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Plate 1

Windmill and elevated water tank. Windmills are still retained on some farms in eastern Spotsyl-
vania County to provide power for shallow-well force pumps.
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Windmill and elevated water tank. Windmills are still retained on some farms in eastern Spotsyl-
vania County to provide power for shallow-well force pumps.




SUMMARY OF GEOLOGY AND GROUND-WATER
CONDITIONS IN THE FREDERICKSBURG
DISTRICT, EASTERN SPOTSYLVANIA
COUNTY, VIRGINIA

By Seymour Subitzky

INTRODUCT ION

The United States Geological Survey, in
cooperation with the Virginia Division of
Geology, has carried on ground-water inves-
tigations in the Coastal Plain province of
Virginia continuously since 1937. These
studies were begun under the general super-
vision of Arthur Bevan, former State Geolo-
gist, and the late 0. E. Meinzer, former
Chief, Ground Water Branch, U. S. Geological
Survey, and have continued under the direc-
tion of William M. McGill, present State
Geologist, and A. N. Sayre, present Chief,
Ground Water Branch. The ground-water
studies in the Fredericksburg district,
Spotsylvania County were begun in July 1953
under the supervision of Allen Sinnott,
District Geologist, Ground Water Branch,

U. S. Geological Survey.

This preliminary report is being made
available to meet the demands for the present
expansion and development of the Fredericks-
burg district in eastern Spotsylvania County,
Va. (Fig.1). Tt contains brief discussions
of the source and occurrence of ground water,
geology and water-bearing properties of the
rocks, and chemical quality of the ground
water. Included are factual data consisting
of 112 well records, 24 well logs, and 15
chemical analyses. The records of wells,
given in Table 1, were compiled from observa-
tions in the field, and from information
furnished by well owners, well drillers, and
county officials.

The well logs, containing generalized
descriptions of materials penetrated in the
drilling of wells (Table 2) were obtained
largely from local well drillers, although
for some of the wells the information was
obtained directly from well owners. Drill
cuttings from three deep test holes drilled
under the auspices of the Spotsylvania County
Board of Supervisors were furnished the
Geological Survey and have been studied in
the laboratory. Logs of two test holes
drilled by J. T. Ellington also have been
made available. Fossils from two of the
test holes and from other sources in the
area are being studied by the Geological
Survey. This information will aid in deter-

mining the proper stratigraphic position

of the subsurface rocks, and will be discus-
sed in a more comprehensive report to be pre-
pared at a later date.

A generalized geologic columnar sec-
tion (Fig. 2) shows diagramatically the types
of rock found at depth and their geologic

age shown in Figure 3.

Most of the wells in the area (Fig. 4)
penetrate coarse sandy gravels of Pleistocene
age that supply sufficient water for domestic
needs. A few deeper wells obtain water from
the deeper water-bearing sands and sandstone
of Cretaceous age. Northwest of Four Mile
Fork and in the Five Mile Fork area, ground

. water is yielded by a few wells from the

weathered zone of igneous and metamorphlc
rocks of pre<Cretaceous age.

Water samples were collected from many

" wells in the area and were tested in the

field to determine the gross variations in
chemical constituents from one geologic form-
ation to another. One well in the weathered
zone of igneous and metamorphic rocks and
selected representative wells tapping both
shallow and deep water-bearing sands were
resampled for comprehensive analyses which
are given in Table 3.
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domestic and subdivision well owners in

furnishing basic well data and in allowing
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sampling. Thanks are due the Sydnor Pump &
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the following drillers for furnishing well
logs: Leazer Pump & Well Co. and J. T.
Ellington, Fredericksburg, Va.; Virginia
Machinery & Well Co., Richmond, Va.;

_Mitchell's Well & Pump Co., Petersburg, Va.;

and Layne-Atlantic Co., Glen Burnie, Md.

[OCATION OF AREA

The area covered by this preliminary
report, shown in Figure 1, represents approx-
imately 31 square miles in eastern Spotsyl-
vania County, Va.
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MAJOR DIVISIONS OF GEOLOGIC TIME IN USE BY THE U, S. GEOLOGICAL SURVEY

Approx. no. of | Approx. length
Era Period or System Epoch or Series million years [ in millioq§ of
, ago years
Recent
Cenozoic Quaternary Pleistocene 0-1 !
Pliocene 1-12 11
Miocene 12-28 16
Tertiary Oligocene 28-40 12
Eocene 40-60 20
Paleocene
Cretaceous Eggg; EE:;?;) 60-130 70
Upper (Late)
Mesozoic Jurassic Middle (Middle) 130-135 25
Lower (Early)
Upper (Late)
Triassic Middle (Middle) 155-185 30
Lower (Early)
Permian Provineial series recognized 155 91 25
ch n 2
ol Pennsylvanian | No formal subdivisions 210-235 25
59> Mississippian | No formal subdivisions 235-265 30
O
Upper (Late)
Paleozoic Devonian Middle (Middle) 265-320 55
Lower (Early)
Upper (Late)
Silurian Middle (Middle) 320-360 40
Lower (Early)
Upper (Late)
Ordovician Middle (Middle) 360-440 80
Lower (Early)
Upper (Late)
Cambrian Middle (Middle) 440-520 80
Lower (Early)
Upper Precambrian rocks,
(Keweenawan and other
provincial series.)
Proterozoic Precambrian3 Middle Precambrian rocks 520-2100+ 1600 +
(Huronian and other
provincial series.)
Lower Precambrian rocks.
(Provincial series.)

1949-50.

1954.

3 Precambrian is official U. S. Geological Survey spelling as of 4/26/55.

1 Report of the National Research Council, Committee on the Measurement of Geologic Time,

2 Estimate of J. P. Marble, Chairman of Committee on Measurement of Geologic Time, March 17,

For the age of the crust of the earth, the data are at present uncertain, but the order of mag
nitude is about 3,250 million years. The margin of error in the estimate of the age for the Qua-
ternary is +50,000 years; Tertiary +1 to 2 million years; Mesozoic +5 million years; Paleozoic
+10 million years; Proterozoic +10 to 300 million years.

Terms designating time are in parentheses, Informal time terms early, middle, and late may be
used for the eras, and for periods where there is no formal subdivision into Early, Middle, and
Late, and for epochs. Informal rock terms lower, middle, and upper may be used where there is nd
formal subdivision of a system or of a series. There is no formal subdivision of time of the
Proterozoic; subdivisions of the Precambrian have only local significance.

GEOLOGIC NAMES COMMITTEE, 1954

Figure 3.--Major divisions of geologic time in use by the U. S. Geological Survey.
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GROUND WATER

Source

Ground water is stored in the pore
spaces and open joints, called voids or inter-
stices, in the rocks of the earth's crust.

It has been defined by Meinzer (1923) as that
part of the subsurface water which is in the
zone of saturation and which supplies wells
or springs. Although this water occupies
underground reservoirs, its source lies in
the atmosphere. Essentially all ground

water in the area results from infiltration
of precipitation or streamflow.

Occurrence

In the area covered by this report the
top of the zone of saturation, known as the
water table, ranges in depth from a few feet
to about 50 feet below the land surface.

Below the shallowest water body, which
occupies terrace deposits of Quaternary age,
are a number of relatively impermeable clay
beds. Beneath these beds are extensive de-
posits of water-bearing materials; the water
in these materials is confined by the clay
beds under artesian pressure. Wells tapping
this deeper zone are called artesian wells.
The water in an artesian well may or may not
flow at the land surface, depending on the
amount of pressure developed. The level
defined by the height to which artesian
water will rise in artesian wells under its
full pressure head is called the piezometric
surface.

MATERIALS PENETRATED

Drillers' Logs

Logs of 19 wells and 5 test holes
(Table 2) have been furnished for use in
this report by well owners and drillers who
have operated in the area.

From the writer's study of the drillers"'
logs, it appears that a few of their terms
should be defined. ™Marl" is a fine-grained
calcareous sediment resembling clay, but the
term is used by drillers to denote all clay-

ey material. The term "rock or shale” is

used by some drillers to indicate hard-packed
sand, sandstone, other cemented granular sedi-
mentary rocks, or hard clay. "Mud” described
in the logs generally means fine-grained

sandy clay or silt that is broken down easily
by drilling fluids.

Sand is a loose, unconsolidated granu-
lar sediment consisting mostly of rounded
or irregularly shaped quartz grains. Sand
ranges in size from very fine to coarse, and
grades into fine gravel. Gravel consists of
the same type of material as sand, except
that minerals and rocks other than quartz
are more abundant, and its component grains
range in size from 2 millimeters (about one-
twelfth inch) to several inches.

Silt is a fine-grained material inter-
mediate between sand and clay. Its indivi-
dual particles are visible only under magni-
fication. Clay is the finest grained sedi-
ment consisting of individual particles.

Its smaller particles cannot be examined
individually even under a high-powered mic-
roscope.

SUMMARY OF GEOLOGY AND
WATER-BEARING PROPERTIES

The rocks that underlie this area range
in age from pre-Cretaceous to Recent. A
basement complex of crystalline igneous and
metamorphic rocks of pre-Cretaceous age is
overlain by sand, sandstone, silt, clay, and
gravel of Cretaceous, Eocene, Miocene, Pleis-
tocene, and Recent age.

The crystalline rocks yield very little
water to wells, and then only where the rocks
are fractured.

Unconsolidated sedimentary deposits,
whose water-bearing properties depend upon
the size, shape, and arrangement, of the
component grains and consequently on the
volume of open space between the grains,
are capable of storing large volumes of
water, and some are capable of yielding
water freely to wells, Clay and silt, be-
cause of their extremely fine grain size,
act as confining layers or "cap rock" for
the deeper water-bearing sands and as a
"footing™ for shallow wells deriving water
from overlying sands and gravels.



Pre-Cretaceous Rocks

Basement Complex

Lithology and distribution

The crystalline rocks forming the base-
ment complex in the area consist of granite
and granite gneiss of questionable age.
Since these rocks are overlain by younger
sedimentary rocks of Cretaceous age, they
are here termed pre-Cretaceous in age.

Granite and granite gneiss crop out
along the Rappahannock River at Fredericks-
~burg (P1l. 2A), and just west of U. S. High-
way 1 (Alt.) on Hazel Run. The buried sur-
face of the basement rocks is very irregular
_in the immediate vicinity of Fredericksburg,
but in general it slopes gently to the south-
east to a depth of about 150 feet below sea
level along the eastern edge of the area.

Water-bearing properties

Rocks of the basement complex yield
very little water in comparison with other
water~bearing rocks in the area. Several
shallow wells penetrating the upper,
weathered, portion of these rocks yield suf-
ficient water for domestic use. Well Nos. 72
and 112, drilled to depths of 655 and 620
feet below the land surface, respectively,
have been reported to yield salt water con-
taining more than 400 ppm (parts per million)
of chloride, ‘ ST

Cretaceous System

The Cretaceous of the Coastal Plain
province of Virginia consists of the Poto-
mac group and formations of Upper Cretaceous
age. The Potomac group, assigned to the
Cretaceous in this area consists of the basal
Patuxent formation and overlying Patapsco
formation. Formations of Upper Cretaceous
age are absent in this area.

Lithology and distribution

Only the Patuxent formation, consisting
of sand, sandstone, clay, and minor gravels,
is identifiable in the vicinity of Freder-
icksburg. Although the Patapsco formation

has been shown in published maps as extending
as far south as Fredericksburg, Cederstrom
(1945) has pointed out that its presence has
not been definitely proved south of Fort
Belvoir, Va.

The Patuxent formation crops out along
Hazel Run east of U. S, Highway 1 (Alt.)
in the vicinity of the National Memorial
Cemetery; several places southwest of Hazel
Run along U. S. Highway 1 (Alt.) to Four
Mile Fork and extending along U. S. Highway
1 .to the southern boundary of the area.

Water-bearing properties

The outcrop area of the Patuxent forma-
tion in the vicinity of Fredericksburg
serves as a recharge area for its ground-
water reservoir. The recharge water supply-
ing this extensive water-bearing formation
is obtained primarily from precipitation and
stream infiltration as is true in all such
areas in Virginia where water-bearing units
of the Coastal Plain are exposed at the sur-
face,

Several wells in the area penetrate
water-bearing Cretaceous sands at elevations
ranging from 30 feet above sea level along
the western boundary of the area to approxi-
mately 200 feet below sea level at the
eastern edge. The yield of these wells
ranges from 2 to 40 gpm (gallons per minute)
and averages about 15 gpm. The yield is
dependent upon the nature of the water-bear-
ing material and the number of water-bearing
zones encountered,

Tertiary System

Paleocene Series

Data on eastern Spotsylvania County are
not  sufficient to show whether beds of
Paleocene age are present. Cederstrom (1954)
has described beds of this age, the Mattaponi
formation, in the subsurface section at near-
by Colonial Beach and Dahlgren.

. Eocene Series

The Pamunkey group, of Eocene age, con-
sists in other areas of the Aquia formation



Plate 2

A, Granite and granite gneiss of the basement complex exposed in the Rappahannock River at
Frederickshurg. These rocks mark the western boundary of Coastal Plain sediments and provide

a source of replenishment to the ground-water reservoirs of the sedimentary rocks of the area
covered by this report.

B, Cross-bedded sand characteristic of the lower terrace deposits of Pleistocene age. These
materials were derived from the Piedmont crystalline rocks and deposited in tidal estuaries.
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A, Granite and granite gneiss of the basement complex exposed in the Rappahannock River at
Frederickshurg. These rocks mark the western boundary of Coastal Plain sediments and provide

a source of replenishment to the ground-water reservoirs of the sedimentary rocks of the area
covered by this report.
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B, Cross-bedded sand characteristic of the lower terrace deposits of Pleistocene age. These
materials were derived from the Piedmont crystalline rocks and deposited in tidal estuaries.



and the overlying Nanjemoy formatien. Only
the Aquia formation is present in this area.

Lithology and distribution

The Aquia formation consists of bright-
colored sandy micaceous clays in the vicinity
of Fredericksburg and dark-green sand and
clay where observed along the banks of the
Rappahannock River opposite the mouth of
Massaponax Creek.

West of U. S. Highway 1 (Alt.) on the
"heights™ overlooking Fredericksburg, the
Aquia formation overlies pre-Cretaceous
granite and granite gneiss. To the east
the Aquia formation disappears for a short
distance, reappearing along the north bank
of the Rappahannock River opposite the mouth
of Massaponax Creek.

Water-bearing properties

So far as known, no wells in the area
tap the Aquia formation.

Miocene Series

The Chesapeake group in other areas of
the Coastal Plain is composed of four forma-
tions: The basal Calvert formation, over-
lain successively by the Choptank, St.

Marys, and Yorktown formations. Only the
Calvert is present in this area.

Lithology and distribution

The Calvert formation consists of green
clay, very fine white quartz sand, and con-
tains numerous diatom microfossils.

The Calvert formation lies near the sur-
face in the vicinity of Fredericksburg. In
most of the area the Calvert formation is
overlain by terrace sands and gravels of
Pleistocene age, but locally where material
of Pleistocene age has been removed by
erosion it is covered by deposits of Recent
age.

Water-bearing properties

In this area the Calvert formation is
not considered to be water bearing, but
serves as a "cap rock" confining water under
artesian pressure in the deeper water-bearing

sands. Several shallow dug wells in the area
have been carried down to this formation, but
they derive little or no water from it.

Miocene Series(?) (Undifferentiated)

Overlying the Calvert formation or,
locally, sands of Cretaceous age, vari-
colored clays appear at the base of the Pleis-
tocene terrace deposits. The clays appear in
road cuts along U. S. Highway 1 (Alt.) be-
tween Fredericksburg and Four Mile Fork.

They may be of Miocene age They are not
water bearing.

Quaternary System

Pleistocene Series

Lithology and distribution

Terrace deposits of the Columbia group
of Pleistocene age, which in this area are.
not subdivided consist of sand and gravel
with varying amounts of clay and loam. The
higher (older) terrace deposits consist of
varying amounts of coarse gravel with:some-
what rounded pebbles mixed with clay,. silt,
and sand. Lower (younger) deposits consist
largely of cross-bedded sand and some
gravel (Pl. 2B). :

The Pleistocene deposits form the
greater part of the surface material in the
area, except where they are ‘overlain local-
ly by deposits of Recent age.

The higher terraces are along U. S.
Highway 1 (Alt.) at altitudes ranging from
approximately 200 to 300 feet above sea
level, and the lower terraces are observed
just west of U. S. Highway 17 southeast of
Fredericksburg at altitudes ranging from
approximately 60 to 100 feet above sea
level.

Water-bearing properties

Many of the shallow wells in the area

. derive water from the terrace deposits.

These wells yield moderate quantities of
water--up to 10 gpm. Shallow wells tapping
the higher (older) terrace deposits yield
water high in iron; however, those tapping
the lower terrace deposits yield soft water
of good quality.
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Recent Series

Lithology aud distribution

Deposits of Recent age in eastern Spots-
ylvania County are thin and consist of allu-
vial silt, sand, and gravel occurring along
creek and river beds.

Water-bearing properties

Evaluation of available data indicates
that no wells are deriving water from de-.
posits of Recent age in the area.

QUALITY OF WATER

Source and Significance of Mineral
Constituents in Natural Waters

Essentially all the ground water in the
vicinity of Fredericksburg is derived from
precipitation, entering the ground directly
through the soil, or indirectly from streams.
The water that falls as rain or snow contains
only small amounts of dissolved mineral mat-
ter, but upon reaching the earth's surface
it begins to dissolve minerals from the soil
and rocks. The amount and nature of the min-
eral constituents in ground water differ
greatly from one area to another, depending
upon the chemical properties of the rocks,
the temperature of the water, and the length
of time the water remains in contact with
the rocks and soils. The mineral constitu-
ants or other characteristics of natural
waters considered here include those that
have a practical effect on the value of the
waters for ordinary use. ’

The following discussion of the chemi-
cal constituents of ground water has been
adapted in part from publications of the
U. S. Geological Survey.

Parts per million (ppm) is a measure of
the amount of a dissolved constituent in a
million parts of water by weight. The chemi-
cal constituents given in Table 3 are stated
in ppm, except for the determination of
specific conductance which is measured in
units of micromhos (at 259C).

Dissolved solids.--The quantity report-
ed as dissolved solids (the residue on evap-
oration) consists mainly of the dissolved

mineral matter in the water., It may contain
also some organic matter and water of crystal-
lization. Water containing less than 500 ppm
of dissolved solids is usually satisfactory
for domestic and most industrial uses. Water
having more than 1,000 ppm of dissolved solids
generally is not satisfactory because it may
contain enough of certain chemical constitu-
ents to produce a noticeable taste or render
the water undesirable in other respects.
Dissolved solids contained in water samples
collected in this area range from 22 to 331
ppm. All the samples contained less than 500
ppm and are suitable for most uses.

Specific conductance.--The specific con-
ductance of a water is a measure of its abili-
ty to conduct a current of electricity. It
varies with the concentration and degree of
ionization of the different minerals in solu-
tion. Values for specific conductance of
waters analyzed in the area are less than 600
micromhos (at 259C). The specific conductance
in micromhos generally is roughly 1'% times the
dissolved-solids content in parts per million.

Hardness as CaC03.--The hardness of water
is commonly indicated by the amount of soap
required to make a permanent lather. Hardness
is generally expressed as the amount of cal-
cium carbonate equivalent to the calcium and
magnesium in the water. Calcium and magnesium
are the principal constituents that cause
hardness. Water having a hardness of less
than 60 ppm is generally considered soft. A
moderate hardness of 61 to 120 ppm does not
seriously interfere with the use of water for
most purposes but increases the soap consump-
tion. Water having a hardness between 121
and 200 ppm is considered hard, and is some-
times softened for household use. A hardness
of more than 200 ppm is considered excessive,
necessitating treatment of the water for many
uses. The hardness reported for water in the
area ranges from 10 to 169 ppm. 1In general,
most ground water in the area is considered
soft.

Hydrogen sulfide (HoS). ~--Hydrogen sulfide

"is the well-known "rotten egg"” gas. It is

generally believed to originate from decomposi~
tion of organic matter and the reduction of
sulfate. In this area small quantities of
hydrogen sulfide are present in some waters
derived from sands of Cretaceous age. Aside
from imparting an odor and taste to the

water, it is entirely harmless in the small
quantities present.

Silica (Si09).--Silica is dissolved
from practically all rocks. A few natural
waters contain less than 3 ppm of silica and



some contain more than 50 ppm., Silica
affects the usefulness of water because it
contributes to the formation of boiler scale.
Silica in waters.of the area ranges from 10
to 47 ppm.

Iron (Fe).--Iron is a common constitu-
ent of ground water. Quantities in excess of
0.3 ppm may precipitate as ferric hydroxide.
Excessive iron in water causes staining of
fixtures and clothing, and renders the water
unsuitable without treatment for laundering,
manufacturing of food, paper, ice, and other
products. Many wells in the area yield
water containing more than 0.3 ppm of iron,

Calcium and magnesium (Ca and Mg).--Cal-
cium and magnesium are dissolved from many
rocks but particularly from limestone, dolo-
mite, and gypsum. Most waters from granite
contain less than 10 ppm of calcium; many
waters from limestone contain 30 to 70 ppm.
Water from dolomite (magnesian limestone) may
contain 20 to 50 ppm of magnesium., In soft
water the concentration of magnesium may .
amount to only 1 or 2 ppm. 1In this area,
calcium and magnesium combined range from
3.4 to 52 ppm.

Sodium and potassium (Na and K).--Sodium
and potassium are derived from practically
all rocks and soils, but they contribute only
a small part of the dissolved mineral mate-
rial in most waters of the area. Ground
water derived from deep aquifers is likely
to contain more sodium than that from shal-
low aquifers. Moderate quantities of these
constituents have little effect on the usabi-
lity of water, but more than 50 to 100 ppm
of sodium when present as the bicarbonate
may cause foaming in boilers. Irrigation
water that contains high percentages of
sodium salts may cause deflocculation of
poorly drained soils, which adversely af-
fects plant growth., Many wells in the area
yield water containing from 20 to 40 ppm of
sodium and potassium combined.

Carbonate and bicarbonate (C03 and
HCO3) .--Carbonate and bicarbonate in natural
water result largely through the action of
carbon dioxide which enables the water to
dissolve carbonates of calcium and magnesium.
Carbonate is not present in appreciable quan-
tities in ground water in the area. The

bicarbonate in water that comes from relative-

ly insoluble rocks like granite may amount

to less than 10 ppm; water from limestone may
contain 200 to 400 ppm, and some highly
mineralized waters of the sodium bicarbonate
type may contain 1,000 ppm or more of bicar-
bonate. Ground water containing large
quantities of bicarbonates is unsatisfactory
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for use in boilers or condensing systems be-
cause they may contribute to foaming or to
the formation of boiler scale. The bicarbo-
nate content in ground water in this area
generally ranges from 6 to 130 ppm and has
little effect on the usefulness of the water.

Sulfate (S04).--Sulfate is dissolved in
large quantities from gypsum and from de-
posits of sodium sulfate. Some sulfate is
derived from the oxidation of sulfides of
iron. Sulfate in water that contains cal-
cium and magnesium contributes to the forma-
tion of hard scale in steam beilers, In
this area sulfate content generally ranges

from 1 to 30 ppm.

Chloride (€l).--In the Fredericksburg
district, chloride in ground water generally
originated from residual sea water left
after marine sediments were deposited. The
chloride content of water from wells in the
area ranges from less than 10 ppm to 114 ppm.
A few wells drilled into bedrock have been
reported to be high in dissolved solids and
yield water containing from 550 te 5,500 ppm
of chloride. Waters containing more than
250 ppm of chloride is not desirable for
most domestic and industrial uses.

Fluoride (F).--Fluoride is dissolved
from fluoride-bearing minerals in rocks.
Dean (1936) and other investigators report
that water that contains more than 1 to
1.5 ppm of fluoride is associated with the
dental defect known as mottled enamel.
Fluoride in concentrations up to about 1 ppm
has been shown to retard tooth decay (Dean
and others, 1942) if such water is used
during the period of calcification of the
teeth, The ground waters analyzed in the
area contain up to 0.2 ppm of fluoride, not
enough to be of significance in either the
mottling of enamel or the prevention of
decay.

Nitrate (NO3).-~Nitrate in water is
considered a final oxidation product of
nitrogenous organic material. 1In places it
may be derived from artificial fertilizers.
Nitrate is present in small quantities in
most ground waters. Some ground water con-
tains high concentrations of nitrate which
may indicate the presence of sewage, surface
wash, or other sources of pollution. If
present in quantities greater than about 45
ppm in water used in infant-feeding formu-
las, nitrate may cause infant cyanosis
("blue baby") (Faucett and Miller, 1946;
Waring, 1949; Maxcy, 1950).
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Sanitary Considerations

The analyses of water given in Table 3
show only the amounts of dissolved mineral
constituents present in the samples at time
of collection and do not indicate their sani-
tary quality. Water from a well may contain
mineral matter that . imparts an objectionable
taste or odor and-yet may be free from harm-
ful bacteria. On the other hand, water from
a well may be clear and tasteless and yet
may- contain harmful bacteria. Abnormal
quantities of such mineral constituents as
nitrate and chloride may indicate organic
pollution,

PRELIMINARY CONCLUSIONS

The area covered by this report was the
first unit studied during the ground-water
investigation in Spotsylvania County. . From
the available -data, certain preliminary
generalizations can be-made at this time.

Shallow wells, less than 30 feet deep,
yield up to 10 gpm of water that is low in -
dissolved mineral constituents, but locally
contains: objectionable amounts of iron.
Wells of this type are of large diameter
(generally 36 inches), are usually dug or.. .
bored, and supply sufficient water for most.
domestic and farm needs. A few dug wells,
such as Nos. 97 and 98 in Table 1, "are
approximately 90 feet deep in places where
the topography and geology make it necessary
to carry wells to greater depths to penetrate
the normal "shallow" water-bearing unit.

Wells penetrating the deeper water-bear-
ing units range in depth from 100 to 400
feet below the land surface. The yields of
these wells range from 2 to 40 gpm and aver-
age approximately 15 gpm. Water from these
deeper wells contains less than 500 ppm of
dissolved solids, permitting use of the
water for most domestic purposes, but most
of these well waters have a slight hydrogen
sulfide odor and contain undesirable quanti-
ties of iron.

A few wells in the area have been
drilled deeper than 400 feet into the base-
ment complex of crystalline rocks. These
wells have been reported to yield salty
water.
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Table 2.--Logs of wells in eastern Spotsylvania County, Virginia
Well No. 1. 2.8 mi. E.-SE. of Five Mile Fork; N. B. Rowe
(Log by Virginia Machinery & Well Co.)

Altitude 235 feet

Thickness Depth

(feet) (feet)
Clay, Ted.....oivuiniienennenennnnenenennnnans 40 40
BT o B 3 - O 37 7
8L 1T Rt 3 80
"Marl," gray¥. .. ... ere e, 70 150

* Driller's term "marl," believed to refer to clay.

Well No. 6. 1.0 mi. S.-SE. of Five Mile Fork; H. Bernstein
(Log by Sydnor Pump & Well Co., Inc.)
Altitude 340 feet

TOPSOIL, GraY..uuennie e eeneaeanannannnn, 2 ' 2

Bedrock and clay......coovvvnuennnnnennnnnnnns 6 8
Clay, Ted. ..o ueerie ittt it i ieiistieeannnns 59 : 67
Clay, yellow, and mica.............c.vvuvunnn. 15 82
Sand and clay, mixed........... S reeeeeecaeaaan 10 92
Sand, gray; clay, hard........................ 17 109
Granite, gray, weathered...................... 30 139
Granite, gray....vovieeeieeeerereeenneennnenn, 43 182

Well No. 50. Bellevue Court Subdivision; Sydnor Pump & Well Co., Inc.
(Log by Sydnor Pump & Well Co., Inc.)

Altitude 245 feet

Lo - 5 5
Sand, clay, and gravel.............ccivvvuunnn 7 12
Sand-and gravel............c..oo v, 33 45
Clay, blue. ...ttt et e e eaann 5 50
Clay, blue, and gravel..............oouuueenn. 35 85
Mixed boulders and clay.............00uuuu.... 65 150
Clay, white.... ...ttt 15 165
Sand and gravel; sand and clay streaks........ 25 190
Clay, Brown...........oviivnennnnnnenenennnnn. 10 200
Clay, brown, hard............. ..o uuuunnnnnn. 40 240
AN, ... e e e 10 250
Clay, brown. .......... i iieennnnnnas 25 275
Clay, tough. .......coiviriiiiii i, 2 277

Granite rock..........cviiiinuninnnnnnnn. 2 279
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Table 2.--Logs of wells in eastern Spotsylvania Counpy, Virginia--Continued
Well No. 51, Bellevue Court Subdivision; Sydnor Pump & Well Co.; Inc.
(Log by Sydnor Pumva Well Co., Inc.)
Altitude 240 feet

Thickness Depth

(feet) (feet)
Sand and clay...........oitiiiiinannn. P 6 6
Clay, red; sand............c.o.iviiiinninnannan.. 34 40
Clay, gray; sand...........cuuiviniieintennnnnnnnnans. 20 60
Clay, blue. ... ...ttt it et eanan 64 124
Clay, red.......oiiiinintinn ittt 11 135
Clay, gray...cuieein it e e e 10 145
Clay and sand mixed; non-water-bearing............... 28 173
Sand, medium-coarse; gravel; little water............ 5 178
Sand; gravel mixed with clay................. e 21 199

Clay, brown, hard.............c.iniirirninnnnnn, 12 211

Well No. 52. Bellevue Court Subdivision; Sydnor Pump & Well Co., Inc.
(Log by Sydnor Pump & Well Co., Inc.)

Altitude 240 feet

Clay, yellow......ciiitninn ittt eenannes 20 20
Clay, yellow; sand............iiirrunnnnnnnrnnnnnns 8 28
Sand and gravel; mixed yellow clay................... 10 38
Gravel. . . . i e e e e 9 47
Clay, yellow; gravel............coiviiiiniiinnnnnnn.. 3 50
Mud, black..... ...ttt i it 75 125
Clay, gray.....oiiiti ittt it i e 25 150
Sand and Clay........c..uiiit i e 50 200
Clay, red. ... ...t i i 3 203
Clay, Drown............. ittt iiennnnnn, 79 282
Granite, gray.......ociitemteinne e sennineennenns 26 308
Sandstone. ... ... e e 12 320



Table 2.--Logs of wells in eastern Spotsylvania County, Virginia--Continued
Well No. 54. Cottage Green Subdivision; G. T. Waite
(Log by Mitchell's Well & Pump Co.)
Altitude 244 feet

Thickness Depth

(feet) (feet)
Sand and clay.. ... e e 20 20
Sand and gravel........ ...t e e 10 ‘ 30
Clay, lighteblue.. ... iiiiii et ieean, 10 40
Clay, black..... ... i i 71 111
Clay, blue. ... i e e 88 199
Sand, gray, hard.......... ... . i i 46 245
Sand, white, hard.......... ...ttt 5 250
Sand, gray, hard............c.iiiiii i e 15 265
Sand, white, hard............... ... . .. .. 10 275

Well No. 55. Cottage Green Subdivision; G. T. Waite
(Log by Leazer Pump & Well Co.)

Altitude 244 feet

Soil..... ... ..o, e e e e 4 4
Clay, sandy, yellow...... ... ...t 21 25
Sand; water-bearing........... ... ... i i 10 35
Clay, blue...... ... it it i e e 35 70
Sandy clay, blue........... PP 60 130
Clay, green-blue............ .. .o i innin.. 30 , 160
Clay, Ted.. .. .. i e e e e e 15 175
Clay, sandy, gray.......... P 25 200
Sand, fine. ... ... . .. . 30 230
Clay, sand (Shale?). .. ... e i e, 5 235
SaANd, COATSE. . ..ttt ittt e e e 10 245

Clay, blue..... ..o i it i e i 30 275
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Table 2.--Logs of wells in eastern Spotsyivania County, Virginia--Continued
Well No. 58. 1.2 mi. E.-NE. of Four Mile Fork; W. A. Webster
(Drilled by Leazer Pump & Well Co.)
(Log by S. Subitzky)
Altitude 135 feet

Thickness Depth

(feet) (feet)
SOOI e e e 3 3
Gravel; some sand; water-bearing....................... 18 21
Silt, light-brown................. .. ........... e 25 46
Clay, blue; sand and gravel; water-bearing............. 14 60
Clay, blue, greem, ......... .. oot iiiits veieninanan 4 64
Clay, red. ... . i i e e e i 3 67
Clay, red, blue; some gravel............ccovuvueurnnnnn. 8 75
Clay, red, blue, green.............c.cuiiniiininnnnnnn 2 77
Clay, red. . ...ttt e e e 2 79
Clay, gray. ... ittt i e e e e e 5 84
Clay; sand, brown (bailer test 2% gpm)................. 6 90
Clay, brown, blue; sand and gravel..................... 10 100
Sand, white; clay, yellow, green................c...... 39 139

Well No. 66. Courtland Heights Subdivision; Sydnor Pump & Well Co., Inc.
(Log by Sydnor Pump & Well Co., Inc.)

Altitude 240 feet

Sand, yellow, hard...........oivivniimiiiniieinneneens 10 10
Clay, red. . ...ttt ittt i it vt e e ) 15
Sand, yellow; gravel....... ... ... iiiuriiniinnenneannns 7 22
Sand, yellow; clay.......vuuriinun e i iannn. 13 35
Clay, blue. ... ... i i e 43 78
Clay, gray; thin streaks of gray fine sand............. 7 85
Sand, gray;: Clay.........couiiti it e e 25 110
Clay, dark-gray......out it iie e e e 19 129
Sand, fine, gray......... ... il e 2 131
Clay, brown.......... e e e e e e e 4 135
Clay, red. .. ...t e e 30 165
Sand, gray, green; Clay..........ciitininneaneennreians 15 180
Sand, gray.... ...t e e e e 1 181
Sand, white and gray................0iiiiiit i 2 183
Sand, gray; Clay........ ... e 17 200
Sand, gray; streaks of clay............... . ciiiiuunnnnn 5 205
Sand, gray; Clay..... ......iiiiiii e et 4 209
Sand, coarse, gray; clay.............o.iriitainnean., 9 218
Sand, gray; clay.......... ... e 10 228
Clay, green; sand... ........ ... v cinen. 1 229
Clay; sand streaks. ...... ... iieinn s 6 235
Clay, green; sand........ .. ... ... uiiinrerinnnennnnnnan. 15 250
Clay and sand...... ..., .. ...t i iieannnns 3 253
Clay, gray; sand. ............ ... it it innnn, 1 24
Sand, gray, coarse; gravels and clay streaks........... 11 265

SaANd, COBYSE, gAY . ... cvueiinin i ieiiieseenenannnn 1 266



Table 2.--Logs of wells in eastern Spotsylvania County, Virginia——Continued
Well No. 67. Courtland Heights Subdivision; Sydnor Pump & Well Co., Inc.
(Log by Sydnor Pump & Well Co., Inc.)
Altitude 240 feet

Thickness - "Depth

(feet) (feet)
Clay, red. ... iviiiinin i F R 17 . 17
Sand and clay...........coiniiiininnnnn. e 13 .30
Sand and gravel............ ..... P, e 12 . 42
Clay, yellow........oiiii it 5 K 47

WelllNo. 71. Dillard Subdivision; Sydnor Pump & Well Co., Inc.
(log by Sydnor Pump & Well Co., Inc.)

Altitude 220 feet

Gravel....... .. oottt [P 18 . 18
Gravel, sofb..... ... .. .. ... e, 2 20
Clay, yelloW. ... i.uionin ittt e eeanan. 2 , 22
Clay, blue..... ... o i 41 ) 63
Clay, blue; gravel.......... ...t rniinnnn. 16 79
Clay and gray sand............c.vuvnvrnumnnnnnnnnnn, 6 85
Sand, hard; gravel............... A 5 20
Clay, wet; sand..... P S, e 9 99

Well No. 72. Dillard Subdivision; Sydnor Pump & Well Co., Inc.
(Log by Sydnor Pump & Well Co., Inc.)

Altitude 200 feet

Clay, red; rock..........oiiniiin .. 10 10
Clay, red. ... ...iieiiiiii it 30 : 40
Clay, gray.. .. ... et e 10 50
Clay, yellow. .. ... i i i e e s 10 60
Marl, dark..................... e e 22 82
Sand, coarse........ ... e 10 .92
Undescribed. ... .. ... ... .. ... . ... .. .. ., 16 108
Sand. . ... .. e 2 110
Clay, red........ . it 10 120
Clay, green........couiuin e e i 20 140
Clay, red.... ... i 36 176
Clay, green........... o, 4 180
Sand. .. ... e 12 192
Clay, green. . ......... ... i, 10 202
Sand, coarse.......... ... ... .. L 10 212
Clay...... e e e 5 217
Clay and gravel.............. ..v.cou.... e e 3 220
Clay, tough....... ... oo i i i i, 30 250

Log continued on next page



Table 2.--Logs of wells in eastern Spotsylvania County, Virginia--Continued
Well No. 72. Dillard.Subdivision; Sydnor Pump & Well Co., Inc.--Continued

Thickness Depth

(feet) (feet)
Clay, sandy, tough........ ... ... it iiiiensnnnsnnn 50 300
Clay, gray, tough. ... ... cvitirrrnernnernennsannonanenne 5 305
Slate, Sandy, Qray....c.eeeeeeecernnoensacccanns teessaee 10 315
Slate, OraY..eescceccsasssosscssosnsosssascaesscsccoss . 10 325
Slate, Sandy......ceeevevcanscns eeesaerrers et 12 337
Granite, gray..... D iesecreetecec et e e 10 347
Granite, light; hardpan............coevevvvuevncaneeens 13 362
Granite, light.. ... ... .. it iiiiinirinnae 13 375
Granite, gray and black............ ..o, 18 393
Granite, gray....civeeeeeeeeeneeensansacnooosatoneessns 17 , 410
Granite, light....... ... it iiiiiiiiirnnrannn. S 415
Granite, gray and black............ .ot 45 460
Granite, gray......c..ceeeiirineeeneinereoenncannanionnes 30 490
Granite, gray and black................. e 18 508
Granite, gray.........iieieneeesoenaesoneancsnncoanones 7 515
Granite, very Light.........uueuuuuneeinnnnnnnnennnnnns 8 523
Granite, QreeM. .. .....u.eiinneeecenenanossneaseennnneos 7 - 530
Granite, Gray.......ueeeeeeeneernneennnnnns e eieeea.. 100 630
Granite, gray and black..........c.coeiireunenineennnnnnn 10 640
Granite, GraY...'\vieeeereeennenuneenuneeaneanaanoserans 15 655

Well No. 74. Dillard Subdivision; Sydnor Pump & Well Co., Inc.
(Log by Sydnor Pump & Well Co., Inc.)

Altitude 200 feet

Gravel. ... .iii ittt it i e i I, 20 20
Clay, gray..eue ettt iene iaieneeeenenanenansaasannsnns 58 78
Sand, fine; gravels........... .cciieiuiiiniennennennnnns 2 80
Sand, fine...... . cciiiriiii ittt 8 88
Marl, dark....... .ottt et i ittt 16 104
Sand; clay, red.................. e e 6 110
Clay, Ted. ... iiiie ittt ieienesosenseanasonnnanaanes 30 140
Clay, green. ... ..ttt iiieeneatanaoesnensosnosocannnns 25 165
Sand and Clay.....v.eeeeeenennnntecoraroanenansansons v 20 185
Clay, greem. ...t in i ennanennraseanncnnsnsasassanns 8 -193
ES3: Y 1o PN 22 215
Marl, Blue. .. i i iy it ettt e 1 216
Mud; sand and clay.........oiuinniiiiiiiniinnennonanan 16 . . 232
Hard material........uoeerunneeeeineennneeeneeenanenns 18 250
HaTAPan. .ot tiie e e teneeiieeeinaneansosessennasnnnns 15 ; 265
Clay, hard........ciiiiiiiiiietinernnroanensonsnonsonns 24 . 289

Granite, QLAY .....ueeeneeeeneenneeenenesnaeeneesooneans 311 600



Table 2.--Logs of wells in eastern Spotsylvania County, Virginia--Continued

Well No. 77. 2.1 mi. NE. of Four Mile Fork; National Park Service

(Log by Sydnor Pump & Well Co., Inc.)

Altitude 140 feet

Thickness
(feet)
Clay, yellow; sand..........coviinnrnnrnennnnnnens 35
Mud, blue; sand............ciiiiiiiirrrnrnnannranes 28
Clay, yellow and red..........c.oiivirnrnenennnnens 22
Clay, hard, brown and blue; dry.................... 35
Mud, blue; sand; SOmMe WALET........coeervceeennnnns 30
Sand, White......... . i i iiiinennennnans e 13
Sand, white; caving hard..... e ee et 2

Well No. 80. Fredericksburg; State Normal School
(Log by Sydnor Pump & Well Co., Inc.)

Altitude 120 feet

Clay, Ted... ...ttt ittt eninenennnnananans 3

Clay, white...................... e aieearee e 2

Gravel, white........coiiieinniniiiiiiiiennnnn 3

Marl, blue; or clay. . ......couviireneeirnnreennnnn 5

Granite, SOft, blue........oitiirennrennennsnnes 18

Granite, gray..........coiuioiiiennnianeneennannnnn 123

Marl, blue, Sticky (2).....oviriveriinnennnernnnn. %
Granite, hard, gray........cooeiuiinnnneinnnennns 98%
Sand, loose; like decomposed sandstone............ 1

Granite, hard and soft, gray............ccovvvunese 96

Mud, blue; crevice..........ciin iiiieirnenennenn 1

Granite, hard, light-gray.........................

Mud, blue, sticky and sand. (Blue running sand
mixed with marl on the order of quicksand.
Tested well and relined with 8-inch pipe,)......
Rock, soft, blue........ccovuiiriiininninennnnnnns
Sand and blue mud..................ccviiiiiinnn..
Rock, soft, blue............cvviiniiiinnnnnnnn
Mud, blue. ... ..ottt ittt e eanaanns
Rock, soft, blue..... . .
Mud, blue. .. ... ..ttt et iine e, S 1
Rock, soft, blue........c.iivuiiiiniinininnnnnnnn
Mud, blue, ... ..ttt i it e s
Rock, soft, blue.......coovivinrnnrivinneanennns
Mud, blue. ... ...ttt ittt iiennnnns .
Rock, soft, blue.........coviiiiiiinneiiennennnns
Mud, blue.. ... ...ttt ieienenennn
Sandstone, hard, Drown............cceveevnenennnns ' 3
Sandstone, hard, brown; crevice...................

OO N NWO N3 TN

Depth
(feet)

35
63
85
120
150
163
165

8@0’!&

101

224%

323
324
420
421
423

427
429
434
4398
445
447
458
467
470
472
473
475
476
515
523

25



Table 2.--Logs of wells in eastern Spotsylvania County, Virginia--Continued
Well ;No. 82, Fredericksburg Victoria Theater; B. T. Pitts
(Log by Mitchell's Well & Pump CD.)
Altitude 48 feet

Thickness Depth

(feet) (feet)
Gravel and sand.............uiiiiiiiinninnnenrennnns 30 30
1T B o =Y (O 10 40
Clay, blue; gravel........ciiinieinrennennennennnns 54 94
1531 1 T I AP 11 105
Mud, Dlue. ... . i it ittt et e 9 114
ROCK, SOft. ... it i ittt erreeennenns 34 148
ROCK, hard..........viiiiinimiin s nnsnnnenonnens 5 153

Well No. 87, Sylvania Heights Subdivision; A. W. Embry
(Log by Sydnor Pump & Well Co., Inc.)

Altitude 64 feet

Clay, red. ... ..ottt i teeireeeeeeaannsooannnns 4 4
Sand, gravel, and clay, red..........ccciiuieeiinennnn 30 34
Clay, light-red; sand, gravel, coarse................ 9 43
Clay, hard red, sticky......c.oiviiiiitineinnnnnnnnns 18 61
Sand, blue and gray; clay, muddy and sticky.......... 8 69
Sand; clay, gray, muddy and sticky.................... 6 75
Sandy gravel, medium-coarse; clay.........c..cvvuvnnne 17 92
Clay, blue gray, mixed............... e, 79 171
Sand, medium-coarse; clay, gray..........ccceeueueenn 54 225

Well No. 97. 1.3 mi. E. of Four Mile Fork; R. D. Hull
(Generalized log described by Mrs. R. D. Hull)

Altitude 230 feet

Sandy gravel. .. ... ..iuiiiiiir i i 20 20
Clay, red and yellow.......ooriiuinueinnnnnencananns 20 40
Marl (clay), blue........c.vuiiiernnineeiesnsonnnnnss 40 80

Sand; sand and gravel....... ... it iiiiiiniinianannan 13 93



Table 2.--Logs of wells in eastern Spotsylvania County, Virginia--Continued
Test hole No. 4. .7 mi. SE. of Fredericksburg; American Viscose Corp.
(Log by J. T. Ellington)
Altitude.65 feet

Thickness Depth

(feet) (feet)
Sand and gravel.............cciviiui i, 27 27
Rock (flint).................... e, 4 31
Sand and gravel.......... ...ttt 9 40
Clay, red... ...ttt et 15 55
Clay, blue. ... .ottt 75 130
Sandstone. . ... ... e e 140 270

Test hole No. 5. .7 mi. SE. of Fredericksburg; American Viscose Corp.
(Log by J. T. Ellington)

Altitude 65 feet

Sand and gravel; 12-inch boulders.................. 15 15
Gravel, COBrSe......ivuuinern it iieannnnnnndn, 3 18
Sand and gravel.........c.uiiirniiiiiiii i, 15 33
Rock; flint...... .. .. oo, 4 37
Sand and gravel......... ... iiiniiiiii i, 5 42
Clay, red..... ...ttt e, 9 51
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Table 2.--Logs of wells in eastern Spotsylvania County, Virginia--Continued

Clay,
Clay,
Clay,
Sand,

* This log was compiled from material lying around the well and

sand

Well No. 98. 1.4 mi. E. of Four Mile Fork; R. Pearson

(Log by S. Subitzky and R. Pearson)*

Altitude 228 feet

cYellow, ... i i e

sandy, dark-green...........ccieiinernnnennanis
green, white when dry..........................
Yellow. ... it e e

pointed out to the author by Mr. Pearson,

Test hole No. 1. 1.7 mi, N.-NE. of Four Mile Fork

(Log by Layne-Atlantic Company)

Altitude 240 feet

Clay and topsoil.......ouiiininnneinennnnennenaanns
Clay, soft; sand, €COArse..........cvvivrenninnennnns

Gravel,

SMAL Y. i e et e e

Gravel and clay, red...........ccoivivinnnnn.. PO

Clay,
Clay,
Clay,
Sand,
Clay,
Sand,
Sand,
Clay,

blue
soft

fine
blue

. and gravel, large................ccouiuune ‘

B + 8 T

...........................................

; clay, blue (quartz chips from 229-249)..
; rock, weathered-granite..................

Thickness
(feet)

10
12
10

29
40
10

62
14

Depth
(feet)

20
30
90
92



Table 2.--Logs of wells in eastern Spotsylvania County, Virginia--Continued

Test hole No. 2. 1.5 mi. E.-NE. of Four Mile Fork

(Log by Layne~Atlantic Company)

Altitude 110 feet

Clay, topsoil. ... .iuiuininrneninnnieiieinnnnnnenns
Clay, some gravel........oviveninenneenennnseannnes
Clay, gravel, and sand.........c.covviininrnuennenann
Sand, coarse; gravel, large..........c..vviuuununnn
Clay, red, hard.......couitinrinnnnrinrenennnennnas
Clay, White. .. ..ottt sttt e tesenenannns
Clay, Drown......c.iiiiiininininennenneenconnenenns
Clay, white; some sand............coovuvreernnennnnnn.
Clay, white and blue; gravel (small)................
Clay, white and blue, hard and soft streaks.........
Clay, red and white............iivurriennnennnnnn.
Clay, and sand, COBISE.......cvvuveurruennrennennanss
Clay, red; gravel (some)........ccvvvvrnvnnunennennn
Clay, sandy, blue............ ettt e ittt
Sand, fine, dirty......cvunreriinernnnennenennnns
Sand and clay, fine; rock, weathered................
Rock, weathered; granite mica, black, feldspar......
Rock, weathered; granite............covvuvnunnn...

Thickness
(feet)

8
15
5
18
8
6
6
39
20
21
22
5
14

N
— O OO

Test hole No. 3. 2.2 mi, E.-SE. of Four Mile Fork

(Log by Layne-Atlantic Company)
Altitude 220 feet

Clay, sandy, red; sand and gravel, coarse...........
Sand, coarse; gravel, small............covvuuenunn.
Clay, blue. ..ottt ittt it et
Clay, blue, hard (silty); softer from 65-85 ft......
Clay, sandy; blue (more sand from 106-126 ft.)......
Clay, gray; sand, COArsSe.......covuvuenenuennunnnnn.
Clay, red, hard...........civiiiinunne e nennnnns
Clay, hard red, yellow, blue.............vvevurennn.
Clay, sandy, gray and yellow.........ooouiueuuunnnn.
Clay, sandy, gray........c.eeeeeeirneneeneneneneennns
Clay, sandy, gray and red..........c.c.ouvuevunvunennns
Sand, medium-fine............ ..ot
Sand, medium coarse, interbedded with clay..........
Clay, red, hard, trace gray...........oeeeeuvuunnen.
Clay, sandy, gray........eeuvuerneninennenennsnnanns
Sand, hard, coarse and fine; some clay..............
Sandy clay, hard, gray.........oooveieeenennnnnnnn.
Sand, coarse to fine; some very hard; gravel........
Clay, gray, very hard, traces of red................
Sand, hard, COATSe......u.iiiurnernnreneennennennnnes
Sand, medium coarse; MiCACEOUS.......c.vvvueennnnnnn
Sand, medium coarse; bedrock, weathered.............

Depth
(feet)

232

29
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