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CONTRIBUTIONS TO THE HYDROLOGY OF THE UNITED STATES

GEOLOGY AND GROUND-WATER RESOURCES OF THE
FAIRFAX QUADRANGLE, VIRGINIA

By Paui M. JouNsTON

ABSTRACT

Rapid development of the suburban area surrounding Washington, D.C.,
since World War II has created an urgent need for ground-water information.

The Fairfax quadrangle, the northeast corner of which is about 11 miles
west of the White House in Washington, D.C., is underlain by metamorphic
rocks of the Wissahickon formation and associated silicic (granitic) and mafic
(basaltic) intrusives. These rocks are overlain by sediments of Triassic and
Recent age, which are thin and cover relatively small areas.

The Wissahickon formation is composed of phyllite derived from shale and
siltstone, interbedded with coarser quartz-mica schist and quartzite. Intruded
into the Wissahickon is a large body of strongly altered mafic igneous rock of
heterogeneous composition, which is mapped as greenstone. Large and small
bodies of granite intrude the Wissahickon, and smaller bodies intrude the
greenstone.

The principal structural feature of these rocks is the schistosity, which is
most highly developed in the Wissahickon and which generally follows the
regional northeastward trend. The dip of the schistosity is generally vertical
or to the northwest. Two sets of joints are prominent, one striking mnorth-
eastward and dipping 30° to 40° SE., and the other striking northwestward
to westward and dipping 60° NE. to vertically.

Until 1957 the entire population of 16,510 in the Fairfax quadrangle was
supplied with water from wells and springs. A pipeline connection with the
Falls Church system (for which water is obtained from the District of Columbia
system) in 1957 furnished water to the town of Fairfax for peak demands.

Most of the water from wells in the -Fairfax quadrangle is obtained from
fractures in the bedrock, but some comes from the weathered residual soils
overlying the bedrock ; small amounts are obtained from alluvium.

Records of 434 wells and springs were collected and are listed in a duplicated
report (Johnston, 1960). Wells are of three types of construction—drilled,
bored, or hand dug. Drilled wells generally furnish a permanent supply and
are least subject to pollution when properly constructed. Bored and dug wells
have a greater storage capacity and are satisfactory in some locations, but are
easily polluted. If not favorably located or if too shallow, they may fail in
dry weather.

L-1
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Ground-water supplies adequate for domestic use, 5 to 10 gpm (gallons per
minute), are obtainable in most places, except in parts of the areas underlain
by greenstone and granite. The largest yields are obtained in the greenstone
contact complex, where domestic wells 52 to 250 feet deep produce 5 to 55 gpm.
The least productive aquifer is the greenstone, from which privately owned
wells 40 to 160 feet deep yield only 0.4 to 12 gpm. Intermediate yields, 1 to
32 gpm, are obtained from the Wissahickon formation and the granite, through
wells 31 to 550 feet deep. Fairfax municipal wells, not included above, pene-
trating the Wissahickon, the greenstone contact complex, and the greenstone
are 165 to 809 feet deep and yield 15 to 125 gpm.

Careful selection of well sites, taking into account the geology (including
rock type and structure) and the topography, usually results in greater yields
and may mean the difference between success and failure in developing a water
supply.

Ground water in the Fairfax quadrangle is generally of good quality, al-
though excessive iron content and corrosiveness are problems in some places.
Water from the greenstone is harder and contains more dissolved solids than
that from the other formations.

It is estimated that an average of 1,650,000 gpd (gallons per day) was being
pumped from wells in the Fairfax quadrangle as of 1957. In years of normal
precipitation an average of 23 million gpd is estimated to be available for re-
charge (p. 39). It therefore appears that the withdrawal could be increased
considerably without exceeding the potential recharge. Records of an obser-
vation well near Fairfax show no evidence of a sustained downward trend
of the water level.

INTRODUCTION
PURPOSE AND SCOPE OF THE INVESTIGATION

Since World War II, the suburban area surrounding Washington,
D.C., in common with most other metropolitan centers in this coun-
try, has developed rapidly. The movement of the population to the
suburbs brings with it the demand for new homes; towns and villages
in the suburban area are overrunning their limits, and subdivisions
are springing up in the outlying open country. The construction of
new schools, the movement, of some Government agencies to the sub-
urbs, and the establishment of military installations and new industry
in the suburbs all bring demands for additional water supplies.
Many of these developments are far from city water lines and from
usable streams; hence, ground water is the only feasible source of
supply.

Published ground-water data on the District of Columbia and
the Virginia portion of the Washington area are now out of print
(and also out of date), and recent information on the Maryland
part of the area is published only in the reports of that State.

This report is a byproduct of an investigation on the geology and
ground-water resources of Washington, D.C., and vicinity. No recent
geologic map of the Virginia portion of the Washington metropolitan
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F1cURE 1.—Map showing location of the Fairfax quadrangle.

PREVIOUS INVESTIGATIONS

Previous reports (Cady, 1933, 1938) describing the ground-water
resources of the Fairfax quadrangle were published by the State of
Virginia in cooperation with the U.S. Geological Survey. The 1938
report, which superseded the one published in 1933, included six
counties in northern Virginia, including Fairfax. The geologic map
accompanying the report is based on the “Geologic Map of Virginia,”
(Virginia Geol. Survey, 1928). Lonsdale, in a report published in
1927, described and mapped the geology of the gold-pyrite belt in an
area extending into the southern part of the Fairfax quadrangle.
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tation by the Fairfax Cpunty Planing Commission; on agriculture
by the Fairfax County Agent, Department of Agriculture; on popu-
lation by the Bureau of the Census; on climate by the U.S. Weather
Bureau; and on water sppply by the Engineer’s Office of the town

of Fairfax.
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GEOGRAPHY
CRFACE FEATURES

rle lies near the east edge of the Piedmont
pplain that extends from Maine to Alabama.
itude of Fairfax is approximately 40 miles
Ridge and the Fall Line. Southeast of the
defined as a line passing through the falls of
h marks the boundary between the Piedmont
pvinces, the hard rocks which are exposed in
unconsolidated gravel, sand, and clay of post-
these Coastal-Plain sediments has been
x quadrangle; probably they were once pres-
emoved by erosion. The nearest remaining
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rch quadrangle.
the Fairfax quadrangle is a somewhat dis-
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about 290 feet, from the highest point north
ve sea level, to the lowest points in the beds of

Pohick Creek, Middle Run, and Wolf Run, at about 200 feet above sea

level.

PHYSIOGRAPHIC HISTORY
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Cretaceous sediments, th
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pre-Cretaceous surface east of the Fall Line is preserved beneath the
Coastal Plain. West of the Fall Line, the streams were rejuvenated
and began to cut deeper into the bedrock. Subsequent intermittent
uplift (Fenneman, 1938, p. 161) resulted in increased cutting by the
streams. The region was raised to its present height at a relatively
late time (Fenneman, p. 158).

The stream pattern of the Fairfax quadrangle shows considerable
control by the bedrock structure. Pohick Creek and the lower course
of Accotink Creek may have been given their original direction by
the seaward tilt of the land surface; but this is also the direction of a
major set of joints in the rocks, and many small tributaries are carved
out in the same direction. The upper courses of Accotink Creek, Diffi-
cult Run, Popes Head Creek, and many smaller streams tend to follow
the regional schistosity, which is about at right angles to the general
southeastward slope. Headwater streams that have not cut through
the mantle of weathered rock are not controlled by the bedrock
structure.

A body of resistant greenstone not yet deeply dissected by streams
forms an even upland surface, which is followed from southwest to
northeast by Braddock Road, Shirley Gate Road, and Jermantown
Road.

DRAINAGE

All the streams in the Fairfax quadrangle drain into the Potomac
River. Thenorthwest corner of the quadrangle is drained by Difficult
Run and its tributaries. Difficult Run rises near Lee Highway west of
Fairfax and flows northward and northeastward to join the Potomac
River just below Great Falls. The waters of Popes Head Creek and
its tributries, which drain a large area south and west of Fairfax,
reach the Potomac by way of Bull Run and Occoquan Creek. Wolf
Run and Sandy Run and their tributaries drain the southwestern
part of the quadrangle and flow into Occoquan Creek. The area east
of Germantown Road and Ox Road (State Route 123), more than
half the area of the quadrangle, is drained by Accotink and Pohick
Creeks and their tributaries. Both these streams flow southeastward
into Gunston Cove on the Potomac River.

CLIMATE

The climatological data given in this report were furnished by the
U.S. Weather Bureau (1956) and are based on records compiled at the
M Street station and at Washington National Airport, which is about
14 miles east of Fairfax and about 400 feet lower in altitude. Except
that the average temperature must be slightly lower because of the alti-
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tude, the climate of the Fairfax quadrangle is similar to that at
Washington.

As the Weather Bureau report states, “Summers are warm and
humid and winters mild; generally pleasant weather prevails in
spring and autumn. The coldest weather normally occurs in late
January and early February, when average low temperatures are in
the upper twenties and average high temperatures in the middle
forties. The warmest weather normally occurs in the middle of July,
with average daily high temperatures in the upper eighties. The rec-
ord high temperature of 105.6° occurred on July 20, 1930. The record
low temperature of —14.9° occurred on February 11, 1899.”

The normal annual precipitation at Washington is about 41 inches,
rather evenly distributed throughout the year. The maximum rain-
fall for a 24-hour period was 7.31 inches, recorded on August 11-12,
1928. The longest period without appreciable rainfall lasted 28 days,
from October 15 to November 11, 1901.

The average annual snowfall is about 20 inches; the greatest record-
ed single fall was 28 inches, on January 27-29, 1922. “Snowfalls ap-
proaching the magnitude of this storm, however, are rare and the
snow accumulation of the normally bad winter storms is nearer 10
inches than 30.” Usually the 10-inch falls melt off in 2 to 4 days.

“The average length of the growing season is 200 days. The aver-
age date of the last killing frost in spring is April 10 and the latest
recorded date May 12,1913. The average date of the first killing frost
in the fall is October 28, and the earliest recorded date, October 2,
1899.”

ECONOMIC DEVELOPMENT

Fairfax County has an area of 406 square miles; the Fairfax quad-
rangle includes about 58 square miles, approximately 14 percent of
the area of the county. In 1950 the population of the Fairfax quad-
rangle was about 7,100, including 1,946 in the town of Fairfax. In
January 1957, the population of the quadrangle was about 16,510,
which included 6,300 in the town.

AGRICULTURE

Although the area is rapidly becoming urbanized, agriculture is
still important in the Fairfax quadrangle. Forage and grain crops,
cattle, hogs, and poultry are raised, and two dairy farms are operated.
About. 75 percent. of the area is in woodland and brush; most of the
timber is hardwood (ash, oak, yellow poplar, and hickory), but
there is some softwood (pine and cedar). Portable sawmills are
operated in several places.
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INDUSTRY

As of 1957, the Fairfax quadrangle had very little industry. A
radio station, a General Motors training schol, and a supply ware-
house at Fairfax Station constituted the main industries in the

area.
TRANSPORTATION

The Southern Railroad crosses the quadrangle from east to west.
It makes one freight stop, at Fairfax Station, but gives no passenger
service. Bus service to Arlington and Washington, D.C., is provided
by the Washington-Virginia-Maryland Coach Co., and through bus
service is provided by the Virginia Trailways and Greyhound Lines.

MINERALS

No minerals are now produced in the area. Greenstone was once
quarried near Westmore, but the quarry has been abandoned for many
years. Prospect pits in quartz veins and talc deposits have been
opened in many places, but no further work has been done. Small
quantities of gold can be panned from some of the streams.

PUBLIC WATER SUPPLIES

As of April 1957, the entire municipal and domestic water supply
of the Fairfax quadrangle was obtained from wells within the quad-
rangle. The town of Fairfax has a municipal system supplied from
12 wells; however, many private wells still are in use within the town
limits. Sinee April 1957, to furnish water for peak demands, the
town has constructed a pipeline to connect with the Falls Church
system, which in turn is supplied from the Potomac River by the
District of Columbia. Fairfax also has a plan to obtain a surface-
water supply from a proposed dam on Goose Creek, about 20 miles
to the northwest.

The following information on the water supply of Fairfax was
obtained from the town engineer :

rs

Number Total con- | Number Consump-
of wells sux;llf)tion of services | Pumpage | tion (gal-
Period in use (gallons) (outlets) (gpm) lons per
day per
service)
July 1-81, 1953 ool 7 6, 875, 500 956 155 222
Feb. 15~-Mar. 15, 1957 oo 12 16, 119, 200 2, 200 386 253

The Annandale Water Co. has two wells at Pine and Hill Streets in
Fairfax Acres, north of the corporate limits of Fairfax, which supply
water to 90 homesin that area.
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GEOLOGY
GEOLOGIC HISTORY

The rocks of the Fairfax quadrangle and adjacent regions include
representatives of the three broad groups of rocks—sedimentary,
metamorphic, and igneous. Only small areas are covered by sedi-
mentary rocks, which include stream-channel and colluvial deposits
(slope wash) of Recent age and a remnant of the Manassas sandstone
of Roberts (1923), of Triassic age, which caps the hill at Pender.

The sedimentary rocks everywhere are underlain by igneous and
metamorphic rocks of pre-Triassic age. The metamorphic rocks were
derived from much older sediments and from igneous rocks. Inter-
mediate in age between the Triassic and Recent sediments and these
older metamorphic rocks are igneous intrusive rocks, which include
mafic (basaltic) and silicic (granitic) types.

The metamorphic rocks, which underlie the greater part of the
aquadrangle, include the Wissahickon formation and the greenstone,
which is intrusive in the Wissahickon formation. These rocks have
had a long and complicated history, and their age has been the subject
of controversy for many years.

In most literature published since 1910 the age of the Wissahickon
is given as Precambrian. However, some earlier geologists considered
it to be of Cambrian and Ordovician age, a conclusion which seems
to be strengthened by later work in Pennsylvania and Maryland
(Miller, 1935; Mackin, 1935; Woodward, 1935; Cloos and Hietanen,
1941; Scotford, 1951; Whitaker, 1955). The lack of fossils in the
Wissahickon thus far has precluded absolute proof, but evidence
points to the conclusion that the rocks of the Wissahickon are the
metamorphic equivalents of Paleozoic rocks farther west. The prob-
lem may in time be resolved by geochemical dating methods, or diag-
nostic fossils may yet be discovered, but for the present the age is
considered to be early Paleozoic.

The history of these rocks began with the deposition of sediments
in the sea at least 350 million years ago. After consolidation, the
rocks were raised above the sea and were invaded by mafic magmas,
which in some places reached the surface and issued as volcanic
rocks. Much later, in late Paleozoic time, strong compressive forces
acting from the northwest or southeast buckled the earth’s crust and
compressed the beds into tight folds. During and after this
mountain-building activity, probably in late Paleozoic time (Cloos
and Hershey, 1936, p. 80), the Wissahickon was invaded by another
series of intrusions, involving both silicic and mafic magmas. These
magmas congealed at some depth below the surface, producing gra-
nitic and gabbroic rocks. Lonsdale (1927) mentioned post-Cambrian



L-10 CONTRIBUTIONS TO THE HYDROLOGY OF THE UNITED STATES

and post-Ordovician granitic rocks in the Piedmont in Stafford and
Prince William Counties, Va., a few miles south of Fairfax County;
Knopf and Jonas (1929) described Paleozoic granitic rocks in Balti-
more County, Md.

After the mountain-building period, erosion removed much of the
roof rock before the region again sank beneath the sea. Triassic
sediments that were deposited upon the eroded surface were later
invaded by another series of mafic intrusions (Triassic “trap,” or
diabase). At the close of the Triassic, the area was tilted and faulted
and low mountains were formed, but the geologic record gives no
evidence of further extensive folding in this area.

During the Jurassic this region probably remained above sea level,
for no Jurassic sediments have been recognized. Erosion reduced
the region to a peneplain; eastward tilting brought its eastern part
beneath the sea and increased stream cutting in the western part.
Cretaceous and younger sediments were deposited in and near the
sea. During Pleistocene time, sea level declined and recovered with
the advance and retreat of the continental glaciers (Cooke and others,
1952, p. 42). However, the continental ice sheets never advanced
south of central Pennsylvania and northern New Jersey.

Coastal-Plain sediments of post-Jurassic age probably once cov-
ered the Fairfax region but have since been removed by erosion. The
nearest deposits are remnants at Annandale and Tysons Crossroads,
east and north of the Fairfax quadrangle.

Relatively minor faulting has taken place in the Piedmont since
Cretaceous time, as shown by faulting of the Wissahickon over Cre-
taceous sediments in the District of Columbia (Carr, 1950, p. 21) and
elsewhere (White, 1952, p. 745).

GEOLOGIC FORMATIONS
WISSAHICKON FORMATION

The oldest and most extensive rocks in the Fairfax quadrangle
are those which make up the Wissahickon formation of early Pale-
ozoic(?) age. (See table 1.) The Wissahickon, which is composed
of phyllite, schist, and quartzite, is the southwest extension of the
formation mapped as the Carolina gneiss by Darton and Keith (1901)
and shown as the Wissahickon schist on the “Geologic Map of Vir-
ginia” (Virginia Geol. Survey, 1928).

Originally considered by Bascom (1905) to be Ordovician, the
Wissahickon was named by her from exposures along Wissahickon
Creek in Fairmount Park, Philadelphia, Pa. Exposures of the for-
mation extend from Pennsylvania to Alabama, passing beneath the
sedimentary rocks of the Coastal Plain on the north and south, and
in some places on the east.
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The “Geologic Map of Virginia” indicates that the Fairfax quad-
rangle area is underlain by the Wissahickon schist, intruded by gran-
ite on the east and south. The legend describes the Wissahickon as
“chlorite-muscovite schist with quartzite in lower part; containing
thin greenstone lava flows near base; garnetiferous biotite schist
locally containing staurolite, sillimanite, and kyanite.”

In the Fairfax quadrangle the quartzite beds are a minor part of
the Wissahickon, which appear to be distributed throughout the
section. The “Geologic Map of Virginia” does not distinguish the
large body of greenstone in the northwestern part of the quadrangle
(pl. 1), which is intrusive rather than extrusive. No staurolite, silli-
manite, or kyanite has been found in the Fairfax quadrangle.

The Wissahickon in the Fairfax quadrangle is predominantly a
platy phyllite, derived from shale and siltstone; it is interbedded
with coarser quartz-mica schist and sandstone, which in part have
been altered to quartzite. In the finer grained phases the cleavage
of the rocks commonly is platy, but some crumpling has been noted,
especially northwest of Fairfax. The fresh, unweathered rocks are
gray, bluish gray, greenish gray, buff, or various shades of brown.
The principal constituents are sericite, very fine grained quartz, and
variable amounts of chlorite. Accessory minerals are pyrite, magnet-
ite, and ilmenite. With increasing abundance and coarseness of
the quartz, the rocks grade into a quartzite that in places resembles
fine-grained granite in hand specimens. Some of the quartzite con-
tains biotite and small octahedrons of magnetite.

Along the Southern Railroad west of Fairfax Station, and along
Guinea Road, the finer grained phyllitic rocks are well exposed.
(See fig. 2.) Farther west and southwest along the railroad, the
rocks become more sandy. In road cuts along U.S. Route 50 just
east of Difficult Run (fig. 3) and along the road leading from Jer-
mantown Road to Waples Mill, beds of slightly altered brownish
sandstone 2 to 3 inches thick alternate with silty beds. In these local-
ities, the schistosity parallels the bedding. Quartzite occurs also
along Rabbit Branch northwest of Burke, along the lower course of
Long Branch, and near Ilda.

. The Wissahickon formation weathers rapidly, producing a buff-
colored, reddish, yellow, or drab clayey silty soil. The finer grained
rocks are relatively unresistant to weathering; the coarser grained
are more resistant, but in general the formation is weathered so deep-
ly that its is exposed only in creek beds or in deep road or railroad
cuts.

The average depth of weathering, estimated from the depth to
which well casing can be driven, is about 100 feet on uplands, 95 feet
on hilltops, 90 feet on hillsides, and 60 feet in gullies.
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of these are too small to show at the scale of plate 1, but one amphi-
bole dike is shown about 1.5 miles north of Burke. It is about 30 feet
wide and can be traced for about 1,800 feet.

No evidence has been found that any of the greenstone bodies of
the Fairfax quadrangle originated as lava flows, as described by
other authors. No amygdaloidal, scoriaceous, or vesicular structures
have been recognized. On the other hand, areas on both sides of the
major greenstone body show evidence of contact metamorphism.

GREENSTONE CONTACT COMPLEX

The enclosing rocks on each side of the greenstone intrusive are
altered to a varied degree, the principal effect being the development
of chlorite and serpentine. The finer grained rocks—schist and phyl-
lite—appear to have been the most susceptible to alteration; the
quartzites, the least. In general, however, the rocks retain many of
the characteristics of the normal Wissahickon.

Along the eastern border of the intrusive, the contact zone is
wider and the rocks are more strongly altered than on the west. This
may be due to differences in susceptibility to alteration, to the shape
of the intrusive, or to both. The contacts are gradational on both
sides, and show a gradual diminution of ferromagnesian minerals
outward from the intrusion.

The contact complex comprises a variety of rocks including chlo-
rite schist, sericite-chlorite schist, chlorite-quartz schist, talc schist,
and minor amounts of quarzite. Bodies of both mafic and felsic
intrusive rocks, none of large size, cut the schists in many places. The
dark-colored intrusive rocks commonly are concordant with the schis-
tosity ; the granitic rocks in many places follow the joints as well as
the schistosity. Mafic intrusive rocks show a greater degree of shear-
ing and crushing than the granitic rocks and are intruded by them.
The largest granitic intrusion observed in the contact complex is a
body having indefinite boundaries, which occurs along a tributary of
Accotink Creek about three-fourths of a mile northwest of Fairfax
Circle. Aplite dikes and quartz veins, both large and small, can
be seen in many places.

Weathering of the contact rocks is extremely varied. The less
competent members have been sheared and crushed and weather
deeply. On the other hand, in a few places—notably near Waples
Mill and north of Fairfax High School—the rocks are extremely hard
and tough and are highly resistant to weathering. In the areas of
deep weathering, many of the rocks are stained black on fractured
surfaces, and the more massive rocks may show various shades of
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red or yellow from the iron oxides; contrasting with these are the
white aplite dikes, which cut the rocks in all directions.

Where the hard rocks crop out at the surface, wells require only a
few feet of casing. However, in the rocks of the contact complex
this is the exception rather than the rule. The depth to hard rock
ranges from as little as 12 feet on the lower parts of the slopes to
88 feet on uplands. The average depth of weathering is about 50
feet.

The schistosity of the contact rocks is generally concordant with the
regional trend, most strikes ranging between N. 3° E. and N. 58° E.
The schistosity in the zone east of the greenstone is generally N. 3° E.
to N. 48° E. On the west side, the schistosity generally trends be-
tween N. 42° E. and N. 58° E. The attitude is nearly vertical or
steeply west dipping, but in places west of the greenstone it is as low
as30°W.

Two joint sets in the contact complex strike and dip as follows:

1. Strike, N. 22° W. to N. 87° W.; dip, 65° N. to 65° S.
2. Strike, N.65° E.; dip, 35° SE.

TALC AND SOAPSTONE

Tale and soapstone occur in small, scattered bodies in the greenstone,
and in schist and phyllite of the adjacent contact complex. The
largest body is in the greenstone along the dirt road between Robeys
Mill and Blevinstown, near the cemetery about half a mile north of
Mount Zoar Church. Tts boundaries could not be determined, but it
is a massive dark-gray soapstone, passing into greenstone on the
south. Talcose rocks, including tale schist, also are found about half
a mile north of Fairfax High School, between Chain Bridge Road
and Jermantown Road. Lenses of talc schist 1 to 2 inches thick
can be seen in the road ditch half a mile southeast of Waples Mill.

CHIASTOLITE ZONE

A deeply weathered, rusty-looking, greenish-brown bed of chiasto-
lite schist, ranging in width from 50 to 300 feet, roughly parallels
the greenstone on its west side. It marks the northwest edge of the
greenstone contact complex south of U.S. Route 29-211. Scattered
throughout the schist matrix are cigar-shaped dull slate-gray crystals
of chiastolite, 14 to 1 inch thick and 14 to 2 inches long. The cross
sections of broken crystals have rude to well-formed crosses, white
on a dark-gray background. The crystals are strongly resistant to
erosion, and although many are shattered, they weather out of the
crumbly matrix and accumulate on the surface. Wherever exposed,
the schist is deeply weathered; the author has seen no fresh rock.
The weathered trace of the chiastolite zone can be followed from the
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F1cURe 10.—Zones of subsurface water.

In granular materials some water is held at all times in the zone
of aeration by molecular attraction. If, in the zone of aeration, the
soil is more moist at the land surface th#n below, capillary forces
act downward, aiding gravity in moving the water toward the water
table. When the soil at the land surface becomes drier than the
soil below, capillarity tends to pull water upward. If the capillary
forces acting upward balance the force of gravity, the water in the
zone of aeration is in equilibrium with the water in the zone of
saturation and no movement occurs.

After the water, seeping downward, reaches the zone of saturation
(the zone which is filled with water under hydrostatic pressure and
the top of which is the water table), it moves laterally, by gravity,
toward lower elevations and ultimately, unless intercepted by wells,
reaches places of discharge, which may be springs, seeps, or surface-
water bodies such as rivers or lakes. ’

OCCURRENCE OF GROUND WATER IN CRYSTALLINE ROCKS

The movement of ground water described in the preceding para-
graphs applies particularly to granular materials, such as alluvium
or the weathered residual blanket which overlies the crystalline bed-
rock of the Piedmont. Below the top of the bedrock, however, move-
ment in appreciable quantity is controlled by the bedrock structure

635252 O -62 -5
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In the Fairfax quadrangle, ground water is obtained almost ex-
clusively from crystalline metamorphic and igneous rocks or from
the residual materials developed upon them. Only a few dug wells
obtain water from alluvium in the stream valleys or from colluvium
(slope wash), and still fewer from the small area of the Manassas
sandstone of Roberts (1923). Several drilled wells tap bedrock over-
lain by alluvium.

Crystalline rocks themselves, because of their compactness, yield
little or no interstitial water to wells. Ground water moves in these
rocks largely along fractures—joints, openings along cleavage planes,
and faults—and in places through openings developed along contacts
between different rock bodies. Most of the rocks in this area have
been considerably disturbed by earth movements and thus contain
water-bearing openings.

Joints—cracks developed in the rock as a result of compressional
or tensional forces—commonly occur in sets of three, together called
a joint system. KEach set consists of approximately parallel fractures,
which may be closely or widely spaced, a few inches to many feet
apart. The three sets, as a rule, are roughly at right angles to each
other; two sets are approximately vertical and a third set is nearly
flat or slightly inclined.

In most schistose rocks, cleavage planes are the result of shearing
or compressional forces, which tend to orient the rock minerals in
parallel, creating planes of weakness along which the rock tends to
split.

In some places, one wall along a fracture tends to move with respect
to the opposing wall, and a shear zone or fault results. The move-
ment may create a brecciated (crushed) zone, which could serve as
a channel for the movement of ground water. On the other hand,
a relatively impervious zone of clay (gouge) may be formed, accord-
ing to the type of materials, the nature of the forces involved, and
the depth below the surface at which the movement occurs. Such
a clay-filled structure could serve as a barrier to the movement of
ground water.

Contacts between country rock and igneous intrusive bodies simi-
larly may control the movement of ground water; that is, the rocks
along the contact may be shattered, thus creating a passage for
ground water, or may be effectively sealed, creating a barrier.

Large rock masses break down into smaller units along the joints.
Weathering tends to enlarge the openings created by mest structural
features, and so the movement of ground water in relatively imper-
vious rocks is facilitated.

Thus, in the metamorphic and igneous rocks below the deeply
weathered zone, the movement of ground water is controlled by the
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rock structure. If the water table lies in the crystalline rocks, water
seeping downward instead of moving straight down to the water
table, moves along open fractures at a rate depending upon the
amount of water supplied by the weathered overburden, the size and
inclination of the openings, and the location and altitude of the
points of discharge. If the openings are interconnected, one water
table only will result; however, isolated fractures or groups of frac-
tures may have separate water tables, according to the location and
altitude of the points of discharge.

~ Ground water in the piedmont rocks is usually considered to be
unconfined; that is, it is under water-table conditions rather than
artesian conditions. Artesian water is defined as ground water that
is under sufficient pressure to rise in a well above the level at which
it is reached in the formation, but not necessarily to or above the
surface of the ground. (See Sayre, 1936, p. 33.) Some drilled wells
in the Piedmont qualify as artesian wells. The artesian pressure
is caused by water moving downward along an inclined structure
such as a joint or fault, the upper block, or so-called hanging wall,
acting as a confining layer. These conditions are limited to small
areas, so that as far as larger areas are concerned it may be considered
that water-table conditions prevail.

In this connection, an erroneous belief prevails that ground water
in the Washington-Fairfax region originates at a considerable dis-
tance, such as in the Blue Ridge or even the Pennsylvania mountains.
This cannot be true, because no single water-bearing structural fea-
ture in this region extends more than a few miles. The water from
wells in the Fairfax quadrangle originates as precipitation in or
near the local drainage basin.

WELLS
CONSTRUCTION METHODS

Wells in the Fairfax area are of ‘three types: drilled, bored, and
hand dug. Drilled wells are constructed by two methods: cable-
tool, known also as percussion or churn drilling, and rotary drilling.
Bored wells are similar in some respects to dug wells but are exca-
vated by large-diameter (usually 24- to 36-inch) mechanically driven
augers. Most wells drilled for domestic supplies are 6 inches in
diameter; those drilled for municipal or industrial supplies are 6 to
18 inches in diameter. Cable tools are used almost exclusively; only
one rotary drill was in use in the area in 1957, but it is reported to
operate very efficiently. The cable-tool rigs used in the area are
capable of drilling most of the hard rock of the Piedmont, though
some of it very slowly.
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Boring machines are not suited for drilling in hard rock. They
operate best in soft residual or alluvial materials. In spite of this
limitation, the Fairfax quadrangle has a large number of bored wells,
and in favorable locations they provide an adequate and permanent
water supply for the average household.

COMPARISON OF WELL TYPES

Drilled, bored, and dug wells each have certain advantages as well
as disadvantages. Drilled wells in the area generally obtain their
water from openings in the bedrock. Rainwater or snowmelt seeping
downward from the surface through the soil enters the natural open-
ings in the hard rock beneath and then moves along these openings
to the well. A drilled well 100 feet or more in depth is not likely to
go dry in dry weather, and if the casing is properly seated in bedrock
and is grouted with cement or clay the chance of pollution from
surface sources is minimized.

A bored or dug well receives all its water from the weathered mate-
rials overlying the bedrock. Where the weathered materials are thin,
the water table may fall below the bedrock surface in dry weather,
causing the water supply to fail. When a well is bored, if water
is not found above the bedrock surface, the hole must be abandoned
or deepened by hand. Hand digging is difficult below the water
table; consequently, many wells are not deep enough to provide for
natural fluctuations of the water table. For this reason, bored or
dug wells are best adapted to sites where the water table is near the
surface, as low on a hillside or in a valley. Being of large diameter,
they provide a greater storage capacity than small-diameter drilled
wells.

Locally, especially in some of the granite intrusions, the bedrock
is little fractured and yields only very small amounts of water to
drilled wells. If the weathered zone of these rocks is sufficiently
thick, a bored or dug well may be the only practical means of obtaining
a water supply.

Bored or dug wells are most commonly subject to pollution because
they are supplied by near-surface water. Chlorination of the water
may be advisable, or periodic tests should be made to insure that the
water is free from contaminants. On the other hand, water from
bored or dug wells usually does not contain objectionable amounts of
iron—a common solute in water from some drilled wells.

CASING-OFF THEF SHALLOW GROUND WATER

Many drilled wells are fed, at least in part, by water from the
weathered zone. Attempts to seal off the upper water are not always
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effective, even if the driller makes a conscientious effort to seat the
the casing in the hard rock. Furthermore, sealing may not always
be desirable, as it may reduce the yield below the minimum require-
ment. On the other hand, if the bottom of the casing is not driven
tightly into the rock, pollution may result, or, in certain types of rock,
silt and mud may be drawn into the well. In some places iron
leaches out of the weathered zone and tends to accumulate near the
top of the bedrock, and the water will contain objectionable amounts
of iron. In the phyllitic rocks, the casing may appear to be firmly
seated, but, after the well is in use for a few days, the rock tends to
soften and large amounts of micaceous silt may be pumped. It may
then be posssible to drive the casing down still farther and thus
eliminate the trouble. If this is not effective, the application of
cement to the bottom of the casing (grouting) may stop the silting.
When the high iron content of the water is a problem, it can sometimes
be eliminated by installing a packer around a smaller inner pipe in
the open hole, if the iron is entering the upper part of the hole. A
more permanent seal might be effected by grouting the upper part
of the open hole.
SPRINGS

A large number of springs, issuing either from fissures or from
the contacts of geologic formations, occur in the Fairfax quadrangle.
Most are unimproved; a few, however, have been improved, equipped
with pumps, and now furnish water for domestic and stock use.
Thirty-one springs are listed in the basic-data report (Johnston,
1960) ; their estimated yields range from 14 to 10 gpm.

SELECTION OF WELL SITES

The topography in many places in the Piedmont province is con-
trolled by the geologic structure. The surface traces of the major
structural features have been etched in relief by erosion. Inter-
pretation of structure by topographic features can be an aid in selecting
favorable well sites, a principle suggested by several hydrologists as
summarized by Mundorff (1948, p. 25-27).

The two principal structural features reflected in the topography
are the cleavage or schistosity, and the joint system. In the Fairfax
quadrangle, the schistosity and one set of joints parallel to it generally
have a northeastward trend. Another set of joints strikes northwest-
ward pearly at right angles. Commonly the schistosity and the
two joint sets described are steeply inclined. A third set of joints,
-which may carry water, is inclined only slightly and does not influence
the topography greatly. Other structural features that may be
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expressed in the topography and that may carry water in greater than
average quantities are fault and contact zones. Where the streams
have cut into the bedrock, they are commonly adjusted to the struc-
tural pattern, and their locations indicate zones of fracture where
the rocks are permeable and yield water freely. Wells drilled along
these zones or, better, at the intersection of two zones, have the
greatest possibilities of success. However, unless the structural zone
is nearly vertical or very wide, a vertical hole drilled on its surface
trace may not be in the zone at depth. Therefore, the dip of the
zone should be considered in selecting the site of a well. Few zones,
however, maintain a constant dip. Furthermore, these principles
cannot be used with any assurance of success near the heads of gullies,
where the streams have not yet become adjusted to the bedrock
structure, or in wide alluviated valleys, where zones of fracture may
be concealed beneath the alluvium.

If gullies and larger valleys indicate zones of weakness in the
rocks, hills conversely indicate harder, more resistant rock. This
is one reason that low hillsides, gullies, and valleys are more favorable
sites for wells than hilltops. Also, the water table as a rule is near the
surface in low areas, whereas on hilltops it generally is deeper and
tends to fluctuate more widely in response to climatic variations.

In many places in the Piedmont, quartz veins of various sizes cut
the bedrock and may be highly productive sources of ground water.
Quartz, called flint by drillers, is a brittle mineral and commonly is
greatly shattered. A few wells in the Fairfax quadrangle obtain
their water from quartz veins, which in the main were struck by
chance. If a fractured quartz vein is intercepted at depth below the
water table it is likely to yield a higher than average supply of water
to wells.

In selecting a site for a bored or dug well, topography is an im-
portant factor. As is true for drilled wells, wells bored or dug
in low places generally have larger yields and are more dependable
than those on other sites. On hilltops or high on hillsides, the water
table may lie below the top of the hard rock, below which a boring
machine cannot operate, and laborious hand digging and even blast-
ing may be necessary to reach the water table. Then, too, the water
table under the hilltops and high hillsides is subject to greater fluctua-
tion; a hilltop well that contains 5 feet of water in early spring or
during periods of above-normal rainfall may become dry in the fall
and during drought. (See section on water-table fluctuations, p. 39.)
Practically all the wells in the Fairfax area that fail in periods of
drought are bored or dug wells.
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WATER-BEARING FORMATIONS

WISSAHICKON FORMATION

The Wissahickon formation, because of its large areal extent, is
the most important aquifer in the Fairfax quadrangle. It underlies
about 40 square miles, or seven-tenths of the total area. The 164
recorded drilled domestic wells that tap the Wissahickon average 130
feet in depth and yield an average of 12 gpm. (See table 2.) This
yield equals the average for all formations in the quadrangle.

Not included above are four wells in the Wissahickon owned by
the town of Fairfax., These range in depth from 318 to 800 feet
and produce 35 to 110 gpm; their average yield is 55 gpm.

The 83 dug wells that tap the Wissahickon ranged in depth from
12 to 68 feet and averaged 31 feet. No records of the yields of dug
wells are available; but of the 83 dug wells, 19—or 23 percent—were
reported to be dry or nearly so during droughts. The 34 bored
wells in the formation averaged 38 feet in depth, ranging from 18 to
59 feet.

Of 14 recorded springs in the Wissahickon formation, 9 were in
use and were estimated to flow at the rate of 14 to 10 gpm.

GREENSTONE

The greenstone is the least productive water-bearing formation in
the Fairfax quadrangle. It underlies slightly more than 4 square
miles, or about 7 percent of the total area of the quadrangle. North
of U.S. Route 29-211, where much of the rock is schistose and con-
tains shear zones, yields of 5 drilled wells average 9 gpm. The lowest
yields are obtained in the area of massive greenstone south of U.S.
29-211, where a yield as small as 0.4 gpm. was reported, and 13 drilled
wells average only 5 gpm.

Well Ab-13, drilled in the greenstone by the town of Fairfax to a
depth of 809 feet, produced only 15 gpm. Other drilled wells for
both domestic and public supply, 24 in number, range in depth from
40 to 160 feet and average 71 feet (table 2). They range in yield
from 0.4 to 12 gpm and average 6 gpm.

The yield of three springs issuing from the greenstone was esti-
mated to be 214 to 3 gpm.

Only three dug wells and one bored well in the greenstone were
recorded. The dug wells were 12, 20, and 41 feet deep, and the bored
well was 43 feet deep. The hardness of the rock in some places
makes digging or boring wells in the greenstone extremely difficult,
if not impossible.
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GREENSTONE CONTACT COMPLEX

The greenstone contact complex is the most productive aquifer in
the Fairfax quadrangle (table 2). It underlies about 5 square miles,
or 8.5 percent of the total area of the quadrangle. The 23 drilled
privately owned wells in this unit range in depth from 52 to 250
feet and average 98 feet. Of these, 19 range in yield from 5 to 55
gpm and average 18 gpm.

The town of Fairfax has 7 drilled wells in the contact complex,
not included in the 23 mentioned above. They range in depth from
165 to 612 feet and average 479 feet. They range in yield from 20
to 125 gpm and average 57 gpm.

The rocks in the contact complex appear to be considerably more
fractured and distorted than the Wissahickon, which probably ac-
counts for their greater productivity.

Only two dug wells and no bored wells or springs that tap the
contact complex were located. The dug wells are 27 and 28 feet deep.

GRANITE

Granite underlies about 9 square miles in the Fairfax quadrangle,
or about 15 percent of the total area. Inventories were made of 15
drilled wells that tap granite (table 2), ranging in depth from 56 to
258 feet and averaging 125 feet. Of these, nine ranged in yield from
5 to 20 gpm and averaged 12 gpm. This is about the average for all
the formations in the quadrangle and equal to the average yield of
the Wissahickon formation. However, because of the small number
of wells reported, this figure probably does not represent, a true aver-
age for the unit.

The 15 dug wells in granite range in depth from 12 to 57 feet and
average 29 feet. Of these, four are reported to be inadequate or dry
at times. In the area underlain by granite, six bored wells were
located ; these range in depth from 31 to 64 feet and average 46 feet.
One of these was reported to be dry in 1954.

Issuing from the granite are four springs estimated to yield 14
to 5 gpm, but only one of these is in use.

FORMATIONAL CONTACTS

Wells on or near geologic contacts commonly are above average in
yield (table 2). In the Fairfax quadrangle, nine drilled wells were
located on formational contacts, ranging in depth from 56 to 141 feet
and averaging 99 feet. Data were available for five wells yielding
8 to 25 gpm and averaging 16 gpm, 4 gpm more than the average for
all aquifers in the quadrangle.
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Of 10 springs along contacts, 6 are at the contact of the granite
with the Wissahickon formation. Of the 10 springs, 1 was dry in
1955; the yield of the remaining 9 was estimated to be 2 to 5 gpm.

STUDIES OF WELL YIELD AND DEPTH, AND TOPOGRAPHIC
POSITION

The 434 wells and springs recorded in the Fairfax quadrangle, are
divided as follows:

Drilled wells:

Privately owned__________ o 240
Municipal .- ____________ - - - 12
Dug wells. — S 108
Bored wells_____________________________ —— — 43
Springs________________ - _— 31
Motal e 434

In the following section the factors affecting the yield, depth, and
water level of drilled wells are considered. The depths and yields of
wells in the several geologic units are compared, and the relation of
yield to depth of well, depth of weathering, and topographic position
is considered. Yield figures for dug and bored wells are not available;
hence only the relation of the depth and water level to topographic
position is shown.

DRILLED WELLS

DEPTH AND YIELD OF WELLS BY GEOLOGIC UNITS

Table 2 shows that depth of drilled wells range from 31 to 809 feet.
The Fairfax municipal wells are shown separately because of their
much greater average depth and yield.

TaBLE 2—Depth and yield of drilled wells, by geologic units

Depth Yield (gpni)
Number Number
of wells of wells
Range | Average Range | Average
(feet) (feet)
Wissahickon formation. _____.____________ 164 31-550 130 139 1-32 12
QGreenstone_ . .____________________________ 24 40-160 71 21 4-12 6
Greenstone contact complex . 23 52-250 98 19 5-55 18
QGranite 15 56-258 125 9 520 12
Formational contacts 9 56-141 99 5 8-25 16

Fairfax municipal wells

[Not included above]
Wissahickon formation_ _____._____._____. 4| 318-800 480 4 35-110 55
Greenstone_ .. _________._________________. 1. 800 ) I P, 15
Greenstone contact complex_ . ____________ 71 165-612 479 7 20-125 57
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Yields of drilled wells range from 0.4 gpm from a privately owned
well to as much as 125 gpm from a Fairfax municipal well. Wells in
the greenstone contact complex have the highest average yield, 57 gpm
from municipal wells and 18 gpm from domestic wells. The Wis-
sahickon formation and the granite are about equal in average yield to
private wells, 12 gpm. Four town wells tapping the Wissahickon
average 55 gpm. Private wells drilled along formational contacts
average 16 gpm. The poorest aquifer in the quadrangle is the green-
stone, which yields an average of 6 gmp to wells. One Fairfax munic-
ipal well in greenstone, the deepest well in the quadrangle (809 feet),
is reported to yield 15 gpm for short periods. The long-term yield of
the well may not exceed 7 gpm.

Of all the characteristics listed for the wells, the reported yields are
the least accurate. Most domestic wells are tested by bailing for short
periods, which at best indicates only an approximate yield but which
is usually satisfactory for domestic requirements. On the other hand,
most municipal or industrial wells are tested by pumping at a known
rate for 24 hours or more; this procedure generally gives a good
indication of the true of capacity of the well.

RELATION OF YIELD TO DEPTH OF WELL

Table 3 indicates that the yields of wells in the Fairfax quadrangle
are not proportional to their depth. This is to be expected, as the
rocks are not of uniform permeability. The highest yields per foot of
depth are obtained from wells 31 to 49 feet deep and 400 to 499 feet
deep. However, not enough wells shallower than 49 feet or deeper
than 199 feet were inventoried to give a true picture. Furthermore,
the deeper wells probably obtain much of their water from compara-
tively shallow depths. Table 8 shows that 93 percent of the drilled
wells are less than 300 feet deep, and 89 percent are less than 200 feet
deep. About 41 percent of the wells are between 100 and 150 feet
deep.

TaABLE 8.—Yield of drilled wells, by depth intervals

Yield (gpm)
Average | Number | Percent of
Range in depth (feet) depth of wells total
(feet) Range Average | Per foot of
well,

42 5 2.4 1- 20 7.4 0.18

79 63 30.6 2- 25 11.3 .14

121 84 40.8 2- 42.5 12.6 .10

165 31 15.0 | 0.4 30 9.8 .06

215 6 2.9 7- 22 14.5 .07

253 3 1.5 6~ 55 24.3 .10

321 2 1.0 10- 35 22.5 .07

409 5 2.4 2-125 62.6 .15

550 2 1.0 6- 90 48.0 .09

684 5 2.4 15-- 55 34.0 .05
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RELATION OF YIELD TO DEPTH OF WEATHERING

Yield in relation to depth of weathering, based on the length of
the casing used in drilled wells is given in table 4. The table shows
a rise in average yield to the 50- to 74-foot depth interval, a consider-
able decline in the 75- to 99-foot interval, and a further decline in
the 100- to 150-foot interval. These data probably are reasonably
reliable; for greater depths only a few data are available. Further-
more, at depths of more than 200 feet the casing depth probably
does not indicate accurately the depth of weathered rock. Recent
studies by Dingman and Ferguson (1956) show a correlation between
depth of weathered mantle and yield in nearby parts of Maryland,
a correlation that does not seem to hold true in the Fairfax quad-
rangle. However, some drilled wells in the Fairfax quadrangle have
been reported to be turbid after rains, indicating that the casing is
not firmly seated in bedrock and that at least some of the water is
obtained directly from the weathered zone or that surface water is
moving down the outside of the casing. On the other hand, so many
other factors affect the yield of a well that depth of weathering alone
should not be the sole criterion. '

TABLE 4.—Relation of yield to depth of weathering based on length of casing in
drilled wells

Yield (gpm)
Lengths of casing (feet) Number Average
of wells length of
casing (feet)] Range Average

19 14.8 1-15 6.6
21 39.3 V. 4-20 10.1
34 60.5 5-55 15.3
45 86.6 4.5-27 12.9
16 116.1 1.5-40 11.8

RELATION OF DEPTH, LENGTH OF CASING, AND YIELD OF DRILLED WELLS TO
TOPOGRAPHIC POSITION

With respect to topographic position, average yields of wells are
least on hilltops and greatest in valleys. Wells on hillsides and near-
ly level uplands have somewhat higher yields than wells on hilltops,
and wells in gullies have considerably higher yields. This informa-
tion, together with average depth and casing length, is shown in
table 5. The differences in average yield are due first to the fact that
harder, more resistant rocks commonly underlie the hilltops; whereas
fractured, and hence more permeable, rocks underlie the gullies and
valleys; second, in the lower places, to the fact that the water table
is nearer the surface, and greater drawdowns are possible because
the wells in the low places have-a higher ratio of saturated section
to depth.
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Wells on hilltops have a greater average depth than those on up-
lands and hillsides and in gullies. The greater average depth of
wells in valleys is due to the fact that four of the deep wells owned
by the town of Fairfax are in valleys. The depth of weathering, as
indicated by the average length of casing used in wells, is greatest
on hilltops, least in gullies, and intermediate on uplands and hillsides.
The average length of casing in wells in valleys is not necessarily
indicative of the depth of weathering in the bedrock because alluvium
overlies the bedrock in most valleys. The length of casing therefore
generally indicates the thickness of both alluvium and weathered bed-
rock. In contrast, weathering products do not tend to accumulate
in gullies, because the steep gradient of the gullies permits rapid
removal of those products by the streams.

TABLE 5.—Depth, length of casing, and yield of drilled wells by
topographic position :

Depth of wells Length of casing Yield
Position of well
Numberof{ Average | Numberof| Average | Numberof| Average

wells depth wells depth wells yield

(feet) (feet) (gpm)
27 157 20 96 23 11.4
81 118 64 83 64 12.0
104 133 83 87 88 12.2
17 142 16 63 16 17.0
16 223 15 71 14 32.0

DUG AND BORED WELLS
RELATION OF DEPTH OF WELL AND WATER LEVEL TO TOPOGRAPHIC POSITION

The relation of depth of well and depth to water of dug and bored
wells to the topography is shown in table 6. The average depth of
wells on hilltops is almost two and one-half times that of wells in the
valleys. Depths of wells on uplands, hillsides, and gullies fall between
these extremes. The depth to water is greatest beneath hilltops and
progressively less under uplands, hillsides, gullies, and valleys, in
that order. The average depth to the water table beneath hilltops is
more than four times as great as in the valleys.

TABLE 6.—Relation of depth of well and depth to water to topographic position
in dug and bored wells

Number of | Average | Numberof| Average

Position of well wells depth of wells depth to
well (feet) water (feet)
28 41.2 25 29
32 34.3 31 27
71 3L.8 64 21
9 28.3 8 17
11 16.8 10 7
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POTENTIAL DEVELOPMENT OF GROUND-WATER RESOURCES

On the assumption that the per capita consumption of ground water
is 100 gpd an average of 1,650,000 gpd of ground water was being
pumped in the Fairfax quadrangle in 1957.

The Rock Creek basin in nearby Maryland is comparable to drain-
age basins in the Fairfax quadrangle in both geology and topography.
Dingman and Meyer (1954) estimated ground-water runoff (equal
to the ground-water recharge less a negligible proportion discharged
by evapotranspiration) (Meinzer, 1923, p. 59) from the Rock Creek
basin to be about 20 percent of the precipitation. The mean annual
precipitation at Washington for the period 1910 through 1957 was
41.98 inches; for the period 1941 through 1956 it was 41.65 inches.
In the following estimates the latter figure is used, inasmuch as it is
based on observations at Washington National Airport under con-
ditions similar to those in the Fairfax quadrangle.

By assuming 20 percent of the mean annual precipitation to be
reasonably correct for ground-water recharge, it is estimated that
the average recharge in the Fairfax quadrangle is approximately 23
mgd (million gallons per day). Thus, only about 7 percent of the
recharge was being utilized as of 1957. In practice the total recharge
could never be recovered economically, as to do so would require’the
establishment of a network of closely spaced wells and intensive
pumping. Furthermore, streams would be dry or low for long in-
tervals between periods of heavy rainfall. However, probably sev-
eral times more ground water than was being pumped in 1957 is
available in the Fairfax quadrangle.

WATER-TABLE FLUCTUATIONS

In order to record ground-water levels, the Geological Survey main-
tains throughout the United States a net of observation wells in
which water levels are measured periodically. Among other uses for
these records are those for estimating ground-water supplies and de-
fining changes due to climate, season, and pumping in the area. One
such observation well is in the Fairfax quadrangle near U.S. Route
50, west of Difficult Run. Records for this well, Aa—20 (pl. 2),
named the Bacon well, date back to the fall of 1931, when extreme
drought affected a large part of the United States.

The Bacon well is on an upland flat about 400 feet above sea level.
It is a dug well penetrating weathered mica schist, is 4 feet in diameter
and 24 feet deep, and has an uncemented stone casing which permits
water to enter.

In a shallow dug well such as this, the water level responds quickly
to precipitation that results in recharge. In this area the ground is
seldom frozen for long periods in winter; and, although precipitation
is fairly well distributed throughout the year, most recharge takes
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place during the late fall and winter. In a normal year the ground-
water levels begin to rise in November and continue to rise until
April or May, when the growing season begins. During the growing
season much of the rainfall (perhaps 70 percent in Baltimore and
Harford Counties, Md., according to Dingman and Meyer, 1954,
p. 39) is returned to the atmosphere by evapotranspiration and never
reaches the water table. In April or May the water table begins a
steady downward trend, interrupted only by short periods of heavy
rainfall in some years, until killing frosts in the fall terminate the
consumption of water by plants. In dry years the downward trend
may continue into the winter, and unless winter precipitation is
sufficient to cause recharge, there is little rise before the next growing
season begins. The month-end water levels in the Bacon well and
monthly precipitation from August 1931 to December 1957 are shown
in figure 11. The record low occurred in January 1932, a level of
23.16 feet below the ground surface; the second lowest level of record,
20.11 feet, was reached during the drought of 1954-55. The record
high occurred in April 1952, when the water rose to 9.63 feet below
the ground surface.

The relation between ground-water levels and precipitation is shown
in figures 11 and 12, and the seasonal effect on water levels is shown
in figure 11.

During each drought some shallow wells fail, and it is rumored
that the ground-water supply has been depleted, never to recover.
When it is realized that during the period of record (1931-57)
a maximum seasonal fluctuation of nearly 9 feet (in 1942) and a total
fluctuation of 13.5 feet were recorded in the Bacon well, it is easy to
see why shallow wells sometimes fail.

Water-level records in this locality as well as in other parts of the
United States (Fishel, 1956) show no sustained downward trend
except in areas of heavy pumping, a condition that does not apply in
the Fairfax quadrangle.

EMERGENCY WATER SUPPLIES

If public-utility systems were destroyed and surface-water supplies
were contaminated as a result of nuclear-bomb attack or other disaster,
wells and springs would be the only source of potable water. Outside
the area of total destruction it would be necessary to utilize undamaged
wells and springs to the fullest extent. As public power presumably
would not be available, it would be imperative to have on hand some
portable powerplants to operate electrically powered pumps. It would
be desirable also. to have pumps with independent power supplies
available for use in wells where the pumping equipment was inade-
quate or damaged.
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FIGURE 11.—Month-end water levels in the Bacon well near Fairfax, Va., and monthly precipitation at Washington, D.C., 1931-57.
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FiaUore 12.—Annual average of month-end water levels in the Bacon well, Fairfax, Va.,
and annual precipitation at Washington, D.C.
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With the development of more powerful nuclear bombs, the ultimate
radius of destruction cannot be estimated, nor can the fallout pattern
be predicted with accuracy ; but in the event of war it can be assumed
that Washington would be a prime target area.

The present report includes only a small part of Virginia close
to Washington. A ground-water report including about 500 square
miles in the District of Columbia and vicinity is being prepared.
Ground-water reports for nearby Maryland are now available, pub-
lished by the State in cooperation with U.S. Geological Survey (Cooke
and Meyer, 1952; Dingman and Meyer, 1954; and Otton, 1955). The
remainder of Fairfax County and adjacent Loudoun and Prince
William Counties in Virginia have not been studied in detail.

CHEMICAL QUALITY OF THE GROUND WATER
By BruNoO V. SALOTTO

The objectives of water-quality studies in the Fairfax quadrangle
were to obtain present data on the quality of water in the aquifers
as an aid in developing and utilizing the ground-water resources,
and to evaluate the geochemical relations between the waters and the
rocks in which they occur.

The current analytical data also provide a basis for comparison of
changes in quality that may occur with time, such as those caused
by rapid urbanization of the area. Indeed, the effect of population
growth on the quality of shallow ground water in unsewered areas of
the quadrangle may soon become a matter of concern.

The water-quality studies were based on a modest sampling program
begun early in 1954. Efforts were made to select wells and springs
that were considered on the basis of available geologic and hydrologic
information to be representative of a particular aquifer. Principal
emphasis was given to the most important aquifers, but subsequent
examination of the data has indicated some deficiencies in coverage.

Table 7 gives the results of analyses of samples, arranged according
to geologic source. A few data from previous studies of areas that
include the Fairfax quadrangle are added for their historical value.
The significance of the chemical and physical properties of water are
summarized in table 8.

The extent to which water can be utilized effectively is associated
closely with its chemical quality. Water users are many, and each
user may have water-quality requirements different from another.
Present water consumption in the quadrangle is largely domestic and
commercial. Public water supplies and domestic wells provide the
principal water facilities. For these, iron, hardness, fluoride, chlo-
ride, nitrate, corrosiveness, and turbidity are of principal interest.
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" TABLE 7.—Chemical analyses of

[Chemical constituents ’

Depth| Date of | Tem- Cal- | Mag- | Sodi- {Potas-
Location Well of collec- | pera- | Silica | Iron | cium [nesium| um | sium
well tion ture |(8i02) | (Fe) | (Ca) | Mg) | (Na) | (K)
(feet) CF.)
Wissahickon formation
|
West of Pender... -l Aa-2 42 6-24-54 57 9.8 2.8 2.3 1.0 8.3
South of Pender_ Aa-6 135 2-26-57 | _..___ 26 4.5 4.4 1.4 4.8 0.3
U.S. 50, west of Fairfax__| Aa-20 | 24 10-21-81 |uoe|ececceafom e 4.0 2.7 1.9
Fairfax Farms 80 5-11-54 55 | 17 .24 2.1 .7 2.7 .4
Jones St., Fairfax__ 318 10-23-31 | .. ... 4 .91 9.1 9.6 8.8 2.0
Theater onU. 8. 50 5-11-54 56 | 23 1.1 5.9 3.8 5.3 .5
i 5-11-54 55 | 23 b2 T R 16
12- 7-55 59| 33 2.1 2.3 3.0 7.6 | .5
5.4 4.9 2 20
4.7
3.4
14
SE. of Court House 1.4 4.5 .5
Country Club.
Braddock Road_________ . 9 1.9 3.1 .8
Near Makleys Store...__ .4 .2 4.8 .1
Makleys Store___._._...._ 1.0 3.4 .9
South of Fairfax Station. 119 6-29-54 66 | 27 48 2.5 1.7 4.8 .7
Belleair .o ocoooeooo 38 6-24-54 65 9.2 45 1.3 .4 1.1 1.1
Greenstone
Shirley Gate Road. . 41 6-29-54 62 31 0.52 | 35 22 5.8 0.7
Germantown Road.. 76 5-11-54 59| 29 .41 11 7.3 2.9 .6
William Place, We ADb-13 | 809 5-11-54 58 1 25 .06 | 44 10 2.2 .1
more Subdivision.
Gr t contact 1
|
Off Shirley Gate Road.._| Aa-47 |Spring| 5-11-54 53 |oceaean 0.67 [oceoan|amaan 6.3
NW. of Fairfax Circle. 85 5-11-54 57| 12 B £ 2N N P 11
D 85 6-29-54 61 11 .12 7.1 5.0 6.9 2.0
Granite
Nda_ .o . Ac-80 | 105 10-31-55 |.-.___- 28 0.54 | 12 1.1 7.8 0.8
)5 7/ T I 258 1- 4-56 [1; ) . ) V0 N OSSO EURSUIY R ISR
Little River Pines, Ilda..| Ac-85 | 98 2-18-54 |-ooo.-- 31 16 | 11 1.2 7.3 .2
Yates Ford Road._.._._._ Ca-9 | 173 6-24-54 60 | 34 .07 6.4 .6 6.6 .6
Near Clifton..___________ Ca-13 |Spring| 4- 554 | oooe o|oceooo oo fome e 3.5
East of Makleys Store._.| Cb-11 | 57 6-20-54 55 | 12 .38 3.3 .4 3 ‘ .7
Manassas sandstone of Roberts 1923
Pender .. Aa-3 31 6-24-54 61 17 0.23 1.4 0.8 3.4 0.7
DO Aa-4 18.3 | 6-24-54 60 | 20 .39 3.3 L6 9.8 .7
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ground water in Fairfax quadrangle

in parts per million]

Dissolved Hardness as
solids CaCO; Spe-
cifie
Bicar- | Car- | Sul- | Chlo- | Fluo-| Ni- | Phos- con-
bonate |bonate| fate | ride | ride | trate | phate |Residue duct- | pH | Color
(HCO3)| (CO3) |(80y)| (C1) | (F) |(NO3) |(POy| on Cal- | Non- | ance
evapo- |Calcu-| cium, |carbo-|(micro-
ration | lated | mag- | nate jmhos at
at nesium 25° C))
180° C.
Wissahickon formation—Continued
17 0| 3.4 4.7 | __ 4.5 | 42 10 0 56.0 | 6.2 2
38 0 1.2 5] 0.1 .0 0.0 60 57 17 0 63.0 | 6.4 1
25 0 1.0 5.0 [-ooooC 2.5 | e 4 N SRR UIP ISR S,
16 0 .4 19 .1 .2 .1 37 34 9 0 30.5 ) 6.3 5
83 0 3.1 6.0 [-.___. L2 oo s 105 |- 62 [ () S .
32 0] 2.2 6.9 .2 7.0 .0 83 71 30 4 [ 100 6.3
112 0120 3.0 . 0 7.6
43 0 .0 2.5 0 6.7
64 0 .2 1.7 0 7.2
31 0 .4 1.2 0 6.6
16 0 .0 1.2 0 6.1
13 [0 PR P, 5.9
69 0 .1 2.2 0 6.4
44 0 18 3.8 0 6.9
48 0] 4.8 3.9 1 6.6
16 0 .2 3.0 0 6.3
70 0 .4 .2 0 6.6
27 0 .5 2.5 0 6.4
18 0 L0 .5 0 6.1
205 0|11 11 0.1 0.2 0.0 235 220 181 13 358 | 7.0 3
54 0| 6.0 3.1 .1 11 [N I P 99 58 14 132 | 6.5 3
188 0 2.4 2.1 .0 .3 .0 183 179 152 0 204 | 7.4 2
Gr t contact pl Continued
54 0f 3.0 2.1 ... 0.8 |ocmo e [eeee 35 0 95.4 | 6.7 8
11 0] 30| 13 |-____. 40 31 142 | 5.9 6
8 0 .4 14 0.1 39 32 141 | 5.8 3
47 0| 0.4 42 0.0 6.4 0.1 91 84 35 0 116 6.5 7
108 [0 RS RPN PRI PRSP FRURSSUY ORI DUSUISIPIY PRI I 198 6.9 |..____
55 0 .0 5.7 .0 .3 .1 86 84 37 0 98.1 | 6.4 5
45 0 1.6 2.3 .1 .5 .4 76 78 23 0 74.9 (6.7 3
13 0| 32 2.7 |- - ) 155 20 PR IS I, 11 0 37.9 [ 6.2 4
18 0 .4 11 .1 .9 [NV P 45 17 2 65.0 | 6.2 4
Manassas sandstone of Roberts 1923—Continued
13 0 0.2 3.11 0.1 1.6 0.0 28 35 8 0 3.0 5.9 2
13 0| L2| 22 .1 .9 PV 2 P 68 17 7 102 5.7 3
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Except for iron, ground water from the principal fresh-water
sources is well within limits of the drinking-water standards of the
U.S. Public Health Service, which are discussed in table 8. In gen-
eral, the waters can be described as soft, low in dissolved solids, slightly
acid on the pH scale, and corrosive to metal surfaces. In composition,
waters from the Wissahickon formation and granite are described as
mixed types; the amount of the alkaline earths (calcium and mag-
nesium) and the alkali metals (sodinm and potassium) is about the
same when these constituents are expressed in chemical equivalents.
Bicarbonate is the principal cation, or negative ion.

Water from the greenstone tends toward a somewhat larger con-
tent of dissolved solids and is harder than that from principal sources.
In places, hardness as calcium carbonate exceeds 150 ppm (parts per
million), which is within the range of hard waters. (See table 8.)

Fluoride, chloride, and nitrate in the ground water of the Fairfax
quadrangle are commonly low in content, although a few samples had
an above-normal content of nitrate, indicating possible pollution
of the source.

FACTORS AFFECTING THE CHEMICAL QUALITY OF THE WATER

Rainwater, containing dissolved gases from the atmosphere, is a
powerful chemical weathering agent and solvent. The part of the
rainwater that infiltrates the soil dissolves minerals from the soil and
subsoil. Decay of organic material in the soil releases carbon dioxide
and organic acids to the water, thereby enhancing its solvent power.
The water that eventually reaches the ground-water reservoir has a
content and distribution of dissolved solids that is determined by the
chemical and physical characteristics of the rock materials and the
hydrologic environment with which the water is associated.

Several factors contribute to the differences in quality observed in
the quadrangle, none of which alone completely controls water quality.
Probably the two most important are source and amount of recharge
and the chemical and physical characteristics of the saturated materi-
als near the wells. There is no well-defined regional pattern of water
quality, such as can be found in some areas where substanial recharge
occurs from outside the area.

Water-quality characteristics support the conclusion that local pre-
cipitation must be the important source of recharge to the water table.
Accordingly, the quality of the water from each well is governed
largely by local conditions surrounding the well.

Although the chemical and physical nature of water-bearing depos-
its is a dominant factor in determining water quality, it is difficult to
isolate these characteristics conclusively. However, the following
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section is a discussion of the aggregate effect of geology on water
quality.

QUALITY OF WATER IN RELATION TO SOURCE

The chemical characteristics of several representative waters from
the quadrangle are illustrated in figure 13, in which the principal

Ac-20 Ab-13 Ac-85
Drilied 152 ft Drilled 809 ft Drilied 98 ft
Ac-50 Greenstone 46 Ca-13
Drilled 144 ft Drilled 41 ft i Spring
Granite
Cb-1
Dritled 119 ft
i i i Aa-47
Wissahickon formation oring AaD_u3 -
Greenstone Contact " et gf
. i Complex anassas sandstone o
Note: Scale is in percent
equivalents per million Roberts (1923)
100
Ca+Mg 75 4
N s0,Cl, F,
501
NO,

25 1 \J/

100 7550 2'50_/7 S
Y SNY has

HCO+CO, 4 Drilled 80 ft

Na+K 7

100
Wissahickon formation

FI1¢URE 13.—Graphical representation of analyses of water from principal aquifers in
Fairfax quadrangle.
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cations and anions are plotted in percent equivalents per million
(combining power) on a two-dimensional coordinate system. Per-
cent equivalents per million of calcium and magnesium are plotted
along the upper vertical axis, sodium and potassium below. Simi-
larly, percentages of bicarbonate and carbonate are plotted to the left,
and sulfate, chloride, fluoride, and nitrate to the right, from the mid-
point of the bisectors. The extremities are connected by straight lines
forming a quadrangle whose shape depends upon the chemical char-
acter of the water.

The following discussion is based on 33 analyses of water from the
Wissahickon formation, greenstone, greenstone contact complex,
granite, and Roberts’ Manassas sandstone. Data for 2 springs and 27
wells are included in table 7.

WISSAHICKON FORMATION

The sampling program included good coverage of the Wissahickon
formation, the principal aquifer in the area. Individually, the water
samples from the Wissahickon show no outstanding differences in
chemical characteristics from random samples from other aquifers in
the area, but collectively they reveal some distinguishing features.
The chemical composition of ground water from the Wissahickon is
more uniformly a mixed type than water from other sources, except
water from granite. Note in figure 13 that a distinctive, nearly sym-
metrical “kite” is formed from data representing the Wissahickon
formation.

The median (middle-value) hardness of the water from the Wissa-
hickon, 19 ppm, was slightly lower than that of the water from gran-
ite and much lower than that of waters from the greenstone and
greenstone complex. (See tables 7, 9, and 10.) The siliceous char-
acter of the rock is reflected in the prominent silica content of the
water, (not shown on the diagrams of fig. 13) which composes about
one-third of the dissolved solids (median value). The dissolved
solids in representative water from the Wissahickon is uniformly
low; more than half the samples had less than 75 ppm of dissolved
solids. Dissolved-solids content does not differ appreciably from
that of water from the granite, but it. is much less—by a factor of
2 or more—than that of the typical water from the greenstone.

The abundant chlorite and biotite and the accessory minerals, such
as magnetite, ilmenite, and pyrite, are the sources of significant quan-
tities of iron in some water samples from the Wissahickon. On the
whole, iron is more troublesome in water from the Wissahickon than
in that from other sources. This problem is twofold and is discussed
more fully on page 54.
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TABLE 9—Range in selected chemical and physicel characteristics of water from
the Wissahickon formation

[Based on 17 samples; constituents in ppm except as indicated]

Maximum | Minimum | Median
Depth of wells. e - 400 24 119
Temperature_...._..._... - F__ 66 54 57
Silea o e iOg__ 44 9.2 23
TIron. Fe.. 5.4 .06 1.1
Calcium.__. 18 1.3 4.2
Magnesiom..____ .- Mg 9.6 .2 1.4
Bicarbonate__ ... . ______. 112 13 35
Dissolved solids, residue or calculated. - 105 37 81
Hardness a8 CaC 03« oo e 83 4 19
PH e - . 7.6 5.9 6.4

GREENSTONE

The greenstone, the poorest aquifer in the Fairfax quadrangle,
yields water markedly different in quality from that of the other
crystalline and sedimentary rocks. The content of dissolved solids,
consisting mostly of silica, calcium, magnesium, and bicarbonate, is
substantially higher than that of other waters. The content of mag-
nesium is characteristically higher than of other gources. Hardness
from calcium and magnesium is greater also.

Differences in composition of the water are depicted clearly by
the shape of the diagram representing samples from the greenstone
(fig. 13). The symmetry of the Wissahickon “kite” contrasts with
the “sail” shape formed by the predominantly calcium magnesium
bicarbonate water of the greenstone.

GREENSTONE CONTACT COMPLEX

The analyses of water from the greenstone contact complex cannot
be considered representative for that source. The quality of Dewey
Spring water (Aa—47) resembles that of typical water from the Wis-
sahickon in total mineral content, but calcium and magnesium bicar-
bonate are slightly more prominent. Water from the complex may
be expected to be slightly harder than that from the Wissahickon
and slightly softer than water from the greenstone. (See table 7
and fig. 13.) Dewey Spring is near the contact with the Wissa-
hickon, and the water in large part may originate in the Wissahickon.

The samples from well Ac-1 in the contact complex show rather
definite signs of contamination. Resampling has verified the fact
that water from the 85 foot well has an above-normal chloride con-
tent and excessive nitrate, which suggest local surface seepage either
around the well casing or through adjacent rock fractures. Also,
some fine-grained granite (aplite) was observed in the geologic sec-
tion, which is not typical of the complex.
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Because of the potential importance of this aquifer, future studies
in the area should include careful selection of additional sites at
which representative water-quality information can be obtained.

GRANITE

Typical waters from granite, like those from the Wissahickon
formation, are uniformily low in dissolved solids, soft, and slightly
acid on the pH scale. (See tables 7, 9, and 10.) Iron, at least in
the analyzed samples, was lower than in water from the Wissahickon;
the median value of iron in five samples was 0.38 ppm. However,
the writer has observed that some users of water from wells along
the granite contacts near Ilda have severe problems with iron, owing
to a combination of factors to be discussed. As in those of waters
from the Wissahickon, the analyses identify the siliceous character
of the rocks; silica composes as much as 34 percent of the residue.

There is no readily discernible areal pattern for silica, although
water from granite having appreciable amounts of the relatively
soluble silicates, such as feldspar, could be expected to contain larger
concentrations of silica than do others. Quartz, which is the pre-
dominant mineral in the granite, is the most resistant of the common
rock materials. Granite in the Fairfax quadrangle characteristically
contains considerable feldspar, such as albite. Because the ground
water in the area normally contains an appreciable amount of dis-
solved carbon dioxide—as much as 54 ppm in analyzed samples—a
typical reaction yielding silica is as follows:

2 NaAlSi,0s+ H,0 + CO;—>A1,S81,05 (OH,) + Na,CO; +48i0,.
Thus 4 molecules of silica are formed for each 2 molecules of feldspar.

TABLE 10.—Range in selected chemical characteristics of water from granite

[Based on 6 samples; constituents in ppm except as indicated]

Maximum | Minimum | Median
Depth of wells_ - e feet__ 258 &7 105
Siliea (8100) - - o oo 34 12 30
Iron (Fe).._____ - 1.1 .07 . 38
Caleium (Ca)._.__._. - 12 3.3 8.7
Magnesium (Mg)_.___..________.____ - 1.1 .4 .8
Bicarbonate (HCO3).________________ - 108 13 46
Dissolved solids, residue or caleulated... e 91 45 84
Hardness a8 CaC 03 - oo 37 11 23
PH e units_ - 6.9 6.2 6.4

\ MANASSAS SANDSTONE OF ROBERTS (1923)

Water from Roberts’ Manassas sandstone, the only sedimentary-
rock aquifer sampled, is represented by two analyses in table 7. Both
sources are shallow dug wells, a factor that suggests potential sur-
face contamination. The analysis for Aa-3 can be considered
representative.
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The very low dissolved-solids content, 28ppm, is evidence that
recharge from rainwater has not circulated very far, as the chemical
content of the water, other than the amount of silica, is not much
different from that of rainwater. The water is very soft and is likely
to be corrosive to metal surfaces; however, dissolved iron is not a
problem.

Water from Aa—4 appears to be contaminated, as indicated by the
excessive sodium and chloride contents. Otherwise the individual
constituents are very similar in the two samples.

OCCURRENCE OF IRON IN GROUND WATER

Although the analyses in table 7 show that troublesome amounts
of iron in water for general use (concentrations exceeding 0.3 ppm)
occur principally in the Wissahickon, it should be noted that five of
the samples were collected primarily because of their excess iron con-
tent. However, excess iron in water is a continuing problem in most
of the other rocks in the Fairfax quadrangle. The problem seems
to be related to two principal factors:

1. Partly decomposed rock, such as may be found near the top of
the solid rock below the soil zone, is a source of iron, being leached
by percolating recharge water. The processes by which iron in its
various forms can be dissolved are rather complex; the chemistry of
its solution has been discussed by Hem (1959). The amount of iron
that can be present in natural ground water depends principally on the
pH and the oxidation-reduction, or redox potential (Eh). Theo-
retically, at a pH of 5 to 8, which is the normal range in pH units
observed in the Fairfax quadrangle, and at an oxidation-reduction
potential of 0 to 0.50 volt, only about 0.01 ppm of ferric iron
(Fe+ ++) can be dissolved. This amount is only a fraction of
that usually found in the water.

In contrast, ferrous iron is comparatively soluble. For example,
at a pH of 5 and an Eh of 0.30 volt, as much as 60 ppm of ferrous
iron can be in solution. Thus, it can be assumed that samples that
were clear at the time of collection contained iron in the ferrous state
when the iron concentration was more than a few hundredths of a
part per million.

2. The second, and probably principal source of iron in pumped
water is finely divided suspended sediments. In places the casing
of a well may be firmly seated when the well is completed, but after
further development of the well the rock softens, and silt and clay
may be pumped from below until the casing is firmly reseated by
further driving or grouting. The importance of suspended sediment
to the iron problem was demonstrated several times in this study of
the Fairfax quadrangle. For example, 4 samples were obtained from
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well Ac—80 on January 8, 1956, after this domestic well had remained
idle overnight about 9 hours. The well had been used heavily prior

to the shutdown.
Iron

Semple Collection at pump (ppm)
1. 1 minute after starting. Not filtered___.______________ 2.7

2. As above, but filtered immediately through two thick-
nesses of S.8. No. 597 filter paper._________________ .92
3. 30 minutes after starting. Not filtered________________ .36
4. 30 minutes after starting. Filtered immediately_._._._____ .16

Sample 1 was slightly turbid and rust colored; the others had
only a slight amount of opalescence. Therefore, iron in sample 1
is attributed to iron in solution and in the suspended sediment. The
analytical procedure for iron determines the total iron from all
sources, dissolved and suspended. Sample 2 represents the dissolved
iron content in water in storage in the pressure tank and well casing
and would include natural iron in solution plus that dissolved from
the metal surfaces by corrosive action. On the basis of conductivity
measurements and hardness, it is considered that samples 3 and 4
were different in quality from samples 1 and 2 and, therefore, were
more representative of water from the aquifer. In addition, they
may reflect a contribution from the deeper part of the rock that is
greater after a period of pumping than immediately after the pump
is started.

SUMMARY AND CONCLUSIONS

The Fairfax quadrangle is underlain by phyllite, schist, and quart-
zite of the Wissahickon formation, and with associated silicic and
mafic intrusive rocks. No evidence has been found in the Fairfax
quadrangle that any of these rocks are of volcanic origin. Sedimen-
tary rocks of Triassic age and alluvium of Recent age occupy small
areas, and colluvium of Recent age occupies larger areas, but none of
these are important. as aquifers.

The dominant regional structural feature is the schistosity, which
trends northeastward and dips vertically or northwestward. Two
sets of joints are prominent, one striking northeastward and dipping
30° to 40° SE., the other striking northwestward to westward and
dipping vertically to 60° NE.

Until 1957, when a pipeline connection was made with the Falls
Church municipal water system, the entire Fairfax quadrangle was
supplied by water from wells and a few springs. Some of the wells
obtain water from the residual mantle rock or the alluvium overlying
bedrock, but most of the water comes from fractures in the bedrock.

Privately owned wells in the greenstone contact complex have the
highest yields, 5 to 55 gpm. Wells that tap the Wissahickon formation
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have intermediate yields, which range from 1 to 32 gpm. The lowest
yields, 0.4 to 12 gpm, are obtained from the greenstone.

Well sites may be selected most advantageously—where space per-
mits—by considering the rock type and structure and the topography.
The choice between drilled and bored wells also should be determined
by these factors.

Ground water in the Fairfax quadrangle generally is of good qual-
ity, except locally where problems are created by excessive iron, cor-
rosiveness, and pollution from domestic waste. Only problems caused
by excessive iron and corrosiveness are considered in this report.

The present water-quality studies adequately define the chemical
characteristics of the waters associated with the Wissahickon forma-
tion and the granite, but data for other aquifers are deficient.

No evidence of depletion of the ground-water supply was seen in the
quadrangle; it appears that only a fraction of the available supply is
now being pumped. Although wells in these metamorphic and igne-
ous rocks do not yield large supplies, 5 to 10 gpm can be obtained in
most places (except in parts of the greenstone and granite), and yields
as high as 125 gpm are on record.

SELECTED BIBLIOGRAPHY

Bascom, Florence, 1902, Geology of the crystalline rocks of Cecil County in
Cecil County : Baltimore, Maryland Geol. Survey, p. 83-148.

1905, Piedmont district of Pennsylvania: Geol. Soc. America Bull., v. 16,
p. 289-328.

Bascom, Florence, and others, 1909, Description of the Philadelphia district
(Pa.-N.J.-Del.) : U.S. Geol. Survey Geol. Atlas, Folio 162,

Billings, M. P., and Cleaves, A. B., 1935, Brachiopods from, mica schist, Mount
Clough, New Hampshire: Am. Jour. Sci., 5th ser., v. 30, no. 180, p. 530-536.

Bloomer, R. O., 1950, Late pre-Cambrian or Lower Cambrian formations in
central Virginia : Am. Jour. Sci., v. 248, no. 11, p. 753-783.

Bloomer, R. O., and Bloomer, R. R., 1947, The Catoctin formation in central
Virginia : Jour. Geology, v. 55, no. 2, p. 94-106.

Bloomer, R. O., and Werner, H. J., 1955, Geology of the Blue Ridge region in
central Virginia: Geol. Soc. America Bull, v. 66, no. 5, p. 579-606.

Burfoot, J. D., Jr., 1930, The origin of the talc and soapstone deposits of
Virginia : Econ. Geology, v. 25, no. 8, p. 805-826.

Cady, R. C., 1933, Preliminary report on ground water in northern Virginia:
Virginia Geol. Survey Bull. 41, 48 p.

1938, Ground-water resources of northern Virginian: Virginia Geol.
Survey Bull. 50, 200 p.

Carr, M. 8., 1950, The District of Columbia—its rocks and their geologic history :
U.S. Geol. Survey Bull. 967, 59 p.

Chapman, R. W., 1942, Pseudomigmatite in the Piedmont of Maryland: Geol.
Soc. America Bull,, v. 53, no. 9, p. 1299-1330.

Ch’ih, Chi-shang, 1950, Structural petrology of the Wissahickon schist near
Philadelphia, Pennsylvania : Geol. Soc. America Bull,, v. 61, p. 923-956.




GEOLOGY AND GROUND WATER, FAIRFAX QUADRANGLE, VA. L-57

Cloos, Brnst, and Anderson, J. L., 1950, The geology of Bear Island, Potomac
River, Maryland : Johns Hopkins Univ. Studies in Geology, no. 16, pt. 2, 13 p.

Cloos, Ernst, and Hershey, H. G., 1936, Structural age determination of Pied-
mont intrusives in Maryland : Natl. Acad. Sci. Proc., v. 22, no. 1, p. 71-80.

Cloos, Brnst, and Hietanen, Anna M., 1941, Geology of the “Martic overthrust”
and the Glenarm series in Pennsylvania and Maryland: Geol. Soc. America
Spec. Paper 35, 207 p.

Cooke, C. W., Martin, R. O. R., and Meyer, Gerald, 1952, Geology and water
resources of Prince Georges County: Maryland Dept. Geology, Mines and
Water Resources Bull. 10, 270 p.

Darton, N. H.,, and Keith, Arthur, 1901, Description of the Washington quad-
rangle (D.C—Md.—Va.) : U.S. Geol. Atlas, Folio 70.

Darton, N. H., 1950, Configuration of the bedrock surface of the District of
Columbia and vicinity : U.S. Geol. Survey Prof. Paper 217, 41 p.

Dingman, R. J., Ferguson, H. F., and Martin, R. O. R,, 1956, Water Resources
of Baltimore and Harford Counties: Maryland Dept. Geology, Mines and
Water Resources Bull, 17, 233 p.

Dingman, R. J., Meyer, Gerald, and Martin, R. O. R., 1954, Water Resources
of Howard and Montgomery Counties: Maryland Dept. Geology, Mines
and Water Resources Bull. 14, 260 p.

Fishel, V. C., 1956, Long-term trends of ground-water levels in the United States:
Am. Geophys. Union Trans., v. 37, no. 4, p. 429-435.

Fenneman, N. M., 1938, Physiography of eastern United States: New York,
McGraw-Hill, 714 p.

Fleischer, Michael, 1954, Abundance and distribution of the chemical elements
in the earth's crust: Jour. Chem. Education, v. 31, p. 446-455.

Fureron, A. 8., and Woodward, H. P, 1936, A basal Cambrian lava flow in
northern Virginia : Jour. Geology, v. 44, no. 1, p. 45-51.

Hall, C. E., 1881, The geology of Philadelphia County and of the southern parts
of Montgomery and Bucks Counties: Pennsylvania Second Geol. Survey,
v. ¢6.

Hem, J. D., 1959, Chemistry of iron in natural water—a survey of ferrous-ferric
chemical equilibria and redox potentials: U.S. Geol. Survey Water-Supply
Paper 1459-A, p. 1-30.

Johnston, P. M., 1960, Basic data to accompany report, “Geology and ground-
water resources of the Fairfax quadrangle, Virginia”: U.S. Geol. Survey
cpen-file rept., 123 p.

Jonas, A. 1., 1924, Pre-Cambrian rocks of the western Piedmont of Maryland:
Geol. Soc. America Bull,, v. 35, no. 2, p. 355-364.

1937, Tectonic studies in the crystalline schists of southeastern Pennsyl-
vania and Maryland: Am. Jour. Sci., 5th ser., v. 34, no. 203, p. 364-388.
Jonas, A. I., and Stose, G. W., 1939, Age relation of the pre-Cambrian rocks
in the Catoctin Mountain-Blue Ridge and Mount Rogers anticlinoria in

Virginia : Am. Jour. Seci., v. 237, no. 8, p. 575-593.

Keith, Arthur, 1923, Outlines of Appalachian structure: Geol. Soc. America
Bull., v. 34, no. 2, p. 309-380.

Knopf, E. B, and Jonas, A. 1., 1923, Stratigraphy of the crystalline schists of
Pennsylvania and Maryland: Am. Jour. Sci., ser. 5, v. 5, no. 25, p. 40-62.

1929, Geology of the crystalline rocks of Baltimore County, in Baltimore
County : Maryland Geol. Survey, p. 97-199.

Lonsdale, J. T., 1926, Post-Cincinnatian granites of northeastern Piedmont, Vir-
ginia : Jour. Geology, v. 34, no. 2, p. 159-166.




L-58 CONTRIBUTIONS TO THE HYDROLOGY OF THE UNITED STATES

Lonsdale, J. T., 1927, Geology of the gold-pyrite belt of the northeastern Pied-
mont Virginia: Virginia Geol. Survey Bull. 30, 110 p.

Mackin, J. H., 1935, Problem of the Martic overthrust and the age of the Glenarm
series in southeastern Pennsylvania: Jour. Geology, v. 43, no. 4, p. 356-380.

Maier, F. J., 1950, Flouridation of public water supplies: Am. Water Works
Assoc. Jour., v. 42, pt. 1, p. 1120-1132.

Maxcy, K. F., 1950, Report on the relation of nitrate concentrations in well
waters to the occurence of methemoglobinemia: Natl. Research Council,
Bull. San Eng., App. D, p. 271.

Meinzer, O. E., 1923, Qutline of ground-water hydrology, with definitions: U.S.
Geol. Survey Water-Supply Paper 494, 71 p.

Miller, B. L., 1935, Age of the schists of the South Valley Hills, Pennsylvania :
Geol. Soc. America Bull,, v. 46, no. 5, p. 715-756.

Mundorff, M. J., 1948, Geology and ground water in the Greenboro areas: North
Carolina Dept. Conserv. and Devel. Bull. 55, 108 p.

Nickelsen, R. P, 1956, Geology of the Blue Ridge near Harpers Ferry, West Vir-
ginia : Geol. Soc. America Bull,, v. 67, no. 3, p. 239-270.

Otton, E. G., 1955, Ground-water resources of the southern Maryland Coastal
Plain: Maryland Dept. Geology, Mines and Water Resources Bull. 15, 347 p.

Postel, A. W., and Adelhelm, William, 1943, The type locality of the Wissahickon
formation : Pennsylvania Acad. Sci. Proc., v. 17, p. 41-47.

Reed, J. C., 1955, Catoctin formation near Luray, Virginia: Geol. Soc. America
Bull., v. 66, no. 7, p. 871-896. )

Roberts, J. K., 1923, Triassic basins of northern Virginia: Pan-Am. Geologist,
v. 39, no. 3, p. 185-200.

Sayre, A. N., 1936, Geology and ground-water resources of Uvalde and Medina
Counties, Texas : U.8. Geol. Survey Water-Supply Paper 678, 146 p.

Scotford, D. M., 1951, Structure of the Sugarloaf Mountain area, Maryland,
as a key to Piedmont stratigraphy: Geol. Soc. America Bull, v. 62, no 1,
p. 45-76.

Stose, A. 1. J., and Stose, G. W., 1946, Geology of Carroll and Federick Counties,
in The physical features of Carroll County and Frederick County: Balti-
more, Maryland Dept. Geology, Mines and Water Resources, p. 11-128.

Stose, G. W., and Stose, A. I. J., 1948, Stratigraphy of the Arvonia slate,
Virginia : Am. Jour. Sci., v. 246, no. 7, p. 394-412.

U.S. Geological Survey, 1958, Quality of surface waters of the United States,
1954 : U.S. Geol. Survey Water-Supply Paper 1350, pt. 1-4, p. 1-16.

U.S. Public Health Service, 1946, Drinking-water standards: Public Health
Repts., v. 61, no. 11, p. 371-384.

U.S. Weather Bureau, 1956, 1957, Local climatological data, Washington, D.C.,
Washington National Airport.

Virginia Geological Survey, 1928, Geologic map of Virginia: Scale 1: 500,000.

Watson, E. H.,, and Wyckoff, Dorothy, 1951, Guidebook illustrating the geology
of the Philadelphia area: Pennsylvania geologists Ann. Conf. 17th, Bryn
Mawr College, June 1-3, 1951, 34 p. .

Whitaker, J. C., 1955, Geology of Catoctin Mountain, Maryland and Virginia:
Geol. Soc. America Bull,, v. 66, no. 4, p. 435-462.

White, William A., 1952, Post-Cretaceous faults in Virginia and North Carolina :
Geol. Soc. America Bull,, v. 63, no. 7, p. 745-747.

Woodward, H. P., 1935, Paleozoic formations east of main axis of Appalachian
uplift: Pan Am. Geologist, v. 63, no. 1, p. 97-114.



INDEX

A
Page
Abstract. e L-1
Accotink Creek, alluvium in flood plain.______ 25-26
Acknowledgments__ ... ____________ 4-5
Aeration, zone of_____ .. __________ ... ___ 26

water-bearing properties. ..
Amphibolite_...__...__.________
dike._.

dikes, swarms of_
Artesian water. .. ...

Bacon well, observations............__. 39-40, 41, 42
Bibliography - - . 56-58

Bicarbonate in ground water._________.____._ 45, 46
Bored wells. ... 29-30, 32, 33, 34, 38-39
Brecciated zome. _ . ____...... 28
Burke, amphibolite dike_ _ ... ... .___ 17
aplite.... 22
granite . ... ______ .. 19
Burke School, diabase._..__..__.__... ... __ 23
C
Calcium in ground water. - o 44,46
Capillary fringe.. . . 26
Carbonate in ground water___________________ 45,46
Casing-off the shallow ground water.._.___ 30-31,
Casing length, relation to topographic
position. ... _____ 37-38
Chemical and physical properties of water,
significance.. ... ... .. 4649

Chemical quality of ground water, factors_... 49-50

relation to source._ ..o o .oo__._ 50-54
Chiastolite sehist- .o oo ool 18-19
Chiastolite zome. .. . ool 18-19
Chloride in ground water...._.._._____.___ 43, 45, 47
Chlorination of water.__ .. __.__.___.________._ 30
Chlorite schist. ..o oocmo 16
Cleavage planes, water movement along.__... 28
Climate. - icacas 6-7

water-bearing properties..____..__._._.___
Colorin ground water_._._____________________
Contaet metamorphism .. _.__________________
Contacts, water movement along.

yvieldfrom________________________________
Continental glaciers. .. ________ . ________.____ 10
Corrosiveness in ground water......._...._ 43, 44, 46
D
Depletion. 56
Diabase, water-bearing properties. _..__.._.._ 11

Page
Dikes, aplite...-. 1.-18,19
Dissolved solids in water_..____._____________ 45, 47
Drainage. ... 6
Drilled wells. . -.- 29,30, 33, 34, 35-38
Dugwells_..__.._.__.__._____ 29, 30, 32, 33, 34, 33-39
E
Economic development. 7-8
Evaporation 26
Evapotranspiration. 40
F
Fairfax High School, greenstone contact com-
plex.. 17-18
Fairfax municipal system._..___._..___ 8,33, 34, 35,36
Fault zones, movement of waterin._._.______ 32
Faulting. 10
Fluoride in ground water-. - -oooooenee 43, 45,47
Formational contacts, water-bearing charac-
ter. 34-35
Fractures, movement of waterin_ _._...... 28-29, 32
Frost 7,40
G
Geography.. .
Geologic formations. . - oo s
water-bearing properties........__.
depth and yield of wells in.
‘Geologic history.
“Geologic Map of Virginia” - ceaeaen
Gouge..
Geology.- -
Granite...._
asaquifer ... ..o
bodies of schist in
chemical analyses of ground water_
chemical quality of ground water._.._..__-
rocks of.

Greenstone.
as aquifer
chemical analyses of ground water- ...
chemical quality of ground water. -
granitic intrusions. . ______ . ____.__
water-bearing properties... .o e ocemno

Greenstone contact complex. ... ...
as aquifer
chemical analyses of ground water-_._____
chemical quality of ground water_ ...
lithology._.--.
rocks.
weathering. . .
water-bearing properties.. .- eev

Ground water, chemical and physical prop-

erties. 43-49
chemical quality--oo-ceeoocooeaane 43-55
iron in 54-55
movement in fractured rock. _______ ... 28-29
oceurrence in crystalline roeks. ... 27-29



1L-60 INDEX
Page Page
Ground-water potential _____________________ L-39 | Pohick Creek, alluvium in flood plain._______ L-25
Ground-water resources_._ ... mmmmmmm e 26-43 | Pollution - 30,31,47,52
Grouting of wells 31 .. 44,46
Growing season — 7 - 7,40
Previous investigations_______________________ 4
H Public water supplies. . ... _.._______...__ 8
Pyrite. e 22

Hardness as CaCOs in ground water ... 43, 45,46, 48
Hematite __________________ 22

Hydrogen-ion concentration in ground water. 45, 48

Hydrologic cycle- 26-27
I

Ilda, granite and associated rocks........____. 20

Industry.. 8

Introduction_ ... ___________________..___ 2-5

Investigation, purpose and scope----. —-—..__. 2-3

Iron in ground water.. ....... 31, 43, 44, 47, 51, 54-55

Jermantown, tourmaline in aplite..__._._..__

Joint system, Wissahickon formation..._.- ... 14
Joint systems, topographic expression...- 31
Joints, in contact complex. ... _.._______ 18

in greenstone._ 16

movement of waterin_ . _____.___ 28-29
L
Lithology. 1n
Location of area - 3
M
Mafic and ultramafic rocks. . ..o __ 14-15

Magnesium in water. ... _____._
Mana sses sandstone of Roberts, 1923_ .
chemical analyses of ground water._.
chemical quality of ground water.._
water-bearing qualities. .. ... __ ...

Manganese 22,26, 44, 46
Metabasalt, o -~ 14-15
Metadiabase. 14-15
Metagabbro. 14-15
Minerals._. 8,16,19,23
N
Nitrate in ground water- ... ... 43,45,47
Norite. 16
o

Observation wells, U.S. Geological Survey.... 39-40

Occoquan granite. oo ooomoeeee 19
Origin of water 29
P
Pender, Manasses sandstone................_. 23
Phyllitic rocks. 12,31
Physiographic history. oo oo 56

Quantico slate_ ... _____________._..______
Quartz veins_ .. ___ ..
in colluvium

sources of ground water__._._.____________ 32
R
Recharge .. 39
Road and railroad cuts, exposures along__.__. 12,
16, 20, 22,23
Rock Creek basin, Maryland, ground-water
runoff. .. 39
)
Saturation, zoneof ... _______________._______ 27
Schistosity, in contaet rocks. .. ... 18
ingranite_ ... .. ... 21
in greenstone . ... __.___.___.___ 16
in Wissahickon formation 14
topographic expression________ 31
Septic tanks . el 16
Serpentine. . caoooo 14-15
Shear zone

Silting of wells
Snowfall. o eeean
Soapstone
Sodium in ground water_.__._..___.__..__..__
Soil water. - .
Specific conductance in water
Springs. o oon
Streams, exposures along.

31,33,34,35
12,17,19,22

Sulfate in ground water_________ . _______.__. 45,47
Surface features. ... ___.. 5
Suspended water__ .. ________ ... 26
T
B LU 17
Taleschist .- . 16
Topographic position of wells, relation of yield
anddepth_________________.___ 35, 37,38
Topography, geologic control of __._......__.. 31
Tourmaline. . - imaas 21,22
Transpiration. - 26
Transportation_ .. _________________. .. 8
TrapProck - oo 23
Triassic, diabase____ ... 23
Triassic, Manasses sandstone of Roberts
(1923) - - e 23
Turbidity in ground water__.______.... 37,43, 44-49
U
Unconfined water_ .. .o __.__ 29



Vadose water._.___ . _____________________

Waples Mill, greenstone contact complex..___

17-18

Water level, relation to topographic position.. 38-39

‘Water supplies, emergency.__________________

Watertable ____________
conditions..
fluctuations.
Water-bearing formations, formational con-
tacts . 34-35
granite__ o o 34
greenstone.____.._.______ - 33
greenstone contact complex_______________ 34
‘Wissahickon formation.._._..____________ 33
Water-bearing properties of geologic forma-
tions. oo 11
Weathering. . 16, 17-18
ingranite ... 20
of quartz. . —— - 23
Weathering depth, relation to topographic
position__________________________ 38
relationtowell yield______________________ 37
Well, casing length in relation to topographic
position__________________________ 37

construetion. ____________________________
failureindrought_._______________________
sites, selection of ..__._.
testing_ ...
yield, by geologic units..
relation to depth
relation to depth of weathering. ... 37
numbering system -
Wells, casing-off the shallow ground water..__ 30-31
comparison of well types.__.___________... 30
construction methods. ..

topographic position....._________ .- 37-38
yield and depth, by geologic units —eee 35-36
in relation to topographic position______._ 37-38
yield in relation todepth_________________ 36-37
yield in relation to depth of weathering.__ . 37
‘Whitemica_ ... 20
Wissahickon formation. ... ___________.___ 10-14
as aquifer______ 33,36
chemical analyses of ground water_..._.__ 4-45
chemical quality of ground water.________ 51-52
lack of fossils___ 9
lithology.- - - - 12
structure__________ . 14
water-bearing properties__________________ 11
weathering. 12






