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GEOLOGY AND GROUND-WATER RESOURCES OF SPOTSYLVANIA

COUNTY, VIRGINIA

By Seymour Subitzky

ABSTRACT

Spotsylvania County in east-central Virginia, including
the independent city of Fredericksburg, has an area of 415 square miles.
The combined population of the county and city was 27,458 in 1960.
Farming and manufacturing are the principal occupations. The climate
is humid and temperate with an average annual rainfall of 41.40 inches
and an average annual temperature of 56.4°F.

The area lies within two physiographic provinces of the
eastern United States--the Piedmont province and the Atlantic Coastal
Plain province. The Piedmont Province consists of a gently undulating
upland and the Coastal Plain is an almost featureless surface sloping
gently to the southeast.

The rocks of the Piedmont part of the county consist of
granite, gneiss, schist, slate, and quartzite that range from Precambrian
to late Paleozoic age. East of the Fall Zone, granite and granite gneiss
are believed to form the basement complex which underlies the Coastal
Plain part of the county. This basement complex is overlain by interbedded
clay, sand, and gravel of Cretaceous, Eocene, Miocene, Pleistocene, and

Holocene age.



The ground-water in these rocks and deposits is recharged
from precipitation and from stream infiltration. Ground water is
discharged from the reservoir by evaporation and transpiration, seepage
into streams, wells, springs, and by subsurface movements to adjacent
areas.

About 234 million gallons per year of ground water are
obtained for domestic, public supply, and industrial and air conditioning
uses. Ground water in the county is suitable for irrigation use;
however, the quantity available is probably insufficient for proper
irrigation practices. Ground water is generally soft and suitable for
most domestic purposes. However, objectionable amounts of iron occur in
water from the higher terrace deposits and from some wells tapping
deposits of Cretaceous age. A few deep wells tapping the basement
complex yield water containing up to 5,500 ppm (parts per million)
of chloride.

Much of the field data upon which this report is based is
given in the tables; they include records of 431 wells and springs;
chemical analyses of water from 38 wells and springs, and 79 preliminary
field chemical analyses. Logs of five test holes are given in this

report.



INTRODUCTION

\Pfhe United States Geological Survey, in cooperation with
the f£ewmer Virginia Division of Geology, made investigations of
the geology and ground-water conditions in the Virginia Coastal
Plaiqqgéém 1937 to 1957) ani’IBese studies have been resumed
since.ﬁfd;1966. The ground-water studies in Spotsylvania County
were begun in 1953 was done under the general direction of the
late A. Nelson Sayre, former Chief of the Branch of Ground Water,
U.S. Geological Survey, and the late William M. McGill, former
State Geologist. The work was resumed in 1966 under the general
direction of George E. Ferguson, Regional Hydrologist, and
J. Wyatt Gambrell, District Chief, Water Resources Division,
U.S. Geological Survey; and Marvin M., Sutherland, Director,
Virginia Division of Conservation and Economic Development, and

James L. Calver, State Geologist and Commissioner of the Division

of Mineral Resources.
PURPOSE OF THE INVESTIGATION

This report appraises the ground-water resources of Spotsylvania
County, and relates the occurrence, availability, quantity, and
quality of ground water to the geology of the area.

The area was selected for study because of increased demands

for ground water for present and future developme%5uo£_UML4Hauh
o,



LOCATION OF AREA

Spotsylvania County is in east-central Viginia (fig. 1). It

Figure 1 (caption on next page) belongs near here.

is bounded on the north by Culpeper County; on the north and north-
east by Stafford County; on the east by Caroline County; on the south
by Hanover and Louisa Counties; and on the west by Orange County. It
is bordered along the north and northeast by the Rapidan, and
Rappahsgnock Rivers, and along its southern boundary by the North
Anna River. (See-figure-t:) Spotsylvania County and the independent
city of Fredericksburg, which lies within the original boundaries
of the county, include a land area of 413 square miles and a water
area of 2 square miles. Fredericksburg,ﬁon the Rappahannock River
at the northeast edge of the county,fis 56 miles north of Richmond,
the Virginia State Capitol, and 52 miles south of Washington, D.C.
PREVIOUS INVESTIGATIONS

Darton (1894) discussed the geology of part of Spotsylvania County
and in 1896 made the following reference to the ground-water resources
of Spotsylvania County:

"The eastern corner of this county is underlain by the
Potomac formation, and there is every prospect that this area
will prove to be underlain by basal Potomac waters, if not also

by water higher in that formation."

Y

v



Figure l.--Index map of Spotsylvania County, Virginia)showing area

of report.
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The ground-water resources of part of the area were briefly
described by Sanford (1913) in his report on "The Underground
Water Resources of the Coastal Plain of Virginia." A preliminary
report (Subitzky, 1955) summarized the geology and ground-water

conditions in the vicinity of Fredericksburg.



SCOPE AND METHODS OF INVESTIGATION

Field work was begun July 1953, and was continued until the spring of
1955. Factual data were obtained on 417 wells (table 7) and 14 springs (table §).
The depth of wells and depth to water level below the land surface were measured
with a steel tape. Water samples were collected from wells penetrating the represen-
tative water-bearing formations in the area, and determinations of hardness, alkalinity,
and chloride concentrations were made in the field. Representative water samples
were later collected for more complete laboratory analysis. Well drillers and well
owners were interviewed to obtain information relating to construction, yield, and
nature of the water-bearing material. A few selected wells were measured periodically
to observe water~level fluctuation in the area of study.

A geologic map was compiled from field observations and existing geologic
maps (fig./0 ). Subsurface geologic cross=sections were based on well logs from
well drillers, and a study of drill cuttings from wells examined in the laboratory with
a binocular microscope. Microfossils were collected from samples of drill cuttings
and studied in the office and also by specialists of the Paleontology and Stratigraphy
Branch of the U. S. Geological Survey.

Altitudes for measuring points of wells and geologic cross-sections were
obtained by barometric leveling and from the interpretation of topographic maps.
The base maps used in this report were prepared from county maps of the Virginia
Department of Highways and of the Division of Planning and Economic Development

of the Department of Conservation and Development.



WELL-NUMBERING SYSTEM

The wells, springs, and test holes in Spotsylvania County
v bnij’l 1 ')5'
hake been assigned serial numbers in the northeast part of the

area. Wells 1 to 112 and test holes 1 to 5 were plotted on a

large-scale map (fig. 2) to accommodate the many closely spaced

Figure 2 (caption on next page) belongs near here.

wells (Subitzky, 1955). Wells 113 to 417 and springs 1 to 14

were plotted on a small-scale map (fig. 3).

Figure 3.-- (caption on next page) belongs near here.
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locubien
Figure 2.--Map showinngf wells (1-112) and test holes (1-5) in

Spotsylvania County.
I/&’ )"70&. KI;T
Figure 3.--Map showing location of wells (113-417) and springs

(1-14) in Spotsylvania County.
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GEOGRAPHY

HISTORICAL SKETCH

Spotsylvania County was formed in 1720 from parts of Essex, King
William, and King and Queen Counties and named for Alexander Spotswood,
then Lieutenant Governor of Virginia. 1In 1676 a fort was first built
near the falls of the Rappahannock River and a settlement was started
in 1700. Alexander Spotswood brought a group of German miners to the
area in 1714 and established a colony on the Rapidan River to engage in
mining the numerous iron ore deposits of the area. This settlement was
called Germanna and was made the county seat in 1722. The county seat
was moved to Fredericksburg in 1732, in 1778 to "0ld Court House," and
in 1839 to its present location at Spotsylvania Court House, approximately
12 miles southwest of Fredericksburg.

Fredericksburg was named for the father of King George III and is
located approximately where the first fort was founded in 1676, Official
records indicate that Fredericksburg dates from a land grant issued
in 1671. It was established as a town in 1727, incorporated in 1781,
incorporated as a city in 1879, and became a city of the first dass in

1941.



R

During the Civil War, Fredericksburg and Spotsylvania County
witnessed almost continuous fighting from 1862-1864. The Fredericksburg
and Spotsylvania National Parks are memorials to the four major battles
of the area: Fredericksburg, Chancellorsville, The Wilderqﬂess, and
Spotsylvania Court House.

POPULATION

The population of Spotsylvania County and the Independent city

of Fredericksburg at the time of the latest four Federal censuses is

shown in table!(Economic Data Report, Spotsylvania County, 1965).

Table 1.--Population of Spotsylvania County and independent
city of Fredericksburg for 1930, 1940, 1950, and 1960

'S

Year Spotsylvania County City of Fredericksburg

1930 10,056 6,819

1940 9,905 10,066

1950 11,920 12,158

1960 13,819 13,369
INDUSTRY

In Fredericksburg and in the county, manufacturing is the
ma jor industry. The largest industrial establishment in the area is
a cellophane plant a few miles southeast of Fredericksburg. Other
industries include: men's clothing, children's shoes, lumber, millwork,
wooden boxes, wood preservatives, metal heating fixtures, sheet metal

products, dairy products, cinder blocks, and commerical printing.



AGRICULTURE

The sandy loam and clay soils of Spotsylvania County are adaptable for
raising general crops and for pasture. In 1950, there were 1,153 farms consisting
of a total of 138,852 acres. This represents 52.5 percent of the land area of the
county, and 47.5 percent of the county consists of timber and public land. Dairy-
ing provides a leading source of farm income. Poultry and livestock, especially
cattle and hogs, are also important to the farm economy of the area.

MINERAL RESOURCES

Deposits of sand and gravel, suitable for concrete and other construction
purposes, are being extensively worked southeast of Fredericksburg.

Gold, lead, zinc, and iron have been mined from time to time in the
Piedmont province of the county. The earliest mining venture was the iron mine
established in 1714 at Germanna, 13 miles west of Fredericksburg. Granite and
sandstone suitable for building stone have been quarried in the vicinity of Fredericks-
burg.

TRANSPORTATION
Fredericksburg is served by the main line of the Richmond, Fredericksburg,

and Potomac Railroad with service north to Washington, D. C. and south to Richmond.



Spotsylvania County is traversed by several State and Federal
highways, all of which are hard-surfaced. U.S. Highway 1, extending
north and south in eastern Spotsylvania County, is a four-lane super
highway between Washington and Richmond. U.S. Highway 17, extending
northwest and southeast, is a two-lane hard-surface road serving
Fredericksburg. U.S. Highway 522 passes through the extreme southwest
corner of the county and connects with several State and county roads.
The principal State highways are nos. 2, 3, and 208. State Highway 2
and U.S. Highway 17 extend southeast from Fredericksburg; Highway 3
extends west from Fredericksburg and to the junction of State Highway 20
at the Orange County line and east from Fredericksburg across the
Rappahannock River into Stafford County. State Highway 208 crosses
the county from southwest to northeast, providing connecting junction

points to the many county roads in the area.

TOPOGRAPHY

Spotsylvania County (fig. 4) includes parts of the Piedmont and

Figure 4 (caption on next page) belongs near here.

the Atlantic Coastal Plain provinces (Fenneman, 1938).

Most of the county lies within the Piedmont province which
here consists of a gently undulating dissected upland, having an
altitude ranging from about 500 feet above sea level along the western
border to about 300 feet above sea level along the eastern edge. The
Piedmont surface slopes gently to the southeast where along its
eastern edge it passes beneath younger sediments of the Coastal Plain

province. There are no outstanding hills or mountains in the area.



Figure 4.--Map of Virginia showing physiographic provinces.

(After Fenneman, 1938.)
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The topography of the Coastal Plain province in the area is
characterized by an almost featureless plain sloping gently to the
southeast. In the vicinity of Fredericksburg the altitude of the
Coastal Plain surface ranges from about 300 feet along the Fall Zone

to an altitude of about 260 feet along the eastern boundary of the county.

DRAINAGE

Three major rivers drain the area. The Rapidan and
Rappahannock Rivers form the northeast boundary of the county, and
the North Anna River forms the southwest boundary. These major rivers
have many smaller tributary streams which drain the slopes of the
eastward trending central uplands. Between the major rivers a series
of smaller rivers and streams have a dendritic drainage system. The
more important of these smaller rivers are the Massaponax, which flows
southeastward and then turns sharply to the north 4 miles below
Fredericksﬂurg to join the Rappahannock River, and the Mat, Ta,
Matta, Po, and Ni Rivers, which flow southeastward into Caroline

County and join to form the Mattaponi River.

CLIMATE
Spotsylvania County lies in the Middle Climatic Division of
Virginia, as described by the U.S. Weather Bureau, and is characterized
by a humid and temperate climate. A climatological station at
Fredericksburg has been maintained for 68 years, and another station
(Partlow 3 WNW) has but a few years of record. Climatological data

used in this report are based on the Fredericksburg station.



Temperature
The county has a mean annual temperature of 56.4OF, a mean
winter temperature of 39.50F, and a mean summer temperature of 73.3°F.
The lowest mean monthly temperature of 36.5°F occurs in January and

the highest mean monthly temperature of 76.6OF occurs in July.

Precipitation

A graphic summary of precipitation of Spotsylvania County
as recorded over a 68-year period at the Fredericksburg Weather Bureau

station is shown in figure 5. The normal annual precipitation reported

Figure 5 (caption on next page) belongs near here.

at the Fredericksburg station is 41.40 inches, based on the period
1859, 1893 to 1960. The wettest year of record was 1942 when 57.31
inches was recorded. This was 15.91 inches above normal. The driest
year of record was 1930 when 22.82 inches was recorded, 18.58 inches

below normal.



Figure 5.--Graph showing precipitation at Fredericksburg weather

station for 68 years of record.
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GEOMORPHOLOGY

PTEDMONT PROVINCE

The Piedmont province in Virginia lies between the Blue Ridge
and the Atlantic Coastal Plain}(p&%éqégltern border in Virginia
is indistinet, and is characterized by a belt of monadnocks which
extends about 15 or 20 miles east of the Blue Ridge. The eastern
border of the Piedmont is marked by the Fall Zone., East of the
monadnocks, the Piedmont surface is typically one of gentle slopes
and slight relief, and dissected by valleys of steeper slopes.
The undulating character of the surface does not permit sharp
boundaries to be recognized between the general level, the wvalleys,
and the monadnocks. Consequently, the surface of the Piedmont

has been considered a peneplain. Davis (1890) concluded that there

were two widespread peneplains recognizable throughout this region.



In the vicinity of Fredericksburg, the upland surface of the Piedmont ranges
from 250 to 300 feet above sea level and the streams occupy broad shallow valleys.
The chief stream is the Rappahannock River which is classed as a rejuvenated stream
because of its entrenched meanders. The meander pattern of the river is well developed
in the vicinity of Fredericksburg. The stream occupies a narrow gorge flanked by
steep slopes, and its gradient of almost 10 feet per mile is responsible for many rapids.

FALL ZONE

Along the eastern border of the Piedmont province there is a belt of falls and
rapids where the resistant crystalline rocks lie close to the surface beneath the soft
Coastal Plain sediments; this belt is called the Fall Zone. The falls and rapids
characteristic of this Zone mark the western limit of marine navigation which was of
great importance during the early settlement of the eastern United States. The Fall
Zone in Virginia passes through the cities of Alexandria, Fredericksburg, Richmond,
Petersburg, and Emporia.

In the vicinity of Fredericksburg, the Fall Zone is characterized by streams
that pass from broad shallow valleys in the Piedmont province to deeper steep-sided
valleys within the zone. The gradient of the Rappahannock River is approximately
30 feet per mile within the Fall Zone, where rapids are almost continuous.

Within the Fall Zone, the surface of the Piedmont rocks slopes steeply eastward
beneath the thickening wedge of Coastal Plain deposits. Near Fredericksburg, at
the western edge of the zone, this slope is about 200 feet per mile and along the eastern

edge about 50 feet per mile.



The local steepness and the irregularity of the buried surface of the Piedmont
crystalline rock within the Fall Zone suggests that marine or fluviatile erosion may have
taken place.

ATLANTIC COASTAL PLAIN

East of the Fall Zone to the Atlantic Ocean lies the emerged part of the
Atlantic Coastal Plain province. It extends from Long Island, New York to Florida.

It extends west and northwest from Florida to the Gulf Coastal Plain and the Mississippi
Embayment .

Stream dissection, near the Fall Zone, has produced considerable relief. In
the vicinity of Fredericksburg the maximum relief is about 300 feet. The Rappahannock
River valley is broad and flat¥bottomed, but some of its tributaries close to the Fall
Zone occupy steep, almost ve;ﬁccl—wclled valleys.

Terraces
J

The Cretaceous and Tertiary rocks of the Atlantic Coastal Plain are extensively
covered by a mantle of brown or red sand, loam, and gravel, whose upper surface
forms a series of terraces.

The origin of these terraces and underlying rocks has long been a subject of
geologic controversy. The terrace surfaces, in general, slope gently both seaward
and toward the major drainage basins, and it is believed that they were formed locally
or modified by stream erosion. Part of these terrace deposits are believed to be of

v

marine origin. Richards (1936) has traced the Pamlico formation of Pleistocene age

from New Jersey to Florida by its fossil assemblage, and has ascribed to it a marine

origin.
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A more recent trend has been to associate submergenceﬁof the

continent with intermittent rises and lowering of sea level during

the glacial epochs. Based on this hypothesis, the terraces were
formed during interglacial periods of high sea level. Seven distinct
terraces have been recognized in the Atlantic Coastal Plain (Wentworth
(1930), Cooke (1935), and MacNeil (1949). The correlation of these

terraces to interglacial stages is shown in figure 6 as considered

Figure 6 (caption on next page) belongs near here.

by these workers.

The relatively uniform altitude of the shorelines of the several
terraces suggests that they were formed near sea level. Lowlands
probably were built up by a system of coalescing alluvial fans to the
profile of equilibrium by heavily\%aden streams, whose headwaters
were eroding the highlands to the west. The high terrace was formed
first and the low terrace last as indicated by the lower terrace
formations overlapping the upper terraces. As each terrace was
formed, sea level dropped and a new terrace was formed.

In the vicinity of Fredericksburg, the terrace material is
predominantly brown or red loam, clay, and white quartz gravel.

Much of it is believed to be derived from the soils and rocks of
the Piedmont, but there is also evidence that Cretace;Ls and Tefgiary
rocks of the Coastal Plain have been reworked. Subsequently, parts

of the older terrace deposits have been reworked to form lower terraces.

GROUND WATER

The following discussion of the source and occurrence of ground

water has been drawn largely from Meinzer (1923a).
Y “:'



Figure 6.--Diagrammatic profile of Coastal Plain terraces showing

their relation to the interglacial stages.
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Figure ¢ .~-Diagrammatic profile of the Atlantic Coastal Plain terraces showing their relation to the interglacial stages.

1) Cooke, 1954; 2) MacNeil, 1949; 3) Cooke, 1935;

and altitudes of the terraces are based upon interpretations by:

4) Wentworth, 1930.)



In Spotsylvania County, ground water is derived from rainfall
supplemented by light snowfalls during the winter months and from
stream infiltration. Rain and snow may be carried away b¥ surface
runoff, it may evaporate or be transpired through vegetation, or
it may seep into the soil and percolate downward through the rock
layers and become subsurface water,

Water seeping downward through the rocks of the earth first
enters the zone of aeration, where it is said to be suspended or
vadose water, The force of gravity causes the water to seep
downward; however, molecular forces trend to stop or retard this
movement in the smaller interstices of the rocks and soil.

Some water seeps into the zone of saturation,or zone where

pre g
AT

all opening are filled with wateE;.'The toéjof‘ﬁhié zone of saturation
is called the water table. Ground water moves slowly through the
rocks in directions determined by the hydraulic gradient or by the
slope of the water table, which is controlled by the topography,

the structure of the rocks, and the number, size, shape, and
arrangement of their open spaces. 1In coarse gravel, the water table
is essentially the upper surface of the zone of saturation. In finer
materials, capillary action raises the zone of saturation above the

water table.



OCCURRENCE AND MOVEMENT

The occurrence of ground water in Spotsylvania County varies
according to geology. The porosity;&gfdme’dk pore space to a
given volume of rock - determines the amount of water a given rock
type can hold.

In sedimentary rocks of the Coastal Plain, porosity is dependent
upon the shape, arrangement, degree of assortment, cementation,
and compaction of the constituent particles of a deposit. Whereas
in crystalline rocks of the Piedmont and in some consolidated
sedimentary rocks water is held chiefly in cracks and fissues. 1In
sedimentary and crystalline rocks, porosity depends in part on the
removal of mineral matter by solution by percolating water. When
the rock openings are filled with water, the rock is considered to
be saturated.

The permeability of a rock is defined as its é;%acféy for
transmitting water under pressure and is measured by the rate at
which water is transmitted through a unit cross section under a unit
hydraulic gradient, Gravel and coarse sand, if well\sorted, are
very permeable and will transmit water freely. Finer sediments,
such as silt and clay, may have as high a porosity as sand or gravel,
but because of the small size of the openings, their permeability
is much lower; clays are relatively imperable. Hence, ground water
occurs in all rock formations, but not all the formations are
important as sources of water supply. According to their relative
water-bearing capacities, the formations are called aquifers (water-

bearing) or aquicludes (essentially non-water-bearing).



The aquifers serve as storage reservoirs and as transmission
conduits. They hold ground water in storage, and they transmit
it toward points of discharge in response to hydraulic gradients.
When a new withdrawal is imposed on an aquifer that is in equilibrium,
the aquifer can obtain a new equilibrium if the quantity of water
withdrawn can be balanced by an increase in recharge or decrease
in natural discharge. Until such a balance is established, water
is withdrawn from storage.

Ground water occurs under water-table (unconfined) or artesian
(confined) conditions. It is important to know the condition of
occurrence because the response of water-table aquifers to pumping
is different from that of artesian aquifers, and the effects of
development are therefore different.

Water-table aquifers contain ground water which is under
atmospheric pressure at the top of the saturated portion. These
aquifers yield water from storage and transmit the effects of
pumping to other parts of the aquifer slowly, because a lowering
of the head of water in a water-table aquifer (a decline of the

water table) represents actual draining of water from pores.



In Spotsylvania County the water table ranges from a few
feet to about 50 feet below land surface.

Artesian conditions exist in the Coastal Plain of Spotsylvania
County where relatively impermeable confining beds overlie and
underlie an aquifer completely filled with water under hydrostatic
pressure, The height of a column of water that can be supported
by the hydrostatic pressure at a given point in an aquifer is
called the pressure head. The imaginary surface to which water
under artesian pressure will rise in tightly cased wells in an
aquifer is called the piezometric surface. The effects of a change
in the head of water caused by pumping a well in an artesian aquifer
is transmitted quickly to considerable distances in such aquifers.
A lowering in the head of an artesian aquifer results not in
draining of water from pores but in the squeezing of a small
amount of water from fine-grained materials, and also in a slight
expansion of the water itself. The total quantity of the water
released from storage per unit volume of the aquifer is much smaller
than the amount that can be drained from pores under water-table
conditions; hence, a larger area of the aquifer is affected in
pumping at a given rate. An artesian aquifer yields water yet
remains saturated so long as the head is above the upper limit of
the aquifer. Conditions change from artesian to water~-table at a
place when the head of water declines below the upper limit of

the aquifer at that place.



Where the head of water in an artesian aquifer is above the
land surface, a well tapping the aquifer will beiflowing well. So
far as known, the only flowing well in Spotsylvania County is well
116, along the Rappahannock River near New Post. This well, near
the western fringe of the area of artesian flow, yields approximately

gallens per minste
SAgpm)from the basal sands of the Patuxent Formation.

RECHARGE

The aquifers in Spotsylvania County are recharged almost
entirely by local precipitation or their outcrop areas. Within
the Coastal Plain part of the county, precipitation percolates
directly into the sands of the Patuxent Formation or into the
younger terrace sand and gravel. Additional recharge of the
Patuxg;t Formation is believed to take place through the underlying
fissured basement complex with which the sands of the Pat;kent
Formation are in direct contact, as pointed out by Cederstrom
(1945a, p. 71).

All major streams in the area are perennial. Streams that
head in the Piedmont province emerge from crystalline rock gorges
onto the sands and gravels of the Coastal Plain deposits. In some
areas recharge is augmented by stream infiltration if there is
hydraulic continuity between the stream beds and the water-bearing

units.



DISCHARGE
The ground water in Spotsylvania County is discharged by
evaporation and transpiration, seepage into streams, wells,
springs, and subsurface movement to adjacent areas.

Evaporation and Transpiration

The amount of ground water lost by evaporation and transpiration
varies with seasons. The rate of loss is highest during the
growing season when the temperature is high and is lowest in the
winter when relatively little plant growth takes place. The depth
to which roots penetrate the soil for water varies with different
types of plants and soils. Most plants and grasses do not draw
water from depths of more than a few feet, but under exceptional
circumstances alfalfa may draw water from 20 to 30 feet below the
surface, Similarly, some trees are capable of drawing water from
considerable depths.

In most of Spotsylvania County the water table is considerably
below the reach of plant roots so that transpiration generally takes
water only from the zone of aeration and does not result in ground-
water discharge. In low, swampy areas, however, it is probable
that evaporation and transpiration do withdraw substantial quantities
of water from below the water table.

Seepage into Streams

Discharge by seepage into streams in Spotsylvania County ts
7-244.5.4”&,@4( oty m
megligible and is restricted-te the Coastal Plain area where the

altitude of the water table is above the streams. In the Piedmont
province many of the smaller streams lie above the water table and

therefore receive no water from the ground-water body.



Wells

The discharge of water from wells is an important method
of ground-water discharge in Spotsylvania County. Water is
pumped from many shallow dug or bored wells chiefly for domestic
and stock use. Some water is pumped for industrial use and for
public supply.

When water is withdrawn from a well a difference in head
is developed between the water in the well and the water in the
water-bearing material outside the well. The water table in the

vicinity of a discharging well is depressed in a shape somewhat

 in—-the—form-of. an inverted cone, whose apex is at the well, a

"cone of depression' or '"cone of influence.'" Under artesian
conditions, the cone of influence takes the form of a cone-shaped
depression in the piezometric surface whose apex is at the
discharging well. Around any pumping well, the greater the
pumping rate the greater will be the drawdown and the greater
the diameter of the come of influence. As the rate or duration
of pumping are increased, the cone of depression extends farther
and farther from the well until it encompasses enough recharge
or eliminates enough discharge to supply the water pumpecd from
the well. Thus it may be that water levels in wells several
hundred feet or even a few miles away from the pumped well may
be lowered somewhat.
Specific capacity of a well (Meinzer 1923b, p. 62) is its
rate of yield per unit of drawdown, and is usually stated in
gallons per minute per foot of drawdown. For example, well 83
in eastern Spotsylvania County, which penetrates sandy gravel
mixed with clay of Pleistocene age, is reported to yield approximately
22 gpm with a measured drawdown of 4.94 feet. TIts specific capacity

therefore is about 4.5 gpm per foot of drawdown.



When a well is pumped at a constant rate, the water level
drops rapidly at first and then more slowly, but may continue
to decline for a period of several hours or even days until
equilibrium is reached for that rate of discharge. Therefore,
in testing the specific capacity of a well, it is important to
maintain a constant discharge rate long enough for the water
level in the well to become stationary. When the pump is stopped,
the recovery of the water level is likewise rapid at first, but
tapers off slowly and may continue long after pumping has ceasecd.
Records if 417 selected wells in Spotsylvania County are given in

table 7 and drillers logs of 24 wells and 5 test holes are given

in table 9.
Springs

In Spotsylvania County only a few domestic stock water supplies
are now obtained from springs. They are generally not used for
other purposes. Small springs are numerous throughout the county,
especially in the Coastal Plain province where they issue from
the base of the terrace deposits of Pleistocene age.

Springs may be grouped with respect to rock structure into
two broad classes: gravity springs and artesian springsr(Meinzer
1923b, p. 52). The springs studied in this area are essentially
gravity springs, caused by outcrop of the water table. The water
from these springs percolates from permeable material under the

action of gravity.

-, A



Several springs in the vicinity of Fredericksburg were once
used as a source of public water supply (Sanford, 1913). Two of
these, Mint Spring and Gunnery Spring, were owned by the City of
Fredericksburg in 1906, but were considered unsafe for drinking
at that time owing to the densely populated areas nearby. The
Silk Mill Spring (table 8) reported to issue at the base of terrace
deposits along the Rappahannock River in the northwest part of the
X@ty of Fredericksburg in 1905, was also judged to be dangerous
for drinking by the City Board of Health. Another spring still
in use in 1906 was reported to be safe for public water supply.
The water from it was clear and soft and was distributed to a
limited number of people by the Fredericksburg Aqueduct Water
Company. According to Sanford (1913, p. 274) this was at that
time one of the oldest water companies in the United States

furnishing uninterrupted services.

Subsurface Movement of Ground Water

to Adjacent Areas

Wells in the Coastal P'ain area of Spotsylvania County

provided good control for a water-table contour map (fig. 7).

Figure 7.--(caption on next page) belongs near here.

It was not practical for this investigation to extend the map over
the Piedmont part of the area because wells from which water-level
measurements could be obtained were widely scattered.

The direction of flow of ground water is norma! to contour
lines showing the water table. Shallow ground water in northeastern
Spotsylvania County leaves the area along the Rappahannock River in

the vicinity of Fredericksburg (fig. 7).

K
I

A3
Confined water in formations of Cretaceous age and older moves

down gradient to the east and southeast. This water is pumped in

large quantities from these formations in Caroline County.
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Figure 7.--Map of Coastal Plain province, Spotsylvania County,

showing contours of the water table October 1955.



WATER-LEVEL FLUCTUATIONS

The fluctuation of the water table and piezometric surface depends upon the
amount of recharge and discharge to and from the ground-water body. If the recharge
exceeds the discharge, the water levels will rise; conversely, if the discharge exceeds
the recharge, they will fall. Water levels fluctuate more by the recharge and discharge
of ground water than does the level of a surface storage reservoir because ground water
occupies only a fraction of the volume of a ground-water reservoir. Factors that
cause a rise of the water table in Spotsylvania County are: (1) the amount of precipi-
tation that descends to the zone of saturation, (2) infiltration from streams. The chief
factors that control the rise of the piezometric surfaces in Spotsylvania County are:
(1) the amount of water that enters the artesian aquifers in areas where they crop out,
elther by downward percolation from rainfall or by infiltration from streams, (2) the
amount of water that moves downward through the unconfined aquifers into the artesian
aquifers where the confining bed is somewhat permeable or, locally, has been removed
by erosion, (3) the amount of water that moves upward from the underlying fractured
rocks of the basement complex into the upper artesian aquifers of the overlying Pah‘J{(enf

formation.

A
%

The chief factors that cause a decline in the water table in this area are:
(1) evaporation and transpiration, (2) discharge from springs and seeps, (3) discharging
wells, (4) subsurface movement of ground water to adjacent areas. Factors causing a
decline of the piezometric surfaces are: (1) leakage from artesian aquifers either
through a somewhat permeable confining layer or where the confining layer has been,
locally, removed by erosion (such leakage may be either upward or downward), (2) dis-
charge from-estesian springs and seeps, {3) discharging wells.

’ 1
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The "phreatic high," or the period when the water table is
highest, occurs in Spotsylvania County during the spring (fig. 7,
well 361), because of large amounts of recharge from winter rain,
melted snow and the low evaporation and transpiration rate during
the cold weather. The normal fluctuation of the water table in
the area consists of a gradual rise in late December which continues
until late March or April, and a gradual decline throughout the
summer months, broken only by intermittent rises caused by heavy
periodic summer rains. The lowest level usually is reached after

the end of the growing season during late November or early December.

The overall downward trend of the water level of well 66 (fig. 8) is

Figure 8.--(caption on next page) belongs near here.

believed to reflect pumping from this aquifer as far away as 1 mile.
However, during the course of this investigation, deficient rainfall
caused minor drought conditions during the summers of 1953 and 1954;
above average rainfall resulted from hurricane "Hazel" in October 1954,
and hurricanes '"Connie and "Diane'" in August 1955. These abnormal
conditions were reflected by unusual water-level fluctuations in wells

of the area (fig. 8).

GROUND-WATER TEMPERATURE$

The temperature of ground water is of importance for many
industrial uses. The ground-water temperature approximates the
temperature of the rocks from which water is derived. Soil and rock
exposed at the surface reflect daily and seasonal fluctuations in
air temperature at that place. Daily fluctuations in temperature
affect only a few thin layers of soil or rock and the annual
fluctuation is small at 10 feet below the surface and becomes zero
at a depth 30 to 60 feet (Collins, 1925). Below the zone of
seasonal fluctuation, the earth temperature increases with depth
at a rate that differs somewhat from one area to another but does

not differ greatly in any one area.



Figure 8.--Hydrographs of observation wells in Spotsylvania County

and hydrograph of rainfall at Fredericksburg.
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The mean annual air temperature in Spotsylvania County is
56.4°F at the U.S. Weather Bureau climatologic station at Fredericksburg.
The average ground-water temperature observed in wells less than 100
feet deep in Spotsylvania County is 57OF. Wells between 100 and 400
feet deep which tap sands of the Patuxent Formation yield waters which
have an average temperature of 59OF. Water supplies obtained from

wells in the area have a temperature suitable for all ordinary use.



UTILIZATION

Domestic and Stock Supplies

All rural and suburban domestic ground-water supplies in
the area are obtained from wells and springs. Water supplies in the
several scattered rural communities of the county are also furnished
by individual wells because no municipal water supplies are available.
It is estimated that a population of about 13,000 is supplied in this
manner and that the total water use is about 200 million gallons per
year. Ground water used for livestock is derived from wells, and,

where available, from springs.



Public Supplies

Ground water for public supply in Spotsylvania County is
furnished from the wells of seven privately owned water systems

in housing subdivisions in the vicinity of Frecdericksburg (fig. 9).

Figure 9.--(caption on next page) belongs near here.

The combined pumping of these wells is approximately 28 million
gallons per year, chiefly from water-bearing units of Cretaceous

and Pleistoé@ne age. (See table 2).

Table 2.--Major pumpage of ground water from water-bearing units

i

of Cretaceodé and Pleistékene age for 1954, Spotsylvania

County, Virginia

Subdivision Gallons per year Age of water-bearing unit
Bellevue Court a) 2,015,800 Cretaceous
Jackson Park b) 3,240,000 Do.

Cottage Green b) 5,760,000 Do.
Dillard and Courtland a) 4,672,600 Po.

Heights
Spotswood Village a) 438,960 . Do.
Sylvania Heights b) 12,080,000 Cretaceous and

“Pleistocene

Greenfield Village a) 763,300 _Cretaceous

Total 28,970,660

a) Reported by owner

b) Calculated




Figure 9.--Sketch map showing location of subdivision&using ground

water in the vicinity of Fredericksburg, Va.
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Figure 9.—8ketch map showing location of eubdivisions using grpund
water in the vicinity of Fredericksburg, Va.



Industrial Supplies

Ground water for industrial use in the area is limited to
stream boiler feed water and for air-conditioning purposes. Wells §1

v
and 304 draw water from sand and gravel of Pleistocene age for stream

v
boilers and well 81 draws water from a sand of Cretaceous age for

air conditioning. Approximately 6 million gallons per year of ground

water are pumped for industrial use in the county.

Irrigation Supplies

So far as known, ground water is not used for irrigation
purposes in Spotsylvania County. Some irrigation has been tried in
the area using surface water and two systems are presently in
operation. (Personal communication, Mr. W. M. Preston, U.S. Soil

Conservation Service.)



AR B R A A T T

CONSTRUCTION OF WELLS

In Spotsylvania County, wells are principally dug, bored,

and drilled.
Dug Wells

Dug wells generally range from 2 to 6 feet in diameter, and
are usually constructed with hand tools. Dug wells furnish a large
part of the ground water used in Spotsylvania County. Depending on
the character of the materials penetrated, dug wells are curbed, in
whole or in part, with wood, brick, stone, concrete, or tile. Several
old dug wells in the Piedmont province of the county, which penetrate
tough layers of residual clay, derived from the weathering of igneous
and metamorphic rocks, use only a few feet of curbing at the bottom
of the well. If the well is dug in loose materials, such as sand
and gravel which are found in the Coastal Plain province, curbing from
top to bottom is necessary. Unless properly curbed, dug wells may be
polluted by entrance of surface water. Dug wells observed in the county
range from 10 to 90 feet in depth and generally furnish adequate supplies

of water for domestic and stock needs.



Bored Wells

Bored wells are constructed with hand and power augers, usually 2 to 36
inches in diameter. They range from 14 to 58 feet in depth according to local
ground-water conditions but are usually less than 100 feet deep. Recently, many
of the bored wells have been constructed by a truck-mounted power operated bucket-
type auger that has a rotary table for turning the auger. These wells are usually 36
inches in diameter and are lined with concrete curbing from top to bottom. This
type of well is practical in areas of unconsolidated sedimentary rocks and in areas
of deeply weathered igneous and metamorphic rocks where no hard rocks are encountered.

Drilled Wells

Drilled wells in Spotsylvania County are construced by the hydraulic rotary,
the cable~tool (percussion or churn-drill), or the jetting method. Many of the drilled
wells in the Coastal Plain province range from 4 to 8 inches in diameter and have
galvanized-iron, wrought-iron, or steel casing. In conjunction with the casing,
screens or sections of slotted casing are set opposite the best water-bearing zone, or
opposite several water~bearing zones.

Deep wells drilled into the crystalline rock of the Piedmont province are not
cased from top to bottom. Casing extends only through the overlying weathered portion
until it can be firmly seated in the fresh rock. No screen is used in these wells because
the rock below the casing is firm enough to stand without support and the water enters

the well through cracks in the rock.



Hydraulic Rotary Method

The hydraulic rotary well-drilling equipment used in this area usually
consists of a truck-mounted derrick, cables and reels for handling tools and casing,
a rotary table for rotating the drill pipe and bit, and a pump to circulate the drilling
mud. Mud is pumped down through the drill pipe and out of openings in the bit,
carrying the drill cuttings up and out of the hole. The drilling mud also prevents the
hole from caving before the casing and screen are set.

Cable-Tool Method

The cable-tool type drilling machine consists of a mast or A-frame, draw-
works, cable, drilling tools, bailer, and power unit. A walking beam moves the
cable up and down, causing the bit to pound the bottom of the hole and break or
crush the material penetrated in drilling; the drill cuttings are removed with the
bailer at frequent intervals.

Jetting Method

The jetting method has been little used in the Coastal Plain area of Spotsyl-
vania County. Well 116 is the only well on which data were obtained that was con-
structed by jetting.

The process of jetting a well consists of loosening material and elevating it
to the surface by water pressure. Water is forced downward through a pipe and out
through the bit against the bottom of the hole. The force of the water and the action
of the bit loosens the material and the water washes it up and out of the hole in a
manner similar to that in which the drilling mud removes the cuttings in the hydraulic
rotary method. To insure a straight hole the drill pipe is turned slowly while drilling.

Casing is usually driven as the drilling proceeds. When hard layers are encountered,

the drill bit at the end of the drill pipe is raised ¢énd allowed to drop on the hard

material as in the cable~tool method. 43



Methods of Lift and Types of Pumps

Water is obtained from most of the domestic, dug, bored, and drilled wells
in the area by jet pumps operated by electricity. The jet pump raises water from a
well by a stream of water under pressure. Some wells are equipped with lift and force
pumps which are operated by electricity and, on a few farms in the county, windmills
are still used for operating these types of pumps. The cylinders or working barrels in
lift and force pumps are similar and are located below the land surface either above
or below the water surface, but a lift pump is capable of discharging water only at
the pump head, whereas a force pump can raise water to a higher point such as an
elevated tank. Pitcher pumps are used on some wells where the water level is within
the suction limit. A few wells are still equipped with chain and bucket lifts.

Wells 57, 73, and 87, furnishing water to housing subdivision, are equipped
with deep-well turbine pumps driven by electric motors. Deep-well turbine pumps
are used in wells with greater depth to water, and where large demand for water
results in greater drawdown. Connected turbines called bowls or stages (the number
of such units depending on the height the water must be raised) are submerged below
the water level and are connected by a vertical shaft to a vertical motor or pulley

at the top.



A few wells in the area are equipped with submersible
pumps. The submersible pump is similar in operation to the
deep well turbine pump. The pump consists of a long small-
diameter motor which is connected to a short propelling shaft
below the bowls. The motor operates submerged at all times in
the well. The water being pumped is separated from the electrical
parts and motor bearings by an oil-filled case. The submersible
motor and turbine impellers are a compact unit attached to and
supported by the discharge pipe. Electric current is provided
by use of a submarine armored cable; this cable, a small copper
oil tube, and the discharge pipe form the only connection between

the pumping unit and the surface.



STRATIGRAPHIC UNITS AND THEIR WATER-BEARING PROPERTIES

The Piedmont province of Spotsylvania County is underlain

by granite, gneiss, schist, quartzite, and slate that range from

Precambrian to Late Paleozoic age (fig.

A generalized description

Figure 10 (caption on next page) belongs near here.

of the geologic formations and water-bearing properties of the rock

units in the Piedmont province of Spotsylvania County is shown in table 3.

The following discussion of the rock units of the area at the

time this work was carried on was based on geologic age designations

‘ stratigraphic nomenclature (Keroher, 1966).

map of Virginia (Calver and Hobbs,

show these changes in this report.

e @ However,
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these units is as follows:

compiled by Nelson (1928) and modified in accordance with current

A more recent geologic

1963) considers many of the crystalline
rocks units of the Piedmont province of Spotsylvania County to be

"Formations of uncertain age.'" No attempt was made by the writer to

the relationship of the stratigraphic nomenclature of

Geologic Map
Fig. 10 (this
report)

Geologic Map of
Virginia (Calver
and Hobbs 1963)

Pzgr - granite
Pzqd - quartz diorite
Pzhg - hornblende gabbro

Pzp - Petersburg GranlteV;J g e e

Oq -/Quantlco Slate

Pewrs ‘/WISSathkOH Formation, schist facies
Prwg-—~ Wissahickon Formatlon, granltlzed gnelss

Bpc - Peterékreek Quartzite

Peb - Bah]:timore\ g?) Gneiss 46

gr - Granite
qd - Diorite
hgb - Hornblende gabho
and gneiss
VPzpb - Petersburg Granite ¥
Not mapped

M ¥ggﬁgorphosed sedimentary

V Metamorphosed XGlcanic
and sedimentary rocks
grgn - Granite gneiss
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Figure 14.--Common types of ferruginous concretions occurring in the
Patuxent Formation in the Vicinity of Fredericksburg, Va.



The limonite may well be the weathered product of pyrite, which
is commonly seen in well cuttings, and helps attest to the terrestrial source
of the sediments of which this formation is composed.

Locally, lithification has altered unconsolidated sands containing
coarse-textured quartz sand and feldspar into a light gray to white
arkosic sandstone. The sandstone shows crosstbedding and is characterized

~—

by zones of gravel and clay pellets. The best exposure of the sandstone

is along U.S, Highway 17, approximately 6 miles southeast of Fredericksburg

at the north corner of the bridge crossing Massapona#\Creek.



Lenses of gravel are not uncommonly developed in the formation. The
pebbles are chiefly quartz, well rounded, and average 1-1/2 inches in diameter.
The lenses are discontinuous, separated by a matrix of sand and clay. Gravels range
in size from 1 to 3 inches in diameter, but a few boulders measure 3 feet in diameter.

Numerous clay lenses appear within the Patuxent formation, ranging in size
from several inches thick and several feet in lateral extent to large beds approaching
30 feet in thickness and extending hundreds of feet. The clays are usually blocky
and massive but a few are thin\\bedded. They range from highly plastic to rather
sandy and most are light to dorkxgrcy in color. A bed of dark green clay, which
weathers to a brick-red color, lies at the base of the Patuxent formation along Hazel
Run. Dark purple thin-bedded sandy clays have been noted |o;a||y near the top of
the formation.

i

The easternmost extent of the Patuxént iormofion is observed along the south
bank of the Rappahannock River, half a mile be.|ow the mouth of Massaponax Creek.
Paleontology

Fossils in the Patuxent _formotion are generally preserved as lignitized wood,
silicified wood, and impressions of tree remains. Lignitized wood occurs in the
uppermost part of the formation in the vicinity of Hazel Run. Impressions have furnished,
by far, the most extensive florg; the flora includes ferns, cycads, conifers, and supposed
ongio:sperms. Fonfcini’(]889) and Berry (1912) have described numerous plant fossils
from the vicinity of Fredericksburg. Baily (1843) described silicified conifer wood
from Fredericksburg. Berry (1912, p. 73) lists 30 species of flora obtained from the

site of the old steamboat landing at Fredericksburg.
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Water-Bearing P?operfies

v v

The Patuxent formation of the Potomac group in Spotsylvania County does

not yield large supplies of water to wells. Thes-e deposits, within the Fall Zone,
consist primarily of sand overlain by or grading into silt and clay. Ground water,
migrating from the source of recharge to points of discharge, generally follows
the sand portions of the formations.

L7

The outcrop area of the Patuxent formation in the vicinity of Fredericksburg
serves as a recharge area for its ground-water reservoir. The recharge water supply-
ing this extensive aquifer of the Coastal Plain of Virginia is obtained primarily from
precipitation and perhaps to some extent from stream infiltration. Farther down
the dip than Spotsylvania County substantial recharge may possibly be obtained
by leakage through the confining beds.

Information was obtained on 27 wells that tap sands of the Pcfu:én'r iormaﬁon.
They range in depth from 77 to 300 feet below land surface and average about 200 feet.

Well 116, drilled to a depth of 300 feet, located along the Rappahannock
River in the extreme northeast corner of the county, is reported to flow at approximately
8 gpm. This is believed to mark the westernmost extent of flow from the Patuxent
formation., The yield of wells from this water-bearing unit ranges from 2 to 40 gpm

N

and averages about 15 gpm. Most wells penetrating the Patuxent formation east of

U. S. Highway 1 (Alt.) in the northeastern part of the area obtain up to 10 gpm.



Water samples obtained from different water-bearing zones within the forma-
tion range from 43 to 579 ppm in content of dissolved solids, and in hardness from 17
to 164 ppm. Well 133, driiled to a depth of 215 feet, obtains water from coarse sand
overlying the basement complex (fig. 12 ). Water from this well contains 579 ppm of
dissolved solids and 137 ppm of chloride which suggests some mixing of high chloride
water from the basement complex with water in the Patuxent formation. The concen-
tration in dissolved solids and hardness is suchjtso permit use of this water for most
domestic purposes. However, locally, the iron concentration ranges from 0.34 to

12 ppm and slight traces of hydrogen sulfide gas may render this water objectionable

for cooking and laundering unless it is aerated before use.

Teri’iar? System
Paleoc;ne Series
Data on Spotsylvania County are not sufficient to show whether beds of
Paleocene age are present. The Ma'rtapgni _f_ormation of Late Cretac&ous and Paleocene
age has been described in the subsurface section at nea’rf;' Colonial Beach and Dahlgren.
The reader is referred to Cederstrom (]95;) for further information regarding the Mati‘é(;oni
Eormafion .
- Eoce{\e Series
Darton (1891) applied the name Pamuﬁkey_formcfion to the Eocene deposits
of Maryland and Virginia that are exposed along the Pamunkey River in Virginia.
Clark and Martin (1901) elevated the Pamun/k,ey forma’rion to group status by applying
the name Aquiaformaﬁon to the lower part and Ncniegby ;forma’rion to the upper part.

- -

Only the Aqu/ia formation is recognized in Spotsylvania County.
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Agquia Formation

/
i /
The Aquic_formcfion{;has been divided into the Piscataway indurated marl
- / z =

member and the Paspotansa greensand marl member on the basis of paleontologic

differences, according to Clark and Martin (1901). Because these members are

similar lithologically, the Aquia formation is undifferentiated in this report.

/
S

Lithology and distribution.-~The Aquia formation recognized in Spotsylvania
County is a series of fine glauconitic, micaceous sands that contain moderate amounts
of clay. Fresh samples are dark bluish-gray or black and local well drillers refer
to the material as black marl. Weathered exposures are bleached to varying degrees
so that the color ranges from dark gray to buff and white. The white sands of the
Aquia iormaﬁon are distinguished from those of the underlying Pafuxenf‘ﬁormaﬁon by
their fine~grained texture and absence of cross-\'k}edding. Indurated beds of silicified

N

sand of the AqL,:iCl occur at nearby Stafford Court House, Stafford County, while

at Aquia Creek and Fairview Beach the greensands have been cemented with calcium
s :
' -
carbonate. Clay beds of the Aquia formation resemble those of the Patuxent forma-

tion. Small quantities of gravel have been noted in the upper portion of the formation.
The pebbles consist primarily of quartz, well-rounded, and generally less than 1 inch

in diameter.



~
Clark and Miller (1912) determined the thickness of the Aquia formation

to be about 100 feet at its type locality along Aquia Creek in Stafford County.
The average dip is about 15 feet per mile eastward (Gildersleeve, 1942). West
of U. S. Highway 1 (Alt.), on the "heights" overlooking Fredericksburg, the Aquj/;c

v
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. Additional exposures

in the area occur along the south bank of the Rappahannock River for a distance

of 1-1/2 miles below the mouth of Massaponax Creek. A thickness of 44 feet of
Aqui\!iormation occurs along the south bank of the Rappahannock River 1 mile below
Massaponax Creek (section 6, table 10 ). This is believed to be the greatest thickness
reported in the county.

Paleontology .--The Aquia formation as it occurs in Spotsylvania County is
unique in its absence of well-preserved fossils. Elsewhere, the formation yields
abundant fossils.

Clark and Miller (1912) reported the following species from the exposures
along the south bank of the Rappahannock River, 1 mile below the mouth of Massaponax

Creek:

Crassatellites alaeformis

Cuculaea gigantea

Ostrea compressirostra

Meretrix ovata var. pyra

Turritella mortoni




Gildersleeve (1942) listed 37 species of fossils from the Aquié formation of
Virginia.

Wafer—gearing Properties:-~So far as known, no wells in the area tap the

/

Aquia formation. However, elsewhere in the Coastal Plain of Virginia, deposits
E y
of-the—PRamunkey-group of Eocene age are excellent water-bearing formations from
a
the standpoint of permeability (Cederstrom, 1945). It is also pointed out that wells
finished in glauconitic sand, alone, yield a little greensand with the water. The
water is greenish and has an unpleasant odor.
Miocene Series
P
The Chesapeake group of the Miocene series has been subdivided by Clark
= 2,

and Miiler (1912) into the Calvert, Choptank, St. Ma{ys, and Yorkfown__formafions.

e
Within the Coastal Plain of Spotsylvania County only the Calvert formation is present.

n

Shattuck (1902) first applied the name Calverfvfgrmaﬁon to the basal beds
of middle Miocene age that are exposed in the Calvert Cliffs, Calvert County,
Maryland. Later, Shattuck (1904) subdivided the Calve/r’} formation into the basal

Fairhaven diatomaceous earth member, which consists of a large proportion of

diatoms in a finely divided quartz matrix, and the Plum Point marl member, which
consists of a series of sandy clays and marls containing a large number of organic
/

v
remains including diatoms. Only the Plum Point marl member has been recognized

in Spotsylvania County.

Calvert Formation, Plum Point Marl Member

The Plum Point marl member was named for Plum Point, Calvert County,

Maryland where typical exposures of the marl occur.
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Lithology and Pistribution.=-The marl consists of a series of clays containing

very fine white quartz sand in which are imbedded large numbers of organic remains
including diatoms. The color of the material is green, bluish-gray to grayish-brown
and buff. Fresh samples of the marl obtained from wells in the county contain a
considerable amount of argillaceous material which is blue-i;green in color but whitens
on contact with the atmosphere .

The Plum Po%t marl member occurs discontinuously in the subsurface section
of the Coastal Plain province of eastern Spotsylvania County. In most of the area
the formation is overlain by terrece sands and gravels of Pleisfoc"e"ne age, but locally
where material of Pleistocene age has been removed by erosion it is covered by deposits
of E-GG&M !c:g:e (Subitzky, 1955). In turn, the Calvév‘r{fﬁiormaﬁon overlies unconformably
the basement complex of pre—Crefac‘e'ybus age along the Fall Zone, and east of Fredericks-

v Group nmd depesiks of el e

burg, the Potomac, and-Pamunkey-groups. The marl strikes approximately north and
slopes eastward at a rate of about 10 feet per mile. Test hole 3, drilled to a depth
of 364 feet below land surface, penetrated 140 feet of marl. So far as known, this
is the greatest thickness penetrated in Spotsylvania County. Well 308, 0.6 mile
south-southeast of Thornburg, bored to a depth of 45 feet below land surface, pene-
trated only the first 5 feet of the marl.

Paleontology .~=The Calveft formation of Miocene age as shown on published
geologic maps of the area includes in part the Plum F[Y'ginf;ncrl r:nember. Five samples
of material collected from well 98, and test hole 3, yielded 96 species and varieties

of marine diatoms (eee table S ). Mr. K. E. Lohman (Fersonal Communicetion,

1955) classified the material as:
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Table § .--Distribution of mariie diatoms of the Plum Point marl member of the

Calvert formation

Relative abundance is indicated by
A - abundant; C - common;

F - frequent; R - rare.

Actinocyclus curvatulus Grunow
Ellipticus Grunow
octonarius Ehrenberg
tenella (Brebisson) Cleve
Actinoptychus campanulifer Schmidt
cf. A. areolata Ehrenberg
senarius Ehrenberg
cf. A. simbirskianus Schmidt
splendens (Shadbolt) Ralfs
Biddulthia aurita Brebisson
semicircularis (Brightwell) Roper
suborbicularis Grunow
tuomeyi Bailey
Chaetoceros sp.
Cocconeis cf. C. Dirupta var. flexella
(Janisch and Rabenhorst) Grunow
sp.
Coscinodiscus cf, C., aeginensia Schmidt

apiculatus Ehrenberg

WELL 98 | 98 |Test Hole No. 3
30~ 23~ | 44- 65~ | 85~
Depth in feet
93'| 44! 65' 85' |106'
U.S.G.S. piatom| & | B | & | & |E&
S8 | 8| & |5
Locality Number
R
F F F
C F
F F F
F
C C C C C
F
F C F F F
F
R
F R F
F F
F F '
R
R
R
F




Table & .==Distribution of marine diatoms of the Plum

F

'

Point garl member of the Calvert formation=~Continued

=

apiculatus var. ambigua Grunow
arcus Lohman

asteromphalus Ehrenberg

convexus Schmidt

curvatulus Grunow

divisus Grunow

elongatus Grunow

excentricus Ehrenberg

lacustris var. septentrionalis Grunow
lineatus Ehrenberg

marginatus Ehrenberg

nodulifer Schmidt

obscurus Schmidt

oculus~iridis Ehrenberg
oculus~iridis var. subspinosa Grunow
perforatus var. cellulosa Grunow
radiatus Ehrenberg

radiatus var. minor Schmidt
salisburyanus Lohman

stellaris Roper

subtilis Ehrenberg

velatus Ehrenberg

vetustissimus Pantocsek

Ssp.

Well 98

Test Hole # 3

sle e |gs
518 |8 [E (R
F
F F F F
F F
F R R
R R R
R
F R F
F F F
F F F
R
F R
R
F F F
R
F R
F F R F
R
F F R
R
F F F F
F
F F
F F F




o
rable & .--Distribution of marine diatoms of the Plum Point
e
marl member of the Calvert formation--Continued

- -

Craspedodiscus coscinodiscus Ehrenberg
Cymatogonia amblyoceras (Ehrenberg) Hanna
Denticula lauta Bailey
Sp.
Dicladia capreolus Ehrenberg
Dimerogramma novae=-caesarae Kain & Schultze
Diploneis crabro var. suspecta (Ehrenberg) Van Heurck
vacillans Schmidt
Dossetia lacera (Forti) Hanna
Endictya robusta (Grenville) Hanna and Grant
Fragilaria sp.
Goniothecium rogersii Ehrenberg
Grammatophora sp.
Hercotheca mammalaris Ehrenberg
-lemiaulus plymorphus Grunow
Hyalodiscus sp.
Liradiacus bipolaris Lohman
minimus Lohman
ovalis Greville
sp.
Lithodesmium cf. L. minusculum Grunow
Sp.
Melosira complexa Lohman
sulcata (Ehrenberg) Kﬂtzing
Sp.
Navicula pennata Schmidt
Nitzachia sp.
Periptera tetracladia Ehranberg
Pleurosigma affine var. fossilis Grunow
Pseudsuliscus radiatus (Bailey) Rattray
‘seudo-pyxilla americana (Ehrenberg) Forti§

dubia Grunow

Well 98

Test Hole # 3

slela]| gls
5|88 | E|®
R R R R
R R R
R R R
R R R
F F F
F F F F
F R R
R

R
F F F F
F F
F F
F R
F F
C F R
F F

F F F F

F

F

R

R R
F R R
A A A
F F
C F C F
R
F F R
F C F
R
R R
F R




Table 5..--Distribution of marine diatoms of the Plum Point

/

marl member of the Calvert formation--Continued
z =z .

Pterotheca kittoniana Grunow
Pyxilla sp.

Rattrayella inconspicua (Rattray) Hanna
Rhaphoneis elegans Pantocsek and Grunow
gemmifer Ehrenberg

obesa Hanna
parilis Hanna
sp.
Rhizosolenia sp.
Stephanogonia actinoptychus (Ehreuberg) Van Heurck
polyacanths Forti
Stephanopyxis corona (Ehrenberg) Grunow
grunowii Grove and Sturt
lineati (Ehreberg) Forti
turris (Greville and Arnott) Ralfs
Stictodiscus kittonianus Greville
Thalassionema nitzachioides Grunow
Triceratium interpunctatum Grunow
Tropidoneis sp.
Xanthiopyxis oblonga Ehrenberg
umbonata Greville

Zygoceros circinus Bailey

Well 98 Test Hole # 3
= |E1E | E|E
& |8 |1 & | B |8
R R

R | R
R R
F R
F |F | ¢ | F
R
F |r | F | r
R |F | F
R
F |F | F
R F
¢c |F | F F
Fg F | F |F
F F R
F F | R |R
C F | R |F
C c | F |F
C F | R R
R
F |F R | F
R




\“,Species of diatoms characteristic of and known only from
the Fairhaven diatomaceous earth member in Maryland, or its strati-
graphic equivalent elsewhere, are notably absent from all of the
present collections. Likewise, species of diatoms characteristic
of the overlying Choptank formation in Maryland and adjacent
regions are also notably absent. Furthermore the characteristic
and diagnostic species of the Plum Point marls which occur in the
collections from the wells in Spotsylvania County have never been
found in the Choptank or later formations. Therefore the evidence
is overwhelming for correlating the collections 4138 to 4142 in-
clusive with the Plum Point marl member of the middle Miocene
Calvert formation.

"These conclusions are based on the study of the diatoms
from a large number of collections | have made from all zones
of the Calvert, Choptank, and St. Marys formations, both from
the type localities of the three formations and from other exposures

in Maryland and Virginia.L‘/;
Lo fe e .
Water-Bearing Properties:--The Plum Point marl member of the Calvert

-

formation is essentially non-water bearing in Spotsylvania County but serves as
a "cap rock," confining water under artesian pressure in the deeper water-bearing
sands of the Potomac group. Shallow wells in the area have been carried down to

but not info this formation.

e



Miocene deposits, undifferentiated

7/

Deposits of undifferentiated Miocene age consisting of varicolored
clays overlie the Plum Point Marl Member of the Calve{f Formation, sands
of Cretaceou;’age, and the basement complex,

The clay occurs on the divides between the streams which head in the
Piedmong and flow southwestward across the Coastal Plain portion of the
area. Along U. S. Highway 1 (Alt.), exposures of this clay appear in road
cuts between Fredericksburg and Four Mile Fork. The clay is chiefly gray
in color, with brown and red mottling produced from the limonite crusts
associated with the overlying Pleistoégne deposits. A study of the clay
revealed no paleontological evidence as to its age, but similar material
occurring in wells beneath the terrace deposits are blue~green in color
and also barren of fossils. Howgver, the material stratigraphically appears
to grade into the Plum Point Mari Member of the Calvert Formation.
Published geologic maps refer to all the Miocege deposits of the area as
the Calve{t Formation. It is possible that this clay may represent material
of Calert time that may have contained fossil remains which was leached

)
¢

or destroyed during the Pleistocene Epoch.



7
Quaternary System
A

Pleistocene Series

The Coastal Plain and the surface of the Piedmont rocks just west of the Fall
Zone in Spotsylvania County are covered by deposits of sand, gravel and clay of
brown, red, or yellow color. These deposits are collectively called the Columbia

group.
) Wentworth (1930) considered the deposifs below 100 feet as being chiefly of
marine origin, and those above 100 feet as being of alluvial origin, deposited as deltas
and flood plains of rivers. Cooke (1931) considered terracesdemasits to have been

formed in the ocean and along estuaries when the sea stood at various heights above

its present level. Within Spotsylvania County the terracesdepesits are not subdivided

but are discussed primarily as higher and lower terraces and considered to be of non-marine
origin.

b
Lithology and Distribution

Terrace deposits consist of red, brown, and yeilow loams with differing pro-
portions of clay, silt, and sand. Irregular beds of white, well-rounded quartz gravel
are common in the older (higher) terraces. Bedding is poorly developed and irregular
which makes it almost impossible to trace zones in these deposits over wide areas.
Crossilaedding is prominent in the younger (lower) terrace deposits but it has not been
observed in other deposits. Sorting is poor; samples frequently show an almost continuous
gradation in size from clay and silt particles to large cobbles. Associated with the
older terrace deposits are ferruginous cementations which occur as a basal conglomerate
and ferruginous plates and sheets. As a basal conglomerate it occurs along the contact
of terrace deposits overlying impermeable clays. The plates or sheets within the terrace

defoailrs . . '
Sermation-develop around the lesser impermeable materials. e



The terrace deposits form the greater part of the surface material in the Coastal
Plain portion of the area, except where they are overlain by deposits of Recent age.
They overlie with marked unconformity rocks of the older Piedmont and Coastal Plain.
The unconformity is closely related to the present topography, but it cannot be inferred
that the presegf topography was developed previous to the deposition of the terrace g

c\e,pcf.,..)'::,@

These deposits range in thickness from a s veneer in the vicinity of Five
Mile Fork to about 88 feet which was penetrated in well 74, 1.8 miles northeast of
Four Mile Fork. The best exposures of the higher terraces at altitudes ranging from 200
to 300 feet above sea level are along U. S. Highway 1 (Alt.) from Fredericksburg
south to Four Mile Fork and from Four Mile Fork south along U. S. Highway 1 to
Thornburg. 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 domestic and farm wells in the Coastal Plain part of the county
obtain water from terrace deposits. The 106 wells on which information was obtained
range in depth from 6 to 60 feet and average about 30 feet. These wells yield moderate
quantities of water--up to 15 gpm. Well 91, bored to a depth of 23 feet in the lower

terrace deposits, has been reported to yield 60 gpm with very little drawdown.



The terrace deposits usually yield water low in dissolved solids
and free from objectionable minerals except iron. Objectionable concen-
trations of iron are associated with water from the higher terrace
deposits. The four samples of water from the terrace deposits that
were analyzed range in dissolved solids from 22 to 80 ppm and in hardness
from 10 to 57 ppm (see table 11); field determinations of five samples
show a range in hardness from 25 to 66 ppm. (See table 13.) The water
derived from these deposits is in general regarded as soft and it is suitable

for all domestic uses.
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Deposits of Receﬁt agé are chiefly those that are being formed
today over the submarine portion of the Coastal Plain and along many
estuaries and streams.

Alluvium

Some of the streams have built up minor flood?plains during the
Recent Epoch, and locally such deposits may attain sufficient thickness
to yield water to shallow dug or driven wells. 1In Spotsylvania County,
Recent alluvium is probably not present in sufficient thickness to be of
importance as a source of ground water. However, locally, Recent deposits

are significant as portals for recharge to the ground-~water reservoir.



QUALITY OF WATER

SOURCE AND SIGNIFICANCE OF MINERAL CONSTITUENTS IN NATURAL WATERS
Essentially all the ground water in Spotsylvania County 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 matter, but upon reaching the earth's
surface it begins to dissolve minerals from the soil and rocks. The amount
and nature of the mineral 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 constituents or other
characteristics of natural waters considered here include those that have
a practical effect on the value of the waters for ordinary use. Results
of chemical analyses of ground water in Spotsylvania County are given in
tables 11, 12, and 13.
The foll