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GEOLOGY AND GROUND-WATER RESOURCES OF THE
YORK-JAMES PENINSULA, VIRGINIA

By D. J. CepEersTrROM

ABSTRACT

The York-James peninsula in eastern Virginia is part of the Coastal Plain
province. It extends from the Fall Line to Chesapeake Bay and lies between the
James River on the south and the York and Mattaponi Rivers on the north.
Central and eastern Henrico County, eastern Hanover County, and all of King
William, New Kent, Charles City, James City, York, Warwick and Elizabeth City
Counties are included in the report. (The entire counties of Warwick and Eliza-
beth City have become first-class cities designated Warwick and Hampton,
respectively.) Systematic fieldwork was done largely between 1942 and 1947,
but many conclusions regarding geology are based on results of studies made as
late as 1953. The data used as a basis of discussion consist in large part of well
records, well logs, and analyses of water samples. In geological interpretations,
much reliance was placed on the writer’s studies of foraminiferal content of sam-
ples from wells in and adjacent to the area. Data from several special studies and
information presented in earlier reports were drawn upon. Some previously held
conceptions of Eocene and pre-Eocene stratigraphy have been greatly revised.

The area consists largely of farms and woodland with many small villages and
towns and a few large cities. Richmond, West Point, Williamsburg, Yorktown,
Newport News, and Fort Monroe are the largest centers of population within the
area. The building of ocean vessels at Newport News, production of light and
heavy manufactured articles in the Richmond area, and manufacture of paper
pulp at West Point are major industries., Appreciable processed food, including
frozen seafood, is produced in the area. Activities related to military establish-
ments, particularly at Yorktown, Fort Eustis, and Fort Monroe, continue to be of
considerable economic importance. The area has a very heavy tourist trade;
Richmond, Williamsburg, Jamestown, Yorktown, and the battlefield parks in
Hanover, Henrico, and Charles City Counties are the focal points of interest.

The climate is mild and has a mean annual temperature of about 58° F. The
average annual precipitation is 41 inches.

East of the Fall Line the granite basement rock lies at progressively greater
depths, and the Coastal Plain sediments, which dip gently seaward, thicken to
more than 2,000 feet at Fort Monroe. Westward toward the basement rocks
along the Fall Line the sediments are thinner. The Coastal Plain is almost
everywhere covered by thin terrace formations.

Unconsolidated sediments of the Potomac group of Early and Late Cretaceous
age rest upon the pre-Cambrian granitic bagsement rock or, in limited areas, upon
Triassic consolidated sedimentary rock. Sediments of the Potomac group crop
out along the Fall Line and are reached by many wells in that area. Eastward,
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2 GEOLOGY AND GROUND WATER, YORK-JAMES PENINSULA, VA.

few wells reach the sediments of the Potomac group, which is estimated to be over
900 feet thick; a notable exception is the old well at Newport News that was
drilled through the entire Potomac section.

A new formational name, the Mattaponi formation, is introduced in this report
to include the pre-Wilcox Eocene sediments so widely present as water-bearing
formations in the area. It is the writer’s opinion that the upper part of the for-
mation is Paleocene in age and that the lower part is Late Cretaceous in age. The
type wells are at Washingtons Birthplace and Colonial Beach, Westmoreland
County.

The Aquia formation is known only in the Fall Line area. No break in depo-
sition occurs between the upper part of the Mattaponi formation and the over-
lying Aquia formation of early Eocene age. The basal sand of the Aquia, which
represents the shoreline of an advancing sea, becomes progressively older down-
dip, and is part of the Mattaponi sequence about 30 miles east of the Fall Line.

The Potapaco clay member of the overlying Nanjemoy formation is also of
early Eocene age. It appears to truncate the Aquia formation at a low angle.

The Aquia formation and the Potapaco clay member of the Nanjemoy forma-
tion wedge out eastward owing to the transgression of the middle Eocene sea.

The Woodstock greensand marl member of the Nanjemoy formation of middle
Eocene (Claiborne) age is well formed and extends farther eastward than the
underlying lower Eocene formations but it may not extend farther than Williams-
burg owing to the transgression of the upper Eocene formations. The Woodstock
member is water bearing in places.

The Chickahominy formation of late Eocene (Jackson) age extends only as far
inland as Williamsburg, where it is reached at about 300 feet below sea level. It
is 80 feet thick at the type well in Yorktown.

In the Fall Line area the Chesapeake group of Miocene age is composed of the
basal Calvert formation, the St. Marys formation, and the Yorktown formation.
The Yorktown formation is also widely exposed along all the large streams except
in the eastern part of the area where it lies below sealevel. The Calvert formation
is exposed in many places along the Fall Line. The Columbia group of Pleisto-
cene age consists of surficial clays and sands which are widely present beneath the
Sunderland, Wicomico, and Pamlico terraces. Recent deposits consist of sand
deposited by wind and wave action along Chesapeake Bay and of stream alluvium.

The Coastal Plain sediments dip gently seaward but in addition have been
slightly folded along east-west axes. The Eocene section is only moderately
thicker in the lower peninsula than it is south of the James River and no pro-
nounced localized depositional basin is recognized. (The deeper glauconitic beds
previously assigned to the Eocene are here assigned to the Mattaponi formation of
Late Cretaceous to Paleocene age.)

In the Fall Line area small amounts of ground water occur in cracks and fissures
in the granitic bedrock. Wells along the Fall Line, particularly around Richmond,
obtain water from such fissures.

East of the Fall Line, water in sediments of the Potomac group and the Matta~
poni formation occurs under artesian conditions and rises in wells that tap those
strata. The wells on low land may flow but those on high ground may have to
be pumped. Many flowing wells are located along the large rivers and their
tributaries and in such places losses of artesian head have occurred. Water levels
have also been affected by industrial pumpage at West Point and at Hopewell, on
the south bank of the James River.

Large quantities of water are available from pre-Aquia sands and yields of 2 to
8 mgd (million gallons per day) should be available in many places from properly
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constructed wells. In the lower peninsula area, however, these formations yield
brackish water.

A few wells near the Fall Line obtain water from the basal sand of the Aquia
formation. A large number.of small-diameter wells obtain water from sand and
shell beds in the Nanjemoy formation in the lower parts of King William and
Charles City Counties. In the lower peninsula area a few wells obtain water from
the basal Calvert formation of the Chesapeake group or from the Yorktown
formation.

Water from granitic rock is generally moderately hard and may contain un-
desirable amounts of iron. Water from the Cretaceous, Paleocene, and lower
Focene sediments near the Fall Line is soft and is low in mineral content, but
eagstward it becomes a hard calcium bicarbonate water. East of the hard-water
zone is a zone of soft sodium bicarbonate water that has a moderate to high bi-
carbonate content and in most places contains from 1 to 5 ppm (parts per million)
of fluoride. At Williamsburg, Camp Peary, and eastward, chloride is present in
objectionable amounts and in the Newport News area the water is useless for most
purposes. Water from the Nanjemoy formation has moderate calcium bicar-
bonate hardness.

An experiment carried out by the writer at Camp Peary showed that it is pos-
sible to utilize beds saturated with saline water as a storage reservoir for fresh
water.

Water from the Yorktown formation of Miocene age is moderately hard to hard.
The hardness is present as calcium bicarbonate., Water from the Pleistocene ter-
race sands and Recent dune sands generally has a low mineralization but may con-
tain objectionable iron.

Ground water is used for municipal, school, institutional, and domestic supplies
in the large towns and villages; in a few places it is used for boiler feed. At West
Point large quantities are used in the manufacture of paper pulp, and at Newport
News brackish ground water is used for cooling.

Shallow wells in the area are generally dug, but a few of them are driven. Most
of the deep wells are jetted wells that are from 2 to 4 inches in diameter and supply
domestic or small industrial establishments. Many large-diameter drilled wells
supply water to municipalities and industries. A few wells and test holes have
been drilled by the rotary method.

Eagstern and central Henrico County lies along the Fall Line with Richmond at
the western margin of the area discussed. In recent years a number of small
municipal supplies have been obtained from wells in granitic rock in the area im-
mediately adjacent to the city. Several deep wells in the county tap beds of the
Aquia formation or Potomac group, largely for small municipal supplies, and sev-
eral hundred gallons per minute per well has been obtained.

In eastern Hanover County a few wells have reached bedrock, which in some
places is sandstone of Triassic age. The relatively few deep wells in the county
reach sands of the Aquia formation or Potomac group but nowhere have large
supplies been developed as yet. The water from artesian beds is moderately hard
at Hanover but in the easternmost part of the county it is soft.

King William County extends westward almost to the Fall Line and eastward
to the head of the York River. There are a fairly large number of wells in the
county, mostly small-diameter wells along the Pamunkey and Mattaponi Rivers
and several large-diameter industrial wells at West Point. Most of these obtain
water from the Mattaponi formation but several obtain water from the Nanjemoy
formation. The water is generally a soft sodium bicarbonate water of good quality.

Few wells have been drilled in New Kent County. Most of these are loeated
along the Pamunkey River, at Providence Forge, and at Boulevard (known also
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as Windsor Shades). All the wells are for domestic use and almost all obtain
water from the Mattaponi formation. In the lower part of the county a few wells
obtain water from the Nanjemoy formation. The water is a soft sodium bicar-
bonate type. . .

There are a large number of domestic small-diameter wells in Charles City
County along the James and the Chickahominy Rivers. Along the Chickahominy
River there are many wells that obtain water from the Nanjemoy formation, but
along the James River the source is ordinarily the Mattaponi formation. In the
westernmost part of the county units of the Potomac group may lie within the
reach of wells of moderate depth. The water obtained from deep wells is of a soft
sodium bicarbonate type but the Nanjemoy formation yields slightly hard water.

James City County is on the margin of the zone of high-chloride waters but most
deep wells, except those at Williamsburg, yield water in which chloride content is
negligible. Most of the wells in the county reach the Mattaponi formation but
there are a number in the upper part of the county along the Chickahominy River
that obtain water from the Nanjemoy formation. At Jamestown the Chickahom-
iny formation is an inferior water-bearing formation but it is possible that this
formation yields water to a few wells at Williamsburg,

Ground-water conditions in York County are known largely from results of
deep drilling in the Camp Peary—Yorktown area. In this area the chloride content
of water from wells reaching the upper beds of the Mattaponi formation is high,
and deeper wells yield water in which the chloride content is notably higher.
However, the use of deep-well water was almost entirely discontinued when fresh
surface-water supplies became available from the Chickahominy River watershed.

The Calvert formation furnishes water to one well at Yorktown and a few
shallow drilled wells obtain water from the Yorktown formation. The water
from the shallow Miocene units is somewhat hard but free of excessive chloride.

Pumping tests made at Camp Peary show that the transmissibility of the upper
part of the Mattaponi formation there ranges from 30,006 to 80,000 gpd (gallons
per day) per foot and has an average value of about 50,000 gpd per foot.

In Warwick County, ground water obtained at Lee Hall for the Newport News
and Fort Eustis water systems contained objectionable amounts of chloride.
The water was used as a supplement to the Newport News supply in time of
drought and as a water supply for Fort Eustis for several years. At Newport
News the water obtained from beds in the Mattaponi formation is even higher
in chloride content than that at Lee Hall, but even this weter has been found
worth while for cooling and some industrizl purposes. A few shallow drilled or
driven wells obtain water from the Yorktown formation in Warwick County.

About 1900 a well at Fort Monroe, Elizabeth City County, was drilled to bed-
rock. Only high-chloride waters were present in the Coastsl Plain sediments so
this and other attempts to produce potable water failed. A few shallow wells
produce potable water from deposits of the Columbia terrace.

INTRODUCTION AND ACKNOWLEDGMENTS

This report summarizes the results of an investigation of the ground-
water resources of the York-James peninsula in Virginia, which was
made as a cooperative project of the Division of Geology of the Vir-
ginia Department of Conservation and Development, and the U. S.
Geological Survey. It was begun under the direction of the late O.
E. Meinzer, geologist-in-charge of the Ground Water Branch, U. S.
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based. Acknowledgment is given to O. C. Brenneman of Providence
Forge and W. S. Reynolds and Sons of Walkerton. Records for the
wells of large capacity were furnished by Sydnor Pump & Well Co.,
Inc., and the Virginia Machinery & Well Co., Inc., of Richmond,
Mitchell’s Well & Pump Co. of Petersburg, and the Layne-Atlantic
Co. of Norfolk.

The writer is indebted to members of the Virginia Division of
Geology for their comments on the manuscript, and to L. W. Young-
quist, who visited and located many of the wells in New Kent,
Charles City, and King William Counties. Fossils shown in plate 8
were drawn by Patricia and Lawrence Isham, U. S. National Museum.

HISTORICAL SKETCH

The area covered by this report has been the scene of an unusual
number of significant historical events. It ranks with Philadelphia
and Boston in Colonial and Revolutionary history and with Gettys-
burg and Bull Run in the Civil War.

The first permanent English settlement in what is now the United
States was made at Jamestown in 1607 and the area as far west as
Richmond was settled early.

Jamestown was burned in 1675 during the rebellion of Nathaniel
Bacon against Governor Berkeley. Williamsburg (Middle Planta-
tion) then became the seat of the Colonial House of Burgesses. It
was a seat of political unrest in pre-Revolutionary times.

The York-James peninsula and adjacent area became a scene of
conflict during the Revolution, culminating with the defeat of Corn-
wallis at Yorktown.

During the Civil War McClellan conducted his abortive Peninsula
Campaign against Richmond in 1862. Richmond was again besieged
when Grant marched from the Rapidan River to the James River in
1864. At Cold Harbor a battle was fought that was equally as
bloody as the previous battle of Malvern Hill of McClellan’s campaign.
With the fall of Petersburg on April 2, 1865, Richmond was evacuated.

During World War I troops were trained at Fort Monroe and Fort
Eustis, an air base was established at Langley Field, the Naval Mine
Depot, was established at Yorktown, and Newpert News produced
its quota of vessels. In World War II these establishments were
reactivated and, in addition, Camp Peary was built for the training of
naval construction troops (Seabees), an army bomber base was
established at Sandston, and Camp Patrick Henry was built as a
staging camp for troops going overseas.
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GEOGRAPHY
AREA AND POPULATION

- ‘T'he 1950 area and population of the counties and cities covered in
this report as given by Virginia Division of Planning and Economic
Development (1951) are given in table 1.

TasLe 1.—Area and population of counties and independent cities in the
York-James Peninsula, 1950

County or independent city Arelzﬁse%;mre Population

Charles City County. e mm —mm i~ mammmm————————— 150 4,676
Honrico COUDtY - aua e amc ot am e cr e mce s s em e mm e m————mm e — e e 235 57,340
Richmond R - 39 230, 310
Hanover Count; Cy — —- 466 21, 985
King William County - 278 7, 589
New Kent County.. 221 ?é, gflag
18 | 8,735

York County ... 123 11, 750
Warwick County 59 39, 875
Newport News. .. - 42, 358
Elizabeth City County oo 5 55,028
HamPiOn - ee e e emm e B e R 5, 966
LT 1,775 493,924

INDUSTRY

The industrial development as of 1947 of each of the counties and
independent cities is given in table 2.

Manufacturing is localized largely in the Richmond, Newport News,
and West Point areas. At Richmond paper and tobacco products are
of primary importance but lumber and iron and steel products are also
important. At West Point a large pulp mill and a small planing mill
form a small industrial center; the building and repair of warships and
large commercial vessels at Newport News have been long carried on.

TABLE 2.—Number of manufacturing establishments and value added by manufacture,
by counties and independent cities, 1947

[Data from Virginia Division of Planning and Economic Development, 1951]

Number of | Number of | Value added
County or independent city production |industrial es- | by manufac-
workers tablishments | ture (dollars)

Charles City County. oo mmceaen 197 14 363, 000
Henrico County - oo oo 1,348 42 9, 492, 000
Richmond.._ 24,148 336 205, 130, 000
Hanover County. .o iiiceeaes 705 57 1,923,

King William County 729 12 e
New Kent County__.____..____..___ 1,311 10 575, 000
James City Gounty and Williamsburg 188 19 504, 000
York County. .- ool 232 13 498, 000
Warwick County_“ 242 22 873, 000
Newport News___ . .o oeoaoe 10, 925 28 | ceemiccaocan
Elizabeth City County._ 181 13 414, 000
HampOn - o oo es 231 16 1,167,000
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The area is of importance as a tourist center and each year thousands
visit the Capitol of the Confederacy, the Rockefeller restorations
at Williamsburg, the National Park Service shrines at Jamestown
and Yorktown, and the Mariners Museum near Newport News.

Army and Navy installations greatly affected the economy of the
area during both world wars; permanent installations, such as Fort
Monroe, Langley Field, the Yorktown Naval Mine Depot, and Fort
Eustis, still contribute to the economic picture today.

Agriculture is important in the greater Richmond area, where more
than $2,000,000 worth of eggs, chickens, and dairy products is produced
annually. Elsewhere agriculture is of less importance and lumbering
becomes of great relative importance to the sparse rural population.

CLIMATE

Temperature.—The mean annual temperature is 57.9° F at Rich-
mond and 58.9° F at Langley Field, as shown in table 3. A slight
ameliorating effect of Chesapeake Bay may be seen in both monthly
and mean annual temperatures.

TaBLE 3.—Mean monthly and annual temperatures, in degrees Fahrenheit, a:
Langley Field and Richmond

Station

Jan. | Feb, | Mar. | Apr. | May | June | July | Aug. | S8ept.| Oct. | Nov. | Dec. | Annual

40.5| 41.0 | 47.8 | 56.0 | 66.0 | 74.3 | 78.4 | 77.4 | 71.9 | 61.3 | 50.4 | 42.2 58.9
37.90|30.6 | 47.2 | 56.6 | 66.5 | 74.3 | 78.5 | 76.5 | 70.5 | 59.6 | 48.3 | 39.8 57.9

Precipitation.—The mean annual precipitation ranges from 40.58
inches at Langley Field to 42.02 inches at Richmond, as shown in
table 4. At both stations the maximum rainfall is in July and the
minimum rainfall is in November.

TAaBLE 4.—Mean monthly and annual precipitation, in inches, at Langley Field
and Richmond

Station Jan. | Feb. ‘ Mar. | Apr. | May | June | July | Aug. | Sept.| Oct. | Nov.| Dec. ‘ Annual
Langley Field....| 2.97 | 3.34 | 3.57 | 2.98 | 3.39 | 4.27 | 5.08 | 4.53 [-2.77 | 2.50 [ 2.13 | 3.05 40. 58
Richmond.._.._. 3.21 317 3683493793904 73 4.42 ) 2.25 1 2.88 (221 | 3.29 42,02

GEOLOGIC FORMATIONS AND THEIR WATER-
BEARING CHARACTER

The area included in the York-James peninsula is underlain by
unconsolidated beds that dip gently seaward and rest upon granitic
rock. The sediments are of Cretaceous, Paleocene(?), Eocene,
Miocene, and Pleistocene age, and consist of a series of alternating
sand, clay, and marl beds (pls. 1 and 2). Richmond and Ashland

383402— 57— 2
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lie along the Fall Line, the belt where Coastal Plain sediments are
thin and granitic rock lies close to the surface. In places where the
thin cover of sediments has been removed by erosion, the granitic
rock is exposed. Eastward the basement rock lies at progressively
greater depths and at Fort Monroe the thickness of Coastal Plain
stratigraphy sediments is 2,246 feet.

STRATIGRAPHY OF THE COASTAL PLAIN IN VIRGINIA

Until recent years the Coastal Plain sediments have generally been
considered to consist of the Potomac group of sand and clay sediments
of Early and Late Cretaceous age, unconformably overlain by the
Pamunkey group of Eocene sediments. These are in turn uncon-
formably overlain by the Chespeake group of Miocene marls. In
Quaternary time the entire area was covered by a thin veneer of
terrace deposits. A notable addition to this sequence was recognized
at Norfolk where fossiliferous sediments of Late Cretaceous age
(Darton, 1902, p. 2) were found.

In recent years it was shown that Upper Cretaceoussedimentsextend
inland as far as Franklin in Southampton County and Lake Prince
in Nansemond County (Cederstrom, 1945a, p. 32). An addition to
the geologic section, the Chickahominy formation of late Eocene age,
was found to be present at Yorktown in York County (Cushman
and Cederstrom, 1945).

However, various workers in the field of Coastal Plain stratigraphy,
particularly those who had become interested as a result of recent
large-scale oil explorations, have decided that some of the old funda-
mental concepts of Coastal Plain stratigraphy were in need of revision.
No effort will be made here to review the various facts and suggestions
presented by different workers in adjacent Coastal Plain areas;
however, especial attention is given to the exposition by Spangler and
Peterson (1950) who have recently studied the Coastal Plain from
North Carolina to New Jersey.

Upper Cretaceous sediments have been known at Norfolk since
1902 and recently they were found to extend inland as far west as
Franklin (Cederstrom, 1945a, p. 19, 31-32, 52). Upper Cretaceous
sediments have not been positively identified in Virginia north of the
James River, but, considering the fact that Upper Cretaceous sedi-
ments are well known in both Maryland and North Carolina, they
might be expected in the Virginia Coastal Plain north of the James
River. Although these sediments may not crop out along the Fall
Line, it seems more than likely that they should be present under
cover at least as far inland as the west shore of Chesapeake Bay.

The writer believes that Upper Cretaceous sediments are present
in the subsurface north of the James River (Cederstrom, 1947b,
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p. 96-97). It was pointed out that the lower 500 feet of a series of
deposits at Fort Monroe, previously assigned to the Eocene (Ceder-
strom, 1945a, p. 35; 1945¢, p. 81-82), are

non-glauconitic, unfossiliferous and are characterized by thick beds of mottled
or brightly colored clays believed to be of Upper Cretaceous age . . . they are

widely distributed in the Coastal Plain north of James River and approach the
Fall Line in King George and Caroline Counties.

The mottled clay beds north of the James River were later character-
ized as having dominantly Upper Cretaceous aspect although many
forms known from the Paleocene are present near the top of the section
(Cederstrom, 1950, p. 97). Fossils of Paleocene age (Midway) were
recognized, or at least suspected, south of the James River several
years previously by Cushman and Richards (Cederstrom, 1945a, p. 39).

These sediments, characterized lithologically by brightly colored,
mottled clays, probably range from Late Cretaceous to Paleocene in
age. The relationship of the beds in which Upper Cretaceous and
Paleocene fossils were identified south of the James River to com-
parable beds in the York-James peninsula is shown in plate 5.

The mottled clays in question are widely distributed in the Virginia
Coastal Plain north of the James River and are characteristically
brightly colored; pink, red, and brown colors being outstanding.
In places the beds are entirely unfossiliferous and nonglauconitic,
but elsewhere they are highly fossiliferous or contain highly fossili-
ferous beds and some glauconitic beds. In other places they inter-
finger with or grade for short distances into highly glauconitic
beds of Eocene aspect. These beds will be described in detail below.

The older and rather unsatisfactory concept of geology of the
Coastal Plain of Virginia and the relationship of Virginia formations
to those of adjacent States were clarified somewhat when it was found
possible’to accept, almost entirely, Spangler-and Peterson’s points
of view. 'Their conclusions, based on study over a wide area, closely
fit the observed local subsurface geology.

Spangler and Peterson (1950, p. 16—17) note that the Raritan for-
mation of Maryland and Delaware, resting unconformably on the
basement crystalline rocks, is, in New Jersey,

a variable series of continental sands and clays, locally containing marine ton-
gues, and is Upper and Lower Cretaceous in age. . . .

. . . The writers found in examining the Cretaceous outcrops from New Jersey
through Petaware.'and Maryland that the sediments of the Raritan formation
of New Jersey were so similar to the combined sediments of the ‘“Raritan’
formation and Potomac, group of Maryland-Delaware that they were led to
believe the two were correlative. 1t was found in mapping the Potomac group
of Lower Cretaceous age that it was necessary to pinch out a considerable

thickness of the Lower Cretaceous beds at an unbelieveable rate so that the Upper
~ Cretaceous Raritan formation could be shown in its true relationship in outerop
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and subsurface. This pinch-out of sediments occurred at the Delaware River,
the state boundary between New Jersey and Delaware. . . .

It should be mentioned here that the same difficulty oceurred at the Vlrglma-.
North Carolina state line where the Tuscaloosa, which was considered as Upper
Cretaceous, abutted the Potomac group which was considered as Lower Cre-
taceous. The Tuscaloosa was correlated with the Raritan of New Jersey and both-
were thought to be younger than the Potomac beds. In mapping southward
from Virginia to North Carolina it was necessary to pinch out a great thickness of
Lower Cretaceous beds to allow the Tuscaloosa to be shown in its true relationship
in outerop and subsurface.

. it is believed from a study of the samples and electric logs that the
Tuscaloosa beds are of both Upper and Lower Cretaceous age and should be cor-
related with the combined Raritan formation and Potomac group of Delaware~
Maryland. Faunas in samples from wells in North Carolina make it possible
to assign a boundary between these Upper and Lower Cretaceous beds, whereas
it is doubtful that this boundary can be determined in the outcrops, for here the
sediments of the Tuscaloosa are an almost homogeneous mass of continental sands
and clays.

In New Jersey it has been impossible to differentiate these Upper and Lower
Cretaceous beds either in the outerop or the subsurface. Since the Raritan
formation of New Jersey is, in reality, a single formation where exposed on the
surface, it is treated as such and discussed as an undifferentiated unit.

In describing the Potomac group of Early and Late Cretaceous age

in the Delaware-Maryland-Virginia area, Spangler and Peterson (p. 63)
note that the lower member of the Virginia Potomac group, the
Patuxent formation,
is lithologically inseparable from the Tuscaloosa formation of the Carolinas,
[and that] in drawing cross-sections north and south, one must show the beds
of the Tuscaloosa formation abutting beds of the Lower [and Upper] Cretaceous
Potomac group at the North Carolina—Virginia state line.
These authors consider that the lithologic distinction between the
Patapsco formation and the underlying Patuxent formation, both
of the Potomac group, is invalid. The contact between them,said
to be unconformable, has not been specifically mentioned in the
230 outcrops described in the Virginia literature.

Referring to the basal sequence of Coastal Plain sediments. in
Maryland, Spangler and Peterson (p. 64) assign the Arundel, Patapsco,
and Raritan formations to the Upper Cretaceous and the underlying
Patuxent formation to the Lower Cretaceous. FElsewhere the authors
note again that the Patuxent formation is considered Early Cretaceous
in age and equivalent to the lower part of the Tuscaloosa formation
of North Carolina and the lower part of the Raritan formatlon of
New Jersey.

Finally, referring to the James River ared of Virginia, concerning a
portion of whieh the present report is written, Spangler and Peter-w
son state (p. 81)—
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It is the writers’ opinion that more study is needed in this area and that the
continental sediments assigned to the Patuxent may contain equivalents of
Upper Cretaceous beds that are present at the north and south. Also, it may
be found that some of the marine sediments which have been assigned to the
Eocene may be the equivalents of the marine, Upper Cretaceous beds on the north
and south.

Spangler and Peterson’s conclusions were based on a regional
study, whereas the writer’s conclusions were gained through study
of foraminiferal material from well cuttings, and insofar as the geology
of the Virginia Coastal Plain is concerned, they are practically identi-
cal. In this paper, therefore, it is postulated that Upper Cretaceous
and Paleocene units are widespread in the subsurface north of the
James River west of Chesapeake Bay. Further, Upper Cretaceous
and Paleocene units approach the Fall Line rather closely in the
vicinity of Fredericksburg and in that area may grade into continental
units at present mapped as Patapsco formation. (Spangler and
Peterson regard the Patapsco as Late Cretaceous in age but point out
that the Patapsco is not readily distinguished from the Patuxent.)

In discussing the Hornerstown marl of New dJersey, Spangler and

Peterson (p. 56) state their belief that the Hornerstown is Midway
(Paleocene) in age and
the gradational character from the beds below indicates that deposition was
continuous from Cretaceous to Eocene, and the Hornerstown then must represent
the Midway or transition beds from Cretaceous to Eocene.
In Virginia, certain fossils, just below typical Eocene units, look
more like Paleocene than Upper Cretaceous forms and it appears
that the Paleocene may be widely represented in the subsurface,
although these beds are not necessarily very thick. As noted above,
the sediments generally referred to as the mottled clay sequence are
therefore considered to range in age from Late Cretaceous to Paleo-
cene, but with the bulk of the sediments being of Late Cretaceous
age. This will be discussed in more detail below.

BASEMENT ROCKS
BASEMENT ROCK SURFACE

Granitic bedrock is exposed in the James River at Richmond and
is encountered a few feet above sea level in many wells in and near
the city. Bedrock was struck at 280 feet (150 feet below sea level)
in a well 3% miles southeast of the center of Richmond. The slope
of the bedrock surface from Richmond to Old Point Comfort is about
60 feet per mile. At Robinwood, which is 5 miles east-southeast of
Richmond, hard rock had not been reached at 500 feet (340 feet below
sea level), nor did a wildcat oil well drilled near Sandston (7 miles east



14 GEOLOGY AND GROUND WATER, YORK-JAMES PENINSULA, VA.

of Richmond) in 1917 reach bedrock at a depth of 669 feet (510 feet
below sea level).

Bedrock is present at about 150 feet above sea level at Ashland
and 100 feet above sea level at Doswell, but it lies below the limit
of deep wells drilled in eastern Hanover County (Sanford, 1913, p.
185).

At Curles Neck, along the James River in southern Henrico County,
bedrock was struck at 280 feet below sea level (Sanford, 1913, p. 191).
At Upper Shirley in western Charles City County, a well struck bed-
rock at 350 feet (Sanford, 1913, p. 148), probably about 320 feet
below sea level. It has been reported (Cederstrom, 1945a, p. 132)
that at Howlett House, on the west bank of the James River opposite
Curles Neck, bedrock was struck at 260 feet below sea level. These
reports suggest that here, a short distance east of the Fall Line, the
basement rock surface has a very gentle seaward slope in contrast
to the steep slope east of Richmond.

At Mulberry Island, near Fort Eustis, depth to bedrock was deter-
mined by geophysical means (Ewing, Crary, and Rutherford, 1937;
Miller, 1937) and was found to be 1,300 feet. At Fort Monroe
bedrock was reached at 2,246 feet in a well drilled by the U. S. Army
in 1902 (Darton, 1902).

GRANITIC ROCK
OCCURRENCE

Granite forms the basement rock throughout the area covered
by this report with the exception of part of Hanover County. The
rock is massive but in most places it is broken by intersecting fracture
planes that are filled with water below the water table. In this
report, most of the wells that have been drilled in granitic rock
are located in Richmond and vicinity.

WATER-BEARING PROPERTIES

The unpredictable and erratic results of drilling in granite are
well illustrated by two wells (72, 73, table 5) drilled in the community
of Westbrook near Richmond. One well, 900 feet deep, obtained a
yield of 5 gpm (gallons per minute) and a second well, nearby, only
468 feet deep, obtained a yield of 50 gpm. Obviously the poorer
well failed to intersect a fissure or series of fissures in the solid rock
along which water could be transmitted into the well.

At the Hotel Richmond and at the abattoir (51, 56, table 5)
yields of 300 gpm were reported. However, the average yield of wells
reaching granitic rock is considerably lower. In arriving at an aver-
age, it must be taken into account that some failures are generally
unknown and therefore are not included. Thus, the list of wells



GEOLOGIC FORMATIONS AND THEIR WATER-BEARING CHARACTER 15

given by Sanford (1913) may be incomplete and the average yield
figure obtained may be somewhat high.

Data were obtained from the Sydnor Pump & Well Co., Inc., on
wells drilled near Richmond for a number of sinall housing projects. .
These data (table 5) are complete to the extent that all the wells
drilled are included in the compilation. According to these data, four-
teen 8-inch wells were drilled to an average depth of 293 feet, from
which an average yield of 26 gpm was obtained. Furthermore, these
wells had a yield of 0.2 gpm per foot of drawdown.

In contrast to the above figures, if the remainder of the list (table
5) of wells reaching granitic rock, most of which are taken from
Sanford (1913) is used it would appear that 18 wells were drilled to
an average depth of 427 feet, and an average yield of 109 gpm was
obtained. This is a misleading appraisal of the situation and a better
evaluation would be obtained by using the former group of figures
and assuming that moderately deep wells in the granite will generally
furnish from 15 to 35 gpm but that much greater or much smaller
yields can be expected in some wells.

It is generally believed by drillers that drilling wells in granitic
rock to depths greater than 400 feet is not justified unless there has
been a continuous increment in yield down to that depth. In other
words, if a rock mass is fractured and yields more and more water
as the well is deepened, then the well should be continued to about
700 feet or until further gains cease. If, however, the rock is massive
and very little water is obtained at a depth of 350 or 400 feet, then
the probability of finding fissures at greater depths is small.

Water from granitic rock is generally of good chemical quality and
quite palatable; a few of the old wells mentioned by Sanford, how-
ever, yielded water that was excessively hard and a few wells in
Richmond were obviously contaminated by industrial or other wastes.

TRIASSIC SYSTEM
OCCURRENCE

The bedrock at Ashland is Triassic sandstone, similar to rock
cropping out on U. S. Highway 1 where it crosses South Anna River
a few miles to the north of Ashland. Triassic bedrock was reached
in a deep well at Doswell in north-central Hanover County, according
to Sanford (1913, p. 186).

WATER-BEARING PROPERTIES

"As near as can be determined, yields comparable to those obtained
from granitic rock are obtained from the Triassic formations. Three
wells at Ashland, 250, 290, and 374 feet deep, obtained respectively
85, 27, and 45 gpm. At Doswell, one well 192 feet deep obtained
only 1% gpm, but another well 200 feet deep obtained 210 gpm with
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92% feet of drawdown. Two other wells at Doswell, one 174 feet
deep and the other 400 feet deep, obtain about 15 gpm each.

At Doswell a sample of water from a well 174 feet deep was found
. to be a slightly hard calcium- and sodium-bicarbonate type.

CRETACEOUS SYSTEM—POTOMAC GROUP
LITHOLOGIC CHARACTER

Sediments of the Potomac group of Early and Late Cretaceous age
crop out along the James River below Richmond and along the Pa-
munkey River in north-central Hanover County. (See pl. 1 and fig.
1; Va. Geol. Survey, 1928.) These sediments consist of alternating
clays and arkosic sand deposits of continental origin. The individual
beds generally are not coninuous over wide areas but thin out and give
way to beds of some other type. However, where the Potomac is
several hundred feet thick there is a good possibility of finding several
sand beds, although it may not be possible to predict the exact depth
at which these beds will be found.

WATER-BEARING PROPERTIES

A number of wells in the Fall Line area reach the alternating sands
and clays of the Potomac group, but east of the Fall Line the Potomac
group is buried beneath a thick cover of younger formations and is
beyond the reach of all but the deepest wells.

Several wells in eastern Hanover and Henrico Counties obtain water
from sands in the Potomac group. Some prolific water-bearing strata
are present but little is known of the potential supplies that might be
available from these formations in such favorable localities as eastern-
most Henrico and Hanover Counties, western Charles City County,
and New Kent County, where they might be reached at moderate
depths. It is believed that a number of excellent wells along the
James River in southwestern Charles City County probably obtain
water from Lower Cretaceous sands.

In the lower peninsula area, the beds in the Potomac group are gen-
erally not important, even though the record at Fort Monroe (8c,
table 36) shows they might prove to be as excellent water-bearing beds
as beds of the same age south of the James River. In York, James
City, Warwick, and Elizabeth City Counties, they are saturated with
water that is more or less brackish and of very limited usefulness.

Near the Fall Line, too, the importance of Lower Cretaceous strata
diminishes because there the total thickness of unconsolidated sedi-
ments is small and, although the water is of generally good quality,
the potential yield of deep wells is limited. Several housing projects
immediately northeast of Richmond obtain water from Lower Cre-
taceous sands.
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CRETACEOUS TO TERTIARY SYSTEMS
UPPER CRETACEOUS AND PALEOCENE SERIES—MATTAPONI FORMATION
. LITHOLOGIC AND PALEONTOLOGIC CHARACTER ’

In the writer’s opinion certain beds occurring in the subsurface of
the Virginia Coastal plain north of the James River should be assigned
to the Upper Cretaceous and Paleocene series. In 1946 a hole was
drilled to a depth of 654 feet at Colonial Beach, on the bank of the
Potomac River. The Nanjemoy formation is almost entirely un-
fossiliferous here but the base of the formation at 194 to 197 feet is
marked by the characteristic pink Marlboro clay member. The next
28 feet of dark glauconitic material is assigned to the Aquia formation
of Eocene age. Below the base of the Aquia occurs 429 feet of sedi-
ments; the top 100 feet is glauconitic to some degree, whereas the
remainder consists of brightly colored mottled clays, and gray, blue,
red, and purple-brown clays. Below the colored clays is 20 feet of
water-bearing sand.

In this well at Colonial Beach, between depths of 250 and 320 feet, a
rich foraminiferal fauna occurs that is highly characteristic and ap-
pears to have correlatives throughout the Coastal Plain. At the base
of the mottled clay member, at a depth of 375 feet, this fauna is present
again. The 429 feet of material below the base of the Aquia, char-
acterized in the upper part by mottled clays, is thought by the writer
to be of Late Cretaceous to Paleocene age and is here designated the
Mattaponi formation. The well at Colonial Beach is considered to
be the type well. The log is given below.

Driller’s log, municipality of Colonial Beach, Westmoreland County

Data by Virginia Machinery & Well Co., Inc. Altitude, 20 feet]
f v ’ ' Thickness Depth

(feet) (feet)
Columbia group (Pleistocene): Clay, yellow_ . - ____________ 30 30
Chesapeake group (Miocene): Clay, gray, compact. . _._______ 42 72
Nanjemoy formation (Eocene):
Sand, yellow, clayey - - oo eCeon 6 78
Gravel . e e e e ————— 6 84
Boulders, fine sand, gravel. .. __________________.___.__._ 11 95
Clay, black, glauconitic. .. oo ecaemaeeas 99 194
Clay, pink. . e 3 197
Aquia formation (Eocene): Marl, dark-olive-green, glauconitie,
SANAY e 28 226
Mattaponi formation (Upper Cretaceous and Paleocene):
Clay, black, hard_ . oo 10 235
Sand, black .. o e 15 250
Sand, grayish-green, clayey, glauconitic; Foraminifera______ 25 275
Clay, dark-olive-green, sandy; Foraminifera__.__-._____._.._ 20 295
Sand, dark-gray, running, clayey; Foraminifera____._____.___ 25 320

Clay, mottled, yellowish, red-to-brown, gray; Foraminifera
At DASe . e ecccccccccccceaa 54 374
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Driller’s log, municipality of Colonial Beach, Westmoreland County—Continued
Thickness Depth

(feet) (feet)
Mattaponi formation (Upper Cretaceous and Paleocene—Con.

Sand, fine, gray; water under good head. __ __.____________ 26 400
Clay, pale-green, silty _. .. . 10 410
Clay, dark-gray . . - ee 7 417
Clay, dark-gray, lumps in gray sand_ .. .. _________ 8 425
Clay, dark-gray, and sand _ .. oo _________ 25 450
Clay, tough, gray and brown____ ... _________________ 110 560
Clay, BEht-gIaY - - o oo oo e 4 564
Clay, red. e 6 570
Clay, light-brown____ . __ ___ 10 580
Clay, dark-purplish-brown__.____________________________ 10 590
Clay, bright-red_ . _ . 10 600
Clay, light-gray . _ . 20 620
Clay, dark-gray _ _ e 14 634
Sand, water-bearing_____ e 20 654

At Washingtons Birthplace, 4 miles southeast of Colonial Beach, a
well less than 400 feet deep contains an unusually rich foraminiferal
fauna that provides a particularly fine basis for study of the Mattaponi
faunal suite and permits easy correlation with strata to the east
and southeast.

Two things will be noted in the following log of the well at Washing-
tons Birthplace: There is no great lithologic difference between

Driller's log, Washingtons Birthplace, Westmoreland County; H. Muse

[Data by Mitchell’s Well & Pump Co. Altitude, 20 feet]
Thickness  Depth

(feet) (feet)
Columbia group (Pleistocene) : Clay, yellow, andsand___________ 20 20
Chesapeake group (Miocene) : Marl, gray,sandy________________ 60 80
Nanjemoy formation (Eocene):
Clay, black, glauconitie__ ____________ .. ___________ 46 126
Clay, light-grayish-green, glauconitic; Foraminifera..______ 93 219
Clay, dull-pink _ _______ . 5 224
Aquia formation (Eocene):
Sand, glauconitic_ _ - ___ ___ ___ .o 6 230
Marl, vivid-green, glauconitic; Foraminifera . ___.__________ 22 252
Mattaponi formation (Upper Cretaceous and Paleocene):
Sand, slightly marly, glauconitic; Foramininifera_ ____._.____ 4 256
Marl, vivid-green, glauconitic; Foraminifera___ . _____.______ 34 290
ROCK e 1% 290%
Sand, slightly marly, dark-green, glauconitic; Foramini-
fera. . e 20 310%
RoCK. e % 311
Sand, slightly marly, dark-green, glauconitic; Foraminifera__ 37 348
Clay, dark-yellowish-brown_ _ .. _____________ 38 386

Sand, fine, gray; water_ . _ . . ..o 10 396
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Eocene and pre-Eocene units, and there is little evidence of the brightly
colored clay beds found at Colonial Beach. For example, at Colonial
Beach mottled clay is present at a depth of 320 feet and should be
expected at about 340 feet at Washingtons Birthplace. At Washing-
tons Birthplace dark-yellowish-brown clay is present at 348 feet.

Foraminifera at 237 feet appear to represent a typical Aquia assem-
blage; at 254 feet several distinctly different and older forms appear and
most typical Aquia forms have disappeared; at 266 feet several more
older forms appear but no further sharp differences in faunal content
are noted to a depth of 350 feet. Regardless of the ultimate deter-
mination of the fossils found in the pre-Aquia units, it is certain that a
significant faunal change occurs between 237 and 254 feet. Sedi-
ments below 348 feet are unfossiliferous but there is no reason to
believe that a formational boundary is passed at that depth.

Because of the faunal content of the well at Washingtons Birthplace,

it is designated as the second of two type wells for the Mattaponi
formation.
. Two wells at Oak Grove (Cederstrom 1945b, p. 17-19), 6 miles
south-southwest of Colonial Beach and 5% miles southwest of Washing-
tons Birthplace, show the range of variation in the characteristics of
the Mattaponi formation. In the Estate Wirtland well about 350
feet of sediments of the Mattaponi formation are tapped. At a
depth of 355 feet (about 200 feet below sea level), 119 feet of glau-
conitic quartz sand is found and below this is 176 feet of yellow to
yellowish-brown glauconitic clay. At the base of this sequence 48
feet of white quartz sand is present. In the adjacent Henneson well
60 feet of glauconitic tough pink clay and tough mottled red clay occur
near the depth where the yellowish-brown clays are found in the Wirt-
land well.

At Westmoreland State Park about 3 miles downriver from Washing-
tons Birthplace, Foraminifera indicate that the top of the Mattaponi
formation, as here defined, occurs at a depth of 350 feet or less. The
section below 350 feet is characterized by brown, gray, and red clays,
mostly dark, but none are mottled. Twelve feet of quartz sand was

" penetrated at a depth of 617 feet.

At Dahlgren (Cederstrom, 1945b, p. 15), about 3 miles nerth-
northwest of Colonial Beach, the top of the Mattaponi formation is
considered to lie at a depth of about 170 feet below sea level. At 272
feet below sea level, 22 feet of reddish-brown clay is present and is
underlain by 74 feet of yellow clay. Tough red clay occurs between
402 and 408 feet and yellow clay from 409 to 499 feet below the surface.

Thus, the Mattaponi formation appears to be highly variable in its
makeup; it may contain a rich foraminiferal fauna in one locality but
this fauna may be extremely meager in adjacent localities. The
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highly colored clays, commonly mottled, may grade laterally into dark
nondescript clays or glauconitic beds in short distances. The upper
part of the sequence commonly contains glauconitic beds of an Eocene
aspect and in places the highly colored clay beds are glauconitic. It
appears that these beds are nearshore marine sediments, subject to
considerable variation in short distances.

In the vicinity of Chesapeake Bay, the highly colored strata are
apparently less common. However, in a well at Reedville, North-
umberland County (Cederstrom, 1945b, p. 28), “brown plastic clay
is present, grading through red, yellow, and purple,” at depths of
from 581 to 660 feet, and “red and brown clay’’ at 689 to 718 feet is
reported. At Burgess Store, Northumberland County, mottled clay
is found at a depth of about 500 feet below sea level and extends to a
depth of 680 feet and the characteristic Mattaponi fauna, here con-
taining a very high globigerinid content, is found at 550 feet. This
fauna has been noted in several wells in the area and is somewhat
different from the fauna at Washingtons Birthplace and it may be a
deep water facies of the Paleocene part of the Mattaponi formation.

At Moss Neck Manor in Caroline County, the base of the Aquia
formation may occur a few feet above sea level. In a well drilled
here in 1950, a meager foraminiferal fauna was found about 50 feet
below sea level. The rare Foraminifera found appear to be identical
with similar Foraminifera found near Kilmarnock, at a depth of more
than 600 feet. Regardless of the exact age of the Foraminifera, since
they are obviously pre-Eocene, their very presence suggests that these
fossiliferous marine pre-Eocene units may crop out along the Fall
Line as Moss Neck lies only 4 miles east of the contact of the Aquia
with the Patuxent formation as shown on the geologic map of Virginia.
The driller indicates that immediately below the blue clay in which
the pre-Eocene Foraminifera were found, “tan and white mixed clay’
occurs from 135 to 145 feet below sea level, and other beds suggestive
of the highly colored Mattaponi formation are found at somewhat
greater depths.

On the York-James peninsula, the Mattaponi formation is well
preserved at West Point in King William County. In well 26a
(table 12) bright mottled clay is first found at 411 feet (129 feet below
the base of the Aquia formation) and is reported again at 510 to 568
feet. The predominantly sandy section between 630 and 721 feet
may mark the base of the Mattaponi formation. Study of the
foraminiferal content indicates that the top of the formation is much
higher, however; about 50 feet below sea level. In well 27a (table 12)
at West Point, mottled clays are likewise reported to be present.
At Cohoke in well 34 (table 12) “hard mottled clay” is reported at
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465 feet below sea level. At Walkerton “mixed colored clays” are
reported at 280 feet below sea level.

Directly to the south of West Point, characteristic Mattapom
Foraminifera were found in several wells (table 28) at Camp Peary
and at Yorktown. At Fort Eustis, not much could be learned
regarding the Mattaponi, but at Newport News, the Mattaponi
formation appears to be present at 644 feet in well 44 (table 33), if
not above that depth. Mottled clays eccur at 644 feet and are found
to a depth of 786 feet in this well. The sandy zone between 1,013 and
1,082 feet may mark the base of the formation. Attention is called
to the presumed Mattaponi section logged between 600 and 900 feet
in well 46 (table 33), at Newport News. The upper 130 feet consists
of alternating brightly colored clays and glauconite sand, succeeded
by 30 feet of mottled red and yellow clay that in turn is underlain by
230 feet of clay or clayey beds, several feet of which is highly colored
but apparently lacks gla,ucomte

Little is gained from perusal of the logs of the old U. S. Army well
(8¢, table 36) or the Chamberlain Hotel well (9, table 36) at Old
Point Comfort even though the former penetrated the entire Matta-
poni section. This well will be referred to in a discussion of the
Eocene below.

WATER-BEARING PROPERTIES

The mottled clays and basal sands and gravels of the Mattaponi
formation have been reached by deep wells at West Point, Yorktown,
Fort Eustis, Newport News, and other places. Although its true
thickness is uncertain, it is apparent that in the eastern part of the
area the succession of colored clays and basal sands underlies much
of the area and is capable of furnishing large supplies of water to
wells. However, east of Williamsburg, the water obtained is of
different degrees of brackishness and its usefulness is limited. The
western extent of these beds upstream along the Pamunkey River
and the Mattaponi River in King William County, in upper James
City County, and in New Kent and Charles City Counties, is less
certain, but it is thought that they occur at least as far west as Aylett,
Mangquin, Providence Forge; and Charles City.

Regardless of the uncertainties concerning the Mattaponi forma-
tion, the succession of beds is present in many places and they furnish
large supplies of water to wells. At West Point (26a, 27a, 28a, b, c,
29a, 30, table 11), 400 to 1,100 gpm is obtained from each well tapping
these beds. Many small-diameter domestic wells that tap these
beds in lower King William County yield excellent supplies of water,
as at Aylett. A few wells.in northern Charles City County may reach
the Mattaponi formation. The wells at Dunbar Farm and Waller
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Pond near Williamsburg (56, table 22; 22, table 28) and the wells at
Camp Peary, Fort Eustis, and Yorktown obtained water from these
beds. Three large-diameter wells at Newport News (43, 44, 46, table
32) that furnish water for industrial use also obtain water from deep
sands underlying mottled clays.

It is apparent, at least in westernmost James City County, and in
eastern Charles City and New Kent Counties, where their presence
is reasonably certain, that these beds constitute a great underground
reservoir of fresh water which has not yet been tapped by large-yield
wells. :

Transmissibility.—Several determinations of the transmissibility
of the upper sands of the Mattaponi formation were made at Camp
Peary. It was found that transmissibility ranged from 22,000 to
85,000 gpd per foot. In the well on which tests were made, from
30 to 50 feet of water-bearing material was developed. These tests
are described in detail on pages 162-169.

The water from these beds in the lower peninsula area is too brack-
ish for most uses.

TERTIARY SYSTEM

EOCENE SERIES

Formations of Eocene age crop out along the north bank of the
James River in western Charles City County and southeastern
Henrico County and along the upper Chickahominy River from the
western tip of New Kent County to a point several miles above
Aylett (Va. Geol. Survey, 1928). They are mapped along the Pam-
unkey River from Aylett to and beyond (upstream) the northern
borders of King William County. The full thickness of formations
of Eocene age in the northern part of the Coastal Plain is said to be
about 300 feet (Clark and Miller, 1912, pp. 91-104), but in the area
covered by this report no individual outcropping is more than 30 or
40 feet thick.

The top of this group of deposits, as determined from Foraminifera
present, is reached in wells at 55 feet above sea level at Bottoms -
Bridge in eastern Henrico County; at about 150 feet below sea level
at West Point; at 210 feet at Camp Peary, York County; 300 feet at
Yorktown; 350 feet at Camp Patrick Henry; 400 feet at Newport
News; and 600 feet at Fort Monroe. Figure 2, drawn on the contact
between the Miocene and Eocene, shows the altitude of the bottom
of the Miocene formations relative to sea level.

The total thickness of Eocene strata is about 160 feet at Bottoms
Bridge in eastern Henrico County and 110 feet at West Point, and
it probably is much greater at Fort Monroe and Newport News.
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The deposits consist largely of blue and gray marls or clays, almost
everywhere glauconitic to some degree. Interbedded subordinate
sands range in composition from glauconite sand to quartz sand
containing only a trace of glauconite.

The Pamunkey group of Eocene age, cropping out along the Fall
Line in Virginia, has been subdivided (Clark and Miller, 1912, p. 90)
into the Aquia and Nanjemoy formations. The Aquia formation
(Clark and Miller, 1912, p. 103-104) is of early Eocene age; the lower
Potapaco clay member of the Nanjemoy formation is also early
Eocene but the upper Woodstock greensand marl member of the
Nanjemoy is of middle Eocene age.

The basal Aquia formation, an aquifer that has been tapped by
wells at Sandston, Bottoms Bridge, Polegreen, and Mechanicsville,
appears to correlate eastward with sands that are overlain by beds
containing Foraminifera of the Mattaponi formation. The interpre-
tation adopted here is that this sand represents a shoreline deposit
of an advancing Paleocene to Eocene sea and ranges in age from
Paleocene to early Eocene. The upper part of the Mattaponi forma-
tion and the Aquia formation are deposited as a progressive marine
overlap (Malkin and Echols, 1948, p. 252-261) and presumed to be
conformable (Lahee, 1949, p. 1901) upon older sediments.

It seems evident (pl. 1) that the lower Eocene (Wilcox) part of the
Nanjemoy formation, the Potapaco clay member, truncates the Aquia
formation. This relation is shown in section A-A’, plate 1. In
King William County, the Aquia thins out eastward, apparently,
more rapidly than the overlying Potapaco clay member of the Nan-
jemoy formation (recognized by the presence of the basal Marlboro
clay member).

Thus, the Aquia formation is recognized only in the vicinity of the
Fall Line; characteristic Foraminifera have been recognized in wells
at Mechanicsville and Bottoms Bridge but the formation probably
extends a little distance farther to the east. Downdip, however, the
Aquia formation and the lower Eocene Potapaco member of the Nan-
jemoy formation, as well as the basal pink Marlboro clay member of
the Nanjemoy, have been truncated by the transgressive sea of middle
Eocene time during which the upper (Claiborne) part of the Nanjemoy
formation was deposited. Hence, eastward, the middle Eocene Wood-
stock member of the Nanjemoy formation generally rests upon beds
of the Mattaponi formation.

Foraminifera present in cuttings of deep wells at Yorktown show
the presence of upper Eocene units. These strata, which do not crop
out along the Fall Line, have been named the Chickahominy forma-
tion (Cushman and Cederstrom 1945). The foraminiferal fauna
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60 feet in thickness at Camp Peary. It may be thinner or absent in
the lower peninsula area. :
Below the more permeable sandy and limestone beds the Nanjemoy
consists largely of glauconitic marl. In places the marl is underlain
by a pink clay stratum, the Marlboro clay member (Clark and Miller,
1912, p. 103-104). At Bottoms Bridge in western Henrico County,
this stratum is 20 feet thick. West of Bottoms Bridge the pink (or
red) clay is recognized at Highland Springs, Sandston, and Glendale
(24b, 30, 37, table 6), in Henrico County and at Roxbury (1, table 19)
in Charles City County. The clay ranges in thickness from 2 to 20
feet in these places. East of Bottoms Bridge a number of rather good
well logs show conclusively that the basal pink clay is generally absent
in that area. As noted above, the basal pink clay is of early Eocene
age and was removed downdip during the middle Eocene transgression.

PALEONTOLOGIC CHARACTER

The Nanjemoy formation has been recognized by the presence of
Foraminifera of middle Eocene (Claiborne) age in cuttings from wells
at Sandston, Bottoms Bridge, Jamestown, Charles City, Providence
Forge, Windsor Shades, Cumberland Landing, Cohoke, West Point,
and Camp Peary. There is only a suggestion of the presence of
middle Eocene units in samples from wells at Newport News, although
admittedly these samples are from a rotary well and hence somewhat
poor for foraminiferal studies. The geologic map of Virginia (Va.
Geol. Survey, 1928) indicates that the formation is absent westward in
many places along the Fall Line, where it was removed by the trans-
gressive Miocene seas. Foraminifera of early Eocene (Wilcox) age,
assigned to the lower Potapaco member of the Nanjemoy formation,
have been recognized with certainty only at Bottoms Bridge and
Polegreen, both localities fairly near the Fall Line.

The Nanjemoy formation is imperfectly known in the lower York-
James peninsula. Only a few fossils characteristic of the formation
to the west of the lower peninsula can be readily recognized in samples
taken from wells at Fort Eustis, Newport News, and Fort Monroe,
although contamination by a rich fauna washing down from the
Chickahominy formation and Chesapeake group may have badly ob-
scured the relatively lean Nanjemoy fauna below. The Nanjemoy
may be absent; certainly the rich characteristic foraminiferal assem-
blage commonly found to the west is lacking.

WATER-BEARING PROPERTIES

The Nanjemoy formation yields water to a great many domestic
wells along the Chickahominy River at Providence Forge and south-
eastward to the mouth of that river on the James River. (See tables
15 and 18.) These wells are developed in sand beds that lie between
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limestone strata (rock) or, less commonly, in honeycombed limestone
beds.

Northward the higher units of the Nanjemoy are drawn upon to a
lesser extent; a well at New Kent School (14, table 15) taps these
strata and several wells at farms along the Pamunkey River (17,
table 15) probably obtain water from them also. As nearly as can
be surmised, well 36 at Cohoke, and well 50 at Manquin (table 11),
which are on the King William County side of the Pamunkey River,
and well 19 at Horse Landing, and well 21 at Whiteoak Landing
(table 11), on the Mattaponi River, also obtain water from the
Nanjemoy.

At West Point, yields of about 250 gpm have been obtained from
limestone and intercalated sand beds of the Nanjemoy and Chicka-
hominy(?) formations. It seems likely that some of the old wells at
Fort Eustis, 367 to 390 feet deep, obtained water from the Nanjemoy
formation. In 1914, before great losses in artesian head had taken
place, a 3-inch well (14, table 32) had a flow of 110 gpm. (J. Minton,
of Smithfield, who drilled the well, stated to the writer that he had a
great deal of trouble in jetting through rock layers.) One 10-inch
well (15, table 32) drilled in 1918 had a flow of 125 gpm and another
(16, table 32) had a flow of 230 gpm.

Elsewhere, the Nanjemoy formation has been tapped by few wells.
In places the water-bearing beds grade into fine or clayey sands.
In many places larger quantities or a stronger flow (higher head)
are wanted and wells are drilled to the underlying Mattaponi forma-
tion. In some areas of high ground away from areas of flowing wells,
artesian pressure in the Nanjemoy may be considerably higher than
that of deeper beds. In a well (8, table 18) south of Providence
Forge, the static level of water in the Nanjemoy formation was 53
feet above sea level, whereas, when the same well tapped deeper
beds, static level was about 10 feet above sea level. In well 42
(table 15), 2 miles north of Providence Forge, water in a well ending
in the Nanjemoy formation stands 58 feet above sea level, whereas,
at Providence Forge, water from the same sand is 14 feet above sea
level.

CHICKAHOMINY FORMATION

LITHOLOGIC CHARACTER

At Yorktown the Chickahominy formation is made up of blue to
dull-brown clay. In most places washed residues of drill cuttings
of the Chickahominy formation are highly glauconitic and pyritic
and contain very few microscopic shell fragments (pl. 7). At Camp
Peary, Lee Hall, and Newport News limestone beds, generally less
than 2 feet thick, are intercalated in the clayey strata. In places,
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the glauconitic content of the clay is sufficiently great to be apparent
in the unwashed cuttings. At Fort Eustis and Newport News
characteristic Jackson fossils have been recognized, but since the
cuttings available for study were from rotary wells not much can be
said about the thickness of the Chickahominy formation at these
places. However, at Newport News the formation may be as much
as 125 feet thick.

PALEONTOLOGIC CHARACTER

The Chickahominy formation (Cushman and Cederstrom, 1945)
of late Eocene (Jackson) age, is 80 feet thick at Yorktown, the type
locality (pl. 7). It contains a foraminiferal fauna that is plentiful
and easily recognized. It appears to be restricted to the lower
(eastern) part of the York-James peninsule and has been found in
cuttings from Yorktown, Camp Peary, Jamestown, Lee Hall, Newport
News, Fort Monroe, and Fort Eustis.

WATER-BEARING PROPERTIES

Although not water bearing at the type well, the Chickahominy
formation contains sandy beds of very low permeability at Yorktown
(38, 39, table 27) as well as at Camp Patrick Henry, Newport News,
and Norfolk. Some of the old wells at Fort Eustis (14, 15, 24,
table 32) may have tapped water-bearing sands at the base of the
Chickahominy formation. Well 27a (table 22) at Jamestown,
tapped “water under low head’” in the Chickahominy formation.

MIOCENE SERIES—CHESAPEAKE GROUP

Formations of Miocene age lie unconformably upon Eocene sedi-
ments; the eastward dip of these strata is less than that of the under-
lying strata and westward they transect the Eocene deposits at a
lower and lower stratigraphic horizon. In places along the Fall
Line, Eocene deposits have been entirely removed in the erosional
interval between their deposition and the advance of Miocene seas
and in those places Miocene strata may rest upon Cretaceous deposits
or even upon granitic bedrock. In the Fall Line area. Miocene
deposits may be only a few tens of feet thick in places, but eastward
they thicken to 400 feet at Newport News and 600 feet at Fort
Monroe.

The base of the Miocene formations lies about 50 feet above sea
level at Bottoms Bridge in eastern Henrico County, 150 feet below
sea level at West Point, 300 feet below sea level at Yorktown, and 400
feet below sea level at Newport News. The slope of the base of the
formations is, therefore, about 8 feet per mile in an eastward direc-
tion. Figured in a southeastward direction (Bottoms Bridge to New-
port News), the slope is from 4% to 5 feet per mile.
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LITHOLOGIC CHARACTER

The Chesapeake group (Clark and Miller, 1912, p. 126-166) of
Miocene age, has been subdivided into the Calvert, Choptank, St.
Marys, and Yorktown formations; the basal Calvert formation is a
sandy shell marl, the St. Marys formation is largely gray tough clay,
and the Yorktown formation is a marly series of strata containing
shell, coquina, and sand. The Choptank formation has not been
recognized south of the Rappahannock River.

WATER-BEARING PROPERTIES

CALVERT FORMATION

Basal Miocene sands of the Calvert formation yield water to a few
wells in the area, mostly around Williamsburg and in upper James
City County. (See tables 21 and 27.) The formation yields, at best,
only moderate supplies of water and the head is low. Furthermore, in
many places the Calvert formation is not sufficiently sandy to yield
any water at all—hence, few wells end in this formation.

YORKTOWN FORMATION

A few wells in the area obtain water from the sand and shell beds
of the Yorktown formation of Miocene age. Several wells in the
vicinity of Williamsburg obtain as much as 10 gpm from these beds.
At the Nelson House in Yorktown a well (40, table 27) tapping the
Yorktown formation is reported to have yielded 36 gpm, but at the
Navy Mine Depot a 10-inch well (33, table 27) ending in the same
stratum yielded only 8 gpm.

O. C. Brenneman of Providence Forge has drilled several 2-inch
domestic wells in the Yorktown formation in lower York County.

Test holes, drilled in 1942 under the writer’s direction adjacent to
Big Bethel Reservoir near Langley Field, showed that in this area
the Yorktown formation normally contains fine gray sand beds that
are poor water-bearing formations. In one test hole no sand beds
were found and in another (34, table 32) beds of medium-grained
sand and a stratum of sized shell fragments were present, from which
115 gpm was obtained with 81 feet of drawdown.

An excellent well in the Yorktown formation furnished the Wythe
Theatre at Newport News with water for air conditioning. Here 120
gpm was obtained with 23 feet of drawdown. Several other attemps
to develop water from the same depth in Newport News were only
partly successful or were failures.

In the lower peninsula area it is probably worth while, where water
is used in quantity, to make test holes to determine the possibility of
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obtaining water from the Yorktown formation. Where present, it
can be produced economically and is of good quality; if sand beds are
not present the cost of exploration will have been only moderate,

QUATERNARY SYSTEM
PLEISTOCENE SERIES—COLUMBIA GROUP
LITHOLOGIC CHARACTER

The Quaternary system in the Virginia Coastal Plain is represented
chiefly by deposits of sand and clay that mantle the older formations
to a height of about 270 feet above sea level, where they have not been
removed by erosion. These deposits are collectively called the Co-
lumbia group. According to Wentworth (1930), the Pleistocene de-
posits below an altitude of 100 feet are chiefly marine, whereas those
above 100 feet are chiefly alluvial, having been deposited as deltas
and flood plains of rivers. Cooke (1931) thinks they were formed in
the ocean and estuaries when the sea stood at various heights above
its present level. He has recognized marine shorelines at altitudes of
about 270, 215, 170, 110, 70, 42, and 25 feet and suspects that there
are others that have not yet been detected.

According to Cooke’s classification, the deposits that accumulated
during these seven stages of high sea level are theoretically divisible
into four parts. These four divisions of the Columbia group are sepa-
rated from one another and from the Recent and pre-Pleistocene de-
posits by unconformities representing erosion intervals during which
sea level stood lower than during the next succeeding stage. It is sup-
posed that the five erosion intervals correspond to glacial stages of
the Pleistocene, and that the four divisions of the Columbia group
accumulated during interglacial stages (Cooke, 1935).

The oldest division is the Brandywine formation, corresponding to
a sea level of 270 feet. The next oldest division includes the Coharie
formation (shoreline 215 feet above present sea level) and the Sunder-
land formation (shoreline 170 feet). The third division includes the
Wicomico formation (shoreline 100 feet), the Penholoway formation
(shoreline 70 feet), and the Talbot formation (shoreline 42 feet).
These three formations presumably are conformable, having been
deposited at successively lower stages of sea level. The fourth and
youngest division contains the Pamlico formation, whose shoreline
stood 25 feet above sea level. The Sunderland, Wicomico, and
Pamlico are the most widely distributed formations of the Columbia
group in eastern Virginia. The Brandywine and Coharie form narrow
bands along the western border of the Coastal Plain; most of the
Penholoway and Talbot occupy estuarine reentrants within the older
terraces.
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The terrace deposits yield water to thousands of shallow dug or
driven wells. In the lower part of the peninsula these deposits and the
Yorktown formation are almost the only water-bearing units drawn
upon because deeper formations yield brackish water.

Although only very small yields are available in many places, there
are shallow wells that supply small communities, large dairies, and
public schools. It seems apparent that the higher terraces in Henrico
and Hanover Counties may generally be depended upon to furnish
moderate supplies of water, but eastward the lower terraces are more
variable in their lithology and their value as water-bearing formations
ranges from nonproductive to fairly good.

WATER-BEARING PROPERTIES

The largest part of the rural population obtains its water from dug
or driven wells in the terrace deposits. Practically all these shallow
wells have low yields because only a minimum quantity of water is
needed; but it seems likely that from 10 to 20 gpm might be available,
if needed, where coarse sandy beds underlie broad flat areas. The
village of Toano obtains its supply from a dug well about 10 feet in
diameter. The Sydnor Pump & Well Co., Inc., of Richmond has
pumped 36 gpm from a well drilled to the base of the Pleistocene
terrace deposits northeast of Richmond. This 8-inch well is equipped
with a strainer and was properly developed by pumping and surging.
Generally speaking, the terrace deposits in Hanover and Henrico
Counties are reasonably productive nearly everywhere.

Where the terrace formations are fine-grained as is common east of
Hanover and Henrico Counties, or where the well site is close to a
ravine and the terrace formations drain laterally, low yields may be
expected. The possibility of getting moderately large supplies of
water from shallow wells in gravelly areas is worthy of more considera-
tion than is generally given.

RECENT SERIES

Recent sediments are present in some places as beach sands along
the York River and the James River and also as sand spits and beaches
along Chesapeake Bay in Elizabeth City County. These deposits are
not important water bearers, but in a few places they may yield a.
little water to shallow wells.

ARTESIAN WATER LEVELS

Near the Fall Line in Hanover County water in wells tapping
artesian beds stands between 50 and 100 feet above sea level. South-
ward at Sandston and Highland Springs in Henrico County, still
relatively near the Fall Line, water in deep wells rises less than 40
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feet above sea level; in southeastern Henrico County at the Glendale
National Cemetery it rises only 16 feet above sea level. - These
differences exist because the discharge from the ground by wells in the
northern area is negligible whereas to the south water levels are
affected by the losses of head resulting from the unrestricted discharge
of lowing wells along the James River in Charles City County and by
the industrial pumping at Hopewell, directly across the James River
from southeastern Henrico County.

In western King William County (65, table 11) water rises more
than 30 feet above sea level and, in the vicinity of Manquin, it rises
more than 20 feet above sea level. However, from Aylett to West
Point on the Mattaponi River and below Manquin on the Pamunkey
River, water levels are affected by flowing-well and industrial dis-
charge at Aylett, Walkerton, and West Point. At West Point, near the
discharging industrial wells, water levels are below sea level.

From West Point and Providence Forge eastward down the penin-
sula, water levels are generally between 5 and 10 feet above sea level,
although in areas distant from flowing and industrial wells water may
rise a few feet higher.

Data given by Sanford show that the original static level of water in
deep wells in the lower peninsula area was at least 30 feet above sea
level and in the lower reaches of the Mattaponi and Pamunkey Rivers
water levels may generally have been about 60 feet above sea level.
In the western part of the area water probably did not rise very much
higher than it does at present.

The foregoing discussion applies directly to wells ending in the Aquia
and Mattaponi formations and formations of Cretaceous age. Shallow
wells ending in the Nanjemoy formation are much more variable.

In the flowing-well field from Providence Forge to the mouth of the
Chickahominy River, water will rise from 3 to 10 feet above sea level
in wells ending in the Nanjemoy formation. However, it has been
found that within 2 miles of this area of low artesian pressure water
will rise 40 to 60 feet above sea level.

Throughout the area by far the greatest part of the loss of head has
resulted from the installation of many flowing wells along the major
streams, but recent additional declines have occurred in response to
industrial pumping at West Point and Hopewell.

QUALITY OF WATER
WATER FROM GRANITIC ROCKS
Water from granitic rock may contain little or much dissolved

mineral matter. A sample from North Rollingwood, Richmond, con-
tained only 67 ppm of dissolved solids, whereas several old analyses
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published by Sanford (1913, p. 95-96) show that a content of 600 or
700 ppm of dissolved solids is not unusual.

Three of the samples tested (59, 70, and 83, table 7) show 92 ppm or
less of dissolved solids. These samples contain a little bicarbonate
hardness and silica and not much else. Raw water for North Rolling-
wood is somewhat corrosive, as might be expected of a water of such
low mineral content. This water is passed through marble chips in
the storage tank in order to neutralize it before distribution. Water
from the old well (56, table 5) at the Richmond abattoir is reported
(Sanford, 1913, p. 90) to have been a remarkably good boiler water.

Moderately mineralized water is obtained at Stratford Village in
Richmond, at Bonnie Brae in Dumbarton, and at Solomons Store.
Hardness, of the carbonate type, is moderate and ranges from 35 to
100 ppm. The remainder of the dissolved mineral matter is sodium
bicarbonate. The fluoride content is 1.3 ppm in wells at Stratford
Village and Dumbarton but is negligible in the other two wells cited.

Three old analyses given by Sanford indicate that some deep wells
(51, 60, 61, table 7) ending in granite yield a highly mineralized water.
The hardness of these waters ranges from about 200 to almost 300
ppm. In the sample from the old Richmond Hotel well (51) almost
half the 285 ppm of hardness is present as sulfate hardness. A very
appreciable sulfate hardness is also present in the Ginter Park well
(60). Sanford (1913, p. 92) notes that th<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>