimens from wells at Denton, Caroline
County, St. Michaels, Talbot County, and Cambridge, Dorchester County.
In an earlier paper (1945, p. 902, 903) he subdivided the formations in these
three wells on the basis of fossils and lithology. He published also logs, cross
sections, and structure maps (1945, 1948, 1950, 1953; Straley and Richards
1948) defining a synclinal trough in the sedimentary beds and a channel in
the bedrock, extending through Salisbury, Wicomico County and lower Dor-
chester County, which he named the “Salisbury embayment.”

A report on the logs and paleontology of three oil tests, drilled during the
period 1943 to 1946 in Wicomico and Worcester Counties, was compiled by
Anderson and others (1948).

Shifflett’s study of Eocene stratigraphy and Foraminifera of the Aquia for-
mation (1948) included two wells (Dor-Ce 3 and Dor-Bc 6) in Dorchester
County. Her report brought out that the major aquifer in the vicinity of Cam-
bridge, the “400-foot” sand, is of Jackson age, and suggested that the Aquia
and Nanjemoy formations are absent at Cambridge. Microfossil study and
lithologic correlation in this investigation, however, indicates the presence of
the Nanjemoy formation,

Spangler and Peterson (1950) published structure maps and isopach maps
which include Caroline, Dorchester, and Talbot Counties. Inconsistencies in
their report were cited by Dorf (1952) and by Johnson and Richards (1952).

Data on fluctuations of water level in observation wells in Dorchester County
date back to 1947 (R. R. Meyer, 1951, p. 189-193) and 1948 (Gerald Meyer,
1951, p. 174-176). First records on the fluctuation of water levels in Caroline
and Talbot Counties were made in 1949 (Brookhart, 1952, p. 181-186).

Rasmussen and Slaughter (1951) concluded that the “400-foot” aquifer sup-
plying Cambridge was of great extent to the southwest and south, possibly
limited by a boundary to the northwest, and of unknown extent to the east
and northeast, and estimated its “safe” yield to be between 2 billion and 6
billion gallons a year. Rasmussen elaborated the image-well method used in
this estimate in 1952.

A study of the 25-foot (Pamlico) terrace in Maryland by Breitenbach and
Carter included 14 points roughly south to north in Talbot County (1952, p. 3.)

REGIONAL GEOLOGY

Caroline, Dorchester, and Talbot Counties are a portion of the Atlantic
Coastal Plain which was formed by the deposition of large volumes of sediment
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carried by streams from the Appalachian Mountains and the Piedmont prov-
ince to the Fall Line beyond which the active erosion of the rivers decreased
and aggradation occurred in extensive and compound alluvial fans, in deltas,
in estuaries and bays, and in the open sea.

Stratigraphy

The wedge-shaped mass of sediments that underlie the Coastal Plain is
illustrated in Plate 1. The sediments lie upon a sloping surface of hard crystal-
line rock of Precambrian and Paleozoic age, sometimes referred to as ‘“the
basement.” The deposits range in thickness from a few feet at the Fall Line
in Anne Arundel County to more than 8,500 feet beneath the Atlantic shore
in Worcester County. Beneath Caroline, Dorchester, and Talbot Counties the
sedimentary rocks are estimated to range from 2,000 to 4,000 feet in thickness.

The Coastal Plain sediments are composed of sands, greensands, gravels,
silts, clays, shales, and shell beds. In general the sands and gravels are porous
and permeable; they contain water in storage and transmit it readily. The
silts and clays also contain water, but yield it slowly or not at all. The sedi-
ments range in age from Triassic to Quaternary.

The Triassic rocks are hard conglomerate, shale, and sandstone lying on the
basement at depths below 5,000 feet in Wicomico and Worcester Counties.
They are not known to occur beneath Caroline, Dorchester, and Talbot Coun-
ties.

The Cretaceous rocks are divided into two series; the Lower Cretaceous and
the Upper Cretaceous. The Lower Cretaceous is composed of lenticular, cross-
bedded angular feldspathic quartz sands and varicolored clays. The Upper
Cretaceous has similar sands and clays, but has in addition gray lignitic sands,

drab clays, greensands, and dark green micaceous sandy clays. The Cretaceous
system ranges in thickness from about 1,000 feet at the outcrop to more than

5,630 feet near Ocean City. The Cretaceous units lie at depths ranging from
600 to 4,000 feet in Caroline, Dorchester, and Talbot Counties.

The Tertiary system overlies the Cretaceous system. It is composed of sev-
eral series of marine strata, chiefly medium- to fine-grained beds of quartz
sand, greensand, shell, gray diatomaceous silts, and green, brown, and gray
clays, overlain by an uneven mantle of nonmarine red gravelly sand. The
marine series are assigned to the Paleocene, Eocene, and Miocene epochs. The
nonmarine red gravelly sand is correlated on the basis of lithology with the
Bryn Mawr gravel of Pliocene(?) age. The Tertiary rocks range in thickness
from a few hundred feet at the outcrop, in the vicinity of Annapolis, in Anne
Arundel County, to about 1,950 feet at Ocean City, in Worcester County.

The sand beds, and a few of the shell beds, of the marine series form the
important artesian aquifers of Caroline, Dorchester, and Talbot Counties.
These beds have good opportunity for recharge through intake belts buried




GROUND-WATER RESOURCES 19

beneath relatively thin Pliocene(?) and Quaternary deposits. The beds are also
exposed in many slopes and banks along the rivers of the Western Shore, and
in the lower portion of many of the creeks of the Eastern Shore.

The red gravelly sand of Pliocene(?) age was deposited in channels extending
to more than 100 feet below sea level and ranges in thickness from a few inches
to more than 50 feet.

The Quaternary deposits overlie the Tertiary rocks unconformably as a
mantle which ranges in thickness from a few inches to more than 100 feet. The
Quaternary sediments are composed of white gravelly sand, buff medium-
grained sand, gray fine sand, sandy silt, and peaty clay. The lower Quaternary
deposits occur as channel fills in the buried Tertiary erosion surface. The upper

TABLE 8
Rates of Southeasterly Dip, Coastal Plain Series of Maryland
(feet per mile)

Cambridgc to } 6 miles east of
6 miles east of | Salisbury to
Salisbury, 33 |Atlantic QOcean,

|
Patapsco River | Wades Point to
Series to Wades ] Cambridge, 20

Point, 34 miles miles s SBIriles
Pleistocene. ... ... ... . ... .. — 0 0 3
Pliocene(?y. . .. ... ... ... ... ... — 0 o) 8
Miocene ... . ... ... ... .. ] — 0 145 10
Focene .... .. .. .. .. ... 7 22 42
Paleocene . ... . ... — 3 20 39
Upper Cretaceous. . ... ... .. — 8 17 59
Lower Cretaceous. ... .. . 43 55 55 73

Basement rocks. .. .. .. ) - 58 58 ! 64 146

Quaternary deposits are stratified drift, occurring as barlike or eskerlike ridges
which form the rim of broad, oval, saucer-shaped depressions. The depressions
contain a few inches to a few feet of organic loam, representing peat-bog deposi-
tion. Dunes have formed on the rims.

Structure

The regional structure of the Coastal Plain sediments is a homocline dipping
in a southeasterly direction (Pl. 1). Table 8 shows the rates of dip along the
cross section increase with depth.

‘The strike of the sediments is in general northeasterly, approximately parallel
to the Fall Line. Figure 2 shows a cross section through the Coastal Plain sedi-
ments approximately along the strike, 30 to 100 miles east of the Fall Line.

The sediments occupy several troughs in the basement complex, separated
by broad ridges. Caroline, Dorchester, and Talbot Counties lie in one of these
troughs which has heen named the “Salishury embayment” (Richards, 1948,
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p. 34) because the axis passes through Worcester and Wicomico Counties in
the vicinity of Salisbury.

Geomorphology

The Coastal Plain of the lower Maryland Eastern Shore, though appearing
monotonously level to the untrained eye, has a variety of surface features.
There are terraces, stream channels. drowned valleys, basin-like depressions.
swamps and marshes, remnant dunes, barlike features, and disturbed soils.

Terraces

The coastal margin of the Atlantic shore and the margins of tributary bays
and estuaries, are faced by plains of low gradient. These plains are inclined
gently upward in a series of low steps, or terraces. The break between terraces
is indicated by features of micro-relief which are hard to observe, and which,
because of recent erosion and vegetative cover, are in many places absent or
obscure, so that even trained observers are not in agreement over whether
there are 2 terraces or 7 (Cooke, 1941).

The terraces are evidence of recent higher stands of sea level, and their num-
ber and sequence must eventually be properly keyed (Cooke, 1930, a and b;
1932, 1935) to the great advances and retreats of the continental ice mass,
which has waxed and waned at least four times within fairly recent geological
time (Coleman, 1941), creating inverse low and high levels of the sea.

Shattuck (1901, 1906) recognized and defined four terraces (besides the
recent) along the shores of Maryland and adjacent states. He named the Talbot
terrace (sea strand at 42 feet) from Talbot County. Cooke, working along the
entire Atlantic Coastal Plain from New Jersey to Florida, enlarged Shattucks’
terraces to seven. Other geologists have added local intermediate terraces, evi-
dence for which has not been found to be regional in extent.

The terrace boundaries are parallel with the present-day sea level demon-
strating stability of the Atlantic Coastal Plain since early Pleistocene time.
Some have doubted the horizontality of the terraces (Johnson, 1928; Dryden,
1935), but their supporting evidence has been challenged (Cooke, 1936).

Table 9 lists the terraces which are believed to be present in Caroline, Dor-
chester, and Talbot Counties. Evidence exists for all of these terraces in the
three counties. The evidence is especially good for the Talbot terrace in Talbot
County, the Pamlico terrace in Talbot and Dorchester Counties, and the Pen-
holoway terrace in Talbot and Caroline Counties.

Good topographic map evidence of terraces is a grouping of contours repre-
senting the terrace scarp or sea chff formed when the sea stood at the foot of

the slope. Because the modern topographic maps of this area have a 20-foot
contour interval, it is difficult to define accurate terrace houndaries on them.
The qguadrangles of a half century ago have a 10-foot interval, and show the
terrace boundaries more accurately.
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Further evidence of terraces is found in a lineation of gravel pits, dunes, and
bar-like features, with adjacent swales containing black, organic soils. Iield
work in Talbot County substantiated the 40-foot Talbot terrace on this basis.
Breitenbach and Carter (1952) confirmed the Pamlico 25-foot terrace in Talbot
County by map study.

The terrace surfaces have been assumed by many geologists to be associated
with terrace deposits, which have been given formation names equivalent to
the terrace under which they lie. The Pamlico formation in particular, in this
area, is a deltaic deposit, which fills, in part, earlier Pleistocene valleys.

TABLE 9
Terraces Below the 100-Foot Contour in Caroline, Dorchester, and Talbot Counties

Name Elevation of upper limit (in feet)] Range in elevation (in feet)
Wicomico. . . —— - About 100 70 to 100
Penholoway . .... e } 70 40 to 70
Talbot. . .. ... . ... L 40 25 10 40
Pamlico. ... ... .. VI ‘ 25 15to 25
Princess Anne. .. e 1 15 6to15

Silver Bluff ... . . o 0 0106

Maryland *Basins”

The dominant land forms in Caroline, Dorchester, and Talbot Counties,
aside from the terraces, are oval-shaped basins of low relief. There are basins
within basins, and the rims of some of them overlap or cross over those of oth-
ers, but most of them are self-contained. Their relief and pattern is so subdued

that many of the local residents are unaware of their existence. Others, while
familiar with the “whale wallows”, as they are colloquially known, do not
realize the influence they have had on the destiny of the inhabitants and on
the vegetation in the area.

Most of the first trails were blazed on the rims of these basins, because the
low central areas were frequently too marshy to cross. Primitive roads followed
the trails, so that almost all the early county roads proceed in broad curves,
passing from basin margin to basin margin. The early pattern of cultivated
fields followed the basin rims, and only encroached upon the centers of basins
which had natural drainage, or which could be drained by simple ditching.
The forestation and the value of timber have been dependent upon the basin
form: the Virginia and short-leaf pines and the highland hardwoods grow more
readily on the rims; the cedar, cypress, black gum, yellow poplar, and loblolly
pines grow more readily in the basins. The soil at the center is usually darker,
thicker, and more organic than the sandy loams on the rim,
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The crest line of the rim generally slopes in the same direction as the sur-
rounding plain. The long axes of the basins range in diameter from about 0.15
mile to 7 miles, and the short axes from 0.10 mile to 5 miles. The orientation
of the axes is diverse. The basins range in area from about 7 acres to over
17,000 acres.

The rims are narrow, ranging from a few tens of feet to a few hundred feet
wide. They are wider and higher where two or more basins coalesce. Low sta-
bilized dunes cap the sandier rims. The rims apparently were not developed
uniformly around the perimeters of the basins, but there appears to be no pre-
dominant direction for greater development.

The relationship of Maryland “‘basins” 1o “Carolina bays” and similar topo-
graphic features in New Jersey and Alaska and the many hypotheses of their
origin are discussed in Bulletin 16 (Rasmussen and Slaughter, 1955).

The basins have an important effect upon the capture of rainfall and its re-
tention in the soil to provide optimal opportunity for infiltration, the retarda-
tion of runoff, and the discharge of soil moisture and ground water in large
quantities by evaporation and transpiration. They are thus a significant factor
in the ground-water recharge and discharge in the three counties.

To evaluate one of these basins in the subsurface, a basin which has a pro-
nounced topographic expression was selected in Dorchester County, about
1 mile north of East New Market. It is readily discernible by the dip into the
basin on State Highway 11. Topographically it is brought out by contours on
the East New Market quadrangle, 7l5-minute series. The axis of the basin
is 2,800 feet in long diameter, bearing about N. 35° W. The maximum relief
from the highest point on the rim (52 feet sea level datum) to the lowest in
the center (32 feet) is 20 feet, but the altitude of the rim decreases from 52 feet
on the south side to 45 feet on the north side.

Four test holes were drilled in this basin, approximately along the long di-
ameter. They were Dor-Bf 26, 24, 29, and 28. Bf 26 and 28 are on the rim and
Bf 24 and 29 in the basin. They showed the basin to be a feature restricted to
the Quaternary surficial deposits and not affecting the underlying Tertiary
deposits. The rims and part of the center of the basins are composed of a mate-
rial distinct in color and of somewhat more variable texture than the earlier
materials of Pleistocene age, which has been named the Parsonsburg sand
(Rasmussen and Slaughter, 1955). The basins are, therefore, chiefly deposi-
tional features formed by the accumulation of rims upon the pre-existing plain.
Because the rims are composed of stratified sand and gravel, with occasional
erratic cobbles and boulders, they are considered to be a stratified drift formed
around icebergs which were stranded on the Eastern Shore land mass during
some short-term higher stand of the sea in late Pleistocene time. The basins
are thus kettleholes, in the broader sense, developed on a marine plain.
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Stream Channels and Drowned Valleys

The lower portion of the streams in Caroline, Dorchester, and Talbot Coun-
ties (Pls. 13, 14, and 15) are meandering whereas the upper stem and branches
are relatively straight. The topographic maps indicate that the meandering
portions occur chiefly below the 20-foot contour. At tide level they become
meandering estuaries. According to Campbell (1927) the meanders in the sea
level course of a river were formed when the river was above sea level because
a stream flowing at tide level does not corrode its banks or impinge on the
outer curve, but tends to follow a median channel and has no power to cut off
its meanders.

The meanders of the Nanticoke, Choptank, Blackwater, Chicamacomico,
and Transquaking Rivers, and of Tuckahoe, Marshyhope, and Kings Creeks,
were probably formed shortly after the Pamlico terrace plain emerged from
the sea. Runoff from the headwater creeks discharged upon the relatively flat,
emergent marine plain, developing the typical meander bends, cutoff. meanders,
and ox-bow lakes of streams in old age. Sea level was probably about 25 feet
below the sea level today, as soundings recorded on charts of the U. S. Coast
and Geodetic Survey outline a terrace scarp in many of the rivers tributary
to the Chesapeake Bay at depths of 20 to 30 feet below mean low water.

It is probable that a higher grade in the lowest course of these streams
formed a rapids zone which migrated headward in the unconsolidated sedi-
ments and entrenched the meanders. Later, when sea level rose to its present
datum, the entrenched meanders in the lower portion of each stream were
submerged. Under the reduced gradient created by raising the base-level of
erosion, the streams backfilled their meanders in the range from sea level to
the 20-foot elevation, developing the choked, swampy flood plains so prevalent
in the lower reaches today.

The valleys above the tidal meanders are mature, in contrast to the inter-
vening terrace plains, which are youthful. Their maturity is probably due
more to the ease of erosion of the unconsolidated sands, silts, and clays than
to an extensive period of time or an intensive weathering.

The difference in configuration between the drowned valleys of western
Talbot County and northwestern Dorchester County which have a dendritic
pattern and form a neck area and the meandering sluggish drowned valleys
of the lower half of Dorchester County which form a marsh area is probably
due to difference in erosiveness of the parent materials of the Pamlico terrace
plain. Tn the neck area, the Pamlico formation is a sand-silt material, whereas
in the marsh area it is a silt-clay material.

A striking geomorphic feature of the drowned valleys is the barbed junction
of a few of the tributaries. In normal stream drainage, tributaries join the trunk
at a V-junction, with the V pointing downstream. Barbed tributaries join the
trunk at right angles or with the V pointing upstream. Tuckahoe Creek joins
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the Choptank River in a pronounced barb. Kings Creek, Bolingbroke Creck,
and the Tred Avon River are barbed into the Choptank River.

Another peculiarity of the larger drowned valleys is the chevron bends in
their course. The chevron bend of the Choplank River around Bow Knee
Point, at its junction with Hunting Creek, is similar to that of a barbed tribu-
lary. Tt makes a second chevron bend around Chancellor Point, 2 miles east
of Cambridge. A third chevron bend is made around Cook Point as it joins
Chesapeake Bay. The Little Choptank River likewise makes a chevron bend
as it joins the bay. The chevron bends of the Miles River at Newcomb, and,
again, at Kastern Bay are pronounced. Iishing Bay has a chevron bend at
which opposite sides of the river match like pieces of a jig-saw puzzle.

These barbed tributaries and chevron bends indication reversals in drainage
within fairly recent geological time.

The large drainageways show two-directional control, whereas the headwater
creeks are random in direction and consequent upon the initial slope. The
larger, deeper streams have cut through the Pleistocene mantle, and their
drainage is controlled by the strike and dip of the beds of Tertiary age.

In general, the large streams flow parallel to the strike, which is southwest
and south-southwest. Strike control is shown by the flow of the Choptank
River from Williston to Dover Bridge and from Hunting Creek to Cambridge.
It is shown by the Nanticoke River from Seaford, Delaware, to Vienna. The
upper course of Tuckahoe Creek, though flowing essentially over the Pleisto-
cene mantle, appears to have been influenced by buried Tertiary deposits,
perhaps by a cuesta of the Choptank formation. The estuarine rivers of the
neck areas also manifest control by strike of the Tertiary system: the Little
Choptank River, the Tred Avon River, the Miles River above Newcomb,
Broad Creek, and Harris Creek.

A few segments of the major streams, however, flow in the dip direction of
the Tertiary strata: the Marshyhope Creek in the segment near Eldorado; the
Choptank River in the segment along IFrazier Neck to Hunting Creek; and
the lower portion of Tuckahoe Creek, above its junction with the Choptank
River. There are also segments counter to the direction of dip; the Choptank
River below Cambridge; Miles River helow Newcomb; and Edge Creck near
Royal Oak. They probably indicate reversals in drainage of the Chesapeake
Bay system.

Dunes

There are few dunes of significance in Caroline, Dorchester, and Talbot
Counties. The rim material of some of the Maryland “basins” occasionally
resembles dune deposits. Some of the rim material may have heen reworked
and redeposited as low-level dunes by the wind, but there has heen little nmi-
gration of material from the basin rims. A few recent dunes are found along
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the margin of Chesapeake Bay, but they are small, seldom more than 5 feet
high, and scattered. Wind activity has not played a prominent part in the
geomorphic history of this area.

GENERAL PRINCIPLES OF GROUND-WATER OCCURRENCE
Origin and Recharge of Ground Water

The major part of ground water originally falls as rain or snow. The precipi-
tation filters through the soil zone, or seeps in from the bottom of streams,
lakes, or ponds, providing recharge to the ground-water reservoirs.

Part of the ground water may be residual in the underground reservoirs, left
by the ancient seas, lakes, or rivers in which the sediment accumulated. Such
water is called “connate” water.

Part of the ground water may have come from hot springs and magmatic
liquids of the interior of the earth. These waters, called “juvenile” or “mag-
matic” ground waters, are common in volcanic areas, but are believed to be
negligible in this area.

Along the coast, waler may enter the ground-water reservoirs from the sea.
It can be detected by its high salt content. In general, fresh water beneath the
land holds back the salty water since the water level beneath the land is above
sea level. In areas of heavy pumping near the coast, or with the dredging of
sea-connected canals, sea water may encroach landward and endanger the
fresh-water reservoir.

Encroachment of salt water has occurred in Somerset County, where an ar-
tesian aquifer of the Yorktown and Cohansey formations(?) has been intruded
by brackish waters of Chesapeake Bay. This sand underlies Elliott Island and

Bloodsworth Island in lower Dorchester County, under water-table conditions
at shallow depth. At Elliott Island drillers by-pass it, presumably because of

poor quality water. Most of the shallow water-table sands of the lower two-
thirds of Dorchester County and some of the shallow sands of the western
half of Talbot County have been contaminated by bay waters, and the ground
waters are not usable for most purposes.

The portion of ground water derived by replenishment from the atmosphere
is governed by the natural laws of the hydrologic cycle, which are partly sum-
marized in the equation of hydrologic balance

P=R+ETH S

in which:
P s precipitation—rain, snow, hail, sleet, dew, or frost
R is surface and ground-water runoff from the land
ET is evapotranspitation, combining evaporation of water and transpira-
tion by plants
S comprises the changes in storage (usually small increments of the equa-
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tion) of the surface reservoirs, the soil reservoirs, or the ground-water
reservoirs. The changes may be positive or negative.

Storage of Ground Water

The portion of the rainfall or snow melt that filters into the ground, after
satisfying, at least locally, the deficiency of moisture in the soil zone, percolates
by gravity through the small openings between sediment grains, or through
fissures in the rocks, to the top of a zone of saturation, which top is known as
the water table. The water table may be defined as that level in the ground
below which the crevices are saturated with water that is free to flow into wells.
'The water table is the water level in free, open wells.

A fringe of moist sand or rock a few inches to a few feet above the water
table is often encountered in drill holes. 'This moist zone is called the capillary
fringe, since it is caused by the capillary retention of some water above the
saturated zone. The capillary water is not yielded to wells.

The water table rises fairly rapidly in response to recharge, and falls grad-
ually as the water seeps away to lower points (wells) or zones (valley bottoms
or channels) of discharge. The amount the water level will rise in response to
recharge depends upon the available pore space within the ground. If the pore
spaces are few or small, the same quantity of infiltrated water will raise the
water level higher than if they are numerous or large.

A measure of the ability of the ground to store water is called the “specific
yield,” which is the ratio of the volume of water a saturated sample will yield
by gravity to the volume of the sample. The statement that the specific yield
of a sample is 25 percent means that the saturated sample will yield a volume
of water equal to 25 percent of the volume of the sample. One inch of water
filtering into such material would cause a 4-inch rise in ground-water level.

Another measure of the storage of ground water is called the “coefficient of
storage.” This coefficient is the volume of water, measured as a fraction of a
cubic foot, released from storage in each column of the water-bearing bed
having a base 1 foot square and a height equal to the thickness of the water-
bearing bed when the water level is lowered 1 foot.

The coeficient of storage, usually determined by a controlled well-field test,
is approximately equal to the specific yield in unconfined ground-water reser-
voirs in which the water surface is the water table. In confined, artesian water-
bearing beds, the coefficient of storage is usually a few hundredths to a few
thousandths of a percent, due to the fact that the water is derived not from
emptying the crevices in the underground reservoir, but from the shrinkage
or contraction of the water-bearing bed and its confining layers, and the slight
expansion of the water under the decrease in pressure around the well.

Available ground water is stored in water-yielding beds or strata called aqui-
fers. In Caroline, Dorchester, and Talbot Counties the aquifers are usually of
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fine to medium-grained sand, with occasional layers of gravelly sand, silty
sand, or shell beds. The aquifers are underlain, and the artesian aquifers over-
lain, by confining beds which contain water but yield it slowly. The confining
beds are called aquicludes because they include water, but retain it; in this
area they are usually composed of silt or clay.

Aquifers serve three purposes: as ground-water reservoirs, retaining water
in storage; as ground-water conduits, acting as a multitude of pipes, many of
filament size, for the slow movement of ground water; and as ground-water
filters, clarifying muddy waters from the intake areas, and in the sand aquifers
often purifying bacterially polluted waters within a few tens of feet. In gen-
eral, aquifers do not act as chemical filters and are not capable of materially
altering high acid, high alkaline, or saline waters, although over great distances
of ground-water percolation some chemical change may take place.

Water-bearing beds are separated into two groups, the unconfined aquifers
and the confined aquifers. Unconfined ground water occurs under water-table
conditions; confined ground water occurs under artesian conditions. The pro-
duction of water from wells, the quantity derived from storage, and the area
of influence of falling water levels are distinctly different for water-table con-
ditions than for artesian conditions.

Water-Table Aquifers

Unconfined aquifers are those in which infiltration water has free access to
recharge the water surface. Wells pumping from the zone of saturation beneath
the water table depress the water table toward them and drive water directly
from storage by dewatering part of the zone of saturation. The sources of re-
charge are infiltering rainfall, or the influent seepage of a nearby stream.

In this area the water table is usually 2 to 20 feet below land surface, with
an average, areally and year around, of about 4 feet. The bottom of the un-
confined reservoir is seldom more than 100 feet below land surface. The satu-
rated thickness is usually only 50 to 100 feet, so that there is not a great deal
of available “drawdown,” or available “reservoir” which can be dewatered
for large producing wells. However, because the coefficient of storage for water-
table aquifers is usually large, in the range of 1 to 30 percent, water-table wells
penetrating permeable aquifers are often capable of large yields, without great
drawdown, or without having a radius of influence greater than a few thousand
feet. Wells located close to ponds or streams usually have the highest yield,
deriving recharge from the surface-water.

Artesian Aquifers

Confined aquifers are water-bearing beds enclosed above and below by im-
permeable to semipermeable beds. Confined reservoirs are artesian in that the
water level in wells rises above the top of the producing sand. Often the water
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overflows the surface in the carly period of development of the aquifers, par-
ticularly in wells drilled in valleys. As the artesian head falls, many such wells
cease to flow and must be pumped, but they are still artesian.

The height to which water rises in wells drilled to an artesian aquifer indi-
cates the pressure head of the water in the aquifer. The imaginary surface to
which the water would rise in a well drilled to the aquifer at any point is called
the piezometric (pressure-head-indicating) or potentiometric (potential-indi-
cating) surface,

Most artesian aquifers have low coefficients of storage, in the range from
0.001 to 0.00001. The area of falling water levels in artesian aquifers often ex-
tends several miles from the producing well or well fields.

Most of the artesian aquifers in the tricounty area are sheet sands, overlain
by sheet silts and clays. They underlie areas ranging from a few square miles
to several tens of square miles, and are usually 10 to 50 feet thick. The artesian
aquifers are encountered below water-table sands and their confining beds at
depths of 50 to 100 feet below land surface and have a regional dip to the
southeast of 10 to 20 feet to the mile.

Since the artesian aquifers in the tricounty area lie deeper than the water-
table aquifer, and in places have an initial potentiometric surface as high or
higher than the overlying water table, there is usually greater available draw-
down. The artesian aquifers reccive recharge from the water-table aquifers,
in broad belts where the sheet sands directly underlie the mantle of Pleistocene
and Pliocene(?) deposits. It is probable also that some recharge is received
through leaky confining beds in areas where the artesian sands are not directly
in contact with the water-table aquifer but the potentiometric surface is below
the water table. The confining beds would permit the passage of water at only
a slow rate, but the contribution over a large area may be substantial.

Aquicludes

The confining materials between aquifers in Caroline, Dorchester, and Tal-
bot Counties are chiefly silt, with minor amounts of clay and very fine sand.
Although these beds are porous, the pores are so small that the capillary forces
hold the water to the grains and allow it to move only very slowly in response
to high hydraulic gradients, that is, under great differences of pressure. Though
these porous materials have a low permeability, where they are extensive they
transmit appreciable quantities of water under vertical differences in head as
they contain a large quantity of water in storage.

Movement and Discharge of Ground Water

Water moves in the two modes of turbulent and streamline flow. Fast-mov-
ing water, common in rivers, lakes, and scas, and in large openings in the
ground, such as caves or fissures, is turbulent, such that small particles of the
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water, or suspended grains in the water, are transported in complex whorls
and eddies. Slow-moving water, such as water moving slowly through small
pipes or through granular openings in the ground, is streamline, or laminar,
in that the path of a small particle is threadlike and unbroken, and continuous
in the same general direction.

Most ground water moves in laminar flow. Exceptions are the flow of water
in cavernous limestones, in fissured volcanic rocks, or in the immediate vicinity
of a high-capacity well. The natural rate of movement of ground water is usu-
ally only a few feet a day, although in granular materials the rate may vary
from an infinitesimal velocity to several hundred feet a day (Meinzer and Wen-
zel, 1942, p. 449).

The rate of movement of ground water is governed by Darcy’s Law, which
may be written (Wenzel, 1942, p. 3-11):

Q= Pid

in which Q is the quantity of water discharged in a unit of time, /* is the co-
efficient of permeability, I is the hydraulic gradient, and A is the cross-sec-
tional area through which the water percolates. Wenzel (1942, p. 4) states:

This formula serves as a basis for determining the quantitics of ground water that perco-
late from areas of recharge to areas of discharge, and consequently it is used for determining
the safe yield of underground reservoirs.

The field coefficient of permeability is defined by Wenzel (p. 7) as:

... the number of gallons of water that would be conducted were the temperature of the
water 60°F., through each mile of water-bearing bed under investigation (measured at right
angles to the direction of the flow) for cach foot of thickness of the bed and for each foot
per mile of hydraulic gradient.

The coefficient of permeability is supplemented by a coefficient of trans-
missibility, T, which is the product of the average field coefficient of perme-
ability and the saturated thickness, m, in feet (Theis, 1935, p. 520)

T =P"m

The coefficient of permeability denotes a characteristic of the material: the
coefficient of transmissibility represents the analogous characteristic of the
aquifer as a whole.

Ground water is transmitted through the earth from points of recharge to
points of discharge. Ground water is discharged as ground-water runoff (flow
into surface bodies of water), ground-water evapotranspiration, subterranean
leakage or underflow, and yield to wells.

Ground-water runoff is the lateral percolation of ground water to areas of
surface seepage, that is, to springs, to channels, or to open bodies of water.
Ground-water runoff is high in the tricounty area.
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Ground-water evapotranspiration is the discharge of ground water due to
the heat of the sun. The water moves almost vertically from the water table
and is discharged as water vapor, either directly from the soil or via plant tis-
sues. Where the water table stands within a few feet of the surface, the capil-
lary fringe commonly extends up to the land surface. As the rays of the sun
evaporate water from the soil, the water is replenished by capillary movement
of water from the water table to the soil zone. Under these water-table con-
ditions, plant roots commonly extend to the water table or to the capillary
fringe and drink water through the rootlets to the stems, to discharge it as
water vapor from the stomata of the leaves. This is transpiration. Evapotrans-
piration is high in the tricounty area.

Subterranean movement from one aquifer to another accounts for some
ground-water discharge. If the movement is from a higher to a lower aquifer,
the deeper rocks must have a means of discharging water to the surface or into
a body of surface water somewhere.

The discharge of grounl water to wells is an artificial discharge imposed
upon ground-water reservoirs. In the eastern shore of Maryland it is the prin-
cipal means by which ground water is withdrawn for human use.

Hydraulics of Wells and Concept of “‘Safe’” Yield

Wells discharge water by artesian flow or by pumping, extracting water from
the saturated materials surrounding the well bore and causing water from
distant areas to move toward the well. The water table or the potentiometric
surface surrounding the well is lowered, creating a cone of depression, so that
there is a hydraulic gradient from the limit of the cone of depression to the
mouth of the well. The lowered water level is usually maintained as long as
the well is operating, but when the well is shut down the water level rises,
though it may not return to its initial level for a considerable period of time.

A typical cross section of a cone of depression is shown in figure 3. The figure
also shows the Theis (1935) formula used to determine the rate of fall of water
levels in response to pumping, for given distances, times, and coefficients of
transmissibility and storage.

Pumping of water from wells decreases the ground-water runoff and, with
a near-surface water table, it may decrease ground-water evapotranspiration.
Insofar as this runoff and evapotranspiration served no useful purpose, but
was simply discharged as wasted water to the sea or to the atmosphere, the
pumpage represents water diverted to the uses of man. The amount of ground
water so discharged is the measure of the ultimate practicable yield of wells
in an area.

Several wells developed and pumped in the same formation mutually affect
water levels in each other by amounts depending upon the character of the
aquifer, their rates of pumping, and their distance apart. If the water levels
in the formation become sustained after the wells or well fields have been com-
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pletely developed, the discharge is considered within the “safe” yield of the
formation. If, however, the water levels continue to fall and do not stabilize,
the “safe” yicld of the formation may have been exceeded at least locally.
“Safe” yield, as used here, means the maximum rate of continuous pumping
from a well or group of wells, or from an aquifer, that can be maintained in-
definitely with the water level in the wells approaching but not declining below
some danger level. This danger level may be the top of an artesian aquifer,
the top of a screen, the position of the pump bowls, the economic pumping lift,
or the position of a fresh water-salt water interface. Controlled well-field tests
and geological study enable the determination of the proper well spacing and
rates of pumping to develop the maximum practicable yield of good water.

GEOLOGIC FORMATIONS AND THEIR WATER-BEARING
PROPERTIES

The geologic formations of Caroline, Dorchester, and Talbot Counties, their
range in thickness and in depth, and their character and water-bearing proper-
ties are summarized in Table 10.

The stratigraphic correlations in this report that differ from or extend those
of previous workers in adjacent areas are based chiefly upon the lithology of
well logs, governed by paleontology on a few key wells. The paleontology is
presented in Table 11. The major paleontologic control is derived from deep
wells at Wades Point in Talbot County, West Denton in Caroline County,
and Cambridge in Dorchester County:.

Precambrian and Paleozoic Crystalline Complex

The thick accumulation of sediments which underlie Caroline, Dorchester,
and Talbot Counties rests upon hard, crystalline rocks at estimated depths
ranging from 2,200 feet below land surface beneath Tilghman Island, on the
northwest to 4,000 feet below land surface beneath the Nanticoke River on
the southeast. These very hard, crystalline rocks contain little or no water.
They represent the “basement” below which water wells can not be drilled.
Plate 2 shows the depth of the basement rock surface.

Cretaceous System

Plate 3 is a map of the top of the Cretaceous system, a southeasterly sloping
homocline, ranging from about 500 feet below sea level at Wye Mills, Talbot
County, to 1,100 feet below sea level along the state line, east of Eldorado,
Dorchester County. The rate of dip to the southeast is 22 feet per mile. The
map is based on data for only 14 wells in the tricounty area and 8 wells in the
surrounding counties, so that it is only an approximate representation of the
top of the Cretaceous system, or the base of the Tertiary system. The trough
with an axis passing beneath Federalsburg and Royal Oak may be the trough
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TABLE 11
Paleontology of Samples from Wells and Oulcrops in Caroline, Dorchester, and Talbot Counties

Depth (feet) Formation and series Paleontology

Well Car-Dc 40-45 St. Marys, Miocene | Pecten (Lyropecten) sp. fragment

122 Anadara cf idonea (Conrad) fragment
Permit 11234 Corbula inaequalis Say

L.ocation— Aslarle sp.
West Teinostoma cf greensboroense Martin
Denton Barnacle fragment

Paleontologist Coral fragment
— Druid 45-50 St. Marys, Miocene | Pecten (Lyropecten) sp. fragment
Wilson Corbula inaequalis Say

Siphonalia cf marylandica Martin frag-
ment

Vrosalpinex cf cinereus (Say) fragment
Crucibidum pileolum (Lea)
Turritella plebeia Say
Barnacle fragment
Coral fragment
50-55 St. Marys, Miocene | Peclen (Lyropecten) sp. fragment
Corbula inaequalis Say
Turritella cf variabilis Conrad
Barnacle fragment
Corbula inaequalis Say
Gastropods indeterminate fragments
Barnacle
Turritella plebeia Say
Barnacle fragments
65-68 St. Marys, Miocene | Pecten (Lyropecten) sp. fragments
[ Uzita cf marylandica Martin
Barnacle
82-87 | Choptank, Miocene | Yoldia cf laevis (Say) fragment
Pelecypod indeterminate fragments
| Turritella sp.
87-92 | Choptank, Miocene | Callocardia cf subnasuta (Conrad) frag-
ment
Turritella variabilis var. cumberlandian
| Conrad
Dentalium caduloide Dall
92-97 Choptank, Miocene | Pecten (Lyropecten) sp. fragments
Astarte sp. fragment
Corbula inaequalis Say
Pelecypod indeterminate fragment
Barnacle fragment

55-60 St. Marys, Miocene

60-65 St. Marys, Miocene

“Because of the meagerness of the evidence the age assign-
ments . . . cannot be regarded as very certain.””—Druid Wilson




Depth (feet)
Car-De 122— | Above
Continued 192
192-197
197-331

331-370

370-488

488-516
516-520
604609

609-615
to 852.2

GROUND-WATER RESOURCES

Formation and series
St. Marys and Chop-

tank, Miocene
Calvert, Miocene
Calvert, Miocene

Piney Point, Eocene
(Jackson group
equivalents)

Nanjemoy(?), Eocene

Aquia, Eocene

Aquia, Eocene

Paleocene

Upper Cretaceous

TABLE 11—Coniinued

Paleontology

Ruth Todd, micropaleontologist says:

“the following boundaries are recog-:
nizable on the basis of the Foraminifera

The uppermost samples, down to the
321-331" sample, are Miocene; those
from the 192-197" sample downward
probably being Calvert and the higher
ones questionably St. Marys and Chop-
tank. Below 331 fect an abrupt change
of lithology to coarse quartz grains coin-
cides with the lowest good Miocene.

The first Eoccne forms cncountered

| arcin the 370-374' sample. The samples

in the interval between the lowest good
Miocene (331 feet) and the highest
Eocene (370 fect) contain only rare
Miocene specimens probably by con-
tamination from above.

Samples between 370 and 488 feet
contain Eocene, probably Jackson,
forams, in some samples largely ob-
scured by Miocene specimens from
above. No diagnostic forms were found
in the interval from 488 to 516 feet. In
the 516-520" sample Wilcox FEocene
species appear and they continue down-
ward to the 604-609" sample.

In the 609-615' sample the first Paleo-
cene is encountered and it continues
downward to the 850'8”-8522" sample
and possibly lower, though with a
change in facies below 8522”.

The first definite Upper Cretaceous
forams were observed in the 922'2”-
932’'8” sample and they continue to the
bottom of the well. The interval be-
tween 852'2” and 922'2” might possibly
be Upper Cretaceous also, but, dis-
counting the probable contamination
by Paleocene specimens from above,
the fauna in this interval still has more
of a Paleocene than an Upper Cretace-
ous flavor.”

Denton 360-391

Llocene

Ostrea sculptrata (Richards, 1945, p. 901)
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Depth (feet)

TABLE 11—Cantinued

Formation and series Palcontology

See Richards, 1936, p. 1620, for fossil

Herring Hill 4 above | Pamlico, Pleistocene
1 mile north sea description
of Federals- level
burg, Caro- | 28 above
line County sea
level
Williston, 0 Pamlico, Pleistocene Do.
Caroline East bank
County of
Chop-
tank
River |
Dor-Ah 3 420-502 = Miocene Ruth Todd, micropaleontologist, says,
Williams- “I can see no indication of anything
burg other than Miocene.”
Dor-Bc 6 300, 360, | Piney Point, Eocene | “Jackson Eocene Foraminifera” (Shif-
Permit 1505 400, (Jackson group flett, 1948, p. 26)
420 equivalents)
Cornersville 510-520 | Paleocenc Marginulina  subaculeata  (Cushman)
var. fuberculata (Plummer) (Shifflett,
1948, p. 26)
Dor-Ce 3 450 Piney Point, Eocene | Shifflett (1948, p. 26) says, “The first
Permit 174 (Jackson group Jackson Foraminifera occur at 450
equivalents) feet depth.” (See her fig. 13)
Cambridge Nanjemoy, Eocene Shifflett loc. cit.:

The presence of Claiborne beds in this
well cannot be established definitely on
the basis of the fauna recorded from the
samples. Three Claiborne species occur.
They are Uvigerina russelli Howe,
Laxastama claibarnensis Cushman and
Cibicides westi Howe. The first two occur
in a few scattered samples, and Cibicides
westi occurs in the portion of the section
which seems to be definitely Paleocene
in age.

590-760 | Paleocenc The first appearance of definite Paleo-

cene Foraminifera is at a depth of 590
feet, Here Marginulina subaculeata

(Cushman), var. tuberculata (Plummer)
and other forms occur for the first time
in the section. At this depth there is also
a slight change in the lithology from a
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TABLE 11—Continued

Depth (feet)

Formation and series

Dor-Ce 3—
Continned

760-940 = Upper Cretaceous

Dor-Fe 4 91-102
Permit 5021
Llliott Island
Paleontologist
—Julia
Gardner

St. Marys, Miocene

Paleontology
medium coarse quartz sand with large
dark green grains of glauconite to a sand
with finer grains of olive green glau-
conite. The Paleocene-Eocene contact
is accordingly placed at 590 feet.

The Paleocene has a thickness of 170
feet in this well and continues down to
a depth of 760 feet at which point
twenty-one species of Cretaceous Fo-
raminifera and seven other species
which could not be specifically identified
make their first appearance in the sec
tion. The lithologic change is hardly
noticeable, although the amount of
glauconite is somewhat reduced and the
color of the sample from 760 feet to 770
feet is light gray rather than greenish
gray. The Cretaceous-Paleocene contact
is definitely at a depth of 760 feet ac
cording to the foraminiferal fauna.”
Glenn Collins says: ‘‘there scems to be a

few feet of Claiborne Dbelow the

Upper Eocene, but I have been un-

able to find the hreak.”

Nucula sinaria Dall

Voldia laevis (Say)

Parvilucina crenulata (Conrad)

Montacuta mariana Dall

Dosinia sp. juvenile

Chione sp. juvenile

Tellina declivis Conrad

Nacira clathrodon Lea

Dentalium caduloide Dall

Dentalium? sp.

Teinostoma nanum (Isaac Lea)

Turritella plebeia Say

DPolynices (Lunatia) sp.

Turbonilla (Pyrgiscus) sp.

Strombiformis (Polygyreulina) “lacvigata
(IL. C. Lea)”

Usita peralta (Conrad)

Larval shell

Chymatosyrinx limatula (Conrad) ju-
venile

Mangilia parva (Conrad)

Mangilia sp. cf M. parva (Conrad)
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TABLE 11—Continucd
Depth (feet) Formation and series Paleontology
Dor-Ie 4— Turrid
Continued Volvula oxytata Bush
Crab
“The apparent abundance of Turri-
| tella plebeia and Usita peralia are prob-
| ably the best evidence of St. Marys
age.”
Tal-Ce 5 283 ‘ Piney Point, Eocene | Glenn Collins says:
Permit 2261 (Jackson group “the top of the Jackson (is) at 283
Taston equivalents) l feet,” on the basis of microfossils.
L
Outcrop, road- | About 20 | Choptank, Miocene | The following species were identified:
cuton U.S. | feet Calvert and Chop- | Asirhelia palmata (Goldfuss)
50 and above tank
Peachblos- sea Choptank; Zones | Anadara staminea (Say)
som Creck, level 16-19
2 mi. south Calvert and Chop- | Chlamys (Lyropecten) miadisonia (Say)
of Easton tank; Zones 4-19
Paleontologist Calvert and Chop- | Cilamys (Lyropecten) madisonia (Say)
—Julia tank; Zones 4-19
Gardner Choptank; Zones 17| Astarte obrula Conrad

| |

|
o

|

18°-19e

Choptank; Zones 16°—
17¢-18¢

Calvert and Chop-
tank and St. Marys

Calvert and Chop-
tank and St. Marys

Calvert and Chop-
tank(?) and St.
Marys

Choptank and St.
Marys '

Calvert; Zones 10-14;]
Choptank, Zones
17-19; 2St. Marys

Calvert and Chop-
tank

Calvert and Chop-
tank and St. Marys

Calvert and Chop-
tank and St. Marys

Calvert and Chop-
tank and St. Marys

Crassalellites turgidulus (Conrad)

Cardium (Cerastoderma) laqueatum Con-
rad
Dosinia (Dosinidia) acetabulum Conrad

Macrocallista marylandica (Conrad)

Venus (Mercenaria) cuneata Conrad
Venus (Mercenaria) sp. indet.
Corbula (Bicorbula) idonea Conrad

Turritella sp. cf. T. cumberlandia Con-
rad, immature; similar forms in col-
lection determined as 7. cumberlandia
Conrad

Polinices (Lunatia) heros Say

Ecphora sp.

Balanus concavus Bronn




Outcrop, Ox-
ford Neck

Outcrop, Chop-
tank River
4.5 mi.
southeast of
Easton, near
Dover
RBridge

Outcrop, Bos-
ton cliffs on
Choptank
River 1.5
mi. south of
Dover
Bridge (this
may be
same local-
ity as pre-
ceding)

i Depth (feet)

(GROUND-WATER RESOURCES

TABLE 11— Continued

Formation and series

Palcontology

6 to 15 ‘ Pamlico and Talbot, | Sce Cope, 1871, p. 178; Miller, 1912, p.

feet

above

sea
level

0O to
feet
sea

level

0-10

10-22

27

Pleistocene (or pos-
sibly Parsonsburg
sand)

Pleistocene

Choptank, Miocene

5; Miller, 1926, p. 75:
Llephas americanus
Elephas columbi
Illephas primigeneus
Terrapene eurypygia
Cistudo eurypygia
Cervus canadensis
Cariacus virginianus
Chelydra ser pentina(?)

Sce Miller, 1912, p. 4; Miller, 1926, p. 64

Abundant species are:
Macrocallista marylandica
Venus plena
. campechiensis
Crassalellites marylandicus
Peclen madisonius
Astarte obrula
Dosinia acetabulum
Area staminea

Fewer specimens of
Ecphora quadricostala
Cardium laquealum
Turritella plebeia
T. variabilis
Polynices duplicalus
P. heros
Corbula idonea

Near the water line
Ostrea carolinensis
Balanus concavus

Pleistocene

Choptank, Micocne

See Clark, Shattuck and Dall, 1904, p.

xcil

Reddish and yellowish fossiliferous
sand containing the following species:
Pleurotoma albida, Plychosalpinx multi-
rugata, Ecphora quadricostata var. um-
bilicata, Ecphora {lampaensis, Scala
marylandica, Scila adamsii, Caecum
patuxentium, Turritella plebera, Crucibu-
Lim multilineatum, Cadidus thallus, Saxi-
cava artica, Corbula idonea, Corbula
inaequalis Asaphis centenaria, Melis
biplicata, Melina maxillata, ctc. (Zone

19, in part)
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TABLE 11—Coniinued

Depth (feet) { VFormation and series Paleontology

Outcrop  on | 11.5-15.5] Pleistocene See Miller, 1926, p. 59:
Tuckahoe 0-11.5 | Calvert, Miocene “Numerous specimens of Venus Me-
Creek 1 mile l lina, Pecten, Astarte, Balanus, Corbula,
south o Crassatellites, Polynices, Turritells,

{
Stony Point ' etc.”

Tal-Cb 89 16-224 | Pleistocene, Miocene, | No Foraminifera
Permit 12546 and Eocene
224 250 | Eocene One specimen of Globigerina? sp.
Wades point 250-274 | Eocene No Foraminifera
274-305 | Locene One specimen of Nodosaria of affinis
Reuss
Micropaleon- 305-320 | locene No Foraminifera
tologist— 320-345 | Eocene One specimen of Globorotalia sp.
Ruth Todd | 345433 | Eocene No Foraminifera
433-438 | Probably Nanjemoy, | Poorly preserved forams, good fauna
Tocene
438-500 | Eocene Barren, or nearly so.

500-515 | Aquia, lZocene Spiroplectammina wilcoxensis Cushman
and Ponton—TPaleocene to Claiborne
Buliminella roberisi (Howe and Ellis)—

Claiborne to Jackson
Globorotalia wilcoxensis Cushman and
Ponton—Paleocene to Claiborne

525-536 | Locene Similar to 433-438

536-546 | Paleocene

575-581 | Paleocene Good rich Paleocene fauna, including
the following diagnostic species:
Robulus psendo-mamilligerus (Plum-

mer)

Psendoglandulina pygmaea (Reuss)
Bulimina cacumenata Cushman and
Parker
Siphogenerinoides eleganta (Plummer)
Siphonina prima Plummer
Alabamina wilcoxensis Toulmin
Globigerina psendo-bulloides Plummer

607-617 | Upper Cretaceous Robulus navarroensis (Plummer)
Giimbelina costulata Cushman
G. siriala (Ehrenberg)
G. plummerse Loetterle
Giimbelitria eretacea Cushman
Pseudouvigerina plummerae Cushman
Pullenia americana Cushman
Globoiruncana cretacea Cushman
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TABLE 11—Continued

Dept (fect) | Yormation and Series Paleontology
|

Tal-Cb 3 130 Piney Point, Eocene | Glenn Collins says:

Permit 132 240 Nanjemoy, Eocene N the top of the Eocene first appears
McDaniel 330 Aquia, Eocene | at 130 ft., which appears to be the Nan-
jemoy formation and the Aquia may be
| at 330 ft....The forams in this well
from 130 ft. to 330 ft. look like Nanje-
moy and a Marginulina sp. appears at
240 ft. which I found ... in the Curtiss

Stewart well at Piney Point . . ..

of the Salisbury embayment at the close of Cretaceous time. The strike of the
Cretaceous surface veers around this axis from a northeast-southwest trend
to a north-south trend south of it.

Plate 4 is an isopach map of the Cretaceous system showing an increase in
thickness from 1,700 feet along the northwest margin, between Claiborne and
Wye Mills, to about 3,300 feet beneath Bloodsworth Island at the south end
of the area. The rate of thickening is about 32 feet per mile to the southeast.

The sediments of the Cretaceous system are chiefly sands, tough clays, shales,
and shell marls containing glauconite, lignite, and feldspar.

The water-bearing capacity of the Cretaceous system is large, since sands
predominate. The sands lie deep, however, and it may be many years before
a large quantity of water is derived from them in this area. An aquifer with
water low in dissolved solids encountered at depths between 1,338 and 1,407
feet below sea level, in the well at Wades Point (Tal-Cb 89), correlated with
the Raritan formation, suggests that much of this deeper water may be usable
for some purposes, although little is known of the quality of most of it. The
deeper sands may contain water higher in dissolved solids.

The Cretaceous system is separated into the Lower Cretaceous Series and
the Upper Cretaceous Series. In Maryland the Lower Cretaceous is now re-
stricted to the Patuxent formation. Formerly, the Arundel and Patapsco for-
mations were considered Lower Cretaceous and were included with the Patux-
ent formation as the Potomac group.

Lower Crelaceous Series
Patuxent formation

The Patuxent formation is the sandy basal formation of the Coastal Plain
series, presumably lying on top of the basement rocks beneath the entire area
of Caroline, Dorchester, and Talbot Counties. No wells have been drilled suffi-
ciently deep to penetrate it. Regional considerations indicate that the Patuxent
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formation is present as a sheet, 600 to 800 feet thick, with the top probably
occurring about 1,600 feet below land surface on the northwestern margin and
about 3,300 feet below land surface on the southeastern margin of the area.
The dip of the top of the formation is about 50 feet to the mile to the southeast.
The formation probably thickens in the same direction at the rate of about
6 feet per mile.

The character of the sediments, both in the outcrop area (Bennett and
Meyer, 1932, p. 41) and in the Salisbury and Berlin oil tests on the Eastern
Shore, indicates a continental origin. Anderson (1948, p. 101) suggests that a
progressive overlapping of Patuxent sediments in the Ocean City oil test may
indicate “marine or near marine shore conditions” in that vicinity.

The Patuxent formation probably includes many thick, coarse to fine, poorly
sorted sands, containing large quantities of mineralized water. The pressure
heads are probably high, almost to land surface. The temperatures of the water
will range from warm to hot.

The hydrologic conditions could be reasonably approximated by assuming
a half-infinite aquifer, with a recharge line 40 to 70 miles from the area, laid
along the outcrop belt, and represented by input image wells of equal capacity
approximately 110 miles away. The Theis (1935) formula could then be used
for nonequilibrium conditions to determine long-range pumping rates and water
levels by using as a first approximation values for 7 and S derived from the
outcrop in the Baltimore area and the Newark area, Delaware.

Upper Cretaceous Series

Above the Patuxent formation lies the thick group of shales and sands of
the Upper Cretaceous series. The series is estimated to range in thickness

from 1,000 feet beneath the northwest margin of the area to about 2,500 feet
beneath the southeast margin. No well penetrates the entire thickness of the

Upper Cretaceous series in this area, but Tal-Cb 89 at Wades Point penetrates
913 feet of Cretaceous rocks, which is believed to represent nearly the complete
section of the Upper Cretaceous series along the northwest margin. Structurally,
the top of the Upper Cretaceous series is represented in Plate 3.

The Upper Cretaceous series is divided into six formations, from lower to
upper, as follows: Arundel clay; Patapsco formation; Raritan formation;
Magothy formation; Matawan formation; and Monmouth formation. There
is considerable doubt that the Arundel clay persists from the Western Shore
of Maryland to this area as a basal clay of the Upper Cretaceous series. The
wells in this area are generally not deep enough to intersect this clay. Although
Tal-Cb 89 presumably could reach it, the log of that well does not show a basal
clay.

The Upper Cretaceous series is separable into two units: a nonmarine se-
quence and a marine sequence. The nonmarine sequence is the thick lower
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unit composed of clays and quartz sands with fossil wood, comprising the
Arundel, Patapsco, Raritan, and Magothy formations. The marine sequence
is a thinner unit composed of micaceous and glauconitic shales and sands with
marine fossils, comprising the Matawan and Monmouth formations.

All these formations are separated from each other, and from the underlying
Patuxent and the overlying strata of Tertiary age, by erosional unconformities.
The magnitude of erosion is sufficiently large at some of these boundaries to
eliminate the Monmouth, the Matawan, and /or the Magothy formations.

The water-bearing characeristics of the Upper Cretaceous series are not
known with any degree of certitude, because of the sparse well control and the
lack of sufficient depth in most of the fourteen wells which reach the Cretaceous
system. It appears that the Monmouth formation is an aquiclude, but aquifers
containing usable water have been found in the others.

Arundel, Patapsco, and Rarilan formalions, undifferentialed

The Arundel, Patapsco and Raritan formations have been logged in 5 wells
in Dorchester and Talbot Counties: Dor-Bd 4 and -Ce 3; Tal-Cb 89, -Ce 5,
and -Ee 8. The greatest thickness, 540 feet, was recorded in Tal-Cb 89; but
greater thicknesses might have been encountered in the other wells if they
had been drilled deeper, since the bottom of the unit is not believed to have
been reached in them.

In Tal-Cb 89, the sediments of this unit, extending from 930 to 1,520 feet
below land surface, are logged as gray and white siity sands, intercalated with
tough, pink, red, gray, and chocolate-brown, silty clays. The individual beds
range in thickness from 1 to 69 feet and average 16 feet. In the outcrop area
these beds, probably of continental origin, are highly variable within short
distances, and are not correlatable on distinctive lithology or sequence, except
as a unit.

In Tal-Cb 89 (altitude 13 feet) at Wades Point an important water-bearing
medium-grained sand, 69 feet thick, was encountered between depths of 1,351
feet and 1,420 feet below land surface. The water from the formation had a
flowing head, yielding an estimated 8.5 gpm through a 1.5-inch discharge pipe,
at an elevation of 19 feet above sca level. The quality of the water, as deter-
mined from two analyses, is good. The water is low in dissolved solids (124 to
134 ppm), soft (68 to 70 ppm hardness), low in sodium (4.5 ppm), low in bi-
carbonate (36 ppm), and low in chloride (2.0 ppm). However, iron (10 to 12.5
ppm) and manganese (0.28 ppm) are very high, and aeration and filtration
would be required before the water could be used for most purposes. The water
is slightly low in pH (6.3) and warm (69°T).

No well log is available on Dor-Cd 17, but regional considerations indicate
that this well, drilled to a depth of 934 feet, yields water from the Raritan
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formation. The flow was 10 gpm at an elevation about 11 ft. above sea level on
June 10, 1940.

The logs of the other four wells do not record enough of the Arundel, Patapsco
and Raritan formations to indicate that usable water sands are present, At
Easton, Tal-Ce 5 logs 11 feet of a coarse cemented sand in the Raritan(?) at
the bottom, but the well was screened and developed in the overlying sand of
the Magothy formation. At Trappe, Tal-Ee 8 was logged with variegated clays
in the Arundel, Patapsco and Raritan section, 1,169-1,245 feet below land
surface. At Cambridge, Dor-Ce 3 was logged with only 5.5 feet of tough, gray
clay tentatively considered Raritan. Near Cambridge, Dor-Bd 4 recorded
43.5 feet of red and brown sandy clay, which has been assigned to the Arundel,
Patapsco and Raritan formations. There should be over 1,000 feet of these
three formations beneath the Cambridge area, with the probability of one or
more thick water-bearing sands at depths between 1,000 and 2,000 feet below
sea level.

The Arundel, Patapsco and Raritan formations are potential sources of large
quantities of warm water at depths ranging from about 1,000 to 3,500 feet
below sea level in Caroline, Dorchester and Talbot Counties. They have a
broad intake belt from 4 to 12 miles wide, which crosses Maryland from Wash-
ington, D. C,, to the Elk River in Cecil County. In Wicomico and Worcester
Counties to the southeast, the three deep oil tests show these formations at

great depth as thick deposits of sand and clay. The sands, though probably
discontinuous, are interconnected and coextensive throughout a broad area.
However, it is uncertain how far down the dip the water is usable, and also
whether good water extends up the dip beneath Chesapeake Bay to the intake
area.

Magothy formation

The Magothy formation is the most persistent water-bearing unit of the
Cretaceous system in Maryland. It consists of white, yellow, and gray “sugary”
sands with irregular lenses of dark clay containing lignite, In Maryland the
formation is nonfossiliferous and, presumably, nonmarine. It is underlain
unconformably by the Raritan formation, and overlain unconformably by the
Matawan or Monmouth formation or marine clays and shales of Paleocene age.
Plate 5 is a structure map of the uppermost water-bearing sand of the Magothy
formation.

The Magothy formation yields fairly large quantities of water to 7 wells in
Dorchester and Talbot Counties (Dor-Bd 4, -Bd 5, -Ce 1, -Ce 3, -Ce 15, -Dd 2;
Tal-Ce 5). The Magothy yielded a flow of 12 gpm in 1953 at 15 feet above sea
level in the Wades Point well, Tal-Cb 89. Tt yielded water to Tal-Bf 66, at
Cordova, but the well was abandoned, probably because of the high drawdown
of 185 feet while pumping 210 gpm.
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Pumping tests on the wells are as follows: Dor-Ce 3 of the water company
at Cambridge, 436 gpm for 24 hours with a drawdown of 107.5 feet {for a specific
capacity of 4.4 gpm/ft.; Dor-Ce 15, of the ice company at Cambridge, 200 gpm
for 24 hours with a drawdown of 48 feet, for a specific capacity of 4.2 gpm/ft.;
Dor-Bd 4 at Horn Point near Cambridge, 30 gpm for 10 hours with a 56 foot
drawdown, for a specific capacity of 0.5 gpm/ft.; and Tal-Ce 5, at Easton,
about 420 gpm with a 39 foot drawdown, for a specific capacity of 7.1 gpm/{t.
These specific capacities are not high, but the wells have several hundred feet
of available drawdown to the top of the producing formation, so fairly high
yields can be sustained for long periods in properly developed wells.

The static water levels of wells drilled to the Magothy formation have almost
all been reported high in the 10 years 1945-1954. Well Dor-Bd 5 flowed until
1945 at an altitude 20 feet above sea level. Well Dor-Bd 4 had a static level 6
feet above land surface, or 21 feet above sea level, in August 1946. Well Dor-Ce
1 at Cambridge flowed at 20 gpm at the land surface (elev. 18 feet), and had a
static level 11 feet above land surface in May 1945. Well Dor-Dd 2 at Church
Creek had a static water level 12 feet above land surface, or about 15 feet above
sea level, when drilled in September 1951. Well Tal-Bf 66, however, at Cordova
registered a static level of 90 feet below land surface shortly after it was com-
pleted. Well Tal-Ce 5 at Easton measured 9.8 feet below land surface, or about
25 feet above sca level October 8, 1948. The operating level measured 67.3
feet below land surface on January 18, 1949,

The temperatures measured for the waters from the Magothy formation
are warm: Tal-Ce 5 at Easton was 78°F in March 1949 from a depth of 1,147
feet; Tal-Cb 89 at Wades Point was 68.5°1° on August 3, 1953, from a depth
of 980 feet; Dor-Ce 1 at Cambridge was 72°I" in April 1946 from a depth of
905 feet; and Dor-Ce 3 at Cambridge was 72°F in October 1948, from a depth
of 977 feet.

The quality of ground water from the Magothy formation is in general good:
very low in chloride; soft; pH neutral to slightly alkaline; low sulfate; and low
to moderate in dissolved solids. In Dorchester County the water is moderate
in sodium bicarbonate. In Talbot County the Wades Point well showed a very
high iron content (7.7 to 11.0 ppm) in the Magothy formation, but the well
at Easton (Tal-Ce 5) was 0.38 ppm, just above the limit recommended by the
Public Health Service for iron and manganese together. The water company
well at Cambridge, Dor-Ce 3, showed a fluoride content of 1.0 to 1.1 ppm.

The characteristics of the Magothy formation revealed in the well logs in
Dorchester and Talbot Counties reflect a formation composed predominantly
of white sand with lenses of silty and clayey gray sand, and gray sandy clay,
containing wood (probably lignitic). The formation ranges in thickness from
43 feet (Tal-Ce 5) to 139 feet (Tal-Ee 8) and has an average thickness in 6
wells of 88 feet.
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A coefficient of transmissibility of 12,000 gpd/ft was determined for the
Magothy formation in a recovery test at Faston on well Tal-Ce 5, in January
1949, by R. R. Meyer. The recovery method did not permit determination of
the coefhcient of storage.

Matawan(?) formalion

The Matawan(?) formation functions as an aquifer in Caroline and Talbot
Counties, and as an aquictude in Dorchester County, as indicated by logs of
12 wells penetrating the formation. The Matawan(?) formation consists of
black micaceous glauconitic clays and brown glauconitic sands. It contains
shells and FForaminifera closely related to those of the Taylor marl of the Gulf
Coastal area. It is unconformably underlain in this area by the Magothy
formation and conformably overlain by the Monmouth formation.

The Matawan(?) formation has yielded water to 6 wells in Caroline and
Talbot Counties: Tal-Bf 66 and 71 at Cordova; Tal-Ce 1 and 3 at LFaston;
Tal-Ee 8 at Trappe; and Care-Dc 122 at West Denton. At Cordova, Tal-Bf
066 logged 64 feet of fine sand, presumably in the Matawan(?) formation, from
780 to 844 feet below sea level. The well was produced from this section and
from the underlying Magothy formation, but was abandoned soon after de-
velopment, presumably because of excessive drawdown at a pumping rate of
210 gpm. Another well at Cordova, Tal-Bf 71, has been in service since 1940.
It is pumped continuously during the canning season and intermittently at
other times at a rate of about 185 gpm with a reported deep operating head.
The water comes from a screened section of the Paleocene(?) and from an open
hole in the Matawan(?) formation at depths from 809 to 862 feet below land
surface (elevation 55 feet). At Easton the Matawan(?) produces in conjunction
with other aquifers: in Tal-Ce 1, altitude 20 feet, production was from the
Monmouth(?) formation at 782 788 feet and from the Matawan(?) formation
at 1,000-1,015 feet depths (this well is now an observation well); Tal-Ce 3,
altitude 12 feet, produces from the Aquia greensand at about 640-foot depth
through an opening in the casing, and from the Matawan(?) formation through
a screen set 995-1025 feet below land surface. At Trappe, production in Tal-Ie
8 (altitude 35 feet) is from screened sections of the Focene series at 407 427
feet and from the Matawan(?) formation at 913925 feet below land surface.
At West Denton production is from the Piney Point formation of the Eocene
series through an opening between the 8- and 4-inch casing at 332 feet, and
from the Matawan(?) formation screened at 943.5 feet to 965 feet below land
surface. The combined yield is only 35 gpm. None of these wells produce from
the Matawan(?) formation alone.

A 24-hour pumping test was run on the city well, Tal-Ce 3, at Easton. The
gross coefficient of transmissibility determined from drawdown in the pumped
well, and including screen loss, was 19,500 gpd/ft. Average rate of pumpage
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from the two producing sands in this well was 616 gpm. Subsequent observa-
tions of mutual interference between Tal-Ce 50, screened in the Aquia green-
sand, and Tal-Ce 3, indicate that much of the pumpage of Tal-Ce 3 is from
the Aquia greensand. The only conclusion that can be drawn is that the co-
efficient of transmissibility of the Matawan(?) formation is considerably less
than 19,500 gpd/ft.

Just as the multiple aquifer production prevents a clear conception of the
yicld of water from the Matawan(?) formation, so it confuses the analysis of
the quality of water from these wells. Several analyses have been made on
Tal-Ce 1 and Tal-Ce 3 (Table 32). Tal-Ce 1 was not only screened in the Mat-
awan(?) and Monmouth(?) formations, but had an open casing in the “100-
foot” aquifer (Calvert formation) until 1950, when the casing was sealed.
The 5 analyses made between 1943 and 1948 show considerable variation in
dissolved solids (220 to 526 ppm), pI (7.6 to 8.6) and hardness (14 to 75 ppm),
which is understandable in view of the three sources. Similarly, Tal-Ce 3,
which draws from the Aquia and Matawan(?) formations, shows a variation
in 6 analyses in dissolved solids (198 to 516 ppm), pH (7.8 to0 8.6), and hardness
(6 to 94 ppm). All the analyses are low in chloride (2.2 1o 2.7 ppm) and iron
(0.06 10 0.4 ppm). The mixture is predominantly a sodium bicarbonate water.

The temperatures of 75° and 76°T" recorded in Tal-Ce 3 would probably
represent the deep (1,025-foot) water in the Matawan(?) rather than the less
deep (630-foot) water in the Aquia.

The thickness of the sand sections of the Matwan(?) formation in the pro-
ducing wells ranges from 20 to 64 feet and averages 32 feet.

The Matawan(?) aquifer yields moderate quantities of usable water under
conditions of high drawdown, indicating relatively low permeability, and the
sand is encountercd at depths of about 700 to 900 feet below sea level.

In Dorchester County the Matawan(?) formation is logged in S wells, Dor-Bd
4,-Dd 2, -Ce 1, -Ce 3, and -Ce 15) as predominantly a clay (98 to 140 feet in
thickness) with thin lenses (not over 15 feet) of fine sand. Only Dor-Cd 17, for
which no log is available, may be producing from the Matawan(?) at a reported
depth of 900 feet.

The estimated thickness of the Matawan(?) formation logged in wells in the
three counties ranges from 98 10 176 feet and averages 128 feet. 'The top ranges
from 687 feet below sea level at Wades Point (Tal-Ch 89) to 940 feet below at
Laston (Tal-Ce 1). The trough in central Talbot County on top of the Magothy
formation (Pl. 5) and on top of the Cretaceous system (Pl 3) seems to be
reflected on the top of the Matawan(?) formation.

Monmouth formation

The Monmouth formation is a glauconitic green-black silty clay and clayey
sand which functions almost entirely as an aquiclude in Caroline, Dorchester,
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and Talbot Counties. It overlies the Matawan(?) formation conformably and
underlies the Paleocene series of the Tertiary system unconformably.

The Monmouth formation is not easy to correlate on the basis of lithology
alone. It can be identified on the basis of Foraminifera of Navarro age (a type
paleontologic unit in the Gulf Coast) and on distinctive megafossils which are
recovered only in fragmentary form in drilled wells. The available paleontologic
correlation was restricted to three wells, and the formation was logged in only
12 wells.

The top of the formation is shown on Plate 3 as the top of the Cretaceous
system, which ranges from 594 feet lelow sea level at Wades Point (Tal-Ch
89) to 828 at West Denton (Care-Dc 122). The thickness of the formation
ranges from 34 feet (Dor-Bd 4) to 229.5 feet (Tal-Ce 1) and averages 98 feet.

Only one well is believed to be developed in the Monmouth formation in
the tricounty area, Tal-Ce 1 at the city of Easton, screened between 782 and
788 feet below land surface. The well was pumped for many years, deriving
its principal water from the Calvert formation at about 100 feet and the
Matawan(?) formation at about 1,000 feet, and it is not believed that much
water was obtained from the Monmouth formation. The chemical analyses of
Tal-Ce 1 reflect the mixture of sources. The well was given up as a source of
supply in 1950. Although two other deep wells were drilled at Easton (Tal-Ce
3 and -Ce 3), the Monmouth formation was not deemed worthy of further
development.

The performance of the Monmouth formation as an aquiclude cannot he
evaluated with available information. It is highly glauconitic, and many of
the drillers confuse fine to medium glauconitic sands with clay because glauco-
nite is a soft mineral easily pulverized by the drilling tool.

Tertiary System

The most important group of aquifers and the thickest aquicludes of Caro-
line, Dorchester, and Talbot Counties are in the rocks of the Tertiary system.
The Tertiary system in these three counties, from the bottom up, consists of
glauconitic sands and clays, buff and tan sands and sandstones, gray diatoma-
ceous silts, blue clays, yellow shell marls, gray sands, and, at the top and not
definitely known to be Tertiary, red gravelly sands.

The largest yields of water are obtained under artesian conditions from the
olive-brown sands of the “400-foot’” aquifer, which supplies Cambridge, Denton,
Trappe, and, in small part, Easton, in the Piney Point formation. Another
large water-yielding artesian bed is the Aquia greensand, which provides water
for Easton, St. Michaels, Oxford, Tilghman, and the northwest corner of
Dorchester County. Gray sands in the Calvert formation provide a good source
of artesian water for Hurlock, IYederalsbhurg, liaston, and adjacent territory.
Sandy marl of the Choptank formation yields water at West Denton and in
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lower Caroline County. "The red gravelly sand of Pliocene(?) age yields water
under water-table conditions in the eastern half of the tricounty area.

The aquicludes of the Tertiary system are thick and protect the aquifers
from contamination by the brackish waters of Chesapeake Bay and its tidal
tributaries. The Calvert formation has a thick section of diatomaceous silt
and *‘blue clay” which protects the aquifer in the Piney Point formation. The
green silt and clay of the Nanjemoy formation protect the Aquia greensand.
The green and gray clays of the Paleocene series and the Monmouth forma-
tion protect sands of the Magothy, Matawan and Raritan formations.

Paleocene Series

The Paleocene series has been identified in 16 well logs in Caroline, Dor-
chester, and Talbot Counties. Tt consists of alternate hard and soft beds of
gray clay and sparsely glauconitic sand with thin beds of shells and chalk(?)
containing Foraminifera of Midway type. It functions as an aquiclude, but it
does yield water to a few wells.

Contours of the top of the Paleocene series show two synclinal troughs with
axes pitching southeastward at rates of 10 to 18 feet per mile (Pl. 6). The iso-
pach map, Plate 7, indicates that the thickness of the Paleocene ranges from
about 70 feet to over 300 feet and averages about 150 feet. Some uncertainty
exists in establishing the lithologic breaks which separate the Paleocene series
in the subsurface from the overlying Eocene series and the undertying Upper
Cretaceous series. Micropaleontological studies of four wells, Tal-Ch 89,
Care-Dc 122, Dor-Ce 3, and Dor-Bc 6, were used as a basic guide. The lithologic
criteria used to differentiate the Paleocene series are: the overlying Aquia
greensand, an olive-green moderately glauconitic quartz sand containing scat-
tered grains of brown pseudomorphic glauconite; the Paleocene series, a gray
slightly glauconitic clay and sand with no brown glauconite pseudomorphs;
the underlying Monmouth formation, a green, or greenish black, highly glau-
conitic clay and sand.

In parts of Dorchester and Talbot Counties the aleocene is represented by
a sandy-clay facies of the olive-green sand of the Aquia, suggesting that the
lower part of the Aquia greensand straddles the Paleocene-Eocene boundary.

The transitional phase from the Aquia greensand to the Paleocene series
was suggested also by the occurrence of the Paleocene form Marginulina sub-
aculeala (Cushman), var. fuberculata (Plummer) in the sample from 510 to
520 feet, the producing sand at the bottom of the hole in well Dor-Be 6 at
Cornersville (Shifflett, 1948, p. 26). Water is produced at about this same depth
in many other wells in northwestern Dorchester County from an aquifer traced
semicontinuously to the outcrop of the Aquia greensand. Comparison of the
lithologic sediment log of Dor-Be 6 with the other sediment logs shows the
olive-green sand facies is absent and its place is taken by the greenish-gray
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sand and clay facies in the Cornersville area and farther east, at Cambridge,
in Dor-Ce 3, only the greenish-gray clay facies is present.

The five wells considered producing from sands of the Paleocene series are
Dor-Bc 3, 5, 6, and 10 and Tal-Ed 4. These wells are on the necks of land near
the mouth of the Choptank River. The only measured yield is from Tal-Ed 4,
which was tested at 30 gpm for 6 hours with a drawdown of 31.5 feet, or a
specific capacity of about 1 gpm/ft. The static water level in this well was 8.5
feet below land surface or 1.5 feet below sea level, on August 10, 1930. Dor-Bc
5 was reported flowing October 16, 1951. Therefore, the pressure head in the
formation remains high. A single chemical analysis on Dor-Bc 3, indicates a
formation water which is soft, nonirony, but high in sodium bicarbonate.

The sands of the Paleocene series may be considered to derive recharge from
the Aquia greensand and to compose a single aquifer with it. The sands appear
to be confined to a small area near the mouth of the Choptank River. Elsewhere,
the Paleocene series functions as an aquiclude.

Eocene Series

The Eocene sediments include the major water-hearing beds in use in Caro-
line, Dorchester, and Talbot Counties. The Eocene series consists of three
formations: the Aquia greensand, an important aquifer in the western half of
the area; the Nanjemoy formation, a greensand and clay aquiclude; and the
Piney Point formation, the major aquifer of the area.

Aquia greensand

The Aquia greensand is a green quartz sand, moderately glauconitic, with a
few lenses of yellow and green clay, shell fragments, and occasional hard beds.
The sands predominate and are commonly coarse to medium in grain size.
The formation contains diagnostic Foraminifera of Wilcox age. The predomi-
nant color is olive-green, although drillers mention white, brown, greenish-
black, and black.

Most samples contain a few scattered grains which have the reniform or
botryoidal shape of glauconite but are brown instead of green-black in color.
The crushed grain gives a yellow-brown streak, characteristic of limonite.
Hard colorless portions of these grains are quartz. The grains are weathered
glauconite grains, which serve to distinguish the Aquia greensand from the
underlying greenish sands and clays of Paleocene age, and from the overlying
Nanjemoy formation.

The Aquia greensand is an important aquifer in western Talbot County
and northwestern Dorchester County. Table 12 summarizes the static water
level and pump tests of 114 wells. The wells ranged in yield from 4 gpm to 362
gpm, and had specific capacities ranging from 0.1 to 20 gpm per foot of draw-
down. The average specific capacity (omitting those tests in which zero draw-
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TABLE 12
Waler Level, Yield, Capacity, and Completion of Wells in the Aquia Greensand

Completion
Static water level Well Test (open hole or
screen)

Well number Feet above or below ) é:‘.‘.\

datum a = E %;
tDate of measurement | 3 __ = & | 52| Type | Feet

| =® < |£§

Land Sozileral a2 a2 Z 98

surface N 5 & ‘ é (%" ‘
Tal-Bb 1 —6 5ol [MOs, 17M1O51 6 ‘ 4 |17.5 2.9 Oh | 37
2 —14 +1 Aug. 30, 1953 11 4 13 1 1.2 o1 | 31
Bel | —8.2| 40.8 | Oct. 14,1950 20 | 6 |36 1.8 on ‘ 21
2 —11 = Jan. 29, 1953 15 | 4 15 100 — | —
3 —13 0 Oct. 6, 1950 17 6 |28 |1.0 s¢c | 21
4 —12 0 Nov. 18, 1946 8 |12 20 | 2.5 Sc 8
Cb 1 7 L] Mar. 11, 1949 32 | 6 |35 |1.1] oH 6
2 —8.5| —0.5 | Mar. 23, 1948 8.5 11.5 [ 12 | 1.4] Sc 20
3 -6 +4 Sep. 5, 1951 8 | 4 |22 |2.8 oH | 57
5 —13 +2 Aug. 28, 1948 20 | 6 |40 | 2.0 oFl | 48
6 —12 +2 Sep. 10, 1948 16 | 8 |25 [1.6] Sc
11 -8 +4 Feb. 7, 1948 12 | 4 |20 |1.7/ OH | 35
13 -7 ] 4t Sep. 5, 1951 8 | 6 18 | 2.3 Sc 30
14 -6 +2 Mar. 20, 1948 14 | 4 |23 [1.6] o1 | 38
20 —4 +3 Apr. 3, 1946 17 6 18 | 1.1} oH | 32
26 —4 +4 Feb. 26, 1952 s | 4 |18 |3.6l o | 20
29 —8.5| +2.5 | Jan. 21,1952 11.5 6 |20 [1.7] oH | 230
30 —8 —1 May 31, 1946 26 | 6 |30 |1.9 oH | 33
31 =7 LB Jan. 17,1948 | 8 | 6 |15 | 1.9 oH | 20
3 W -3 +1 Jan. 30, 1948 19 | & |22 1.21 o | 20
39 —6 +2 Mar. 1, 1948 9 | 6 10 [ 1.1 o | 12
42 -5 +5 Aug. 9,1945 | 6 | 3 16 | 2.7 —

47 7 +5 Feh.  2,1948 7| 4 17 | 2.4 OH | 20
48 -5 19 Feb. 14, 1948 10 | 4 |22 2.2 o | 60
19 —15 -3 Oct. 30, 1949 15 | 4 |20 [1.3 o | 30
50 -6 15 Mar. 6, 1946 6 | 5 15 | 2.5 o1t | 74
51 -9 +3 Nov. 28, 1951 16 [10 [15 (0.9 OH | s2
Tal-Ch 52 | —5 +7 Feb. 18,1952 11 T 12 | 1.1 ot | 36
56 -8 251 Sep. 14, 1951 8 | 4 10 | 1.3 oH | 20
57 -6 +4 Mar. 6, 1947 12 | 4 10 | 0.8 oH | 20
58 -6 | Mar. 7,1947 |16 | 4 |20 [1.3 onn | 20
60 —5.5 —.5 | Sep. 18,1951 4.5 4 12 (2.7l o | 20
63 | =6 | +4 |May19,1951 |10 | ¢ |18 1.8 sc | 20
65 -8 42 May 11, 1946 19 5 |20 [1.1 o 50
66 -8 | 42 May 7, 1946 19 | 6 |22 |1.2) OH | 45
67 —11 +1 Sep. 6, 1947 14 4 15 | 1.1] OH | 46
69 | —5 +3 May 17, 1946 17 5 [21 1.2y 01| 33
72 -6 0 | Sep. 22,1951 11 4 9 | 0.8 01 | 20
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TABLE 12—Continued

Completion
Static water level Well Test (open hole or
screen)
o e e s ([ e m—— 5

Well aumber Feet above or below ‘ 22 ‘

datum = H £ S5 |
| I - Date of measurement | £ _ = & o 21 Type { Feet

Tl 50z | |4

sﬁff[;ge Sea level EC E 5 %3 . ‘
74 —4 | 46 Apr. 27,1946 14 S 21 1.5 OH | 40
75 —10 0 Oct. 2, 1952 6 6 15 | 2.5 — (|| —
78 -7 +3 Mar. 25, 1948 13 4 25 1.9 OH 35
79 -6 ‘ +4 Feb. 3, 1947 16 4 20 1.4/ OH 21
81 -8 +3 Ieb. 21, 1948 7 3 22 3.1 o 45
82 —8 =83 Apr. 19, 1947 14 15 4 2.9 OH 42
84 -6 +4 Dec. 10, 1948 6 10 25 [4.2) OH | 31
85 —8 -3 Feb. 18, 1947 22 0 [ 25 1.1 Sc 10
88 —1.74m  4.26 | Jun. 2, 1953 | | Sc | 20
—2.27m  — .27 | Sep. 11,1953 12,55} 8 30 2.4/ Ol1 39
90 —8 0 Sep. 24, 1947 12 4 15 1.3] OH 40
€l 2 -7 +1 Sep. 17, 1948 23 18 25 1.1 OH 87
12 —12 —4 Mar. 29, 1946 6 12 30 | 5.0/ Sc 12
14 —6.1 —2.1 Dec. 12, 1951 34 6 30 0.9/ Sc 15
15 —6.5 —2.5 Sep. 20, 1952 18.5| 4 15 | 0.8 Sc 20
17 —11.5 —-3.5 May 28, 1948 23.51 10 35 1.5 Sc 20
18 —4 +1 Oct. 17,1947 56 10 50 | 0.9] Sc 10
19 —-9.5 —3.5 | Jan. 12,1946 40.5| © 45 1.1f Sc 5

Tal-Cc 20 | -5 +35 Jun. 15, 1946 8 36 30 |10 = -

26 -9 —4 Nov. 3, 1947 21 ¢ 30 1.4 Sc 10
Cd 18 —14.5 —2.5 | Mar. 9,1950 10 6 15 1.5 Sc 20
372 —12 —4 | Nov. 27, 1948 8 10 30 | 3.8 Sc 30
Ce 50 —29 -9 Jan. 24,1952 167 24 362 2.2} Sc 158!
Db 38 —9 —4 May 6, 1950 | 46 10 (100 | 2.2| Sc 20
41 -2 | +3 Mar. 25, 1946 1103 24 100 1.0/ Sc 25
Dc 2 -8 | -2 Jan. 10, 1949 21 10 46 2.20 ‘Sc 19
16 -6.5 +1.5 May 10, 1946 37 6 30 0.8 Sc 10
Dd1 -6.5| —=.5 Nov. 22, 1947 43.5| 6 40 | 0.9 Sc 15
5 —22.5 | —17.5 Nov. 21, 1946 22.8] 6 20 0.9| Sc 20
7 —7 +3 Apr. 25, 1947 23 6 25 1.1 Sc 10
9 -7 -1 Aug. 11, 1948 23 8 30 1.3 Sc 9
10 —11.5] —1.5 Jun. 19, 1951 19.5| 6 12 0.6/ Sc 20
13 —10 -1 Mar. 17,1952 10 6 10 1.0 Sc 16
14 —13.7 —5.7 | May 25, 1951 23.30 8 15 | 0.6 Sc 15
15 —-9.7 -7 Mar. 1951 20 6 10 | 0.5 Sc 15
21 —20 —8 Apr. 14, 1951 16 8 15 0.9 Sc 10
22 —10.2 +1.8 | Jan. 10, 1950 10.7) o 15 1.4 Sc 21
23 —12.5 =2.5 Aug. 17, 1951 27.5| & 25 1 0.9 Sc 15

G~ T S 0 Mar. 17,1952 (32 | 6 |20 0.6/ Sc | 10




Well number

26

28

29

30

33

35

36
De 9

11
Dor-Bb 2

e

24
27
28
29
31
Cd 18
22

m Measured water level; others are reported levels.

; —22

Static water level
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Feet above or below
datum

Lan

d

surface

-9

—%
—4
—27

—16.

—16
—-30
—27
-2
—2
-2
-2
—6
=3
-2
-2
0
-3
-2
4
—4
-5
-2

—1.

0
—4
—B
=
—4
=5

0

-35
—E

—db
=]
=
i

.8

4

12,

. 1()111

Sea level

—14.8

+7
+8
—0
-8

—10.

~10
=
=7
+2
+3
+2
+1
-1
+1
+1
+3
+3
+3
+3

+.

0
el
+1

+3.

+5
-1
+4

+4

+1
+1
=8
32
0
-38
+3
+3
+8

88

.84

Date of measurement

Oct.
Aug.
Apr.
Apr.
May
Aug.
May
Apr.
Nov.
Oct.
Nov.
Jul.
Jul.
Oct.
Aug.
Nov.
Nov.
May
Nov.
Jun.
Oct.
Apr.
May
May
Oct.
Dec.
Aug.
Sep.

Sep.
Sep.
Oct.
Nov.
Jun.
Oct.
Nov.
Sep.
Dec.
Sep.

1, 1951
18, 1949
4, 1947
2, 1947
12, 1951
20, 1949
9, 1951
2, 1947
24, 1951
25, 1949
27, 1949
26, 1948
31, 1948
6, 1950
19, 1949
6, 1951
10, 1949
19, 1947
28, 1947
18, 1947
24, 1951
27, 1950
15, 1949
29, 1949
18, 1947
10, 1949
5, 1949
18, 1948

20, 1947
11, 1947
24, 1951
16, 1950
8, 1951
18, 1951
8, 1948
9, 1950
20, 1949
15, 1951

TABLE 12— Continued

(feet)

Drawdown

e
S O N

29
| 20.

[o'c] —
[FXRNINI N

D
——

oo
SO O = O

o

-
SNORON WO OO 2

Well Test
|3
= &
o2 K]
£ | 2
8 12
20

0 25
12 40
10 15
of 8 33
10 18
[} 18
| O 25
7 9
I 8 10
6 15
i 15
6 15
8 10
8 16
0 10
6 25
4 20
i 27
] 16
4 23
(i} 10
(i} 10
g8 10
10 10
0 15
6 18
0 15
4 20
10 20
5/ 6 30
10 10
12 8
10 25
0 10
12 12
30 15

Specific capacity
(gpm per ft.)

el

no NS

=)

00 00 DN = L D W

e~ I R N - B
=N

~

Completion
(open hole or

screen)

Type

Sc

Sc
Sc
Sc
Sc
S
Sc
Sc

OH

OH
Sc
Sc
Sc
Sc

Sc
Sc
Sc
Sc
OH

OH
OH

Sc
Sc
Sc
SE
OH
OH
OH
OH
OH
OH

Feet

15

10
12
15
22
10
10
15

21

[
6

20

8

32
6
¢
0O

16

20

62
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down was reported) of 99 wells is 2.0 gpm per foot. This is a relatively low
specific capacity and indicates that high rates of yield cannot be attained with-
out large drawdown. Since the top of the producing sand is several hundred
feet below land surface, and since the head remains high in the aquifer, there
are several hundred feet of available drawdown. The artesian head in the Aquia
was close to, or a few feet above, sea level throughout the area in the period
1945-1934.

The Aquia greensand ranges in thickness from 231 fect at Wades Point
(Tal-Cb 89), northwestern Talbot County, to zero at Cambridge (Dor-Ce 3).
The greensand wedges out to the southeast along a line which trends northeast
(PL. 8). The top of the formation dips from 255 feet below sea level at Wades
Point to 605 feet below sea level at the edge of the wedge-out, about 4 miles
west of Cambrige. The rate of dip is about 25 feet per mile.

Hydrologically the Aquia greensand is a sharply outlined aquifer with the
relatively impervious Nanjemoy formation above and the Paleocene clay be-
low in the down-dip direction that lies between two subparallel boundaries,
one a recharge boundary at the outcrop extending northeasterly through
Annapolis on the Western Shore and the other an impermeable boundary
extending northeasterly through Trappe, Talbot County. These boundaries
are about 30 miles apart. For hydrologic analysis in this area, the Aquia
aquifer may be considered infinite along the strike, that is, northeast and south-
west.

The coefficients of transmissibility and storage are unknown. Although the
specific capacities of the wells listed in Table 12 are low, most were developed
only for domestic purposes. They usually represent only partial penetration
of the aquifer and inexpensive methods of development and screening. As a
first approximation a 7 = 5,000 gpd/ft. and an S = 0.0004 might be assumed.

Analyses of water from the Aquia greensand indicate a water at most places
usable for many purposes. The waters are, in general, moderately high in
sodium bicarbonate, low in iron, and slightly alkaline. Dissolved solids range
from 214 ppm (Tal-Cb 91) to 502 ppm (Dor-Cd 23). Hardness ranges from 2
ppm (Dor-Cd 18) to 178 ppm (Tal-Bb 3). Chloride is low, except in western
Talbot County, in the Bb, Cb, and Db quadrangles, where it ranges from 14
ppm (Tal-Ch 91) to 90 ppm (Tal-Db 19). This higher chloride may be the
first indication of the intrusion of brackish water from Chesapeake Bay. The

intake belt of the Aquia greensand crosses the bay in the vicinity of the bay
bridge (Greiner, 1948, PL 6).

Nanjemoy formation

The Nanjemoy formation is a blackish-green glauconitic sand, silt, and clay.
Glauconite usually comprises more than 50 percent of the constituents, and may
be as much as 90 percent. The formation is little used as an aquifer; it functions
as a leaky aquiclude.
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The Nanjemoy formation is logged in 174 wells in Dorchester and Talbot
Counties and in 2 wells in Caroline County. The formation was absent in two
wells in northern Caroline County, so it may wedge out in the eastern part of
the area. Only four wells in Caroline County were drilled deep enough to reach
the Nanjemoy formation and it was not reached in any wells in eastern Dor-
chester County.

The formation gradually changes from a sandy facies along the western
part of the area to a silt and clay facies in the east. It ranges in thickness in
the 176 wells from 34 to 294 feet in an irregular manner. The base of the for-
mation is fairly regular. The top is much less regular and seems to have suffered
valley erosion before deposition of the overlying Piney Point formation. The
Nanjemoy formation attains its greatest thickness in the Talbot County Dd
quadrangle (Oxford and Baileys Neck area), ranging there from 150 to 290
feet thick, and in that quadrangle the Piney Point formation is relatively thin.
The average thickness recorded for the Nanjemoy formation in 167 wells
which penetrate the aquiclude is 166 feet.

The top of the Nanjemoy formation slopes with the regional Tertiary homo-
cline toward the southeast. It is encountered at —75 feet sea level datum in
Tal-Bb 2 at Claiborne and at —506 feet in Dor-Ed 8 at Andrews.

The Nanjemoy formation is not known to yield water independently to
wells. In Tal-Cc 27, -Dc 3, and -Dc 43, it yields water to holes open in the over-
lying formations. Two abandoned wells, Dor-Bc 29 and 30, are reported to
have produced from the Nanjemoy formation. Dor-Cc 21 is producing from
the Nanjemoy and/or the Paleocene series. In the many other wells drilled
through the Nanjemoy formation, the drillers did not attempt to develop wells
in it. This may be due to the plastic character of wet glauconite grains, which
are easily crushed together, and then behave like a ball of clay.

The outcrop belt of the Nanjemoy formation is limited to the Western
Shore. The sandy nature of the Nanjemoy formation in the northwestern por-
tion of the area may make it sufficiently permeable to transmit water down
dip from the intake belt of the Aquia greensand to the overlying Piney Point
formation which is not known to have an intake belt of its own.

Piney Point formation

The Piney Point formation is an extensive quartz sand, slightly to moder-
ately glauconitic, ranging from brown, olive-green, to green in color. It is
believed to underlie all of Caroline, Dorchester, and Talbot Counties, although
in several places on the eastern side of the area it has not yet been proved by
the drill. The top of the formation dips southeasterly at an average rate of 29
feet per mile. It occurs about 100 feet below sea level beneath the northwest
corner of the area and about 600 feet beneath the southeast margin.

The Piney Point formation is the major aquifer in the tricounty area, pro-
viding an estimated 1.9 billion gallons a year from an estimated 2,300 wells
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(456 wells are scheduled). The formation ranges from 2 to 191 feet in thickness
and averages 74 feet. It has a fairly regular top, but an uneven base.

It is underlain in the western half of the area by the Nanjemoy formation,
which appears sufficiently permeable in the northwestern part of the area to
pass recharge up from the Aquia greensand. In the northeastern part of the
area, in northern Caroline County, the Piney Point appears 1o be directly
underlain by the Aquia greensand, and therefore capable of indirect recharge
from the outcrop of the Eocene series.

The Piney Point formation is overlain by the Calvert formation of Miocene
age. In portions of the area, the Calvert is represented by a basal sand, fine-
to medium-grained, which probably functions with the Piney Point as an
aquifer. This sand is overlain by a thick ash-colored diatomaceous silt, with
beds of clay. Where the sand is absent, the silt overlies the Piney Point directly.
The silt functions as an aquiclude, though probably a leaky one.

The Piney Point formation ranges widely in capacity as well as in thickness
(Table 13). The average specific capacity of 92 wells in Talbot County is 1.65
gpm per foot of drawdown; the average specific capacity of 69 wells in Dor-
chester County is 10.1 gpm per foot; and 2 wells in Caroline County have an
average of 1.25 gpm per foot. The range in specific capacity is 0.2 to 88.3 gpm
per foot, and the average for the 3 counties is 5.2 gpm per foot. Although the
partial penetration of the aquifer and the short period of development of many
of the wells may be the reason for some of the lower specific capacities, they
are, in a general way, an indication of the permeability and the transmissibility
of the aquifer.

An aquifer test at Cambridge gave a coethcient of transmissibility of 45,000
gpd per foot and a coefficient of storage of 0.00037 for the Piney Point forma-
tion.

The pumping of several hundred wells in Dorchester and Talbot Counties,
particularly the municipal and industrial pumping at Cambridge (about 1
billion gallons a year), has created a huge cone of depression in the potentio-
metric surface. In 1888, when the first well was drilled to the aquifer, flowing
wells were obtained at altitudes 20 feet above sea level. In November 1933,
water in wells in Cambridge had declined to levels more than 100 feet below
sea level, and in some pumped wells to more than 160 feet. Plate 9 shows this
cone of depression with a radius of influence of more than 20 miles. The cone
has higher water levels for equal radial distances to the northwest than to the
northeast and southwest, indicating probable recharge from the northwest,
presumably from intake in the outcrop of the Eocene series. The cone is some-
what elongated to the north due to secondary centers of pumpage at Trappe
and Denton. Although this cone of depression is deep, about 250 feet of draw-
down is still available in the Cambridge area before tlie sand begins to unwater.

The Piney Point formation is limited by a recharge boundary about 33 miles
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TABLE 13
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Water Level, Yield, Capacity, and Completion of Wells in the Piney Point Formation

Well number

Tal-Bd
Ch

Cc

Cd

Da

21
7

8

9

12
15
19
21
24
32
45
87
7

30
31
12
14
24
25
26
30
34
41
43
45

1
2
3
4
7
8

9

10
12
13
14
16
17
18

Static water level

Well test

|
|
|

Feet above or below
. Date of l()if)gv‘:;
Land measurement (fcct)
e Sea level
-8 46 | Oct. 5, 1951 22
—8 0 Sep. 7, 1951 12
-8 —1 Sep. 27, 1951 | 13
-8 —1 Nov. 19, 1951 | 11
=3 -3 Dec. 16, 1947 7
-7 +3 Sep. 26, 1952 12
—6 +1 Apr. 12,1946 | 24
-9 +1 Sep. 25,1951 | 12
—4 +6 Dec. 12, 1947 7
=3 +3 Dec. 22,1947 | 10
-5 -2 May 10, 1951 | 13
-7 +1 Sep. 24,1952 | 12
-8 -3 Mar. 31,1949 | 12 |
=0 +10 Feb. 4, 1946 10
b +5 May 10, 1940 | 13
—11.5 | 40.5 | Sep. 17,1947 | 13.5
—9.5 | 42.5} Oct. 27,1947 | 15.5 |
—8.6 | —0.6 | Oct. 21,1950 | 18.3 |
—9.8 | —1.8 | Apr. 9, 1946 10.75
—12 -3 Jun. 30, 1930 | 18
—11 -3 Aug. 30,1950 | 59 |
—9 45 Oct. 25,1951 | 21 |
—4.5 | 4+7.5 | Nov. 15,1947 | 10.5 |
—7 +6 Dec. 31, 1945 7
=7 +5 Oct. 17,1952 | 11
=1 -1 Feb. 16, 1950 8
—6 —1 Mar. 1, 1950 8
-9 +1 | Mar. 30, 1950 | 14
—10 =) May 15,1951 | 11
-6 +2 Nov. 26, 1945 | 14
=% +6 | Dec. 6, 1946 12
—6 +2 l Apr. 22,1946 | 14
—12.19»/ —4.19] Jun. 2, 1953 9
0 | +4 l Jul. 1949 10
—12 ‘ =} Mar. 4, 1948 8
-9 —4 Aug. 27,1947 | 11
=15 0 Apr. 18,1946 | 20
-8 —2 | Sep. 11,1947 | 12
-9 12

=il

Aug. 24, 1951

—

—
b B e O e WD L O G s B 000N D0 e N O D OO0 LW W R W WL RO

| Period (hours)

Rate
(gpm)

|

—
(&)

16
10
15
10
15
12
11
10
12
13
14
25
20

B b = o 0 B W D W1 B M
n O wWLn OO oOOo

o RO = =
S 0O

o
—

[ T T T
Ve - WY B e R IV |

Specific

capac-
ity

(gpm

per

—_— e O e R RN O R RN S, OO R Wm WA - OO D O
Mo 0w O N0 U0 N O TN U D NO N RO LR 0w |

ft.)

Completion
(open hole or
screen)

Type

Sc

OH
OH
OH
ou
OH
Ol
oH
OH
OH
oH
OH
OH
Oll
OH
OH
OH
OH
OH
OH
OH
Sc

OH
Ol
OH
OH
OH
OH
OH
OH
OIt
Ol
Ol

Ol
OH
OH
OH
OH

FFeet

130
56
S

118

114

115

100

103

114
15
76
76
37
84
84
95
05
90

100

104
90

95
95
110
100

105
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TABLE 13—Continued

Completion
Static water level Well test (open hole or
screen)
Well number ; Feet ab&):timm below 5 [ Specific
— I Date of I()j;?;" £ | Rate Caﬁ;c' Typo|| leét
- measurement (feet) | B (gpm) (gpm
| surface ISea level &‘: per ft.)
| RIS — ISR R . s
Tal- 19 -8 | 0 | Dec. 5, 1949 12 3.5’ 10 | 0.8 | OH 95
21 —10 —2 Aug. 22, 1951 12 4 13 1.1 | OH 105
22 —8 [ 0 Sep. 20, 1952 13 4 10 0.8 | OH |105
28 —9 —1 Sep. 1, 1951 13 4 |13 1.0 | OH 105
24 -9 -1 Jan. 3, 1947 11 4 12 1.1 | OH 10S
25 -8 0 Aug. 30, 1951 11 4 14 1.3 { OH 105
26 -10.5 —0.5 | Nov. 25, 1948 4.5 | 4 5 1.1 { OH 100
27 —8 -3 Mar. 5, 1950 15 4 12 0.8 { OH 105
28 —14 —8 Feb. 2, 1947 8 3 12 1.5 OH 120
29 -8 -3 May 6, 1951 14 3 12 0.9 | OH 105
30 —12 —06 Dec. 23, 1949 13 4 10 0.8 | OH 105
31 —10 0 Feb. 12, 1950 13 4 12 0.9 | O 105
32 —11.06™m —1.06, Apr. 23, 1953 18 3.5 16 0.9 ! OH | 96
34 —11 -3 May 23, 1951 13 4 12 0.9 | OH |105
35 —12 -2 Nov. 20, 1948 9 4 |12 1.3 OH 100
36 —10 0 Dec. 10, 1949 12 3 11 0.9  OH 105
37 —13 -3 Jan. 10, 1947 9 3 14 1.6 OH |120
38 —14 —4 Jan. 18, 1947 8 3| 13 1.6 OH |100
39 —12 -2 Mar. 20, 1948 10 3 24 2.4 OH /105
Db 24 —8 +2 Sep. 29, 1951 12 4 12 1.0 OH 79
25 I -7 0 Ieb. 6, 1951 9 0 12 1.3 OH | 73
26 —8 -3 Aug. 25, 1950 10 4 20 2.0 OH | 53
27 | — 10 —4 Aug. 30, 1950 12 6 10 0.9 OH | o4
28 —10 —4 Sep. 5, 1950 12 4 18 1.5 OH | 50
30 —8.99m 4+3.01 Mar. 17, 1953 10 S 22 2.2 OH | 76
—10.27™ +1.73| Sep. 11, 1953 10 5 22 2.2 OH | 76
31 —06 +1 Aug. 1951 | 9 4 13 1.4 OH | 84
32 -6 0 Apr. 1946 20 3 15 0.8 | OH |100
35 -3 0 Dec. 1946 15 4 18 1.2 OH 100
36 —4 +2 Dec. 1945 14 4 17 1.2 | OH | 90
37 —6 -1 Mar. 22, 1946 9 4 12 1.3 OH |100
43 -7 -2 Mar. 17, 1951 | 11 4 18 1.6 | OH 102
49 -7 +5.5 | Aug. 10, 1951 | 10 4 12 1.2 OH | 84
50 -8 +4 | Aug. 12,1951 | 12 4 |12 1.0 OH | 84
51 —7 +3 Jun. 2, 1951 9 6 32 3.5 | OH |101
52 —8 +4 | Mar. 15, 1951 11 4 30 2.7 | OH | 56
57 —8 -2 Apr. 10, 1951 13 4 12 0.9 | OH 105
58 —14 -9 Nov. 20, 1946 8 5 10 1.3 | OH |110
Dc S —4 +4 Nov. 6, 1945 1.75 8 20 11.4 | OH ‘145
10 —13 -5 Jan. 24, 1950 3 6 20 6.6 | OH 104
31 —4.5 +3.5 | Aug. 25, 1947 5.5 |4 35 6.4 | OH | 82
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TABLE 13— Continued

Static water level Well test

Well number Fect abé)aj,'tir(:lr below I g Specific
Date of lgraw- £ | Rate | capac

measurement (:9;_'{') 'g (gpm) (étgm

Land e

e Sea level | g per ft.)

Tal-Dd 4 —11.5 +3.5 | Jan. 2, 1948 18.5 | 6 10 0.5
16 —41  |-31 |Sep.5,1951 |20 |6 |15 | 0.5

De 6 —65 |—25 |Jan.15,1952 | 2 |8 |18 | 9.0
10 —-33 —23 Mar. 5, 1951 18 (10 | 40 2.2

12 —65 —-25 Jun. 16, 1950 35 6 25 0.7

Df 1 —36 -+4 May 31, 1949 22 8 18 0.8
Ed 1 —59.5 [—49.5 | Oct. 2, 1948 15.5( 8 25 1.6
Ed 3 —46 —41 Dec. 20, 1947 20 6 10 0.5
5 —46.6 |—36.6 | Nov. 8, 1950 23 8 115 0.7

7 —42.537—27.53] May 15, 1952 13 6 10 0.8

Lc 17 —64 —50 Aug. 20, 1949 16 10 13 0.8
19 — — = 12 6 7.5 0.6

Dor-Bd 6 —60 —52 Nov. 24,1948 | 17
8 —69 —54 | May22, 1948 | 6
Ce 3 —30 =27 | Nov.1,1947 5
4 —17 —13 | Aug. 23,1951 | 6
5 —37 —35 | May 5, 1951 5
13 —43 —40 | Aug. 3, 1949 5
Ce 26 —36 —33 | Jun. 1, 1949 7
Ccd 6 —64.6 |—52.6 | Aug. 6, 1951 0
11 —60 —48 | Nov. 17,1949 | 0
12 —68 —56 | Jun. 13,1950 2
27 —138 —29 | Aug. 10,1950 | 0
32 —38 —32 | May 11,1048 | 0
35 —42 —37 | Mar. 22,1948 | 13
36 —55 —51 May 7, 1951 0
39 -39 —36 | Jan. 15, 1947 0
Ce 2 —102»  —87 | Jun.28,1951 | 79
12 —83.5 |—65.5 | Jul. 3, 1947 28
13 —88.5 |—70.5 | Oct. 23,1947 | 56.5
28 —75 —50 | Apr. 10,1950 25
29 | =76 —51 | Apr. 11,1950 64
30 —76 —61 | Nov.8, 1949 8
34 =75 —51 Jun. 1, 1950 10

35 —70 —45 | May 8,1950 | 60
39 —69 —55 | Jul. 10,1947 | 20
40 —76 —51 Oct. 25, 1949 8
41 —60 —35 | Sep. 6, 1948 13
12 —60  —40 | Jan. 18,1950 | 12

43 —76 =53 | Jul. 7, 1950 0

— —_ =
00Ot OO

0o 00 4~ 0O 0o 00 0o

18
15
15
14
25
18
20

12
10
10
15
18
18
115
625
350
350
20
12
20
20
12
20
20
15
25
10

=
NN ONNOOAR N = Gy DWW

oo wo v~

Completion
(open hole or
screen)

Type

Sc

| OH

OH
OH
OH
Sc

OH
Sc
Sc

OH
OH
OH
OH
O
OH
OH

OH
OH
OH
OH
OH
OH
OH

Sc
Sc
Ol

OH
OH

OH
OH
OH
OH

Feet

8
97

271

18
20
20
21
20
25

185
39
45
61
48
53
54

20

37
39
30
20

51
SIS
41

47
55.5

35
47
30
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TABLE 13—Continued

Well number

Dor-

Db

Dd

De
Ec

Ed

Fc

rd

Fe
Fe

_
ne " R2

= s e N = = s W

= e s O
PO TR

—_
—_

25

Feet above or below

datum
sﬁff';ccle Sea level
—98 —83
—109 —94
—14 —10
—11 -7
—13 —8
—30 —26
—30 —27
—45 —39
—46 —40
—11.5 —6.5
—19 |1—13
—16 —13
—20 —17
—20 —17
—20 —15
—17.06m —14.06
—16 —13
—16 —14
—18 —15
—15 —13
—19 —16
—16 —13
—16 —13
—19 —16
—06 | +1
—13.18»! —9.18
—16 —12
-3 -1
—15 —12
—8.79m —3.79
—8.5 —4.5
-2 +2
-3 0
-3 0
—6 -3
—8 -6
—4 —2
-3 —1
—5.3mm —3.37

=5 -1

Static water level

Well test

Completion
(open hole or
screen)

Date of
measurement

Mar. 27, 1952

Jun. 25, 1952
Jan. 21, 1949
Oct. 1, 1951

Aug. 15, 1953
Jan. 8, 1950

Sep. 25, 1949
Apr. 15, 1949
Dec. 8, 1949

Jun. 29, 1948
May 30, 1949
Jun. 6, 1950

Nov. 23, 1949
Nov. 15, 1950
Jan. 10, 1947
Sep. 13, 1951
May 3, 1947

Feb. 21, 1948
Oct. 24, 1949
Mar. 1, 1951

Jan. 27, 1947
Jul. 10, 1948

May 1, 1947

Aug. 31, 1950
Apr. 14, 1947
Nov. §, 1951

Jun. 15, 1950
Dec. 10, 1947
Mar. 12, 1948
Nov. 14, 1951
Feb. 1, 1947

Mar. 19, 1949
Jun. 16, 1947
May 28, 1947
Aug. 12, 1948
Jan. 30, 1950
Oct. 31, 1949
Nov. 10, 1949
Nov. 14, 1951
Apr. 10, 1948

Draw-
down
{feet)

Pt OO
DO i~y

f—

|
1

—
OOV =N E= WO OOO M NF W= ~C = OO ~Wwh i &R

14
15
0
0

[
S W00 W NN T 00NN LN 1 n e 00O~

| Period (hours)

4 513
S |2
5 8
0 | 15
30
30
22
22
309
25
28
25
30
28
30
30
18
21
20
28
25
30
25
25
14
14
15
15
25
28
20
20
30
208
22
18
25
20
15

U‘_

(NU!CN(nCN(n\)\YE

L=

Rate
(gpm)

5

Specific
capac-

ity Type
(gpm

per ft.)

4 (580 | 82.9

6.0
2.1

~ S
-y

[o.2]

—_

[oX]
NN = N O D AT O W00 = W

W ONDODODDOO R ROk wO

(o8]
(el
o W

12.5
25.0

)

—
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—_ = NN D W e e

NN RO WO W

S¢

OH
OH
OH
OH
OH
OH
OH

OH |

OH
OH
OH
OH
OH
OH
OH
OH

OH
OH
OH
OH
OH
OH
OH
OH
OH

Feet

50
57.5
35
60
24
28
47
51
47
35
59
35
32
47
43
62
62
46
87.5
42
50
55

34

40
30
65
35
54
79
100
42
20
47
54
45

67
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TABLE 13—Continued

Completion
Static water level Well Test (open hole or
screen)

Well number Feet above or below

s Specific

Draw- capac-
Date of < Rate r |
i measurement ‘(lﬁ"c"t’; (gpm) (:;tgm Type | Feet

sﬁ;‘f:(cle Sea level per ft.)

—15  |—11 | Mar. 20, 1948
-2 +1 Jan. 10, 1949
—1. +1. Dec. 9, 1947
-2 +1 Jun. 12, 1950
-7 —4 Dec. 1, 1950
-3 0 Jun. 9, 1947
-2 +1 | Nov. 18, 1949
=3 = May 9, 1947
=3 0 Jun. 3, 1947
m, —1 | Oct. 2, 1951
—x} +1 Jun. 29, 1951
—~2 +1 Apr. 25, 1951
-3 0 May 22, 1947
-1 —1 | May 31, 1949
=5 +5 Mar. 8, 1950
—35 +5 I'eb. 28, 1950
—2.5 —0.5 | May 16, 1947
—-3.5 —0.5 | Sep. 8, 1948
—4 —2 | Apr. 23, 1948

> |onla
5.6/| on | 45
10.0 | OH | 40
2.5 | oH | 48
5.0 | OH | 30
40.0 | OH | 62
1.6 | OH | 50
12.0 | OH
50.0 | OH | 69
> |of| 2
12.5 | oH | 23
> |oH]| 30
12.5 | OH | 40
8.3| oH | 42
2.1| ol | 29
15.0 | oH | 36
30.0 | OH | 40
4.3 O
? ‘ OH | 39

—_
w

—_
w i wn

[l
(=]

SO RN R LWNONOCONGDLNDN NS
oo

—_
S W N O W e

Care-Cc 2 ‘ —39.28n(420.72| Aug. 15,1952 210 .7 | OH |53

De67 | —10 +4  Sep. 15,1951 | 90 1.8 | OH 204

m Measured water level; others are reported levels.

northwest of Cambridge. In other directions, the formation may be considered
sensibly infinite.

The quality of water in the Piney Point formation is good and fairly con-
sistent over a large area. It is a sodium bicarbonate type, low in iron, low in
chloride, moderately soft, and somewhat alkaline. Average dissolved solids
total 440 ppm.

Oligocene Series

No Oligocene deposits are known in Caroline, Dorchester, and Talbot
Counties. The Oligocene epoch was probably a time of emergence of the Coastal
Plain, followed by gentle erosion. The Eocene surface was slightly beveled, and
the Piney Point formation was etched in low relief. Ilrosion may have contin-
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Ficure 4. Geologic Map of the Miocene Series in Caroline, Dorchester, and Talbot

Counties.
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ued into the early Miocene epoch. In middle Miocene time the Calvert sea
flooded the area.

The hydrologic effect of the overlap by Miocene silts was to deny the Piney
Point formation an intake belt of its own. Recharge must move across the
bedding planes from the Aquia and Nanjemoy formations or from the basal
sand of the Miocene series in Talbot and Caroline Counties.

Miocene Series

The Miocene series in Caroline, Dorchester, and Talbot Counties consists
of relatively thin aquifers of sand and marl separated by thick aquicludes of
silt and sandy clay. The aquifers yield artesian water where they are buried
beneath the confining aquicludes and water-table water where they are buried
by the mantle of permeable Pleistocene and Pliocene(?) deposits. The aquicludes
are leaky and transmit water slowly in the direction of high hydraulic gradient.

‘The middle and upper Miocene is the principal unit beneath the surface of
Caroline, Dorchester, and Talbot Counties. Late or upper Miocene underlies
the southern tip of Dorchester County.

Figure 4 is a geologic map of the Miocene series in Caroline, Dorchester, and
Talbot Counties, as it would appear if the overlying mantle of Pleistocene and
Pliocene(?) materials were removed, compiled from well records and a few
outcrops, by means of lithologic correlation and paleontology at a few key sites.

The Miocene series crosses the area in broad belts, which strike northeast-
ward. These belts contain the intake areas for the Miocene aquifers, bounded
by the beveled edges of the Miocene aquicludes. Each stratum dips southeast-
ward from its intake, or edge, beneath the overlying strata. The rates of dip
are 5 to 10 feet per mile.

In general, the Calvert formation functions as an aquiclude, enclosing a few
aquifers of local extent. The Choptank formation is a fairly extensive and con-
tinuous aquifer. The St. Marys formation is almost exclusively an aquiclude,
although a few wells produce small quantities from “pockety” sands. The
Yorktown and Cohansey formations(?) are not used because they contain brack-
ish water from overlying salt-marsh deposits.

Plate 12, a geologic cross section of the Miocene series in Dorchester and
Caroline Counties at a slight angle to the strike of the formations, shows the
stratigraphic relations of the Chesapeake group to the underlying Piney Point
formation of Eocene age, the overlying Pleistocene and Pliocene(?) series, and
the Recent topography.

Calvert formation

The Calvert formation is predominantly a gray silt, slightly glauconitic in
the upper part and diatomaceous in the lower part. It contains several thin
beds of sand, medium to very fine in grain size, with occasional shell fragments.
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The continuity and extent of these sands were not established and they arc
regarded as lenticular (P1. 12). The drillers describe the Calvert as blue, brown,
green, or gray clay. The few sands which they encounter are frequently de-
scribed as crusty, hard, and cementlike.

Knowledge of the Calvert formation in Caroline, Dorchester, and Calvert
Counties is based on relatively good control. More than 900 wells, with good
areal dispersion, which go to or through the formation, have been scheduled.
Logs are available on almost half of these.

The structure of the top of the Calvert formation is shown in Plate 10. The
top of the formation ranges from sea level in western Talbot County to a pro-
jected 280 feet below sca level beneath Bloodsworth Island and 230 feet below
sea level in southeastern Dorchester County near Sharptown. The contours
are uneven, or scalloped, in localities where many wells give close control,
indicating that the overlying Choptank formation was deposited on an erosion
surface. However, for most purposes, the boundary between the Calvert for-
mation and the Choptank formation may be considered a parallel unconformity
or disconformily.

The contact of the Calvert formation with the underlying Eocene series is a
surface which not only has been gently eroded but has undergone slight settle-
ment, or tilting, and possibly also faulting, and is a low angle unconformity,
or nonconformity.

The Calvert formation ranges in dip from 7 to 20 feet per mile and averages
about 10 feet per mile. It veers in direction of dip from northeast to south, but
has a resultant to the southeast.

The thickness of the Calvert formation ranges from 20 feet in western Talbot
County to more than 300 feet in southeastern Dorchester County. It has an

estimated average thickness of about 200 feet. An isopach map of the Calvert
formation was not constructed because of uncertainties of correlation and lack

of control. The neck area of western Talbot County is an area of much uncer-
tainty, where Pleistocene channels filled with blue sandy mud of the Pamlico
formation may be confused lithologically with the Calvert.

The Calvert formation yields water to about 129 scheduled wells in the three
counties: 45 in Caroline; 27 in Dorchester; and 57 in Talbot, or about 7 percent
of the scheduled wells. It is estimated that about 1,300 wells in the area produce
water from sands of the Calvert.

The specific capacity of 27 wells in sands of the Calvert is given in Table 14.
The average specific capacity is 2.7 gpm per foot of drawdown, and the range
is from 0.3 10 9.2 gpm per foot. The average head of water above sea level, in
29 wells, is 13 feet with a range from +50 to —40 feet. Hence the coefficients
of transmissibility of sands in the Calvert formation are moderately low, but
except for a few local cones of depression, the pressure head in the sands was
still high during the period 1945-1954.
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Well number

TABLE 14
Waler Level, Yield, Capacily, and Co

Static water level

Feet above or
below datum

Date of
measurement
Land Sea
surface level
Tal-Ac 1 —19 +26 | Jul. 5, 1952
17 1 =27 +40 | Feb. 2, 1947
Be 7 —40 0 | May 21, 1948
8 —30 +37 ‘ Oct. 10, 1950
Bf 25 —29 +31 Dec. 3, 1949
63 —-15 +45 | Sep. 15, 1947
Cc 27 —8 0 Apr. 28, 1949
Ce9 —73.047 —35 | Ocl. 8, 1948
10 —78 —40 | Dec. 1946
14 —05 -5 Mar. 1947
22 —38.8 (4+16.2 Jan. 17, 1947
25 —48 +12 | Mar. 1949
41 —-73 —19 Nov. 2, 1949
42 —16 +19 | May 1949
43 -2 +50 | Feb. 25, 1947
Ee 20 —43 +17 | Mar. 24, 1951
Dor-Ci 5 —14 - +7 | Sep. 21, 1949
[V} —15 +5 | Mar. 20, 1949
Df 10 ) —2.5 +4.5| Oct. 13, 1950
Dg4 +0.5 +3.5| Oct. 23, 1951
Care-Ce 3 —10.5 |+49.5 May 9, 1940
@al 18 ‘ —1om —1 May 18, 1953
Db 1 —31 +19 | Nov. 4, 1952
2 —-31 +21 May 14, 1949
3 —32  |+13 | Feb. 24, 1951
d 5 —19.5 [+420.5| Aug. 12, 1950
‘ —39.5 | 4+0.5 Jun. 10, 1952
[} —18 +22 | Dec. 21, 1947
7 | =17 |423 | Dec. 21, 1947

Well test
| g | Specifi
I{)I (r):m’- 5 g Elé (€;1I;)ca\cn}i:§’
(feet) -3.2 o SD{T)per
27 &

21 4 40 1.9
16 6 24/ 1.5
20 6 5 0.3
12 2 10 0.8
10 2 300 3.0
3 |12 L MO
17 |16 200 1.2
48 6.5 200 4.2
| 48 6.5 2000 4.2
25 |12 48 1.9
15.5 | 6 200 1.3
12 6 71 0.6
7 8 10 1.4
24 6 8 0.3
13 (12 50, 3.8
i2 8 16 1.3
12 |14 18/ 1.5
4 17| 30 7.5
2.5 (12 23 9.2

? — 33 2
130 8 50 1.7
27 3 50 1.9
19 7 30 1.6
20 2 30" 1i J5
8 2 3()‘ 3.8
9 6 50, 5.5
50 8 200 4.0
08 200 4.0

* Yields water from both Calvert and Piney Point formations.
" Yields water from Calvert, Piney Point, and Nanjemoy formations.
m Measured water level; others are reported levels

I

71
Completion
(open hole or

screen)
|
Type | Feet
OH | 42
Ol | 63
Ol [175¢
OH ‘125’
OH | 60
OH [243®
OH '@ 44
OH | 46
Sc 12
OH | 89
OH | 55
OIT | 60
OH 70
O = 86
OH 120
Se |12
OH | 33
OH ' 53
| OH 189
OH | 74
OH | 37
OIl | 65
OHl | 78.5
Sc 10
Se 10

mpletion of Wells in the Calvert Formation
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The Nanticoke aquifer in the top of the Calvert formation throughout the
northern half of the lower tricounty area (Rasmussen and Slaughter, 1955) is
considered present in Dorchester County as the uppermost sand of the Calvert
formation at Vienna, but its persistence to the west and north has yet to be
demonstrated.

The sands of the Calvert formation yield moderate to large quantities of
ground waler at rates of 100 to 200 gpm at a few locations: a chicken processing
plant at Cordova (Tal-Bf 67, 68); the city of Faston (Tal-Ce 2, 9, 10, and 37);
the city of Federalsburg (Care-Fd 3, 5, 6, 7 and 8); a canning company at
Hurlock (Dor-Bg 7); and the town of Vienna (Dor-Dh 7 and 8).

R. R. Meyer calculated the coefficient of transmissibility of the “100-foot”
aquifer at Easton, correlated as a sand of the Calvert formation, at 4,200 gpd
per foot, and the coefficient of storage at 0.00007, in a short aquifer test in
October 1948. An aquifer test of longer duration of the “100-foot” aquifer,
conducted January 16-18, 1956, yielded computed coefficients of {ransmissi-
bility and storage of 3,500 gpd per foot and .0001 respectively. These values
indicate that the Calvert at Easton can be relied upon only for moderate use.

At Cordova, the coefficients of transmissibility and storage of a “300-foot”
basal sand of the Calvert formation were computed to be of the order of 1,300
gpd per foot and .0001 respectively, from a test conducted March 10-12,
1956. Initial large drawdowns and low coefficient values indicate a limited
capacity of this sand for development in the Cordova area.

The recharge opportunity for sands in the Calvert formation can be described
only in general terms. The beveled edges of the Calvert formation, crossing
the northwestern corner of the area, beneath the necks of Talbot County and
Kent Island and passing on beneath Queen Annes County to the Delaware

state line, are covered by a Pleistocene and Pliocene(?) mantle of sand and
silt except for a few isolated outcrops. This mantle is probably generally more
permeable than the Calvert formation itself. The band of C alvert passes be-
neath Chesapeake Bay and emerges on the Western Shore along the Calvert
Cliffs.

The water table in the overlying Pleistocene and Pliocene(?) series attains
a height of 70 feet above sea level in north-central Queen Annes County, and
perhaps a greater height in central Calvert and St. Marys Counties. These
levels could provide the hydraulic drive necessary to maintain the average
altitude of water level in wells in the sands of the Calvert at 13 feet above sea
level in Caroline, Dorchester, and Talbot Counties.

If the sands in the Calvert formation are so lenticular that they are confined
to isolated pockets, recharge from the Calvert intake zone is a remote possi-
bility. However, the silts of the Calvert, which comprise the remainder of the
formation, have a high porosity, and may store water in sufficient quantity
and release it at a slow but sufficient rate to replenish the sand lentils and sus-
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tain a moderate amount of pumping. The more probable condition is that some
of the sands form an interconnected sheet and are able to derive recharge from
the outcrop zone to sustain a larger draft of pumping. The overlying Choptank
formation is, in general, more permeable than the Calvert formation and may
also transmit recharge to it.

The quality of water from the sands in the Calvert formation is good for
most purposes, with the exception of the wells in the Nanticoke aquifer at
Vienna. Excluding the Vienna analyses, the average water from the Calvert
has about 360 ppm of dissolved solids, chiefly as sodium bicarbonate. The water
is moderately hard, alkaline, low in chloride, and somewhat irony. The water
from the Nanticoke aquifer at Vienna is very high in dissolved solids (2,100
ppm), slightly salty, high in sodium bicarbonate, soft, very alkaline, and irony.

A basal sand of the Calvert formation directly underlain by the Piney Point
formation has been logged in some portions of the area. Water is produced
from a basal sand at Cordova, Talbot County, and is known to have been pro-
duced from a basal sand at Cambridge (Dor-Ce 16, 17).

Choptlank formation

The Choptank formation is generally an aquifer in Caroline, Dorchester,
and Talbot Counties. It yields water to 9 percent of the scheduled wells: 111
wells in Caroline County, 32 wells in Dorchester County, and 17 wells in Talbot
County. It is estimated that the Choptank formation supplies water to more
than 1,500 wells in the 3 counties, of which more than 1,000 are in Caroline
County. It is the principal aquifer at Henderson, Goldsboro, West Denton,
and Hynson.

Lenticular zones of gray sandy silt and shells in the Choptank formation are
logged by the drillers as blue, green, or brown clay. These zones function as
aquicludes, probably leaky or capable of releasing some water from storage
under differential head. Occasionally a well is logged almost entirely as silt
(Care-Dc 122), even in an area where the formation yields water to other wells.

Lithologically, the Choptank formation may be summarized as gray and
brown sand and silt, containing shell marl and Foraminifera.

The intake belt of the Choptank formation is a broad band, 3 to 14 miles
wide, which crosses the area from southwest to northeast through Corners-
ville, Easton, Cordova, and Henderson. Only in the northwestern corner of
‘Talbot County is the Choptank formation absent. The intake belt is covered,
in most places, by a mantle of the Pleistocene and Pliocene series, which is, 1n
general, more permeable than the Choptank formation and transmits water
to it through an unconfined saturated zone. A few outcrops may be found,
particularly in Talbot County. Fossils from an outcrop on Peachblossom Creek,
2 miles south of Easton, are listed in Table 11,

The structure of the top of the Choptank formation is shown in Plate 11. It
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ranges from S5 feet above sea level at Henderson, northern Caroline County,
to more than 200 fect below sea level along the Nanticoke River in the south~
east margin of the area. The dip is about 4 feet per mile, to the southeast. Con-
trol is too spotty to define structural anomalies. Only a relatively few logs are
available in Caroline County, where the formation is penetrated by the greatest
number of wells.

In thickness the Choptank formation ranges from a featheredge to 130 feet,
as determined from well logs, and up to 150 feet as determined from comparison
of the structure maps. Where it is confined between the Calvert and St. Marys
formations, it averages about 110 feet thick (Pl. 12).

The capabilities of the Choptank formation as an aquifer are still only vaguely
known. Table 15 summarizes the water level, yield, capacity, and completion
of wells in the Choptank formation. The average water level in the Choptank
formation, during the period 1946-1954, was 18 feet above sea level in Caroline
County, 23 feet in Talbot County, and 11 feet in Dorchester County. The av-
erage specific capacity is 2.5 gpm per foot of drawdown in Caroline County,
3.0 in Talbot County, and 2.0 in Dorchester County. The range in specific
capacity is from 0.1 to 8.3 gpm per foot.

The transmissibility of the Choptank formation was computed to be about
6,000 gpd per foot and the coefficient of storage to be about 0.003 in a short
aquifer test at West Denton (p. 102).

The Choptank formation has relatively low transmissibility and specific
capacity. The storage coefficient is high enough to indicate leaky confining
beds. The head remains relatively high. The Choptank formation should be
capable of small to moderate yields beneath most of its area and of moderately
large yields at a few locations. Wells of capacity over 200 gpm may be rare
and may require special construction.

The water of the Choptank formation is very irony (12-13 ppm) in northern
Caroline County near its intake belt and about 1 ppm in southern Caroline
County where it is confined. The water is of the calcium bicarbonate type,
low in chloride, moderately hard (120 ppm), and moderate in dissolved solids.

St. Marys formalion

The St. Marys formation is a clayey silt and silty clay with some very fine
sand, shells and Foraminifera, that usually functions as an aquiclude in the
southeastern half of the tricounty area (fig. 4). It is an impermeable cover to
the Choptank formation in the southeastern three-fourths of Dorchester
County, the southeastern tip of Talbot County between the Choptank River
and Bolingbroke and Miles Creeks, and in all of Caroline County, except a
3-mile border to Tuckahoe Creek.

The St. Marys formation is overlain by the Pleistocene and Pliocene(?)
series throughout the area except in the southern tip of Dorchester County at
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Llliott Island, Bishops Head, and Bloodsworth Island, where it is overlain by
the Yorktown and Cohansey formations(?). Outcrops are not known.

Structurally, the St. Marys formation is part of the regional homocline, with
strata dipping southeastward. Because the top of the St. Marys formation is
an eroded surface beneath the Pleistocene and Pliocene(?) deposits, there is
no datum which can be contoured to reveal the structure. The top of the for-
mation, based on 124 wells, ranges from 58 feet above sea level at Goldshoro
to 83 feet below sea level at Elliott Tsland. Although the buried top of the St.
Marys formation is probably a channeled plain, there seems to be a descent
to the plain and grade to the channels from north to south, The average level
of this buried plain is about sea level at Denton, 10 feet below sea level at Sec-
retary, and 30 feet below sea level at Bishops Head. The channels drop from
25 feel below sca level at Denton to 83 feet below at Elliott Island.

The thickness of the St. Marys formation ranges from zero, in the north-
western half of the area, where it is absent, to about 120 feet. As recorded in
124 well logs, the thickness ranges from 7 feet in a well near Ridgely 1o 107 feet
in a well near Bishops Head. The variations in thickness and the stratigraphic
relations are indicated in Plate 12. The estimated average thickness of the for-
mation is 60 feet.

The St. Marys formation supplies water to 11 scheduled wells in Caroline
County and 22 in Dorchester County. Ten of the wells in Caroline County
(Care-Dc 16, 19, 123, -Dd 6, 24, 33, 40, 41, -De 11, and -Ec 2) and one in Dor-
chester Co. (Dor-Eg 1) are believed to produce from the St. Marys formation
alone. The other 21 wells produce from holes which are open in the Choptank
formation also.

The water levels in wells in the St. Marys formation ranged from —3 to
+35 feet, and averaged 13 feet above sea level during the period 1945-1954.
The two wells (Care-Dc 16, 19) with a water level below sea level are in West
Denton, where the aquifer of the St. Marys has probably lost head by leaking
waler to the underlying aquifer of the Choptank formation, in which there is
an extensive cone of depression due to local industrial pumping (p. 91).

The average specific capacity of four wells (Care-De 123, -Dd 6, 40, and
-Ee 2) is 2.1 gpm per foot of drawdown. Maximum test yield was 40 gpm. The
wells produced from open holes.

The water in the St. Marys formation is of the calcium bicarbonate type,
hard, low in chloride, moderate in dissolved solids, and almost neutral. The
two water analyses are low in iron, but other wells, reported or determined by
field test kit, indicate some irony walters.

Vorktown and Cohansey formations(?)

The Yorktown and Cohansey formations(?), undifferentiated, are a tan
and gray fine- to coarse-grained sand, containing a few shells. The unit has
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TABLE 15

Water Level, Yield, Capacily, and Completion of Wells in the Choplank Formation

Well number

Tal-Be 14
Bf 48

Ce 15

35

36

39

Cf 21
Cg1

2

Dc 6

or-Ah 2
Bb 9
Bf 4

Static water level

Feet above or below
datum

Land
surface

212

Sea level

+48

—27.08m +25.
—9.99™ 442,

—74.4m
—6
-6

—17

—14

—15
-9

—16
—8
-1
—10
-1
-1
—1
-1
-1
—1
—1
-1
-7
-3
-2
+2
-3
—10
—6
-3
-2
-6
-2
=3
—6
-3
-7
—10
—12

—~35.
+46
+44
+13
+26
+25
-1

+22
-3
+14
+10
o
+1
+1
+1
+1
+1
—+1
+1
+18
+9
+15
+8
+1
—7
-1
0
+2
—2.
+3
—1
0
+1
-3
-7
-7

Date of
measurement

Nov. 14, 1953
Mar. 20, 1954
Aug. 7, 1950
Aug. 15, 1950
Aug. 7, 1950
Jul. 5, 1946
Mar. 5, 1953
Aug. 26, 1952
May 22, 1953
May 11, 1951

Nov. 29, 1947
Jun. 10, 1950
Mar. 10, 1950
Jun. 15, 1951

Drawdown

—
N=Jes)

(feet)

Well test

0o o | Period

(=]
S
wn
=
S

—
3] N OC

NN =

—

(hours)

Specific
Rate | capacity
(gpm) | (gpm per

ft.)

40
20
8BS
40
30
20
50
20
30
20

00 M) = DD W W R — N
WO W WO~ N

15
10

5
20

Mar
Mar
Mar
Apr.
Mar
Mar

. 10, 1950
.21, 1950
.25, 1950
17, 1950
.10, 1950
.15, 1950

Feb. 13, 1950
Feb. 23, 1950
June 15, 1950
May 12, 1953
Oct. 30, 1950
Apr. 4, 1946

Dec. 19, 1949
Jun. 22, 1951
Apr. 23, 1947
Sep. 22, 1950
Dec. 24, 1949
Nov. 21, 1951
Jan. 2, 1950

May 17, 1950
Apr. 25, 1947
Dec. 17, 1947
Sep. 29, 1950

W WA OO LN Oy

—

l

w S

w
o N O — o W

w e 00

—_ Y =
00 Lh Lt AN Lt U
-

o
U
[

— N —_ = N
meoewwed | wnnd

Sep.
Sep.

10, 1949
10, 1949

—
—

Completion
{open hole or
screen)

Type ‘ Feet

|

Oh
OH

{a
27
OH | 25*
OH | 31
OH | 57
OH | 48

OH
OH

OH
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TABLIS 15—Continued

. Completion
Static water level Well test open hole or
screen)

Well number Feet above or below
datum Specific

Rate | capacity
(gpm) (gp{rtl )I‘Cf

Date of
measurement

Type | Feet

Land

SuitTakes |lnee level

Drawdown
%

I'e 18

e

OH ‘ 55¢
OH | 60°
OH | 70¢
OH | 69.5¢
OH | 33

-3 +2 Dec. 13, 1947
19 -8 —4  |[Mar. 17, 1948
20 —8 =3 Apr. 7, 1947
21 | -9 —4  Nowv. 27, 1950

Fe 11 =33 0 Mar. 25, 1950

—_
N o OO
N = o = O
[=olile BRIV |

Care-Bd 2 —12 +48  |Mar. 20, 1951
8 —15.57 4+44.43 Dec. 22, 1952
Ce 51 —11 +49  |Sep. 30, 1953
Cd 3 —10 +10  |Nov. 7, 1952
Dh4 —27 +23  |Aug. 18, 1952
8 —18" 432 [Jul. 1, 1953
Dc 2 -7 +2.06 |Jun. 3, 1949
24 —40.5™ |—12.5 [Jul. 23, 1952
—47.4m |—19.4 Sep. 30, 1953 - ‘ c
57 0 +13 1948 ‘ . OH | 28
00 =22 +6  |Oct. 20, 1950 80
68 — - 22
74 —21 +19  May 14, 1952 32
81 —17 +7  |Jun. 2, 1951 20
98 —12 +13 1942 —
—21 +4  Sep. 13, 1952
+12  Aug. 22, 1952
+3  Feb. 1, 1953
+16 | Mar. 26, 1950
+9 Apr. 5, 1952
—11 +29  |Sep. 22, 1951
—26 +9  |Sep. 16, 1947
2 —27 +13  |Sep. 16, 1947 :
3 —18 +19 | May 5, 1951 10
4 —4. +33.2 |May 26, 1949 40
Fe 1 =43 +17  |Dec. 17, 1945 80
Ic 2 —33.3 |4+16.7 |Oct. 26, 1949 85 |12 |200

=)

Sc 8
OH | 28.5
Sc 10
OH | 56
OH | 19
OH | 14
OH | 46

=3 O I O R R T Y
O NN = = WL
=Y T R N

1

[

SR
- o e

[

42
36
98
78
188
I 48
70
8
78*
| 570

N R O —NP— Y SN

® Yields water from hoth Choptank and Calvert formations.

b Yields water from both St. Marys and Choptank formations.

¢ Yields water from St. Marys, Choptank, and Calvert formations.
™ Measured water level; others are reported levels.
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been logged in only four wells (Dor-T'e 4, 27, 36, and -Ge 1) at the southern
end of Dorchester County. No wells are known which derive water from it
in this area. The sands contain water, but the top of the unit is only 23 to 42
feet below the surface of the salt marsh and the overlying materials are perme-
able deposits of the Recent and Pleistocene series, so that the water is probably
unpalatable.

The thickness of the Yorktown and Cohansey(?) in the four wells is 20, 27,
40, and 62 feet. The unit thickens to the southeast. The maximum thickness
in Dorchester County along the Nanticoke River probably does not exceed
100 feet. The dip of the Yorktown and Cohansey formations(?) is southeasterly
at the rate of 8 to 10 feet per mile. The relations of this unit to the Yorktown
and Cohansey formations(?) has been discussed by Rasmussen and Slaughter
(1955).

Pliocene(?) Series
Brandywine formation and Bryn Mawr gravel

Above the gray sands and silts (“blue clay”) of the Miocene series, and be-
neath the tan and buff sands and silts of the Pleistocene series, occurs a red
and/or orange gravelly quartz sand which, by position, coloration, texture,
and induration, is correlated as a unit with the Brandywine formation and
the Bryn Mawr gravel and considered to represent the Pliocene series in this
area.

The sand is nonfossiliferous. In texture it is a fine to coarse sand, slightly
gravelly, with thin pockets of silt. The average grain size is medium to coarse.
The gravel, composed of small pebbles, make up less than 5 percent of the
deposit.

In color, the sand appears to have two members: the lower member is red
to brown, and the upper member ranges from brown to orange to yellow. The
gravelly sands are consolidated, in contrast to the unconsolidated Pleistocene
sediments. Hematite, the red oxide of iron, and limonite, the yellow hydrated
oxide of iron, form the chief binders and provide the coloration, although they
frequently comprise less than 1 percent of the material.

The extent of the red and orange gravelly sand is imperfectly known because
many drillers do not mention color when they describe the well cutting, and
without color the Pliocene(?) cuttings cannot be differentiated from the Pleisto-
cene. In some logs a gravelly section has been interpreted as Pliocene(?) or
Pleistocene and Pliocene(?) without recourse to color.

The Pliocene(?) has been recognized extensively in Caroline County and in
the northeast corner of Dorchester County, but only here and there in Talbot
County and in the low country of Dorchester County. The uppermost Pleis-
tocene formation, the Parsonburg sand, occasionally has a brown color with
resembles the red and orange of the Pliocene series.

The areal distribution of the Pliocene(?) series is partly borne out by the
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distribution of wells in the three counties which produce from the scries: for
the Pliocene(?) alone, 7 in Caroline County, 1 in Dorchester County and none
in Talbot County; for the Pleistocene and Pliocene(?) together, 65 in Caroline
County, 53 in Dorchester County, and 40 in Talbot County. The wells sched-
uled in the Pliocene(?) or Pleistocene and Pliocene(?) are 9.3 percent of all the
wells scheduled. It is cstimated that more than 1,600 wells producc a part or
all of their water from the Pliocene(?) series, chiefly in Caroline County and
northeastern Dorchester County.

The yield of wells in the red and orange gravelly sand is remarkably good
where an appreciable saturated thickness is present. Unfortunately, the average
thickness of the sand is only about 10 feet, with a range from 0 to 45 feet
(Dor-Ah 3, -Bf 28). The Pliocene(?) yields water to wells at Ridgely (Care-Cc 1),
Preston (-Fc 23 and 24), Hurlock (Dor-Bg 4, 5, 6, 8, 9, 10, 32) and Cordova
(Tal-Bf 72). Care-Cc 1 has a specific capacity of 14.3 gpm per foot of drawdown
and Dor-Bg 8 has a specific capacity of 11.8 gpm per foot,

A test of the Pleistocene and Pliocene(?) *“100-foot” aquifer at Hurlock
yielded a coefficient of transmissibility of the order of 155,000 gpd per foot and
showed the coefficient of storage to be artesian. Records of water levels and
test data on the “100-foot” aquifer indicate further large-scale yield potential-
ities in the Hurlock area.

Only since 1954 has the Pleistocene and Pliocene(?) series been developed
as a large-scale producer at Cordova, northeastern Talbot County.

A test of the Pleistocene and Pliocene(?) *“30-foot” aquifer at Cordova showed
the coefficient of transmissibility to be of the order of 100,000 gpd per foot and
the coefhicient of storage to be artesian. The test data indicated further poten-
tial Jarge-scale development of the Pleistocene and Pliocene(?) series sands in
the Cordova arca.

The red and orange gravelly sand produces water under water-table condi-
tions, usually in conjunction with underlying gray Miocene sands and marls.
Table 16 lists specific capacities of nine wells in the Pleistocene and Pliocene(?)
series, and indicates that the water levels are within 4 to 16 feet from the land
surface, and that the head is well above sea level.

The quality of water from the Pleistocene and Pliocene(?) series is better
than that of other ground waters in all respects except the pH. The water is
moderate in iron (0.46 ppm, average of 19 analyses), low in bicarbonate (8.5
ppm), low in chloride (13.4 ppm), soft (hardness only 35 ppm), and low in
dissolved solids (132 ppm). The pH (5.7) indicates slightly acid water.

The red and orange gravelly sands in Caroline and Dorchester Counties
are channel-ill deposits in a set of channels probably tributary to the valley
system of the lower tricounties (Rasmussen and Slaughter, 1955). Too little
test drilling has heen done to define these ancient channels in the middle three
counties, but they represent the most important potential storage of shallow
ground water in this area. Upon their discovery and delineation may depend
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the future of irrigation and industrial ground-water development. The bottom
of the red gravelly sand, as determined in well logs, ranges from 42 feet above
sea level to 34 feet below. The irregularity in depth substantiates the con-
clusion of a channeled surface.

The recognition of the channels related to the red and orange gravelly sand
is complicated by the overlying Pleistocene series also being deposits super-
imposed on the red gravelly sand. Some of the Pleistocene channels are deeper
than the pre-Pliocene(?) channels and cut down into the Miocene surface. There
are thus two superposed drainage networks choked with detritus incised in the

TABLE 16
Waler Level, Yield, Capacity and Completion of Wells in the Pleistocene and Pliocene(?) Series

Completion
Static water level Well test (open hole or
screen)
Well number Feet above or below | g = E'
datum Draw- :24 5 é’g
— — - |Date of measurement| down | & | g8g| Type | Feet
Land Sea {feet) | 3 8 |858
surface level E 8 |& o=
- . | —_— —_—
Dor-Bg 8 —4 +63 Jul. 27, 1948 11 | 8|130|11.8 Sc 10
32 —8 +42 Jun. 1953 12 | 81150 | 12.5| Sc 17
Care-Cc 1 -6 +56 Jul. 15, 1952 21 26 | 300 | 14.3| Sc 4
4 — — — 22 — 150 6.8 — | —
6 -8 +52 Aug. 12, 1947 22 — [ 150 6.8 — | —
11 —0.5 +71.5 Oct. 28, 1947 ? 40 | 900 ? Se 22
Fc 4 —15 +35 May 12, 1951 10 2 8| 0.8 Sc 7
Fd 1 —15.57m(+19.5 Apr. 6, 1950 11.8 | 10 | 350 | 29.7| Sc 23
Tal-Bf 72 —11 +31 Sept. 1954 14 4 | 175 | 12.5} Sc 21

w Measured; other water levels reported.

Miocene surface. The red and orange gravelly sand conforms to the regional
Tertiary structure, dipping southeasterly at the rate of 4 to 5 feet to the mile.
It was deposited as a broad alluvial fan rather than as part of the marine Terti-
ary sequence. The regional structure has little influence upon the movement
or storage of ground water in the sand because the water is unconfined and
recharge is usually directly through the overlying mantle of Pleistocene mate-
rials,

Quaternary System

The Quaternary system is composed almost entirely of unconsolidated de-
posits which form a relatively thin sedimentary mantle over the Tertiary rocks
throughout most of the area.
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"The Pleistocene series was deposited during the epoch of widespread glacia-
tion by outwash carried down to the sea by huge rivers of melt water and
shifted by shore currents to the site of deposition. The Pleistocene sediments
of this area are ascribed chiefly to fluviatile, estuarine, and lagoonal deposition,
and only in a small part to marine shoreline deposition. The uppermost few
feet of the detritus, particularly the gravelly sand with rare boulders, is be-
lieved to have come from icebergs.

The deposits of the Recent series, which were laid down after the continental
glacier had withdrawn from North America, are insignificant and are frequently
indistinguishable from the Pleistocene series.

Pleistocene Series

The Pleistocene series comprises the superficial yellow, buff, and tan deposits
of sand, silt, and clay from the soil zone down to the top of the red and orange
gravelly sand of the Pliocene(?) series, or, where the latter is absent, down to
the top of the gray sand and blue clay of the Miocene series. The Pleistocene
deposits are predominantly medium- to fine-grained with prominent admix-
tures of coarse sand and scattered pebbles in some strata and silt in others.
There are a few pockets of sandy gravel, usually composed of small pebbles
and grit. Lenses of silt with clay as a minor admixture occur in a few beds.

The Pleistocene deposits yield water to more wells in Caroline, Dorchester,
and Talbot Counties than any other series of sands. Most of the wells are
domestic dug and drivepoint wells of small capacity, but there are many wells
of moderate capacity. A few wells, as at Ridgely, Federalsburg and Hurlock,
are of large capacity. A total of 506 scheduled wells produce from the Pleisto-
cene formations alone: 270 wells in Caroline County, 55 in Dorchester County,
and 181 in Talbot County. An additional 158 wells produce from the combined
Pleistocene and Pliocene(?) series. Percentagewise, 37.7 percent of the wells
inventoried are in the Pleistocene and Pliocene(?) series. The scheduled wells
are estimated at about 10 percent of the total number of wells, and the Pleisto-
cene series bears a higher proportion of the others because only enough small
domestic wells were scheduled to reveal their characteristics. It is estimated
that of approximately 18,000 wells in the tricounty area, more than 9,000 are
developed in the Pleistocene series.

The wells in the Pleistocene are concentrated in the eastern half of Talbot
County, the northeastern quarter of Dorchester County, and throughout Caro-
line County. Elsewhere the sands of Pleistocene age are near sea level, and in
some places are occupied by brackish waters or underlie stagnant swamp wa-
ters.

The average thickness of the combined Pleistocene and Pliocene(?) series is
37 feet, with a range from 4 to 152 {eet, as determined from 570 logged wells.
The averages by counties are: Caroline, 38 feet; Dorchester, 30 feet; Talbot,
41 feet.
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Data on yield and capacity of the Pleistocene series are meager. Table 16
lists reported well tests. The specific capacities of the Pleistocene series in con-
junction with the Pliocene(?) series are higher than those of any formation.
The yield of Care-Cc 11, a well of the town of Ridgely, reported at 900 gpm,
is the highest of any well in the area.

The Pleistocene deposits yield water under water-table conditions in most
of the area. In the neck areas of western Talbot County and northwestern
Dorchester County Pleistocene channels have been choked with the deltaic
silts of the Pamlico formation, and some artesian wells may tap confined Pleis-
tocene sands.

The structure of the Pleistocene series is not definitely known because of
the channel-fill type of deposition. There appears to be a general slope, or dip,
of the Pleistocene deposits to the east and south. The underground channel-
filling structure of the Pleistocene deposits may have the ultimate control of
the movement and discharge of water to wells if and when pumping rates reach
the point where ground-water overflow has been eliminated.

The quality of ground water in wells in the Pleistocene series is remarkably
good. The average analyzed water is moderate in iron (less than 1 ppm), low
in bicarbonate (less than 20 ppm), low in chloride (less than 10 ppm), soft
(hardness less than 35 ppm), and low in dissolved solids (average of 15 anal-
yses, 136 ppm). The pH is 6.2, indicating a slightly acid water. However, the

waters in the Pleistocene in the low country, almost one-third of the tricounty
area, owing to marsh and brackish-water conditions, are so poor as to be un-
usable for most purposes.

Beaverdam sand

The Beaverdam sand, the basal Pleistocene formation in this area, is an
unconsolidated white to buff medium-grained sand with small quantities of

coarse to fine sand, occasional pebbles, and a lesser admixture of white silt.
It is nonfossiliferous. It ranges in thickness from zero to 60 feet.

The Beaverdam sand has been positively identified only in a few well logs
in the area, but is believed to be present beneath much of the area. It is proba-
bly thickest and most persistent beneath those lands which have an altitutde
above 25 feet (above the Pamlico terrace). The eastern half of Talbot County,
almost all of Caroline County, and the northeastern quarter of Dorchester
County contain the principal deposits of Beaverdam sand. Elsewhere the
Beaverdam sand has not been distinguished from the Pamlico formation.

The Beaverdam sand is the major aquifer of the Pleistocene series. It yields
small but adequate quantities of water to many driven and dug wells, and
large quantities of water, usually in conjunction with the Pliocene(?) deposits,
to a few wells. The large city wells at IFederalsburg, apparently screened en-
tirely in the Beaverdam sand (see logs of Care-Fd 1 and 2), have a specific
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capacity of about 30 gpm per foot of drawdown. An aquifer test at Federals-
burg, though inconclusive because of nearby recharge boundaries, indicated a
field coefficient of transmissibility of more than 100,000 gpd per foot and an
ultimate coefficient of storage of about 0.15 (p. 104).

Water-table conditions prevail generally in the Beaverdam sand. However,
it is overlain, in flaces, by the Walston silt which can function as an aquiclude
where it is sufficiently impermezble. No extensive confincd conditions have
been recognized, but there is not st flic'ent logged record available from several
parts of Caroline County to say that such ccnditions do not exist. Artesian
conditions are also possible in the lowland area, beneath the Iamlico terrace
plain, where lenses of the Beaverdam sand may be confined by silts and clays
of the Pamlico formation. No such areas have yet been defined.

Walston silt

The Walston silt is a lenticular formation of fine sand, silt, clay and peat,
in Caroline, Dorchester, and Talbot Counties. It occurs at altitudes of about
40 feet above sea level and probably does not exceed 30 feet in thickness. It
has not been classified in many well logs, because samples are usually necessary
to recognize it on lithology and it is difficult to determine on most drillers’ logs.

The Walston silt has fine sand lentils which may yield small quantities of
ground water to shallow dug or driven wells, but it generally functions as a
leaky aquiclude.

Talbot and Pamlico formalions

‘The Talbot and Pamlico formations were deposited as three deltaic masses
in the primeval Chesapeake estuary: the Kent Island delta in Queen Annes
County, the Talbot County neck delta, and the Dorchester County delta. The
elevation of the Kent Island deltaic area ranges from sea level to 29 feet above
sea level and averages about 15 feet; the elevation of the Talbot neck deltaic
area ranges {rom sea level to 20 feet above sea level and averages about 9 feet;
the Dorchester lowland deltaic area ranges from sea level to 12 feet above sea
level and averages about 4 feet. The Kent Island deltaic area was formed
probably in the Talbot, or 42-foot sea, the Talbot neck area probably in the
Pamlico, or 25-foot sea, and the Dorchester lowland probably in the Silver
Bluff, or 6-foot sea. There seems to be a silty sand deposit in the Kent Island
area, sandy silt in the Talbot neck area, and a sandy, silty clay deposit in the
Dorchester County lowland area. This sequence may represent increasingly
fine materials at greater distances from the source areas or increasingly fine
malerials with progressing geologic time.

Richards (1930, p. 1620) identified mollusks and other fossils from the
Pamlico formation at Ilerring Hill 1 mile north of IFederalsburg and from the
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east bank of the Choptank River near Williston in Caroline County, evidence
that the Pamlico formation is a marine phase of the Pleistocene series.

The Talbot and Pamlico formations are a lenticular group of sands, silts
and clays with limited amounts of gravel. They provide water to shallow dug
and driven wells in the Talbot County neck area, but contain undesirable water
in Dorchester County. They function, in part, as a leaky aquiclude.

Parsonsburg sand

The Parsonsburg sand is composed predominantly of poorly sorted, brown,
medium-grained sand. The materials range from the size of small boulders
(rare), through cobbles, gravel, very coarse to very fine sand, silt, and clay.
1ts color is buff, tan, orange, or brown. It is distinguishable from the Walston
silt by its sand texture and from the Beaverdam sand by its darker color. It is
distinguishable from the Pamlico formation by its brown shades in contrast
to the gray of the Pamlico and by its sand texture in contrast to the silt and
clay of the Pamlico. It resembles the brown or orange phases of the red gravelly
sand, but in general it is not as gravelly. Since the Pliocene(?) series is usually
buried beneath other Pleistocene deposits, the two are seldom in contact. It is
easily distinguishable from the gray sands and blue clays of the Miocene series.
The type locality of the formation is at Parsonsburg in Wicomico County
(Rasmussen and Slaughter, 1955).

The Parsonsburg sand is a veneer deposit, strewn upon the older deposits
at all ranges of altitude, from below sea level to the highest divide (79 feet
above sea level in this area). It ranges in thickness from a knife edge to 33 feet.
It composes the rims and, in small part, the centers of the Maryland “basins”.
The Parsonsburg sand has been classified on only a few of the well logs as ac-
curate recognition requires sediment samples.

Recent Series

The Recent sediments in Caroline, Dorchester, and Talbot Counties consist
of thin deposits of very limited water-bearing capacity. The sediments com-
prise loam soil, alluvial sand and silt, dune sand, marsh muck, swamp and bog
peat, and man-made fill.

The soils of Dorchester County are sandy loams, silty loams, and clay loams.
The soils of Caroline County are sands and sandy loam, with some silt loam.
The soils of Talbot County are sands and sandy loams, silt loams, and clay
loams. The highland soils may be irony. In the bay marsh, they are brackish
and gummy.

In general, they have a good structure and a high infiltration rate, but in
places they are water-logged.

There are few recent dunes, and they are confined to the bay and cstuary
shores. The dunes are low and generally stabilized with vegetation.
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Man-made fill is increasing in importance as a geological deposit, although
in this area it is still insignificant. Because man’s earth-moving equipment
disturbs the natural sorting and packing of water-lain and wind-blown mate-
rials, man-made fill is usually less porous and less permeable than the original
undisturbed sediment.

QUANTITY OF GROUND WATER

A quantitative analysis of the ground water hydrology of the three counties
in terms of recharge and discharge was not made. An inventory of the size and
types of wells was made. Measurements of water-level fluctuations determined
those areas and aquifers in which water levels were relatively sustained and
those in which water-level decline is persistent. 'The utilization of water—rural,
municipal, and industrial—was appraised. Aquifer tests made at Cordova,
Federalsburg, Hurlock, West Denton, Easton and Cambridge include the

TABLE 17
Types of Wells Scheduled in Caroline, Dorchester, and Talbot Counties

County Dug Driven Jetted Drilled Unknown ‘ Total

Caroline. . . .. o 19 321 172 32 10 554
Dorchester. . ... . 74 85 369 42 3 5006
Talbot . . i a1 A 154 42 5 708

Total . .

180 167 | I 116 18

1,768

[

Pleistocene-Pliocene(?) series, the Choptank, Calvert, Piney Point, Matawan,
and Magothy formations.

Well Inventory

The records of 1,768 wells are compiled in Tables 33, 34 and 35: 334 in Caro-
line County, 506 in Dorchester County, and 708 in Talbot County. Their
locations are shown on Plates 13, 14, and 15. They are estimated to include
about 10 percent of the wells in Caroline County, about § percent in Dor-
chester County, and about 13 percent in Talbot County. They include prac-
tically all of the municipal wells and almost all of the industrial wells. Only
enough of the driven and dug wells were scheduled to indicate the potential
of the shallow water-table aquifer and to show where those types are pre-
ponderant in number.

Table 17 lists the wells by type for each county. The greater number of dug
wells in Talbot County indicates that such wells are satisfactory and enduring
there, which may be due to the earlier settlement of that county and to the
retention of farms for many years, The great number of driven wells in Caroline
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County is prompted by the fact that the driven well is the most economical
means of getting a shallow water supply and indicates that the shallow ground
water (within 100 feet in depth) is satisfactory and adequate there for most
domestic purposes and that the sediments are sufficiently nonresistant to per-
mit well driving and sufficiently permeable to yield water to well points. The
lack of many driven and dug wells in Dorchester County is due to the marshy
conditions and unpalatable shallow ground water in much of the county. The
high ratio of jetted to drilled wells (9 to 1) suggests that jetting is more eco-
nomical in this area for the greatest number of users who need a deep well but
not a large quantity of water. It demonstrates also that the sediments can be
drilled with a jet and that a rock bit is seldom required.

Table 18, listing the wells by age and type, indicates that more than 70 per-

TABLE 18
Age of Scheduled Wells by Period and Type in Caroline, Dorchester, and Talbot Counties

Period Jetted | Driven | Drilled Dug Bored | Unknown | Total oyil;f::,tn
Unknown. .. ... \ 47 173 22 23 0 12 277 | —
Before 1900. .. 1 1 9 8 0 0 l 19 1.5
1901-1910. . . ] 19 16 25 133 0 2 195 | 13
1911-1920. .. 23 4 3 2 0 o | 3 2
1921-1930. 12 45 12 6 0 0 75 5
1931-1940. ... .. . 56 32 6 5 0 4 ‘ 103 7
1941-1950. . .. 614 127 22 4 1 1 769 | 52
1951-1933 . . 212 ‘ 69 6 1 0 0 | 288 | 19.5

Total. . .. | 984 467 105 182 1 19 1,758 | 100.0

cent of the wells in use in 1954 have been constructed since 1940. Dug wells
were most common in the first decade of the 20th century. Driven wells did
not become popular until the decade 1921-1930. Drilled wells have remained
a small, relatively steady proportion, since they are nceded only for large-
capacity wells. Jetted wells have been the dominant type since 1931.

The wells are classified according to geologic formation in Table 19. The
proportion of wells in the Pleistocene and Pliocene(?) is greater than the per-
centages indicate, because most of the driven wells are in these shallow units
and the driven wells were scheduled only in sufficient number to indicate their
areal distribution. The other units, which are reached by jetted and drilled
wells, are in their approximate statistical relation to each other. The Piney
Point, the Aquia, the Choptank, and the Calvert formations contain the most
important artesian aquifers.

The average depth of wells is given in Table 20. The average depth of wells
in Dorchester County is more than four times that in Caroline County, and in
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Talbot County the average depth is nearly three times that in Caroline County.
Drilled wells are decpest; jetted wells are fairly deep; driven wells are shallow;
and dug wells are shallowest.

TABLE 19
Classification of Scheduled Wells by Geologic Series and Formation
Fractions indicate wells which produce from more than one formation

Series Formation Caroline | Dorchester| Talbot Total |Percent

Pleistocene series . .. . JA. [ .| 270.0 55.5 | 181.0 506.5 | 28.6
Pleistocene and Pliocene(?) series ... ..... 65.0 54.0 41.0 160.0 | 9.0
Pliocene(?) series. .. ................... 7.0 1.0 0.0 8.0 0.5
Miocene series..................... .... ’ 167.0 80.0 77.7 324.7 | 18.4
St. Marys formation. .. ...... ... ... (11.0) (20.8) 0.0) | (31.8)] (1.8)
Choptank formation......... ... .. .... (111.0) (31.9) (16.5) | (159.4)| (9.0)
Calvert formation. ................ .. (45.0) (27.3) (61.2) | (133.5)| (7.6)
Eocenc series. . el s 19.5 | 296.5 | 395.6 | 711.6 | 40.3
Piney Point formation............. ... (18.5) | (210.5) | (226.8) | (455.8)|(25.8)
Nanjemoy formation.............. ... 0 (3.0) (1.3) 4.3)] (.2)
Aquia greensand. . ... ... ... (1.0) (83.0) | (167.5) | (251.5)|(14.3)
Paleocene series........................ 1.0 | 8.0 1.0 10.0 | 0.5
Upper Cretaceous series. . .. ............ 0.5 7.0 5.7 13.2 .8
Monmouth formation. . . ... ... .. .. .. (0.5) (0.9) (1.4) (1)
Matawan formation................ .. (2.3) (2.3){ (1)
Magothy formation. .............. ... (6.0) (2.0) (8.0)| (.5)
Raritan formation. . ....... ......... (1.0) 0.5) (1.5)] (.1)
Unknown........ ... ................. 24.0 4.0 [ 6.0 340 1.9
Total ... o o 554.0 506.0 | 708.0 |1,768.0 1100.0
TABLLE 20

Average Depth of Wells, by Type, in Caroline, Dorchester, and Tallol Counties

(Averages in feet. Grand averages weighted by proportionate number of wells)

County Jetted Dug Driven Drilled Grand average
Caroline. .. .. 143 19 27 214 82.1
Dorchester. . . . 408 15 30 414 349.7
Talbot............. o 332 23 29 454 241 .4
Grand average. . L 320.4 21.9 27.9 370.3 224

The average diameter of 175 dug wells is 46 inches. The most common
diameter is 48 inches and the range is from 20 to 72 inches. Among the 467
scheduled driven wells, the 11;- and 114-inch diameter pipes were most com-
mon and about equal in number. There were a few 134-inch, 2-inch, and 214-
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inch diameter driven wells. In jetted wells, the 114-, 2-, and 2Y4-inch diameter
pipes are most popular. For larger capacity jetted wells 3-, 4-, 6-, and 8-inch
casing is employed and, rarely, 10- and 12-inch. The 1!4-, 3}%-, and 5-inch
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