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Ground-water Resources of the Shenandoah
Valley, Virginia

By R. C. Ceov

ABSTRACT

The area discussed in this reoort consists of six counties-
Shenandoah, Warren, Page, Rockingham, Augusta, and Rock-
bridge-of 3,546 square miles in area. It lies in the Shenandoah
Valley, which is the long valley bounded on the east by the Blue
Ridge and on the west by North Mountain, but also includes some
of the more mountainous country to the west.

The area consists of three units which differ geologically and
t')pographically. On the east is the Blue Ridge, which is at the
north a single ridge but farther south in the area, a plateau. The
Blue Ridge is composed of pre-Cambrian rocks, largely greenstone
and granodiorite. The floor of the Shenandoah Vailey is made up
of sandstone, shale, and particularly limestone, chiefly of Cambrian
and Ordovician age. These rocks have been folded into a com-
piex syncline associated with minor anticlines and overthrust
{aults. The rocks west of North Mountain are sandstone and
shale of Silurian and Devonian age, folded but less intensely de-
formed than the rocks of the Shenandoah Valiey. Whereas most
of the various kinds of rocks in the Shenandoah Valley are weath-
ered and eroded at a uniform rate, west of North Mountain the
very resistant Tuscarora quartzite and Pocono sandstone form
mountain ridges which stand boldly above the lowlands developed
on the less resistant Silurian and Devonian rocks. The rocks that
constitute the Blue Ridge were pushed in many places toward
the northwest on overthrust faults upon the younger rocks of the
Shenandoah Valley. Similarly, the rocks of the Shenandoah Val-
ley were pushed northwestward as a block, so that they over-
rode the still younger rocks that crop out west of North Moun-
Iain.

The water-bearing properties of the rocks that are exposed in
the area are determined from the records of about 450 wel1s, and
the chemical nature of the water is determined from the analyses
of about 40 samples, taken from the various formations that crop
out in different localities. The granodiorite and greenstone of pre-
Cambrian age along the western flank of the Blue Ridge are founcl
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to be capable of yielding 10 to 15 gallons a minute or less of ex-

cellent water through shallow wells. The basal quartzites of the

Cambrian, being massive and hard, are regarded as poor sources

of water, although no wells drilled into them are known in the

atea. The Tomstown dolomite is nearly as soluble as a pure lime-

stone. However, it is probably because of its position along the

foot of the Blue Ridge, where there is an active circulation of

ground water that three wells obtain the iargest yields.in the area

irom it. Shallow wells have sma1l yields. The water is compara-

tively soft. The Waynesboro formation yields mode11t9 supplies

from shallow wells. The water is fairly hard and high in iron'
The limestones that range in age from middle Cambrian to middle

Ordovician occupy the most populous central part of the Shenan-

doah Va11ey, uttd, being good water-bearing rocks, are of great

economic importance. Most of the wells in these limestones yield

less than 5 gallons a minute, since most wells have been driiled

only to a slight depth in search of such a supply. Large supplies

have been obtained from a few shailow wells and from some 1,000

to 2,000 feet deep. Not all deep rve11s, however, are successful'

The water is hard and contains little mineral matter other than

caicium bicarbonate. The Martinsburg shale is a dependable

source of supplies of about 10 gallons a minute from we1ls of smal1

or moderate depth. Few wells yield large supplies, and few dry
we1ls are drilled. The water level stands fairly near the surface,

even during periods of low rainfall. Water in the Martinsburg
shale is harder than most limestone water, and may be locaily
high in iron and sulphur. Because the rocks of Silurian age crop

out mostly in the immediate vicinity of mountain ridges, few, if
any, we1ls derive their supplies from them. The Helderberg lime-
stone yields, so far as the available records show, only small sup-

plies through wells. Water from it is softer than water from most
other limestones in the area. The Devonian sandstones and shales,

from the Oriskany sandstone to the Catskill formation, are con-

sidered. a hydrologic unit in this report. shallow wel1s drilled into
these rocks are almost certain to yield from 5 to 20 gallons a minute
or less. Very few weils yield large supplies and few are failures'
Water from these formations in most places is moderately hard
and contains sodium bicarbonate and sulphate, with much or little
iron ancl sulphur. No r.vells are known to derive their supply from
the Pocono sandstone. The Recent and the Pleistocene (?) sedi-

ments are represented chiefly by the gravel that has been deposited
a.long the foot of the Blue Ridge. Wells in this gravel, in favored
localities, may yield small supplies, but many wells pass through
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the gravel without finding water. The water in this gravel is
likely to contain iron in objectionable quantity. Recent alluvium
in certain stream valleys may be the source of rather large supplies

of ground water.
Springs are fairly large and numerous in almost all parts of

the area covered by this report. However, they are especially
large and. numerous in areas underlain by the iimestones of Cam-
brian and Ordovician age. Thus the average rate of flow of 95

springs in these iimestones is about 70 gallons a minute. The
largest springs in the area of which the rate of flow is known are

in limestone and alluvium. The springs with the smallest flow
issue from quartzite. The water issuing as springs from the va-
rious rock formations resembles, in chemical content, the water
taken from the same formation through wells, but spring waters
are likely to be less highly mineralized than the comparable well
waters. Springs are widely used as sources o{ household, indus-
trial, and municipal water supplies, but they are less reliable than
we11s.

Twenty-two towns and cities receive their public supplies en-

tirely or in part from wells or springs. About 26 per cent of the
population of the whole area live in these communities.
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INTRODUCTION

This report describes the ground-water conditions in Shenan-
Coah, Warren, Page, Rockingham, Augusta, and Rockbridge coun-
ties. These counties lie chiefly in the Shenandoah Valley but also
include an area west of the Valley. The combined area is 3,546
square miles.

This is the second geographic unit to be covered in a systematic
investigation of the ground-water resources of virginia und.ertaken
as a result of a cooperative agreement between the Virginia Geo-
Iogical Survey and the {Jnited States Geological Survey. The first
unit investigated consisted of the northern tier of counties in the
State, comprising Arlington, Fairfax, Prince William, Loudoun,
Clarke, and Frederick counties. A preliminary report on the
ground-water resources of northern Virginia has been published
as Bulletin 41 of the Virginia Geological Survey, and the complete
report is expected to be published later. A general report on
ground-water resources of the Coastal Plain province of Virginia
was prepared by Samuel Sanford, through cooperation between the
State and Federal Geologicai surveys, and r,vas published in 1913
as Bulletin 5 of the State Geoiogical Survey.

The present investigation was begun in September, 1932, un-
der the direction of O. E. Meinzer, geologist in charge of the
division of ground lvater in the United States Geological Survey,
and fie1d rvork was continued until November 1 of that year. In
September, 1933, the writer spent about 2 r,r.eeks investigating the
ground-water resources in Rockbridge County, which was not in-
cluded in the original investigation. Records of about 450 wells
and analyses of about 40 water samples constitute the principal
data upon which the conclusions in this report are based..

The geologic map, with the structure sections (p1. 1), was
prepared by Charles Butts, of the United States Geological Survey,
and has been published, with explanatory text. as Bulletjn 42 ol
the Virginia Geological Survey.

The Shenandoah Valley is a geomorphic and geologic unit
consisting of the lowland that lies between the Blue Ridge, on the
southeast, and a range of hills referred to, for simplicity, as North
Mountain on the northwest. The northern portion of Shenandoah
Valley is split into two unequal parts by 1\4assanutten Mountain,
a major valley ridge that extends from the latitude of Strasburg
to a point slightly southeast of lfarrisonburg, a distance of about
45 miles. Some of the counties covered by this investigation in-
clude mountainous areas west of North Mountain. Much of the
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rock in the Shenandoah Valley is limestone, and most of the re-

mainder is shale. The limestone in particular has long been known

as a reservoir of ground water, and wells are nutrnerous in the

area. In fact, most o{ the residents in the Shenandoah Valley and

in areas west of North Mountain depend upon ground water for

their supplies. The accessibility and importance of ground water'

the uneasliness of users of ground-water supplies during the recent

droughty years, and the progressive growth in industries and popu-

latioi oi int part of the State have made a study oI the ground-

water resources very desirabie. The present report is designed

largely to answer the need of prospective users of ground- water

for information as to the possibilites of obtaining a supply of water

in a certain area, or as to the m,ost favorable locality in which to
seek water of a given quality and quantity.

Records of wel1s were obtained from a few reliable drillers
in the area. An effort was made to obtain the most accurate

lecords rather than to obtain a large number of records' Most of

the information was taken from the drillers' records and repre-

sents their total experience, successful and unsuccessful' Doubt-

less, part of the information is inaccurate in some of its detail'

Most-of the wells for which information is available were drilled
in search of a small supply of water, and when this was obtained

drilling ceased. ttrus-ifrl maximum yield of the various rock

formations may not be truly represented by the data here assem-

bled. Moreover, it is not always possible to m:easure the maximum

yield of well with whatever pumping device the driller may have

at hand. With these facts in mind, the writer has summatized the
information obtained and has interpreted it to the best of his ability
on the basis of his studies of the structure, texture, and water-
bearing properties of the rock formations'

The .oop"ration of the following drillers is acknowledged witir
appreciation t Trttt"t Catlett, Strasburg; Charles F' Cole, of the

Viiginia Machinery & Well Co., Richmond; William Dawson, Staun-

tonl W. J. Gochenour, Maurertown; J' T. Helbert, Broadwal'; W'
H. Hicks, \Maynesboro; H. N. Huivey, Cross Keys' near Keezle-

town; John Rinker, Middletown ; Fred Stickley, Strasburg-; J' M'
Totten & Son, Riverton; S. P. Totten, Lexington; and Grant &
Wade Turner, New Market.

The water samples were collected by the writer in the spring
of 1933 and were anaTyzed by E. w. Lohr in the tvater-resources

laboratory of the United States Geological Survey.
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CLIMATE
Virginia has a climate of modifiecl continental type, which in

its perfect development is charact erized. by a rarge iinge in tem-
perature through the year and by a relatively high concentration
of precipitation in the summer. continental ilimaie is likelv to be
variabie, departing from normal by wide margins from year io y""r.
The Shenandoah valley is near enough to the Atlantic toast for the
seasonal variations in temperature and precipitation to be smoothed
out somewhat, without concealing the other characteristics'of con-
tinental climate. Record.s kept a1 united states weather Bureau
stations in the lowlands of the valley show that the climate is
moist and the temperatnre equable. Thus the average annual tem-
perature has been 53.4' Fahrenheit at Dale Enterprise, Rockingham
County, during a period of 54 years of record and 54.8. at Staun_
ton, Augusta County, during a period of. 42 yearc. (See Table 2.'1
The average annual precipitation has been 34.12 inches at wood-
stock, Shenandoah County, during a period of 42 years and,39.40
inches at Lexington, Rockbridge County, during a period of 65
years.

January is the coldest month in the Shenandoah valrey, having
an averag'e temperature of 33.1o to 35.4. at different stations.
February is nearly as cold, but March is considerably warmer.
July is the warmest month, the average monthly temperature at
Woodstock being 74.7", and at Dale Enterprise73.7". August is
nearly as warm. The precipitation is normally more thari twice
as heavy in July or August as it is in NovemLer. Thus at Dale
Fnterprise the average rainfarl in Jury is 4.92 inches, whereas in
November it is 2.r4 inches. The same relation holds at the other
stations listed in Tabte 1.

The growing season in the valley-that is, the interval between
the last killing frost in the spring and the first killing frost in the

"u1r:6n-is normally between 6 and Z months, exiending from
April to october or November. Frost is extremery rocar, hJwever,
and spots in low hollows may be visited by seveie frost on many
nights when hillsides are frost free.

The climate of the Shenandoah valrey has been slightry warmer
and 

^considerably drier cluring the past 2}-year periJd fiom l9l4
1o. 

191q than during the 45 preceding years of record. (See Table
3.) The accumulated excess of mean annual temperaiure above
the average during this 2}-year period is zo and the accumulated
deficiency of precipitation from the average is 25.g0 inches. Dur-
ing the Zj-year period from 1894 to 1913 the precipitation was
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Trsrn 3.-'!nnual prccipitation at starions in the Shenandoah lallcy, I/irginia
(In inches)

1869...
1870.. .

1871...
1872...
1873. . .

1874. ..
1875. . .

1876. . .

1877 . ..
1878...
1879. . .

1880.. .

1881...
1882. . .

1883. . .

1884, ..
1885. . .

1886. ..
1887. . .

890.
891.
892.
893.

1902
1903
190+...
1905. . .

1906...
t907. . .

1908. . .

1909. . .

1910. . .

191i...
1912. . .

1913. . .

t914...
1915. . .

t9t6. . .

1917...
1918...
1919. . .

1920...
192r. . .

1922...
1923. . .

Lexington Dale Enterprise

40.00
60.04
39.43
34.96
44.+l
38.07
37 .94
43.11
42.40
49.44
38. 30
41 .93
33.82
40.52
32.20

37 .r5
5/.IJ
56.01
77 L)
52.12
48. 10
68.31
46.12
42.87
52.54
36. 50
40.52
37 .99
40.80
29.22
29.50
36.73
32.99
50.38
3r.99
37.52
56.28
38.66
+2.26
36.54
39.17
42.37
43. r0
38.99
30.93
4+.36
36.95
35.00
++.6r
31 .94
39.00
38.10
31.62
39.03
33.32
33.51
28.72
35.42
31 .02

Staunton Woodstock

32.37
49.6s
39.02
30.28

h.+e
42.24
38.54
44.01
30.5+
37 .77
36.15
41 .98
+0.13
36.97
39.02
51.18
38. 19
45.63
28.84
36.26
46.58
41.60
44.58
37.16
39.59
42.57
39.55
43.65
34.16
35 .98
35.7+
34.03
39.65
37 .80
45.70
32.t0
35.06
30. 19

3e.46
39.15
3t .54
3r.28
44.37
32.5+
35 .98
28.02
37 .+5
41 .01
36.27
36.47
32.0+
31.38
39.49
30.68
34.90
25.19
3+.93
31.93
29.77
33.28
34.29
32.25
27.27
27.76
27 .29

i.i. 8a
38 .45
42.41
3+.39
42.56
30.46
31.16
M.52
37 .60
47 .06
42.34
40.30
50. 56
JI.II
42.76
30. 84
40.01
46.37
48. 10
41.50
35.72
31 .02
37 .71
41.93
42.09
J.l ./J
43 .81
31.85
30.23
43.82
41 .54
39.34
29.68
38.96
32.23



Cr-ruerB 9

Tentn 3.-'4nnual precipitation at stations in the Shenand.oah lalley, lirginia-Continucd
(In inches)

Lexington Woodstock

1924...
lq?c
1926...
1927...
t928...
1929. . .

1930. ..
r93r. . .

1932. . .

1933. . .

44.t0
2+.90
39. 84
43.08
36.27
43 ,02
20. 85
33.04
42.08
35.30

42.AO
L> . t()
44.76
33.99
34.12
38.07
17.60
33.16
42.02
39.25

25.45
40.40
39.74
38.48
33.05
16.76
30.86
+0.12
35.4+

42.37
30.98
39.45
32.9L
34.t9
40.41
t6.43
27.44
43.87
38. 54

about average, but during the interval between i913 and the be-
ginning of the record in 1869 the precipitation was excessive. How-
ever, the accumulated deficiency of precipitation of the 2}-year
period f.rom 1914 to 1933 is about equal to the accumulated ex-
cess of precipitation in the 45 years of previous record. (The an-
nual precipitation at Lexington, the station with the iongest record,
for the years 1884, 1887, and 1888 is missing and the departures
from the average precipitation at Dale Enterprise were substi-
tuted.)

A large accumulated deficiency of rainfall does not necessarily
mean that the water table is correspondingly low. In the humid
parts of the country the water table normally declines during the
growing season, when evaporation and transpiration by plants of
soil moisture and ground water are heavy. After the growing
season the water table begins to rise as soon as the moisture that
rvas extracted from the root zone has been replaced by percoiating
rain or snow water. If heavy rains occur in the autumn, winter,
or early sp_ring, the water table may be raised to such a height
that natural drainage practically prevents further rise, regardless
of any accumulated deficiency of precipitation. On the other hand,
a severe drought or a period of dry years may cause marked de-
pletion of the ground-water supply, as occurred in 1930-31, when
many streams, wells, and springs failed.

A well in Arlington County near lVashington, D. C., that
has been under observation by the U. S. Geological Survey since
1928, showed a progressive yearly decline of the water level from
l92B to 1930. The highest point reached by the water level in
1929, alter the recharge in the non-growing season that occurred,
was not so high as it was in 1928. Moreover, the lowest point
reached in 1929, at the end of the growing season, was lower than

Dale Enterprise
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in 1928. Both the highest and lowest water ievels in 1930 were

lower than in 1929. The precipitation at Washington, D' C', dur-
ing the year 1931 was deficient, but the water level rose' In t932

thl water level rose higher than in 1931, and in 1933 it was still
higher although the precipitation both in t932 and 1933 was only
moderately in excess of the normal.
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GEOMORPHOLOGY

The area discussed in this report lies in the physical division
of Virginia known as the "Valley and Ridge province'" The
limestones, shales, and sandstones of Paleozoic age that underlie
the province were folded into synclines and anticlines, which subse-

quently were beveled by long-continued erosion to form a nearly
level lowland. This lowland r,vas then elevated in successive steps
and was further eroded. The less resistant rocks, such as the
shaies and limestones, were the most extensively weathered and
eroded and hence form the present valley areas. The more resistant
rocks, such as the sandstones, were less weathered and eroded
and hence form the present ridges. (See Pls. 2 and 3.)

During the erosion of the rocks of this province many of the
stream courses became so modified by the differential wearing
away of hard and soft rocks that they acquired linear patterns,
but some streams in the area have not been thus modified. The
main branch of the Ja,mes River is remarkably unaffected by the
presence of the Blue Ridge, for it has cut a gap through the hard
rock as it cut its course down from the ancient featureless plain
over which it originally fiowed. The smailer tributaries of the

James River and the main streams of the Shenandoah Valley show
a greater or lesser dependence upon the structure of the under-
lying rocks.

The first ridges that rise to the northwest of the Shenandoah
Valley and Massanutten Mountain owe their altitude to a cap-
rock of resistant quartzite-the Tuscarora (Silurian). West of
North Mountain the Devonian rocks crop out, and as most of them
are shale and sandstone, less resistant to erosion and weathering
than the Tuscarora quartzite, they underlie the small valleys of the
region. The Pocono sandstone (Mississippian) is locally exposed
in Rockingham County and, like the Tuscarota qvattzite, is a

ridge-forming rock. These resistant rocks are exposed in more
places west of North Mountain than in the Shenandoah Valley,
and hence the western area is the more mountainous.

ft is clear that the topography of this province has undergone
a complex history. At several times the earth's crust has remained
stable long enough for the processes of rveathering and erosion to
reduce the region to a more or less flat plain, or peneplain. The
streams rejuvenated by an uplift of the land then cut valleys into
the old plain, and a new erosion cycle began. The periods of crustal
stability and therefore of prolonged erosion have become shorter
from the past to the present, ancl each erosion cycle and peneplain
has been less complete than the first one, whose remnants are called

11
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the Summit peneplain.l During the oldest erosion cycle a pene-
plain was developed by the streams in the whole Appalachian re-
gion, including the Piedmont province. The interstream divides
were cut down largely to the common level, and hard as well as
soft rocks were beveled. After a long time the whole region was
uplifted with respect to sea level, and the streams became swifter
and began to cut valleys into the old plain. When the uplift ceased,
the streams cut down nearly to the baselevel of erosion and then
began, by lateral planation, to remove the interstream divides. The
second interval of stability was not long enough for the streams
to destroy those portions of the oid plain that were underlain by
the more resistant rocks, and therefore the ridges oi harder rock
stood out above the newer plain. Remnants of the Summit pene-
plain consist of broad flats and gentle divides on the top of the
Blue Ridge near Luray, certain other fragments near Waynesboro
and the James River gorge, and parts of North Mountain that
lie at an altitude of about 3,500 feet. Such peaks as Stony Man
Mountain, in the Biue Ridge, must have stood out above the old
plain by at least 500 feet. Still another uplift caused the dissec-
tion of the second or Upland peneplain, and it was almost com-
pletely destroyed except where it was preserved on more resistant
rocks in the same manner as the Summit peneplain but at a lower
altitude. Thus, rounded hills in the Blue Ridge north of Waynes-
boro at an altitude of 3,000 feet, other portions of the Blue Ridge
near Front Royal at an altitude of 2,500 feet, and parts of the crest
of North Mountain at appropriate altitudes are taken to be rem-
nants of the Upland peneplain. A stil1 lower surface, the Inter-
mediate peneplain, was developed and later partly destroyed after
crustal uplift. It is believed to be represented by certain spurs,
knobs, foothill ridges, and lolv divides in the Blue Ridge and by
wind gaps east of Massanutten Mountain at an altitude ol 2,250 f.eet.
During the next period of crustal quiescence the softer and more
soluble rocks of the Shenandoah Valley were weathered and eroded
into a broad, flat valley floor, and the Valley-floor peneplain may
still be seen on the accordant summits of the low hills in the val-
ley at altitudes o{ 1,800 to 2,000 feet on the heaclwaters of the
Shenandoah and James rivers and at 600 feet near the Potomac
River. Below these summits is a terrace, developed along the
main streams during the last erosion cycle before the present one.
The streams have cut below this terrace and are now engaged in
widening and deepening their channels, a task which they will
continue until there is another disturbance of the baselevel of
stream erosion.

. .t S1*u-C. W., Manganese deposits of the west foot of the BIue Ridge, yirginia: Vir-ginia Geol. Survey BuII. 12, pp. 84-40, 1919.
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A. Looking nortliwest across the Valley from a point on the Lee High-
wav about 5 miles northeast of Mt. Jackson. Little North Mountain first in
distance; Great North Mountain beyond. Distance to Little North Mountain
is 6 miles.

B. Athens limestone.
Harrisonburg on the road

wide outcrop 3 miles northwest ol
Church. Looking northwest.
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GEOLOGY

OUTLINE OF THE FORMATIONS

The part of the Shenandoah Valley and area to the west in-

cluded in ttris report is occupied by sedimentary rocks of Paleozoic

age cropping o,tt itt a rather complicated structural pattern' The

,,].tr ui. -Jstly sandstone and quartzite, shale and mudstone, lime-

stone and dolomite of various degrees of purity. Gravel of much

rnore recent origin overlies the Paleozoic rocks in some afeas' espe-

cially near the 
-Blue Ridge. The rocks, which were originally de-

posiied in large and extinct inland seas or on the shores of such seas,

have been disturbed and deformed by earth forces that came into
being at the end of the Paleozoic era. Because of this deformation
the present outcrop area of the Paleozoic rocks is in general rather
simple. The Shenandoah valley, east of North Mountain, is under-

lairrby rocks of early Paleozoic age, mostly limestone and.shale,
whereas west of North Mountain shale and sandstone of later
Paleozoic age crop out. North Mountain divides the area into two
rather distinct geologic, geomorphic, and ground-water provinces'

The general geologic and hydrologic characteristics of the

formations in the area are su'm'marized in Table 4' For a fuller
discussion of the characteristics of the formations the reader is

referred to a map and text by Charles Butts,2 which form the

basis of the following descriptions of the geology of the area cov-

ered by this report.

GEOLOGIC STRUCTURE

With respect to structure, the rocks in the area included in
this report consists of three units-(1) the Biue Ridge overthrust
sheet, which has overridden the younger rocks at the eastern border
of the Valley : (2) the rocks of the Shenandoah Valley, mostly
of Cambrian and Ordovician age, folded into a synclinorium an<i

in turn comprising an overthrust sheet that overrides the younger
rocks lying west of North Mountain; (3) the rocks of Silurian and

Devonian age west of North Mountain, less intensely deformed
than the other rocks.

The Blue Ridge overthrust sheet persists throughout the length
of the area. The trace of the fault is irregular, partly because in
some places the ancient rocks have resisted erosion better and
oartlv because the fault plane has been folded. Thus near Front

the Appalachian Vallev of Virginia, with explanatory
1933.

2 Butts, Charles, Geologic map of
text: Virginia Gol. Survey Bull. 42,
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thrust sheet that once overlay the area but has been destroyed by
erosion. The North Mountain overthrust fauit, which crops our
from the northeast end of the area to the vicinity of Rockbridge
Baths, in Rockbridge County, branches into two parts, one of which

-the Staunton overthrust-trends toward the northeast along
the middle of the Shenandoah Vailey. These faults die out just
south of New Market, near the boundary line betrveen Shenancloah
and Rockingham counties. Along its entire length the overthrust
fault shows the effect of folding, indicating that movements along
the fault took piace while the rocks were being bent into folds.
I{ockbridge County is a structural entity, for most of the struc-
tural features that persist through Shenandoah, Rockingham, and
Augusta counties die out in thii county. The Blue Ridge over-
thrust fault extends into Rockbridge County, but the Massanutten
syncline does not, and the North Mountain fault becomes indis-
tinct. The Pulaski fault, however, begins in Rockbridge County
and is continuous for many miles to the southwest but is not pres-
ent in Augusta County nor other counties to the northeast. The
Pulaski fault, in about the middle of the Shenand.oah Valley, marks
the line along which a long but gently folded syncline has been
pushed to the northwest over the southeastern limb of another
syncline, of which the Martinsburg shale forms the axis. Other
folds occur in the middle part of Rockbridge County, but they
are poorly developed except for a very sharp syncline between the
Valley Turnpike and Rapps Milt, in the southwestern part of
the county. Small thrust faults abound northwest of the valley
Turnpike, but their effect on the distribution of the rocks is sright.
rn the northern corner of the county a syncline in rocks of Devo-
nian age piunges northeastward, and successively older rocks are
exposed to the southwest. The Martinsburg shale is extensively
exposed along the northwestern edge of the county, and iq the
southwest corner stiil older rocks crop out. Tust bevond the north_
western boundary the rocks are involved in a ratheiwell-develooed
anticline.

The above summary of the structure of the rocks in Rock_
bridge county leads directly to the description of the third struc-
trrral unit, the area west of \Torth Mountain. Here the folding
of the rocks is less intense, and faurting is negligible. There are
marked folds near the North Mountain fault,-whose intensity is
probably due in part to the effect of drag, or the pushing of the
overriding overthrust mass upon the rocks beneath. Such a sharp
fold is the anticline north and west of Singers Gren, Rockingham
county. Back from the mountain the structural features are less
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Roval most of the Cambrian rocks have-been overridden' whereas

ilffi#;;; J;.; a*brian rocks are exposed' South ol

Stanley, in Page C.;;;;ih" i"utt ttut" {ollows the undulations oI

the Cambriun ,o.k,, ffi"tii"g that the rocks and the fault plane

have been iolded tli;;?i;-; ? direction transverse to the main

northeast-southwest 3t""to'ul trends' The fault is not exposed

well in outcrops, but the rocks adjacent to it are greatly disturbed'

and this may be "t 
i""tt t partiai explanation oI some of the ex-

ceptionally strong *tii' "t't"rtain 
points along the Ioot of the

Blue Ridge.
A detailed description of the structure ol the Cambrian and

Ordovician rocks in;;"""S;;;;;un v"tt"y proper w.ould be tedious

and useless, for the map shows it more eloquently than words'

A brief outline, however, wili serve to supplemt:t lh:^ 
map and

structure sections. The dominating structuial feature in this unit

is the Massanutten syncline, really a synclinorium' It extends

from the northern e"d of the area studied almost to the south-

west boundary of atg"ttu County' -.The 
axis of this synclinorium

is slightiy souttre"si Jf the median line ol the Shenandoah Valley'

Where the synclin;t;;; is best develooed-in the northeastern

two-thirds oi it, r",'gd-its axis is occt'pied by rocks of .Silurian
and Devonltn ug., 1i'" Massanutten Mo-untain mass' Elsewhere

the axis is occupied fy Uuttittsburg shale' Between the Massa-

nutten syncline unJ it'" Blue Ridge the rocks dip to the north-

'ivest, but small folds obscure this dip in some places' Between

the Massanutten syncli"" ""a 
North Mountain the general dip of

therocksissoutheastward,butminorstructuralfeaturesarebetter
developed' For instance, a gentle anticline 2 miles northwest oi

the Valley Turnpike extends* from the northern limit of the area

studied to a point ,,oitf' oi Harrisonburg' Conococheague lime-

stone is exposed "t 
lt, 

""ir- "long 
much oif its length. A syncline

of about equal length and parallel to the anticline occurs near

North Mountain, "iJ frtutti"sburg shale occupies its axis' This

syncline i, .o*pUJ.ttd by a smalf thrust fauli that cuts its axial

region and brings its soltheastern limb into juxtaposition with

its northwestern limb northeast of Broadway' A smaller syncline

southwest of the o,t" i"tt described extends from Harrisonburg to

Middlebroot, errg.rttu County, and the Martinsburg shale occu-

pies its axial area. iflit t"to"d syncline is offset to the southeast

of the first. Near Burketown, on the boundary line between

Rockingham utd A,gutta counties' a small mass of rock whose

structural tr"rra i. tJ parallel to ihe trends of rocks nearby has

been interpreted as a kfippe, or an erosional remnant of an over-
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thrust sheet that once overlay the area but has been destroyed byerosion. The 
^Iorth 

Mountain overthrust fauit, which crops outfrom the northeast end o{ the area to the vicinity of RockbridgeBaths, in Rockbridge County, branches into trvo purt., orr. of which*the Staunton overthrust-trencrs toward the northeast alongthe middie of the,shenandoah vatey. These faults die out just
south of New Market, near the boundary line betrveen Shenandoah
a.nd Rockingham counties- Along its entire length the overthrustfault shows the effect of folding, Indicating that movements arong
13" j:rJ1 took piace while the rocks were being bent into folds.Itockbridge county is a structurar entity, for most of the struc-tural features that persist through Shenandoah, Rockingham, anclAugusta counties die out in thil county. The Blue Ridge over_thrust fault extencrs into Rockbridge county, but the Massanuttensyncline does not, and the North Mountain fault becomes indis_tinct. The Pulaski fault, how_ever, begins in Rockbridge Countyand is continuous for many miles to the southwest but iJ.rot pres-
Tt il Augusta county nor other counties to the northeast. ThePuiaski fault, in about the middle or th. Shenandoah *i*r;marksthe.line along which a rong but gentry folded syncrine has beenpushed to the northwest over the southeastern limb of anothersyncline' of which the Martinsburg shale forms the axis. otherfolds occur in the middle p"rt ot-no.kbridge County, but they
*,e_-noorlf developed except for a very sharp iynclirr" l"t*""n tt 

"Valiey Turnpike and Rapps Mill, in the southwestern part ofthe county' Smalr thrust iaurts rbor-a northwest of the va'eyTurnpike' but their effect on the distribution of the rocks is slight.In the northern corner of the ."u;;;; syncline in rocks of Devo_nian age plunges northeastwa.d, arr'd luccessively older rocks areexposed to the southwest. The Martinsburg shale is extensivelyexposed along the northwestern edge of th"e county, unJ-in ,fr"southwest corner stiir older rocks cro|-out. Just beyond the north-

X"T:;,T":"rndary 
the rocks are invotved in a rather weil_Jeveloped

The above summary of the structure of the rocks in Rock-bridge county leads directly to the J"..ription of the third struc-ttrral unit, the area west of North Mountain. Here the foldingof the rocks is less intense, 
""a t"utiirrg is negligible. There aremarked folds near the North l,rou"t"itt- fault,"w-hose intenslty isprobably due in part to the effect of drag, or the pushing of theoverriding overthrust mass upon t'e roct s beneath. Such'a .t-r"rpfold is the anticline north ani r,vest of Sirrg"r, Glen, Rockinghamcounty' Back from the mountai" trr" Jtructural features are ress
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pronounced. The syncline east of Orkney Springs, in the Shenan-

ioah Valley, is genile, and the one to the northeast of it near Van

Buren Furnace, is rather open. An anticline north of F'ulks Run'

Rockingham County, is also comparatively open' F'rom Fulks Run

to the southwest corner of Augusta County the structure is in-

distinct. Between Craigsville and Augusta Springs there is an

anticlinal fold, and adjaient to the southeast, a shallorv syncline'

As the stfucture of the rocks is the all-important factor that de-

termines the distribution of the various formations in the area it
is lvel1 that the carefui reader shouid understand the nature of

these folds as they have been interpreted.

GEOLOGIC HISTORY

The geologic history of the area begins in the indefinite past,

in pre-cambrian time. The first incident of which a record has

been detected r,vas the outpouring of basaltic lava flows upon some

unknown rock terrane. This basaltic lava cooied, hardened, and

after an unknown interval was intruded by a granite-like rock, the

hypersthene granodiorite of the Virginia State geologic map' After
ntroth"t immeasurable interval the rocks were subjected to great

compressive earth stresses, so that they r'vere changed in position
and ln composition and mineral structure. Erosion then removed

gfeat thicknesses of rock and left deep rocks exposed at the sur-

iu.". Such rvas the condition at the beginning of the Paleozoic

efa.
The Cambrian period was ushered in by the encroachment

upon the continent of a shallorv inland sea. As the shore iine
moved over the land. the residual soil that had accumulated upon

the ancient crystalline rocks and stream-deposited debris were fe-

worked by waves and currents to form the basal quartzites, which
are beach and near-shore deposits. The water continued to gfow
slon,ly deeper as the iand subsided, so that the action of rvaves

and currenis rvas slight enough to al1ow the accumulation of limey
ooze, u,-hich was later impregnated with magnesium carbonate

and formed the Tomstown d.olomite. From this time on through
the Middle Ordovician epoch the geographic arrangement of land

and sea was comparatively stable, although marked by numerous
minor warpings, for most of the sediments that follow the Toms-
town dolomite are shales and impure or pure limestones' During
two intervals-namely, rvhen the Athens and Martinsburg shales

were being laid dorvn-the inland sea was apparently partly cut
off from the ocean, and black graptolitic shales were laid down in
the comparatively quiet waters. Although the floor of the basin



22 GnouNo-we:rpn ResouncEs oF SuBNaxooes Ver,r,oy

had been subsiding slowly as the sediments were piled in, the
basin appears to have become full after the deposition of the Mar-
tinsburg shale, for the Juniata formation, of uppermost Ord.ovician
age, was partly a nonmarine sediment. Again in the Silurian
period the subsidence of the sea bottom kept pace with the accumu-
lation of sediments, for the Tuscarora quartzrte, clinton formation,
and Cayuga group are marine. After the Lower Devonian Helder-
berg limestone had been deposited there was a gradual change in
the character of the sediments. No considerable amount of rime-
stone was deposited, but shale and sandstone became increasingly
a.bundant, and in general the coarseness of the sediments increased
as the Devonian period neared its end. The catskiil formation, of
upper Devonia' age, consists of nonmarine sandstone and shale.

At about this time the crust of the earth was again subject
to some great change, and powerful compressive stresses were set
up, acting in a northwesterly direction. The ind.urated. sediments
lvere folded, but while the folding was in progress the rocks of the
Blue Ridge were broken along a flattish {au1t plane and pushed
up over the younger Paleozoic sediments of the Shenandoah Val-
ley. Meanwhile the rocks of the valrev regio' were themselves
broken loose and pushed northwestward and upward over the still
younger Silurian and Der-onian rocks. At length the folding and
faulting ceased, and the area was subjected 1o long periods oi
erosion punctuated by uplifts of the 1and.

Sometime in the recent past, probably in the pleistocene epoch,
the balance between the rate of erosion and weathering in the
highlands and the rate at which rock debris could be cliared by
streams from the lowlands was disturbed. Gravel, cobbles, sand.,
silt, and clay accumulated in the rowlands faster than it could be
removed by the streams. It covered valleys ancl the small residual
hi1ls in the valley floors. The material is not now being deposited,
and a considerable amount of it has been carried awav bv such
streams as the Shenandoah and South rivers.
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OCCURRENCE OF GROUND WATER IN RELATION TO
ROCK STRUCTURE

IJnconformities mark buried ancient land surfaces and imply
the cessation of one period of sedimentation and the beginning of
another, generally with an intervening period of erosion. There
may or may not be a radical difference in the nature of the de-
posits in the two series of unconformable sedimentary rocks.
Where there is not, the unconformity is of no particular interest
in the discussion of ground water, but where there is, especially
where there is a discordance in the dip of the two series of beds,
the uncon{ormity may exert considerable influence upon the move-
ment and disposition of the ground water. For instance, along cer-
tain parts of the Blue Ridge where Lower Cambrian formations
overlie the pre-Cambrian rocks in normal stratigraphic sequence,
the younger rocks are fair or good sources of ground water, but
the underlying ancient crystalline rocks probably are not. An un-
conformity may be marked by a weathered zone, and in such a
zone fractures, solution channels, and decomposed rock may serve
as good water-bearers. Valleys with alluvial fill in the buried
land surface may also serve as excellent water conduits, whereas
the ancient divides may be barren of water.

Anticlines, or up-folds in the beds of rock, affect the ground
water in two important respects. First, if the anticlinal axis
plunges, artesian head may be developed along the axis. (See
Fig. 1.) Second, a good water-bearing formation may be brought
to or near the surface along the axis of an anticline, whereas on
the sides of the anticline this formation may be too deepry buriecl
to be reached in drilling. The Cayuga group of formations, the
Helderberg limestone, and the Oriskany sandstones of the area west
of North Mountain are near the surface on limbs of anticrines, and
they may be more promising sources of water supplies than the
overlying Devonian shales and sandstones or the underrying Silu-
rian formations. In the western part of Rockbridge County anti-
clinal folding has brought cambrian and ordovician limestones to
and near the surface in a terrane characterized mostlv bv crastic
rocks of Silurian and Devonian ase that are rikelv to vield less
water. A well may also tap the rv-ater-bearing bed at some point
clown the dip from the axis, an<l the water that has percolated
fro'm the outcrop dou'n to the well may be iess highry mineralized
than the water farther away from the outcrop oithut .b.d.

Synclines, or down-folds, are in general favorable to the de-
velopment of artesian pressure, and if the water-bearing beds crop
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FTGLTRE l.-Block diagram of an eroded pitching. anticline. The beds oI shaie,

limestone, and sandstone have been Closely {oided and beveled by streams

""J 
ottt.l 

"g""tt' 
The wcak rocks occupl' a lowland surrounded by a ridge

of resistant sandstone. The anticline piiihes to the right, causing the o'ut-

ctops of {ormations to disappear successively in that direction'

out in the limbs of the syncline at higher altitudes than the land

sufface nearef the axis, the conditions afe favorable for obtaining
floi,ving we11s. (See Fig. 2.) On the other hand, a synciine may

."r.y " water-bearing becl to so great a depth as to make it un-

zrvailable for we1ls near the axis of the fold. If water percolates

into the outcrop o{ a rvater-beafing bed at a high level on one side

of a syncline, it may be carried dorvn the dip of the bed to a great

depth. heated as a result of the high temperature of the rock at

that depth, and thence carried up by artesian pressure to the

opposite side, where it may be discharged as a warm spring at a

loiver ler.e1 than the outcrop. The r'varm springs in the Shenan-

cloah Valley and u,est of it are, according to Reeves,s due to this

condition. Water circulating dor'vn the dip of a limestone bed in
one limb of a syncline an<1 passing up the other limb, may dissolve

channels in the limestone bed so that t'ells may encoullter large

supplies of water at great depth. It is believed that this process

has taken place in the northern and central parts of the Shenan-

;rr". "** 
Frank, Thermal springs of Yirginia: Vireinia Geol. Survey Bull. 36, pp. 28-35,
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doah Valley, especially rvhere the folds are strongly developed and
where the axial region of the syncline is occupiecl by Martinsburg
shale.

Frctrnn 2.-Block diagram of an eqoCed pitching syncline. (Compare with Fig. 1.)
The resistant sandstone forms a ridse in the lowland eroded on the surround-
ing weaker limestone and shale.

Faults, or displacements of the rocks along fissures, mav act
in any of three ways to modify the disposition of ground water.
A fault fissure may act as a conduit, especially i{ the'rock which
it cuts is brittie. Thus warm water or even hot u'ater may be
J-rrought to the surface along faults from great depth. Ii the fault
fissure is fi1led with gouge it may act as an underground dam to
store ground r,vater on the upstream sicle, or the water may be
dammed if the broken edge of the water-bearing bed is brought
trext to an impermeable bed by the faulting. A fault may displace
a water-bearing bed, so that it may be encountered in drilling at
either a higher or a lower 1er.e1 than where it is expected, or the
{au1t may cut out the bed entirely at the rvell site, or cause the bed
to be encountered twice in the same well. In the Shenandoah Val-
ley fauiting has taken place on a large scale, but the faults them-
selves are not numerous, and so far as knor.vn there are no locai
examples of the effect of faults upon ground water.
. Joints, fissures, and bedding planes may be efficient conduits

for rvater, especially if they are near enough to the surface to be

W

l - o',:

774*ZZ-:--i47tt
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enlarged by weathering and solution. Joints and fissures are

likely to decrease in size and number with depth, but bedding
planes may remain channehvays even at considerable depths. In
beds of soluble rock, such as limestone, the structural features
rnentioned may be enlarged greatly by the solution of the walls,
and a great maze of interconnected tunnels and galleries may
carry large quantities of water, forming true underground streams
and lakes.

In the Shenandoah Vailey artesian pressure is exhibited chiefly
by wells drilled into the Martinsburg shale and the formations of
Middle and lJpper Devonian age. However, few of the wells flow,
and most of those that florv must be pumped, for the pressure is
very slight.
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OCCURRENCE OF GROUND WATER IN RELATION TO
THE PRINCIPAL TYPES OF ROCKS

IGNEOUS ROCKS

Granite and other intrusive igneous rocks do not contain inter-
connected pore spaces through which water may pass, but they
generally contain joints in two or more intersecting sets and in
some piaces shear zones and faults. The joints are attacked by
weathering and solution and consequently are most open near the
surface. Generally joints become less numerous and less open with
depth. lVater in economic quantities is generally found in the
joints but the likelihood of obtaining a water supply from these
rocks at depths of more than a few hundred feet is small. Shear
zones and faults may yield water freely, and they extend deeper
than the joints, but they are present only in certain localities. A
zone of porous weathered rock occurs near the surface in many
places underlain by granitic rocks and is generally promising as a
source of water. In many deep wells drilled in granite rocks the
chief supply of water probabiy comes from the surficial weathered
material.

Rocks formed of extrusive lava are extensively jointed and
contain flow breccia, lava tunnels, and other large openings which
are excellent water conduits and make these rocks superior water-
bearers. In the course of time these openings are generalry obrit-
erated by weathering, pressure, recrystallization, and other agen-
cies, and hence ancient lava rocks, such as the catoctin greenstone,
though originally doubtless excellent water-bearing iormations,
have become rrery unproductive.

METAMORPHIC ROCKS

contact metamorphism, whereby new material has been intro-
duced into a rock, is usually detrimental to that rock's water ca-
pacity, because not only are its pore spaces filled with the new
material, but replacement may destroy the openings that might
serve as channelways for water.

Regional metamorphism may increase the capacity of a rock
for water, especialiy where a shale or an igneous rock is comoressed
into a schist. The incipient fracture planes thus develop"d *ry
become enlarged by weathering, so that rather large quantities of
water may move through or be stored in them. A schist is usually
faidy soft and easy to dri1l. A srate behaves verv similarly to a
schist, in that the slaty cleavage provides excelient spaces for
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r,vater r,vhen the cieavage planes are once opened up. A gneiss is
not usually different from a granite in its rvater-bearing proper-
tjes. When a limestone is changed into a marbie the joints and
solution channels are likely to be closed, but nerv openings of the
same kind may later be developed in the marlrle. -\ quartzite is
a verv poor lvater-bearer unless it is fracturecl, and even then it
may remain a poor source of rvater because its relative insolu-
bility prevents much enlargement of its fractures by solution. It
is also hard to drill.

SEDIMENTARY ROCKS

The clastic rocks, such as gravel, conglomerate, sand, sand-
stone, silt, clay, and shale and their derivatives of mixed t1'pes,
differ from one another in their rvater-bearing properties. Clean
gravel, such as some of that encountered local1y in val1ey alluvium,
is one of the best of water-bearing beds. Much gravel, ho-'vever,
has a matrix of silt or sand that diminishes its permeability to a

greater or lesser extent. This is true of the Pleistocene ( ?) gravel
of the Shenandoah Valley, in which pebbles ancl cobbles are em-
bedded in silt and c1ay. Conglomerate is generally a poorer source
of rvater than gravel, owing to the cementation of the matrix. In
cemented conglomerate the r,vater must percolate through frac-
tures, which may be rare.

A well-sorted sand usually yields large quantities of rvater.
Sandstone, if the sand r'rras ciean and well sorted and has not been
cemented too much, is also an excellent water-bearer. Much sand-
stone is jointed and bedded, and in such rock the joints and bedding
planes add considerably to the space available for water. Hovr-
ever, the Cambrian, Ordovician, Silurian, ancl Devonian sandstones
in the Shenandoah Valley and area west of North Mountain are
only moderately good water-bearers. hecause ol the high degrec
of cementation, or poor sorting, or both. \{uch of the Devonian
sandstone contains si1t. which not only reduces the number of large
pore spaces but also makes the rock less brittle and hence less
likely to fracture and procluce joints under stress.

Clay is a poor source of u'ater because it consists of particles
that are so small that the pore spaces betrveen them hoid the
rvater by molecular attraction. The claylike material encountered
b)r rvells in some cavities in the limestone in the Shenancloah Val-
ley ancl the clav beds in the Pleistocene ( ?) gravel yield prac-
tically no rvater. I{ the clay has become hardenecl into a shale,
bedding planes, shaly partings, and joints may be numerous and
more or less unitormly disturbed, so that most shales are to be
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considered reliable sources of small u,'ater suppiies. The Martins-
burg shale is an example. Sha11or,v rvells i' shale tend to survive
drought better than similar rveils in most other types of rock. The
u'ater in the shales in the She'andoah valley and areas west of
North Mou'tain is usuaily rather highly mineralized. Mudstones
like those in the catskill formation, somer,r,hat similar to shale
iithologically but lacking the shaly partings, are usually less pro_
cluctive of tvater.

Limestone is an erratic source of water. Its joints and bedding
qJ"":: are enlarged by solution by r,vater charged rvith carbon
dioxide, probably above or immecliately belolr, the water table ex_
cept in unusual circumstances. when the solution channels be-
come sufficiently widened, the water behaves like that in a sur-
{ace stream. where a large channel or un<lerground stream is
encountered by a u'e11, an almost inexhaustible supply of water
may be obtained. If a well misses the channels a dry hole mayresult. Many of the channeir,vays become fi1led with mud, and
a. r'vell clriiled into one o{ these mucl-filled channeh.vays may be a
failure unless the mud can be casecl off. The behavior of limestone
wells during a drought often ca.uses considerable difficulty, because
t_he1 maf go dry with no r,r,arning in the nature of a graduai
diminution of yield, and because the water table in 'rost limestones
fluctuates widely over periocls of excessi'e and cleficient rainfall.
The r'r'ater from limestone r,vells is usualry hard, and it is also
liable to pollution owing to the ease ancl rapidity r,vith which the
lvater moves through the rock and the lack of naturar firtration.

A limestone terrane, such as parts of the Shenancloah vairey,
represents a very large reservoir for ground water. Much of the
rain that falls sinks rapiclly into the solution channels, and some
large ,areas u'derlain by limestone have no s'rface drainage ex-
cept during excessively rainy periods. The area in Clarke County
east of Opequon Creek, immediately north of the area covered b1.this report, has no perennial surfice drainage. Although rvells
are likely to encounter difficulty locally, the imestone is 

-the 
best

source of rvater in the area, and probably in most praces attempts
to obtain even a large supply will be successful.
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RECOVERY OF GROUND WATER

DRILLED WELLS

X{ost of the usable grouncl water in the Shenandoah Valley

and the area west of North Mountain occuls in the sandstone, shale,

or limestone, and we11s clri11ed by the solid-too1 method afford the

nrost practicable means of extracting it' There are very few io-

calities where, according to the data availabie, persistent efforts to

cbtain water by drilling have been unsuccessful' The rocks are

not very hard, and aside-from a few mechanical diffrculties, drilling
is comparatively cheap and easy. Deflection of the bit along tilted

beds oi rock, and the presence of open and mud-fi1led caverns are

the chief sources of tr;uble, but none of these are insurmountabie

for the skilled driller. Furthermore, the thinness of the residual

soil on the bedrock and the absence of any extensive and thick

unconsolidated water-bearing sediments make it unnecessary to

case the we11s very deep, and screens are seldom needed'

DUG WELLS

Dugwellsarecheaperthandrilledwells,chieflybecausethey
are not-so deep. They are ordinarily of large diameter, and for
that reason they are easy to clean out and repair' Ilowever' to

case them ,"..rrlly against contamination by surface water -is 
diffi-

cuit, and. the water-bearing soils and alluvium into which wel1s

can be dug easily is rathei thin in most parts of the Shenandoah

Valley anl the area west of North Mountain' The topographic

relief is rather large in most parts of the area, and the texture of

rnuch of the bedrock is open enough for the water table to fluc-

tuate through a consid"t"bl. vertical range in response to deficient

or abundanl rainfall. Thus dug welis are likely to go dry in
droughts, and if they are dug to bedrock it may be impossible to

deepen them enough to reach water. F'or these reasons dug wells

are not widely used except in part of Rockbridge County, and they

are not recommended except where the local conditions are especi-

ally favorable.

Spri,ngs.-springs are both numerous and comparatively large in

the Slenandoa6 Vattey and the area west of North Mountain.
They are wiclely used, and many of them are very satisfactory'
No source of water is less expensive than a spring rvhose discharge

can be piped by gravity to the point where the water is used'

I\{oreovJr,-spring water is almost certain to be less highly mineral-

ized than well water from the same rock formation' On the other
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hand, many springs go dry in droughts and beco,me muddy dur-
ing periods of heavy rain. It is more diffrcult to protect springs
from contamination by surface water than drilled wells. If they
are carefully guarded, however, many springs are entireiy satis-
factory as sources of private and public water supplies.

INFILTRATION GALLERIES AND GROUND.WATER DAMS

An infiltration gallery is essentially a r,veli dug horizontaily
through a water-bearing bed for the purpose of intersecting and
conducting away the ground water that flows into it. Infiltration
galleries are most economical in piaces where ground water wiil
flow into them under natural head. In most parts of the area
studied conditions are not favorable for the use of galleries. The
municipal supply for Strasburg, Shenandoah County, is collected
in a stream valley on the east side of Nlassanutten Mountain. The
water is conducted through a tunnel to the lvest side of the moun-
tain by gravity, and thence it is piped down to the town. This
tunnel, it was hoped at the time its construction was proposed,
would serve as an infiltration galiery as well as a conduit. It was
found, however, that no appreciable quantity of ground water was
added to the surface r,vater flor,ving through it. (See pp. 60-61.)

Ground-water dams are not as useful for storing water as sur-
face-water dams, but they may serve to collect the ground water
that percoiates through a water-bearing material, as through the
alluvium of a stream valley. A ground-water dam has been con-
structed in the valley of the Dry River, in Rockingham County, to
divert the underflow into the intake of the water-supply system of
the city of Harrisonburg. (See pp. 88-89.) Although it has very lit-
tle storage capacity, it supplements the surface-water supply at low
stages of the stream by recovering the water that is percolating
down stream during these periods of 1ow rvater. Such a dam is
rather simple and inexpensive as compared with a surface-water
dam. It is probable that in other valleys in the mountainous parts
of the area ground-water dams could be successfully used to col-
lect ground water.
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WATER-BEARING PROPERTIES OF THE ROCK
FORMATIONS

PRE-CAMBRIAN ROCKS

Records of five we1ls drilled into pre-Cambrian rocks in War-
ren County provide the data for this discussion. A11 of these wells
are in altered granite-like rock that makes up a sma1l part oI the
Blue Ridge Mountain mass. As the pre-Cambrian rocks are con-
fined to the spurs and foothills of the Blue Ridge, they are not of
great importance as a soLlrce of water supply.

This granite-like rock (hypersthene granocliorite and its altered
derivatives) is practically impermeabie, for its crystals interlock
and intermesh, except r'vhere it is broken by crevices such as joints
and shear zones. There{ore the productivity of a u,ell in this
rock clepends entirely upon the size and the number of openings
it encounters. The crevices capable of yieiding water are mosL
numerous and largest near the ground surface, where the agencies
of lveathering have long been active, and consequently we1ls drilled
below the zone of active weathering have increasingly poorer
chance of encountering iarge supplies of water. None of the five
v;ells are more than 80 feet deep. The average depth is about
60 feet, and the averag'e yield, as estimated by the driller, is 14
gailons a minute. From observations on wells in similar rocks
elsewhere it appears that these rvel1s are exceptionally strong, prob-
ably because the rock is more broken than is usual for such rocks,
owing to its nearness to the overthrust fault zone at the foot of
the mountain.

In most other piaces along the u'estern slope of the Blue
Ridge the bedrock is greenstone, a hard, tough aitered basalt in
which openings are small ancl few. The greenstone in the northern
part of the Piedmont province is an extremely poor source of water..

BASAL QUARTZITES OF THE CAMBRIAN SYSTEM

The basal Cambrian quartzites crop out along the westenr
foot of the Blue Ridge from Warren County through Rockbridge,
rvith only one interruption, near Waynesboro. These rocks in the
main dip steeply r,vestward. They are hard ancl relatively im-
permeable except as they are jointed and shattered. No records of
r'vells in these quartzites are avaiiable in the area studied, but in-
formation obtained from rvel1s outside the area indicates that they
a-re not good sources of water. Drilling in them is difficult and
expensive, and the wel1s are unlikely to yield much water. A fer,v
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wells in these rocks in Clarke and Loudoun counties, holvever, are
knorn'n to yield r,r'ater at a moderate rate.

TOMSTOWN DOLOMITE

The outcrop of the Tqmstorvn dolomite forms a narrow belt
at the western foot of the Blue Ridge, rvest of the basal quartzites.
It does not occupy the most thickly populated parts of the area
studied, and it is covered with Pieistocene ( ?) gravel in the cen-
tral and northern reaches of its outcrop. Consecluently it is not
rvideiy used as a source of water supplies.

The dolomite looks much like limestone. Its beds are medium
in thickness for lock of that t1.pe, and the crystalline grain of thc
rock is moderately coarse. Bedding planes are well marked, as
rve1l as joints that transect the beds vertically. The formation has
a regional dip to the northwest. Although pure dolomite is less
soluble in water than pure limestone, the Tomstown dolomite ap-
pears to be nearly as cavernous as most of the limestone in the
area, and deep openings have been penetrated by wells. Some oi
these openings are fu1l of silt or iron oxide, indicating that there
is free circuiation of water {rom the surface to deeper zones of the
rock.

The five wel1s in this formation of which records are available
are of two different types. Two of these we11s are shailow, hav-
ing been put down for small supplies, and drilling was discon-
tinued rvhen they delivered respectively 10 and 20 gallons a minute.
The other three uells are at the drr Pont ra1-on mills at Basic City.
near Waynesboro, Augusta County. Here large supplies tvere
needed, and rvells of large diameter were put down to depths of
500 to 700 feet. The reported results o{ pumping tests are respect-
ively 560, 520, and 680 gallons a minute. As these three rvells are
in one small iocality, and as records o{ wells in the Tomstow-n
dolomite in other localities are scarce, it is impossible to say
r,vhether such yields are available in other parts of the outcrop
area. Although the wel1s at Basic City are on the outcrop area
and the presence of clay and iron-filled crevices in the rock indi-
ca-tes free circulation of water at considerable depth, artesian pres-
sure was suffrciently cleveloped in the dolomite to cause one of the
r'vells to flow at the ground surface.

Chemical analysis of a single sample indicates that the water
in the dolomite at Basic City is lon' in dissolved solids (64 parts
per million), is soft in cornparison to limestone rvaters (total hard-
ness.62 parts per million), and contains mostly calcium and mag-
rresium carbonate, with a moderatell' high content of silica.
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WAYNESBORO FORMATION

The Waynesboro formation lies adjacent to the Tomstown
dolomite and is confined to the vicinity of the foot of the Blue
Ridge. Like the Tomstorvn, the Waynesboro is largely concealed
by gravel in the central and northern parts of its outcrop area.

The Waynesboro formation consists chiefly of red or green
mudrock and shaie interbedded with thin layers of fine-grained
sandstone, dolomite, and lirnestone. Joints appear to be rather fen'
a.:rd small on the exposed sections of the formation, but bedding
planes and shaly partings are numerous because of the thin-bedded
nature of the rock.

In spite of the predominantly fine grain of the material that
makes up the Waynesboro formation, the records of four wells
that end in the formation indicate that it is a fair source of ground
rn'ater. These we11s range in depth from 90 to 325 feet and yield
from 16 to 23 gallons a minute. These yields are exceptionally
good for the formations in the area studied, but there can be little
doubt that more records of we1ls would disclose a greater diversity
of depth and yieid, and it is likeiy that the average yield of a large
number of weils in the Waynesboro formation would be smaller.

The information on water level in the wells in this formation"
taken when driiling was completed, indicates that the water in the
formation is under some artesian pressure. None of the wel1s

flowed, however.
A chemical analysis of water from a single weil in the Waynes*

boro formation shorn's that the water has a hardness of 237 parts
per million and that, aside from calcium bicarbonate, it is com-
paratively high in sulphate and iron.

CAMBRIAN AND ORDOVICIAN LIMESTONES, INCLUDING THE
ATHENS SHALE

With the Elbrook, Conococheague, Beekmantown, Stones'
River, and Chambersburg limestones is included the Athens shale'
because it occurs with them stratigraphically and geographically
and because in many places it is a limestone. These formations
occupy the central part of the Valley, between the outcrop of the
Waynesboro formation and North Mountain. They are involved
in a large synclinorium, which in all counties but Rockbridge is
occupied axially by Martinsburg shale and younger rocks that
divide the limestone outcrop area into a 'lvestern and an eastern
limb. In Rockhridge Countl' the synclinal structure dies out and
the l\{artinsburg shale is not present. In Shenandoah, Rocking-
ham, Augusta, and Rockbridge counties the limestones crop out
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locally and to a moderate extent in the area west of North Moun-
tain.

These rocks consist of limestone, dolomite, shale, and sand-
stone, both in pure state and mixed together. Some of the iime-
stone is cherty. The rocks are folded diversely, so that their funda-
mental synciinal arrangement is locaily conceaied (P1. 3, B) ;

they are jointed extensively and faulted. The bedding planes,
shaly partings, and secondary structural openings are enlarged by
the percolating waters. The solution channels and caverns are
largest and most numerous near the ground surface, especially in
the rolling hills that characterize the Shenandoah Valley, but a
{ew water-bearing openings occur as deep as we1ls have been
drilled in the region, presumably in association with artesian cir-
culation through synciines. (See pp. 39-+1.) A description of the
formations grouped in this unit is given in the stratigraphic table
on pages 16 and 17.

Records of about 300 wells that tap these formations are avail-
able. These wells range in depth from 20 to 1,926 feet and in
yield from 0 to 140 gallons a minute. The average depth is I70
feet, and the average yield 13 gallons a minute. The relation of
the yieid of shallow wells to the yieid of deep wells is shown in
tlie following table.

Less than 100.. . . .

100-200.
200-300
300 and more. . .

This table indicates no great difference in the average yield
of wells less than 300 feet deep. These wells are mostly house-
hold or farm wells that were drilled to obtain a moderate or small
supply of water. When that supply was obtained, driliing was
discontinued. On the other hand, this group includes some wells
that were put down without success to 300 feet or less, where the
drilling was stopped. The group of wells 300 feet or more in depth
have a larger average yield. Some of these we1ls were put down
for the purpose of obtaining a large supply of water, and drilling
rvas continued until the yield was sufficient or the well became
very deep. For instance, well 398 is I,926 f.eet deep and yields

Depth
(feet)

Range in yield
(gallons a minute)

Average yield
llons a minute)
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90 gallons a minute, all of r.vhich r'vas obtained above 600 feet.
On the other hand, well 563 is about 800 feet deep and yields 140

gallons a minute. \{ost of this r'vater came in the last 10 {eet oi
drilling. The table indicates that most ordinary rvells should not
be carried to a greater depth than about 200 feet unless the or'vner
is willing to risk the expense of drilling much deeper. By drilling
cleeper he may obtain a large supply, but his chances of obtaining
a moderate amount of r,vater appear to be no better than ii he

started a nen' well. In Rockbridge County the chance that a good
supply can be obtained from iimestone seems to be less than in
other counties. Although the largel sultplies are likely to come
ft'om r'vells deeper than 300 feet, a fer'v examples that are excep-
tions to this rule may be cited. For instance, soffle sha11o-nv rvells
rnay yield large supplies of rvater, as rvell 19, which is 25 feet
cleep, yielding 16 gailons a minute; .,n'e11 395, 160 feet deep, 125 gal-
lons a minute; and well 526, 30 feet deep, 20 gallons a minute.
Some deep wel1s may be failures, as well 51, which is 365 feet deep
and yieids 1 gallon a minute ; well 562, which is 350 feet deep and
yields a quart a minute;and u'e11 719, i,vhich is 511 feet deep and
yields nothing. These ex4mples do not contradict the general in-
terpretation of the table given on page 35, but serve to emphasize
the fact that individual results of drilling are unpredictable un-
less expressed in terms of probability. Most of the 300 wells in
the limestone yielded less than 10 gallons a minute at the time of
their completion as is shown in the following table:

Tarrn 6.-Nzmber of wells ending in Cambrian and Ordovician lirnestones that
yield, water ot giaen rates

0-5 gallons a minute - -,---- 109

6-10 gallons a minute 75

11-20 gallons a minute 80

21-40 gallons a minute 2l
41-100 gallons a minute 9

More than 100 gallons a minute--- ,-''.---',---- 4

More than tu'ice as many we1ls yield less than 10 gallons a
minute as yielcl 1l to 20 gallons a minute. Relatively fer'v r,r'e11s

yield more t"han 20 gallons a minute.
fn some wells that were reported as failures by the dri1ler, the

difficulties r,vere mechanical rather than a iack of water-bearing
openings in the rock. In some holes put down in limestone that
riips the lrit u as deflected on a hard layer qf rock. therr jammed.
and the lvell was ruined. In others, particularly along the foot of
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the Blue Ridge ancl near the National Cemetery. near Staunton,
seams full of fluid mud were encountered. If they were at great

depth the hole would have to be reamed to a larger diameter so

that casing could be driven down. In many such places it was

deemed more economical to dri11 a new well than to enlarge the

old one. In a few locaiities in the area along the Blue Ridge,

v",here thick beds of gravel overlie the limestone, boulders are

present in such number that clrilling is impossible. Another diffr-

iulty encounterecl rarely is the presence of a large solution channel,

or cave, into r'vhich the drill may drop, and become caught, thereby
ruining the well. If the height of the cavern is greater than the
length of the bit, drilling through it is very difficult if not im-
possible. In a ferv places .we11s have been drilled to considerable
clepth through limestone that contained no fractures and conse-

quently was not water-bearing.
Water in the Cambrian and Ordovician limestone is hard in

most places. It contains chiefly calciu,m bicarbonate, with subsidiary
amounts of magnesium and sodium. Iron is present in high and
low concentrations, three samples having more than 5 parts per
million. Over 30 parts per million of nitrate has been found irr

several samples. No controlling factor has been discerned to ex-

plain the great range in concentration of the mineral matter in the
limestone waters.

In the Shenandoah Va1ley there are several wells .500 feet or
more deep drilled into the Cambrian and Ordovician limestones
of rvhich detailed information concerning the depth of the water-
bearing fissures is available. The data pertaining to the occurrence
of rvater in deep rvells in the limestone are set forth in Table 5

and include the altitude above sea level at rvhich water-bearing
fissures rvere reported hv the drillers.

An attempt to point out zones in lvhich fissures are especially
numerous on a basis of these clata appears to be risky. At altitudes
of 1,100 to 1,300 feet.500 to 600 feet, and about at sea 1eve1 there
seem to be some correlative li'ater-bearing zones. but the slight
concorclance may be pure11' acciclental. Also accidental may be
the seeming generalization that the deeper r'vater-bearing zones are
more numerous in the northern part of the Vallev than in tire
southern part. IIowever, as it is likeiy that the data on deep wells
here presented are velv nearly all that are available in the area
at present, the ttro sets of tentative and questionable correlations
will be discussed further.

It appears that limestone may be dissolved at an appreciablc
rate only rvhen the r'r'ater is somer'vhat acid, generally because of
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the presence of carbon dioxide. Furthermore, water becomes acid
most commonly by coming into contact with decaying vegetable
nratter in the soil. Therefore it is probable that the acid water
which dissolved the limestone at great depths obtained the acidity
near the surface and retained it during downward migration. The
mechanics of the downward migration of the acid water may be
one of the following: (1) Sinking of the water table at some
time in the past, with a subsequent rise to its present position; (2)
artesian flow along thrust-fau1t planes that crop out in the vicinity
of North Mountain, the water passing downward perhaps gradu-
ally percolating upr.vard through devious and initially minute open-
ings and emerging in the lowlands of the valley; (3) artesian flow
from the rvestern iimb of the synclinorium (whose axis is occu-
pied by the Martinsburg shale and in so'me places by the younger
rocks of the Massanutten Mountain) to the eastern iimb, which in
the northern counties is at a lower altitude than the western limb.

These possibilities do not provide for juvenile waters from
telluric sources, nor for the acidity deep-seated ground r,vaters
might acquire from tiecomposing pyrite, a reaction which requires
the presence of air.

(1) Sinking of the water table at some time in the past.
Probably there have been times since the beginning of the Pleisto-
cene epoch when the climate was iess moist than it is at pres-
ent, during some of the intergiacial stages. If the rainfall had
been diminished to a sma1l enough amount the water tabie might
have sunk to very nearly the level of the water gap at Harpers
Ferry, W. Va., through which the drainage of the Shenandoah
Valley passes by way of the Potomac River. The bottom of
this rock-cut gorge through the Blue Ridge was at an altitude of
about 400 to 500 feet in the Tertiary period and the early part of
the Quaternary period. Thus, if ground-water drainage was con-
tinued without interruption through the gap, which is highly prob-
able, the water table could not have been lower than about 500
feet above sea level. If the water table were depressed to 500
feet or less above sea 1evel, the circulation must have been rather
more sluggish than it is at present. Even so, with enough time
available, the water-bearing cavities from the 500-foot 1evel up to
the level of the present water table may have been formed by
solution at or near the water table as it fluctuated in response to
changes in climate. This process cannot account for the water-
bearing cavities deep belorv the 500-foot level, such as are found
in some of the deepest wells. The possibility that there rvas dif-
ferential warping of the earth's crust which resulted in the area
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near the rn",ater gap being depressed to a lor,er altitude than it is
at present is not considerecl in this cliscussion.

The scanty tlata on deep rvells seen) to srlggest that there is
a zone at about 500 feet above sea 1evel in rvhich rvater-bearirrg
cavities are especially numerous. If this suggestion is valid it
rnay indicate that there have been one or more periods when the
trater table r,vas depressed to tl,e lorvest limit oi drainage.

(2) Artesian flow along thrust-fault planes. The depth at
rvhich thrust faults flatten out torvard the horizontal in the Shenan-
doah Va11ey is not knor,vn. They may be too cleep in the vicinity
oi the wells listed in Table 7 to have any effect on the formation
of the water-bearing cavities. Furthermore, the fault planes them-
selves may be so fil1ed r,vith fault gouge that they do not act as
conduits but rather as obstacles to moving ground rvater. The
fault planes are some-,vhat affected by the {olding of the rocks
in the area, having been deveioped apparently after the folcling
began but not after the folding had ceased. Therefore welis in
a.nticlinal areas might reach the fault planes, r'hereas wells in
s1'nclinal areas might not. Ilorvever, the weil at Winchester and
one in Harrisonburg encounter rvater-bearing openings at about
sea level and belorv, and both cities are situated near the cores of
s)rnclines. Hence if the faults are intercepted by the tr,vo wells
mentioned the fault rvhose plane crops out along North l\{ountain
must not be very {ar belorv the surface in anticlinal areas, and pos-
sibly faults are encounterecl in other areas by shallorver wells. The
North Mountain {ault, rvest-northu'est of Winchester, crops out
in a terrane r,vhose altitude is 800 to 1,000 feet above sea level.
I{ shallorv-seated ground water passes downrvard along the fault
plane, it probably passes beneath the outcrop of the Martinsburg
shale and discharges upu'arcl through joints and bedding planes
of the limestone in Clarke County and perhaps also in the ciastic
Lower Cambrian formations near the Blue Ridge. There the
altitude of the ground surface is about 500 feet above sea level.
Thus the clifference in 1er.el is 300 to 500 feet in a horizontal dis-
tance of 70 to 20 miles, r,vhich u.oulcl give a hydraulic gradient be-
tn,een 15 and 50 feet to the mi1e. Tire circulation (if any) rnust
have been verv slot' at first, but the ascending r'vaters r,vere cap-
el,le nf some solution. anrl the progress of thc rvater might grad-
ual1y have become easier. At Harrisonburg the fault trace is at an
altitude of 1,500 to 1.800 feet, and the area in rvhich the water
r.vould probably have to discharge is rvithin a range ol 200 to 700
feet lorver. The horizontal distance is at least 8 miles and probably
llearer 15 miles, making the effective hydraulic gradient about 25
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to 40 feet to the mile. Conditions at Harrisonburg are complicated
by the presence of a minor overthrust fault, which crops out about
4 miles east of the city. The records include no r,vells south of
Harrisonburg that are reported to intercept water-bearing fissures
belorv an altitude of 500 feet except one in Staunton, which, how-
ever, yields a flor,v of only a quart a minute.

The explanation of the presence and seeming circulation of
fairly fresh and soft rvater through large openings in the lime-
stone at great depths in terms of artesian migration of the watel
dor,vn thrust-{ault planes should probably be looked upon r,vith
skepticism in vierv of the uncertainties mentioned above and also

because it is likeiy that any preexisting structural openings or
original openings in the rocks would have been destroyed by the
folding and overthrusting that took place in the region. Calcite
veins are numerous in the limestone, and it contains some chert,
which may have originated during or shortly after the Appalachian
de{ormation. At any rate, it seems likely that in this region, where
once a great thickness of younger formations o\rerlay the lime-
stones and where much heat was generated by deformation, the
breaks in the rocks were filled with vein material, and that the
present n'ater-bearing cavities are of a much more recent date
than the thrust faults. Since the mountain making took place
there have been great erosion and some minor movements of the
earth's crust, which are most probably the cause of the joints and
other openings now existing.

(3) Artesian flow from the rvestern limb of a syncline to the
eastern limb. It is believed, on the basis of such information as
is available, that the water-bearing cavities belotv the altitude of
500 feet and perhaps many of the cavities above that altitude may
best be expiained by assuming such a process as the natural arte-
sian flou' down one limb of a syncline and up to the surface at
a lower altitude on the other limb. In the northern part of the
\/a11ey the difference in altitude betr,veen the r,r'estern limb and the
eastern limb seems to provide a considerable hydraulic head. Thus
at Winchester the difference in altitude betn,een the 1anc1 surfaces
in the u'est side and the east sicle of the l,fartinsburg shale is 200
to 3C0 feet and the horizontal distance across the outcrop o{ the
shale is about 6 miles; allowing for a hydraulic gradient oi 30
to 50 feet to the mile. East of Harrisonburg the synclinal structure
is complicated by an overthrust fault u-hich has carried the Massa-
riutten s1'ncline into contact u.ith the smaller synciine on which
Harrisonburg is situated in the axial region. The fault probably
does not break the continuity of the limestone at depth; the
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eastern limb of the smaller syncline crops out immediately east
of the city but at an altitude very iittle lower that that of the rvest-
ern limb. If deep-seated artesian circulation takes place beneath
the city it must come from the area to the west, the water emerg-
ing near the South River. The hydraulic gradient rvouid be about
30 feet to the mile. South of lTarrisonburg the difference in alti-
tude between the western and eastern limbs of the syncline is
slight, and it is interesting to note that there is no record of water-
bearing cavities belornn' an altitnde of 500 feet. At F'ront Royal, east
of Massanutten Mountain, a cavity that yielded an "unlimited"
supply of water was reported at an altitude of 150 feet above sea
level. The well that taps this cavity, if the hypothesis of artesian
circulation is correct, is in the region of discharge, the water har'-
ing arrived from the other side of Massanutten Mountain, prob-
zrbly near Toms Brook, Shenandoah County. The destination of
the water is probably the lowland north of Front Royal r,vell, for in
the region south of the rn'ell the eastern limb of the Massanutten
syncline has been overridden by the Blue Ridge overthrust mass.
The apparent hydraulic gradient is about 15 to 25 feet to the mi1e.

The numerous slightly thermal springs in the Shenandoah
\ralley and Allegheny region are appal'ently the result of artesian
circulation through synclinal folds,a and it may be that this circula-
tion occurs on a larger scale than is indicated by the springs.

In conclusion, after due apology for the scanty data presented
as evidence, it appears that the deep-seated water-bearing cavities
encountered by wells in the limestones of the area are best ac-
counted for by an assumed artesian circulation from west to east
aiong the limbs of svnclines.

MARTINSBURG SHALE

The Martinsburg shale crops out in three more or less con-
tinuous belts in the part of the Shenandoah Valley discussed in this
report. The largest outcrop is along the Massanutten syncline,
which extends from Frederick and Ciarke counties at the northeast
to the southwestern part of Augusta County, where the syncline
dies out. F'rom a point east of Harrisonburg to the vicinity of
Strasburg the Martinsburg shale is overlain by rocks of Silurian
and Devonian age, which make up the body of Massanutten Moun-
tain, and the Martinsburg shale crops out along the western and
the eastern foot of the mountain. Southr,vest of Harrisonbure the
core of the syncline is occupied by Martinsburg shale.

"R".""., Frank, Thermal springs of Yirginia: Yirginia Geol. Survey 8u11.36,1932,
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Martinsburg shale is exposed in a line of small and discon-
tinuous synclines that run para1lel to North Mountain about 4
miles southeast of the ridge. This belt begins north of Lantz l\{i11s,
in Shenandoah County, and continues dor,vn to Edom, in Rocking-
ham County. The outcrop begins again at Harrisonburg and con-
tinues to Long Glade, in Augusta County. The line of synclines
is broken up at this point, and in Rockbridge County an outcrop
of Martinsburg shale occurs east of Lexington, but it is not re-
lated structuraliy to the outcrops farther northeast.

The third outcrop area is in part connected with the thrust
fa,ult along lttrorth Mountain, sma1l outcrops occurring in Shenan-
doah County. A larger outcrop is present in Rockingham anci
Augusta counties, where the fault turns sharply eastrvard. Mar-
tinsburg shale crops out in the southrvest corner of Rockbridge
County where it is involved in a plunging syncline whose core
{a-rther northeast is occupied by rocks of Devonian age. This out-
crop is not related to North \{ountain, for the structure that de-
termines the trend of the mountain dies out in Augusta County.

The Nlartinsburg shale is a calcareous, evenly laminated dark-
colored shale, containing beds of fine-grained sandstone and in
its lower part a greater or lesser number of limestone beds. The
shale has bedding planes, open joints in many iocalities, and
slaty cleavage where it has been deformed with greater intensity.
These openings are capable of sorne enlargement by solution, but
the water-bearing openings, though numerous, are mostly smail.
Apparently the limestone layers in the shale have hydrologic fea-
tures, similar to those of pure limestones, such as solution channels.
Wells drilled into the Martinsburg shale are characteristically mod-
erate in yield, but reliable, and the water almost alrvays lies near
the ground surface as compared with water in nearby limestone
lvells. Some of the we11s in the Martinsburg shale flow at the
surface.

fn some respects the Martinsburg shale is quite as satisfactory
a source of ground-water supplies as the Cambrian and Ordo-
vician limestones discussed above. The average depth of all wells
in the Martinsburg shaie, in regard to which information was ob-
tained, is about 90 feet, and the average yield 10 to 12 gallons a

minute. Compared with the average limestone wells, the average
shale well is but little more than half as deep, whereas its yield
is only slightly less. The chances of drilling a dry hole are less
in the shale than in the limestone. The shale is, therefore, a cheaper
source of small, dependable supplies of water. Iforvever, the range
in yield of shale wells is small, 50 gallons a minute being the high-
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est yield reported in a total of 65 wells. There was one dry hole
in the 65 lvells.

It may be illuminating to summarize in the {ollou'ing lvay the
results of drilling in the Martinsbutg shaie:

Taero 8.-Nl,rwber of wells ending in the Martinsbttq skale th,at yield zuater

at glven rates

0 to 5 gallons a minute-------- , 25

5 to 10 gallons a minute------- i1

1l to 2A gallons a minute--- ,,-- 22

More than 20 gallons a minute 7

"
The yields of the \\rells in the above table are based upon

bailing or pumping tests carried on by the dtillers r'r'hen the rvells
urere completed.

The 41 rve1ls iess than 100 feet deep yielcl on the average al-
most as much (11 gailons a.'minute) as the 24 wells that are more
ihan 100 feet deep (12 gallons a minute). No n-ells in the shale
cleeper than 305 {eet n'ere reported.

Chemical analyses of six samples of water from lr'ells in the
X{artinsburg shale shorv a considerable range in the hardness (15.3

to 685 parts per million) and in the total amount of dissolved min-
eral matter. The water with 685 parts per million of hardness
has a strong odor of hvdrogen sulphide, and iron is precipitated
when the water is exposed to the air. Most of the samples were
primarily calcium bicarbonate waters but several had more than
200 parts per million of sulphate. Some samples have only neg-
ligible quantities of iron but others have as much as 30 parts per'

mi11ion. In general, the r,vater in the Nlartinsburg shale is rather
highly mineralized, is hard, and may be high in sulphate and iron.

An interesting relation exists in the geographic distribution
of hardness of the shale rvaters. The hardest rvaters are at the
north end of the area studied, and the least hard are in the southern
part. The hardest samples of the shale rvater are harder than the
hardest samples of limestone rr".aters. Part of the explanation may
be that the rvater-bearing openings in the shale are smaller than
those in the limestone and therefore the r.vater moves more slowly
and comes into more intimate contact lr,ith the rock. Also, the
a.bundance of carbonaceous matter and the presence of pyrite make
the water in the shaie strongli' acid. But 'nvhy are the waters in
the southern part of the shale outcrop so{ter than those in the
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northern part? It is possible that rvater traveling through lime-
stone on the western limb of the synclinoriLlm, being under pres-
sure, slo-,vly works upr,arcl through the shale, adding to its originai
hardness the lime that is leached {rom the sha1e. This artesian
circulation is beiieved to be most vigorous on the northern part
of the va11e1', becoming feebler in the south, rvhere the synclinoriunr
becomes less pronounced and the dilTerence in altitude between
the western limb and the eastern iimb becomes slighter.

oswEco SANDsTo^IE AND JUNIATA FORMATTON

The Os.,l-ego sandstone, of small outcrop area, apparently is
not important as a source of r.vater supplies. The Juniata forma-
tion likewise crops out to a slight areal extent and no records of
wells ending in it are available.

TUSCARORA QUARTZITE AND CLINTON FORMATION

' The Tuscarora quartzite is the chief "mountain rock" in the
Shenandoah Valley, such ridges as Massanutten Mountain and
North Mountain being partly, at least, capped by it. The Clinton
{ormation crops out on the flanks of the anticlinal ridges and in tire
troughlike valley betrveen the twin ridges of Massanutten nloun-
tain. Because these formations crop out in hilly country, mostly
uninhabited, they are not widely used as sources of water.

Records of four wells ending in one or the other of these
formations indicate that shallon' we11s may obtain small quantities
of water from them. These wells, ranging in depth from 13 to
65 feet, yield respectively, I, 2, 5, ancl 10 gallons a minute. One
good reason for the shallowness of the wells is the extreme hard-
ness of the Tuscarora quartzite. It took 10 days to drill the 13-foot
well. The rvell that yields 10 gallons a minute ends in Clinton
shale. The Tuscarora, besicles being very hard, is somewhat
brittle, and it is reported that the yield of r,vells that drarv from
this formation has been increased lty blasting with explosives.

A single analysis of u'ater from the Tuscarora quartzite shorn,s
a" moderately 1or.v concentration of dissolved mineral matter (151
parts per million), 'moderate hardness (112 parts per million), ancl
comparatively high iron. The dissolved mineral matter is chie{1y
calcium bicarbonate. The chemical character of the water is prob-
ably somewhat influenced by the Clinton formation.

CAYUGA GROUP AND HELDERBERG LIMESTONE

The rocks of the Cayuga group and Helderberg limestone,
associatecl rvith ridge-making rocks, crop out in hilly and sparsell'



46 GnouNo-weren ResouncEs oF SsBNeNloen Var,r.By

populated country. Records of only six wells ending in these lime-
stones are availabie. In depth they range fro,m 50 to 305 feet, and
in yield from 0 to 20 gallons a minute; their average yield is 9
gallons a minute.

A single sample of water from Helderberg limestone shows a
lrardness of only II7 parts per million, indicating moderately soft
water for a limestone.

SAND sr oNEs AND *"tf,: 
J*l":l{"X8f 

, MrDD LE, AND uppER

The Oriskany sandstone, Romney shale, Brallier shale, and
Chemung and Catskill formations consist predominantly of shaie,
mudstone, and sandstone. The Oriskany is a uniform-grained
thick-bedded sandstone, cemented u'ith calcareous material as well
as iron and manganese oxides in many places. Its thickness ranges
from almost nothing to 150 feet. The Rorrney shale is mostly a
fissile black shale, but some greenish shale occurs in the iower
part, and flaggy sandstone.in the upper part. The Brallier shale
and Chemung formation consist mostly of stiff, soft green shale
or mudstone interspersed rvith thin regular beds of fine-grained
sandstone. The Catskill formation consists largely of red sand-
stone and shale.

These rocks crop out in the area west of North Mountain.
They are folded, but less intensely than many of the rocks in the
shenandoah valley. water i' this series of formations occurs
mostiy in bedding planes and joints, as yery little if any truly
permea.ble sandstone is present.

Wells in these Middle and Upper Devonian rocks are mostly
comparatively shallow and their yieids mod.erate to small. The
average depth of 44 wells is 90 feet, and the average yield is 11
gallons a minute. In this respect these we1ls resemble ciosely
the wells in the Martinsburg shale. The wells range in depth be-
tween 26 and 850 feet and in yield between 1 and 50 gallons a
minute. No wells were reported to be failures except well 509, 850
feet deep, in which 10 gallons a minute was encountercd, at 22
feet and cased off by order of the owner. rn the next B2g feet
only 1 quart a minute was obtained. The next deepest well is
450 feet deep, and it yielded 34 gallons a minute.

The following table shows the numerical distribution of. 42
rvells whose tested yields are known.
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Taela 9.-Nilmber o! zaells ending in rocks ol Middle and Upper Dettonian age

that yield water at given rates

0 to 5 galions a minute----- 10

6 to 10 gallons a minute----- L7

l1 to 20 gallons a minute---* 11

More than 20 gallons a minute---- 4

It is doubtful whether the data assembied justify any conclu-

sion as to the advisabiiity of drilling a deep well into these forma-
tions in the hope of obtaining a iarge supply of water-say, 50

gallons a minute. Only one well has been drilled to a depth oI

more than 500 feet and that was essentially unsuccessful. The in-
formation at hand does not afford any optimism for the develop-

ment of large suppiies from deep wells, but the question must be

left open for the future.
The water in these rocks is likely to exhibit some artesian

head, and flowing we1ls are not uncommon. One or two flowing
wells are so situated that they may be used without pumping, but
in most places the flow is so feeble and the head is so low that
pumping is necessary. Hence, the artesian pressure is of little
iconomic importance. There is some evidence that in parts of

the area the water may be perched, for in one well two water-bear-
ing strata were entered, but when drilling was carried farther the
water was lost. It m'ay have drained down the well and passed

out into dry beds.
The rocks of Middle and Upper Devonian age, like the other

groups discussed, yield waters that vary rather widely in their
content of dissolved mineral matter. In seven samples analyzed
the hardness ranged from 6 to 100 parts per million and the total
dissolved solids from 17 to 2I3 parts. Iron was found in concen-
trations from 35 parts per million to .01 part' Much of the water
is calcium bicarbonate water, but some is sodium bicarbonate water.
An odor of hydrogen sulphide can be detected in much of the
water when it has been drawn recently from a weli or where it
emerges from the rock in springs. The water in these rocks is
likely to be corrosive.

PLEISTOCENE (?) AND RECENT SEDIMENTS

There is evidence to indicate that the alluvium of some of the
larger mountain streams is capable of yielding large supplies of
rlrater if it is properly developed. The alluvium contains coarse

sand and gravel, and in many places it is probably of considerable
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thickness. where the allur.ium is thick u'ells could probably be
usecl elTectively, but where the alluvium is not thick i,ve1ls put
rloivn to the underlying rock uould I'c limitecl in yield by the
small drar,vdorvn that rvould be possible. Where rvel1s can not
operate effrciently it is possible that a ground-r,r'ater dam, similar
to the one constructed at Harrisonburg, rnight be feasibie. (See
pp. 88-89.)

A mantle of c1ay, ocher, si1t, sand, grar-el, and boulders, of
variable thickness and structure occurs most abundantly along the
lower slopes and at the {oot of the Blue Ridge in Augusta County
ancl betr.veen the Blue Ridge and Massanutten Mountain. It oc-
curs to a lesser extent along the ',vestern foot of Massanutten
illountain, and it has been reported in wel1s in various parts of the
Shenandoah Valley at considerabie clistances from the mountain.
'l'he 

'vells 
in which material of tiris kincl u'as reported are listeci

by number and their locations are given roughly belor,v.

Tesre 10.-location of wetls encotlntering pleistocene (?) gravet in
Shenand,oah Valley

50-----,, -.--. -2 miles southwest of Woodstock
53, --- 2 miles north of Edinburg
55, 56 ---- -- "The Narrorvs," 4 miles northeast of Edinburg
77-,,-- -- ---- -1 mile northeast of Mount Jackson

104,---- _1 mile west of Nerv Market
346 - -.- _3 miles east of Timberville
349 _-1 mile east of Timberville
387 -- ' -_- _-7 miles north of Harrisonburg
412--,---- ,-- ,2% miles north o{ Grottoes
413-----*- -__ - 1 mile northwest of Grottoes
126_ _Elkton
616,617, __,1 miles southwest of Fishersville
618 -_7 miles south of Fishersville.

These weils have encountered gravel that has no apparent re-
lation to the present drainage. other wells drilled in valleys near
streams pass into alluvium that may be contemporaneous rvith this
gravel of Pleistocene ( ?) age, or it ma1. be more recent. The
Pleistocene (?) gravel deposits rvhere they are well developed, as
along the Blue Ridge, slope downr,vard from the uplands on strealx
divides like alluvial aprons such as occur in the mountainous ancl
arid parts of the West. Furthermore, back from the mountains
they appear to have been cleposited on the surnmits of the erosionar
lemnants of the Valley-floor peneplain; but not in the valleys of
streams that here cut into it. indicatine that tlre gravel i= less



Vrncrxre Grolocrc.tr Sunvrv

A. Part of basin o{ Big Spring near Kerr's Creek

County. This spring discharges about z[,500 gallons o{

Bur-mrrx 45 Pre:re 4

Post Offrce, Rockbridge
water a minute.

B. Spring issuing from small cavern in limestone; on road between Browns-
burg and Spottswood, in Augusta County.
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A. Part of basin of Big Spring near Kerr's Creek Post Offlce, Rockbridge

County. This spring clischarges about 4,500 gallons o{ \"ater a nriuute'

R Snrino isstting from small cavern in limestone; on road betrveen Browt.ts-

burg and Spottsrvood, in Augusta Countl'.
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fecent than the dissection o{ the Va1ley Floor peneltain' lf;
I,ock *aterial in the gravel is clerived partly from nearby mountaln

masses ancl partly fiom rocks that crop out in the floor o{ the

Shenandoah Va11eY.* - 
t|nl. gravel oi Pl.ittottne ( ?) age is poorly sorted and com-

posed in the main of material of fine gt"itt' and furthermore it

is best developed in areas on the stream clivides' Hence in many

places it is lacking itt g,ou'ld tt"l:ll ancl cven r'vhere it is saturated

it is likely to have ti" p"'*"abi1ity' Information rvas obtained

in regard to 17 wells that ierive their supplies from gravel deposits'

including a few that end in Recent alluviurn' The average depth

is 88 fee"t, and their average yieid 10 gallons a minute' The rvells

lange in clepth from 15 to"165 {eet and in -vield from- hal{ a gallon

to 2-0 gallons a minute. The gravel, being of slight, thickness' does

nor gi,e promise of being n lot"t of large supplies- at .any 
place

in the area stucliecl. Mu"i rvells not incluclecl in the 17 cited above

p"..'ift-t"tgf. gr".r.1 without encountering water and enter beclrock

beneath.
The water in the gravel contains objectionable qLantities of

iron in solution, is -i.1.1,-', and in spite of continued pumping

never clears up. Or-r. .n*pl" analyzed' shorvs 51 parts per million

of hardness and about 5 parts per million of iron'
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SPRINGS

The magnitude and alu1{ance of springs in the Shenandoah Valleyare i'timately related to the kind of rock tilat crops out at the surface.The structure of the rock, thg-lopogr"phic reliei, and other physical
Ii.::tr are aiso. important. Where-thlse other physical factors are
SDoll 

equal, sprlngs are largest and most ,rr-.rooi ir, "r"", underlainlry ilmestone and dolomite. The next largest springs are thosefould in valley ailuvium, tarus sropes, and other bodies of unconsoridatedsediment' The oriskany sandstone is a we[-kno*n g"oto!;"-ior','ntio'from which large and numerous sp.irrjs isrue. Other sandstones andsnares g'1ve rlse to smaller and fewer springs.

. The foilowing table shows the re]ativ! number and magnitucie ofslrings issuing from groups of rocks that have been classified in much
tne-same way as in the discussion of drilled wells. Data on most of thesprings are taken from the report on springs of Virginia.s

Tar.n 11'--ly'rzmber and rate of f.ou of springs.in.difercnt rock formations in shenandoah

-

Kind of rock Number
Rern on Fr,ow

(gallons a minute)

Range
Alluvium..:......
l,ocono srndstone and-Iuscarora quartzite. . .t"rr^rll,1,-, Uhemung, Brallicr, and Romney

8
5

II
8

i0
2

v5

B0-2,500
r- 20

1- 100
10- 800
10-1,000
2- 200

5-5 ,300

Average

601
t2

^ 
formations._. . . .': . . . .'. . .1. .1. . .'. .'. .':1yrt:frly sandstone.

ff eroerDerg ll mes.tone.
rvrarulnsburg sfa_le ..
Lrme:*?q.anji dotomite oI Lower Cambrian

ro lvttddle urdovician age. . .. .

24
246
240
i01

670

This table indicates that springs flowing 1,000 galrons a minute ormore occur almost exclusively in iimestone n"tra'aototiit". su.t .p.irrgr,if they issue from otr" op.ring or system of openings, are the'outretsof true undergro'nd streams that flow through the cavernous limestoneor dolomite' rn certain parts of the country underrain by rimestone
some surface streams flow into sink holes in the rimestor.. ur.d reappear
as large springs some distance away. The courses of these underground
streams have been traced in some praces by exploration, and iri otherplaces by introducing coiored dyes at the point where the stream dis-apPears and noting the arrival of the dyes ai the point where the springemerges. A few of the large springs in the Shenandoah Valley, such

11 jl: Big Spling near Heins 
-Cr"&, 

northwest of I-"*ir,gio",'no.f._
Drrdge Lounty, are ponds or rakes without any influent surfaie drainage.

*","."'di;X 3;;X";ffii,oXl:llrl::fi1;,y; B;";,1#ixTbl;T;.1,fi."i,."ii,tf virginia:
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(See Pl. 4.) They are fed by numerous springs, and the outlets of some

of them are creeks of considerable size. Other large springs, like the
Ayers Spring, between NIurat and Rapps Mi1l, Rockbridge County, have

no such basins, but the underground stream flows directly out of a cavern
in the limestone. Large springs are especialiy abundant in this area be-
tween Rapps Mill and Murat and in the vicinity of Waynesboro, Augusta
County. The reason for their relative abundance probably lies in the
synclinal structure of the rocks which permits the ascent oi deeply per-
colating artcsian water or, in the vicinity of Waynesboro, the great

topographic reiief.
Large springs are somewhat numerous in the valley alluvium in

certain iocalities and in the talus slopes of some of the ridges in the
region. In the val1ey of the Dry River west of Harrisonburg, Rocking-
ham County, springs emerge, and in some piaces their outflow disappears
into the alluvium. The water emerging as springs from such material
may bg derived from true underflow of a stream, or it may be water,
that is emerging from the underlying bedrock. West of Goshen, Rock-
bridge County, the springs in the alluvium are probably fed, at least in
part, bv water from the Devonian rocks that crop out there, for the
water is rather highiy mineralized.

Springs are widely used as sources of water for household, in-
dustrial, and municipal supplies in Rockbridge County and to a less

extent in the rest of the area covered by this report. Springs a.re ad-
vantageous because the water can be made available at comparatively
low cost, for in some localities the water can be piped by gravity to the
place where it is to be used. Flowever, r,vhcre conditions are favorable
for drilling wells successfully most of the inhabitants of the Shenandoah
Valiey have preferred not to depend upon springs, probably because

wel1s are more easily protected from pollution by surface drainage and
because most lvells are more reliable than springs.

Water from springs is likely to be less highly mineralized than
rn'ater from wells drilled into the same formation. The reason probably
is that most springs are fed by water from the upper part of the zone

o{ saturation. This water is derived from downward-percolating rain
and melted snow, and it moves comparatively rapidly through estab-
lished channelways, whereas in weils the water moves farther vertically,
more slowly, and generally through smaller openings. Water from
springs in the limestone is only moderately hard, and the so-ca1led

"mineral springs" that issue mostiy from Devonian rocks in the area

west of Nortir Mountain ale in reality only moderately high in dissolved
mineral content if compared with water from wel1s in these rocks. The
springs fed by r,vater that has traveied down the limb of a syncline and
thence upward on the opposite side to its point of issuance are highly
mineralized, both because the water has traveled far and because it has

become somewhat heated.

51
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. ,-SoT._ of the springs in the Shenancloah Valley and area to the westof North Mountain are thermal to the extent that their waters have meanannual tempefatures appreciably higher than the mean annual tempera-ture of tire air at the point r,vhere the spring issues. A1l sprinas in thearea with mean annuar temperatur., oi 55'" p. o, -or.-ui. .oirrria.r.a
Dy t(eeveso to be warm springs. ]n his survel. of the west_ccnlral partof the State, Reeves founcl abiut 90 such springs. The warmest springsare in Bath and Alreghany counties beyoncl the rvestern limit of thearea discussed in this report. Thermal springs in Virginia are believedto be caused by the. percolation of ground*water dlrvn synclines to
L:*T **le the rocks have a higher-temperature than they do at thesurlace. I he warm water is propelled by artesian pressure up the op_posite limb- of the syncline to a point of isiuance at a lorver altitucre thanrne area of rntake.

EBBING AND FLOWING SPRING

*,, L|: to,called "Ticle Spring," on the farm of Cornelius J. Riddle,r'/z trtrres southwest o_f Broadway, in Rockingham county, is a featureof unusual interest. It berongs io the class of periodic or ebbing and
lgYi"S springs. The followiig statement has been furnished by O. E.Meinzer' who has made an iri'estigatio* of this spring and of otherebbing and flowing springs, "

_ "Ebbing and florving or perioclic springs are distinctive featuresthat are entirely different from the o.dinory intermittent springs ttrat
11t^11,T*,seasons. 

and disappear in dry ,"nro,rr. An ebbing and flow-Ing sprrllg has periods of flow, when it flows vigorously, Jnd periodsof ebb, when it ceases to flow or flows at a greatly reduced rate. Theperiods 
.of flow may occur at nearly regulai intervals or at very ir_regular intervals: they may occur at intervars of a few minutes or a fewnours or evcn a iew days or longer. The sllrings of this type nre nearlyail situated far from. the sea, lnd they hirr" ,_ro relation whatever rooceanic tides' In their periodic action ihey resemble geysers, but theirwater has the normai temperature of ordinary grouncl water, and they

11 :", generally emit any noticeable amount of gas. Al1 or nearly all
*bj"S and flowing springs issue from timestone, and as early as ITZ,their perioclic action was ascribed to natural siphons in the rock.?"The total number. of .ebbing ancl flowing springs is very smal1.After several years o{ inquiry 

"; .;;h of the literature, the writerhas obtained informationin regard to onlyabout 20 springs of this kinclin the united States and 
-a cJmparabr. '".t-u., in other parts of theworld' Doubtless the totar 
'ru*b.. in exislence is greater, but the factremains that they are rare and unusuai features.

o0 
Reeves.,.Frank, Thermal gpjings_ of Virginia : Virgi

"0"'i.?ffX1:i'ffJ. +, f,;. l";11..'"r-r.ll'ci,ii-pi'ii;".'ilF;lli, "':il f':";:Y frX'l n1u ,#,'1,,n ,
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"The so-ca1lecl 'Tide Spring,' on the farm of Cornelir-rs J' Riddle,

near Broadway, Va., is a genuine ebbing and flowing spring, which

commonly has periods of flow tt]at alternate with periods in r'vhich the

water disappeari compietely. It is situated on a limestone hillside a short

distance fiom the perepnial stream ilto which its water discharges. It
consists of a basin which is floored in its central part by a deposit of

coarsc, clean grit that rests on creviced limestone, through which tire

lva.ter rises cluiing the periods of florv. In a relatively normal period of
flor,v the water rises through the crevices, covers the bottom of the basin,

then fi1ls the basin, ancl starts to overflow. This rise occurs quietly and

steadily but decisively, so that approximate maximum discharge may be

reached rvithin perhaps a minute from the time the rvatef begins to ap-

pear. The basin may then clischarge at a rate o{ several hunclred to

more tha.n 1,0@ gallons a minute for perhaps 10 minutes to half an hour,

more of 1ess, rvhen the flow begins to weaken noticeably. Then overflow

ceases, and the \'vater goes clown and disappears with a few gurgling

sounds. The ensuing ciormant period is likely to last an hout, but it may

be very brief or may last several hours, or even several days, weeks, or

month;. Fol several clays the spring may be very regtilar in its periodic

behavior, but for any l6n* time it is likely to be so variable and erratic,

both in the r-nain features and in the minor details of its perfofmance,

that it seems as if its behaviof wefe manipulated by mischievous elves

residing in the caverns of the locality who take delight in bewildering

anci mocking those who endeavor to discover its larvs of flow'
"An automatic water-stage recorder was operated on the Tirle

Spring for a period of about 5 years-from July, 1927, to August' 1932'

In or.ler to show the detailed behavior of the spring, the recorder was

specially constructed with a time scale of I4.4 inches to the day, or six

times the scale commonly usecl in stream gaging. In Plate 5 is shown, on

a- greatly reduced sca1e, the hydrograph obtainecl by this recorder from

JJy tO, 1927, to February 17,1928. This hydrograph shows several of

the characteristic features of the spring-its great fegr-rlarity during pe-

riocls of a day or a fei,v clays ({or example, December 14 to 16); ;ts

ptzzling irreg'ularities rvhen considerecl for the entire time shorvn. its

minor fluctuations of flow superimposed on the main periods of flow,

and the tendency for the discharge to be roughly in proportion to the

cluration of the prececling quiescent periocl. This last-mentioned feature

is perhaps the most puzzling of all. Note' for example, the large dis-

charge in the forenoon ancl a{ternoon of February 2, following quiescent

periods of a few hours ; the larger discharge on January 3, 6, and 20, fol-
io*it-rg quiescent periocls between I and 2 days long; and the sti1l larger

discharge on December 31, foliowing a quiescent period of about.3 days'

The most spectacular event, howetrer, recorded in Plate 2, and in the

hydrograph for the entire 5 years of recorcl, was the huge discharge in

the pe"riod of florv, lasting nearly a clay, on December 7 and 8, and the
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veritable flood that occurred on December 9, at tlie beginning of a period
of flow iasting 3 days. This relatively enormous discharge came after a
period of complete quiescence of about 4f months, from July 18 to
December 7. Thus, the phenomenon followed the law of relation of dis-
charge to duration of preceding quiescent period, although it cannot be

assumed that the cause was necessarily the same as in the case of the
shorter periods of quiescence. If the phenomenon was due merely to an
accidental obstruction that impounded the water until it was broken
through by the pressure of the water, it must be assumed that the ob-
struction was not at first fully removed and that a second obstruction
developed on December 8 rvhich stopped the discharge for several hours,
until the major deluge broke on the morning of December 9.

"The record of the Tide Spring, like the records of other ebbing
and flowing springs that have been studied, gives general support to the
theory that the periodic performance is due to the action of siphons in
cavernous rock. Exacting analysis of the hydrographs that are now
available will probably furnish more satisfactory explanation of the
many puzzling irregularities than can at present be given. It appears,
however, that the principal irregularities are due partly to variations in
water supply and partly to rrariations in the air-tightness of the siphon
system, whereas the minor irregularities in many of the periods of flow
are probably due to surges produced by variations in the pressure of the
entrapped air as the system discharges.

"The variations in water supply are produced chiefly by the alterna-
tion of wet and dry seasons and successive freezing and thawing of the
ground. fn seasons of abundant water an ebbing and flowing spring may
lose its periodic character and may flow continuously because the supply
exceeds the capacity of the siphon; on the other hand, in dry seasons it
may cease to flow because the small supply of water escapes eisewhere,

or it may have a continuous flow that is too small to prime the siphon
or that comes from other sources. Variations of this type are more ob-
vious in some other ebbing and flowing springs than in the Tide Spring.

"The fact that irregularities in the periodic action may result from
variations in the air-tightness of the siphon systems was suggested by
the writer and was demonstrated in an experiment by Bridge.s The sys-
tem is likely to be more nearly air-tight when the interstices of the soil
and rocks are fi1led with water than when they are diy or only partly
filled, and also probably more nearly air-tight when the ground is frozen
than otherwise. The variations in air-tightness may determine whether
the system of caverns is discharged completely by the siphon or rvhether
the siphon action is interrupted by air leaks before the discharge is com-
pleted. Obviously a great variety of irregularities in discharge may thus
resu1t."

'B"ide" Josiah' Ebb and flow springs in the Ozdks: Missouri Univ' School of Mineg
and Metallurgy BulI., vol. 7, pp. 17-26, L923.
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COUNTY REPORTS

SHENANDOAH COUNTY

GENERAL FEATURES

Shenandoah County has an area o{ 510 square miles. Its popula-
tion in 1930 was 20,655. Strasburg and Woodstock are the largest
communities, with a population respectively oi 1,901 and 1,552. The
residents are mostly devoted to agriculture, and two-thirds of the area
is classified as farm land. Shenandoah County is not a highly in-
dustrialized area, lor there were onTy 42 establishments employing a total
at49I workers in1929. The value of their output during that year was
$1,B10,135.

The county is drained by the North Fork of the Shenandoah River
and its minor tributaries. Most of the countv is reoresented bv the ro11-

ing floor of the Shenancloah Valley, which is bordered on the east by
X4assanutten Mountain, and on the west by the chain of ridges generally
referred to in this report as North Mountain. There is a narrow valley
between the twin ridges of Massanutten Mountain. West of North
Mountain the countly is mountainous, and the valleys between the ridges
are narrow and sparsely settled.

GEOLOGY

The rccks in Shenandoah County range in age from the Elbrook
limestone (Middle and Upper Cambrian) to the Catskill formation (IJp-
per Devonian). (See table of rock formations, pp. l4-18.) The oldest
rocks crop out between the Valley Turnpike and North Mountain. The
structure is mainly anticlinal. The axial region of the anticline is oc-
cupied in the northern part of the county by the Elbrook limestone, but
the structure there is interrupted by faulting. Farther southwest the
Conococheague limestone and Beekmantown dolomite occupy the axis of
the anticline. In the southeastern oart of the anticline the successive
rocks that crop out are younger. for they are influenced by the Massanut-
ten syncline. The Martinsburg shale is extensively exposed along the
foot of Massanutten Mountain in a belt about 3 miles wide. The western
ridge of Massanutten X{ountain is capped by the beveled edge of the east-
ward-dipping Tuscarora quartzite. On the east slope of the western ridge
the Clinton formation, Cayuga group, Helderberg limestone, and Oris-
kany sandstone crop out in rapid succession. The floor of.the val1ey be-
tween the twin ridges of Massanutten Mountain is underlain chiefly by
Romney shale.

In the northeast corner of the county the anticiinal beit of lime-
stones that occupy the axis of the Valley has been thrust northwestward
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over against Martinsburg shale. The overthrust fault is a major one,
known as the "North Mountain fault." Farther southwest in the Valley,
however, a subsidiary branch of the main North Mountain fault has

thrust these anticlinal limestones against a smail syncline, with Martins-
burg shale at the axis where it is not completely overridden by the over-
thrust sheet. This syncline extends from the southwestern border of the
county to Fairview, west of Maurertown. Between the syncline and
North Mountain the Cambrian and Ordovician limestones are exposed on
its western limb. Elbrook limestone is exposed farther west, being ad-
jacent to North Mountain and the chief overthrust fault.

West of North Mountain the Devonian rocks (Romney shale, Bral-
iier shale, Chemung and Catskill formations) underlie by far the most
of the area. These rocks are arranged about a syncline whose axis
trends northeastward 2 miles east of Orkney Springs. The axis is oc-

cupied by the Catskill formation. and the older Devonian and Silurian
rocks crop out successively on all sides. N{artinsburg shale appears near
the North Mountain fault. An anticline parallels this syncline, but its
axis is in West Virginia. Another anticline lies to the northeast, in line
with the axis of the syncline. Tuscarora quartzite occupies its core, and
it forms a ridge.

GROUND.WATER CONDITIONS

Area west of the North L[ountain, fawlt.-This area is underlain
mostly by rocks of Devonian age, although Silurian rocks and the N{ar-

tinsburg shale are exposed over smaller areas. A11 but one of the ferv
rvells recorded in this part of the county are drilled into the Devonian
sandstone and shale.

The Middle and Upper Devonian formations (Romney, Brallier,
Chemung, and Catskill) are fairly similar on a large scale, although
there is an increase in the relative amount of sandstone from the older
formation to the younger. The beds are deformed into open folds and
are not metamorphosed. Joints are characteristic of the sandstone, but
the shale seems not to have been so subject to fracturing. Even in most

of the shale there are intercalated beds of sandstone, and likewise in the
sandy formations certain beds are composed chiefly of shale and mud-
stone. These rocks may be expected to yield small or moderate supplies
of water at fairly shallow depths.

The few wells in this area of which records are available indicate
that wells less than 100 feet deep yield moderate supplies. Three wel1s

along Stony Creek north of Orkney Springs seem to be especially suc-

cessful, being about 75 feet deep and yielding about 16 gallons a minute
with only a slight draw-down. At the north end of Little North Moun-
tain in the vicinity of Wheatfield the wells are somewhat weaker. A well
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drillecl into the Martinsburg shale is the deepest and delivers the weakest

supply of all the known wel1s in the area.

The we1ls in this part of Shenandoah County are not evenly dis-
tributed.

To judge from areas in which the ground-water conditions are

known, it may be safe to conclude that along the val1ey flats and lower
terraces wells are probably sha1low, yielding small or moderate quan-

tities of water, and the lvater level is probably within a few feet of the

surface. The seasonal fluctuation of the water level is probably small,

and consequentiy the we1ls are reliable. Some of the wel1s may flow
under artesian pressure, but the flow is 1ike1y to.be small. On the higher
terraces and divides wel1s of comparable depth probably yield sma1l sup-
plies. However, if the wells here were drilled to the same level as the

n'ells in the lowlands the yieid would probably not be very different.
The rvater table in the divide areas is deeper and fluctuates over a greater

range from season to season. According to the available data, if the

bedrock happens to be Cayuga or Heldelberg limestone the wel1s will
yie1c1 smaller supplies than wells in the Martinsburg shale and the Devon-
ian shales and sandstones.

It may be inferred that large supplies cannot be obtained easily
in the area west of North Nlountain, and the data on wells in other
counties to the south accord in general with this view. I{owever, a well
of large diameter drilled deeper than the usual household well might
deliver several times as much water as the shallower and smaller we1ls.

Even so, yields of wells in shale and sandstone in this region do not valy
so ividely from the ar/erage as they do in limestone, and the area west

of the North Nlountain fault should be regarded primarily as a favorable
locality for sma1l or moderate supplies. Dug we1ls are not recommended
except in the valley bottoms, because the soil above the bedrock is thin,
and the rock is hard to excavate with hand tools.

The water in the rocks of this area is 1ike1y to be soft but moderately
high in some dissolved minerals such as iron and silica. Exceptions are

waters in the small outcrops of Martinsburg shale and the limestones,
which are hard, and the Silurian sandstones, which are likeiy to be low
in all dissolved mineral matter.

Valley region.-The two groups of rocks that constitute the bedrock
under most of the Shenandoah Valley are the Cambrian and Ordovician
limestones (including the Athens shale) and the Martinsburg shale.

The limestones occupy the rvestern part of the Valley, widening toward
the south, and the Martinsburg shale crops out in a belt along the foot
of Massanutten Mountain.

In the area about Strasburg some of the wells derive their supplies
from limestone and some from shale. The weils are mostly of moderate
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depth, ranging from about 50 to 3@ feet and averaging about 150 feet.
Northwest of Strasburg the wells in the limestone yield sma1l amounts,
but some of the wel1s in and near the town dcliver large quantities. The
best wel1, owned by the Shenandoah Valley Cooperative l\{iik Producers'
Association, was drilled 155 feet into the shale. It yielded 50 gallons a
minute in 1923, when it was drilled, with a draw-down of 29 feet. At
that time the static water level was 3 feet below ground. The water is
highly mineralized and hard and smells strongly of hydrogen sulphide.
The other wel1s near the torvn yield from 1 to 16 gallons a minute, the
limestone yielding the larger supplies.

The water levels in this vicinity were measured when the wells were
drilled and are of only general interest, because they fluctuate consider-
ably with the wetness and dryness of the weather and with the season.
The static level is deeper in limestone than in the shale, being as deep as
225 feet in the limestone, and as shallow as 3 feet or even at the surface
in the shale. The average depth would probably be 50 to 75 feet, depend-
ing on the topographic situation of the well, and other conditions.e

In the vicinity of Toms Brook and Maurertown we1ls of moderate
depth yield consistently adequate supplies for ordinary farm or domestic
uses. East o{ the Valley Turnpike, where the shale crops out, the yields
are likely to be somewhat smaller than in the limestone belt but not with-
out exception; f urthermore, these wells are shallorver. IIost of the lime-
stone rvells are of average depth and yield. Well 28, on the property
of W. J. Gcchenour. at Maureriown, was drilled by Mr. Gochenour to a
depth of 100 feet and yields 35 gallons a minute. This is the best well
in the vicinity of which a record is available, for the yield is greatest,
and the depth is less than that of most o{ the weiis. WeI| 27,300 feet
deep, yields only 9 gallons a minute; well 33, 91 feet deep, yields only
half a gallon a minute. The average yield, however, is about 12 gallons
a minute.

The static level in the we1ls when they were drilled ranged from
I0 to I25 feet below the ground surface. Here as elsewhere, the water
level in shale wells is nearer the surface than in limestone, owing to the
slower drainage from the shale and perhaps to the local artesian pressure,
which may affect the shallow-seated ground water in the shale.

In the area about Woodstock and Edinburg the conditions appear
characteristically as favorable as in t1.re area immediately up the Va11e1'.
The weiis are mostly more than 100 feet in depth, and the average yield
is somewhat smalier than that of the we1ls in the upper area, but the
proportion of rvells of ample yield to those of questionable adequacy is
high. lVell 44 is reported to have been tested in 1908 at 34 gallons a
minute, and the depth is onlv 70 feet. On the other hand, wel1s 50 and
--n ft Fi-nortant to keep in mind that the water levels as given in this report do not
represent the necessary pumping lift, because the draw-down is not taken into consideration.
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51, southwest of Woodstock, yield only 1 gallon a minute each, although
they are respectively L52 and 36.5 feet deep. Northwest of Woodstock
the surface is covered in many places with a mantle of gravel and sand,

which may be locally over 50 feet thick. This material seems to be com-

paratively unimportant as a water-bearer, and its presence increases the

length of casing needed and where it contains boulders makes drilling
difficult. IJnfortunately its thickness varies from one place to another

and cannot be predicted.
Westward from New Market to North Mountain the weils are

mostly drilled in limestone, but a few wells in and east of New Market
draw from the Martinsburg shale. Generally the iimestone u'ells yield
somewhat less than in the more central part of the county, although the

difference is not very great. A notable exception is well 87, drilled 136

feet into hard limestone; its yield was testecl at 60 gallinrs a minute. The
v-ells in the shale are mostly from 50 to 100 feet deep and yield 2 to 20
gallons a minute, or an average of 72 gallons a minute. Here again, as

in the limestone belt farther to the north, the bedrock is overlain in many
places by gravel, lvhich may be 60 feet or more thick, or may be absent

altogether. Well92 derives its entire supply of 10 gallons a minute from
the gravel. In most localities, however, the presence of gravel is detri-
mentai to the driliing.

The static level of water in wells is deeper in the southern part of
the Valley area than it is farther northeast, probably because the relief
is somewhat greater. It ranges from 20 to 160 feet below the surface
and averages about 50 feet. The measurements are not contemporaneous
but were made at different times in different wells.

This belt of limestone and shale abounds in wel1s of moderate depth
and yield, with few rvells that might be considered failures and few that
deliver very large supplies. The conditions in this part of the county,
as shorvn by retriable records, are distinctly favorable for small users,

and probably large supplies can be developed in many localities. The
water is almost everywhere hard, and that in the Martinsburg is high in
other dissolved solids such as sodium and sulphate.

Massanutten Mountain 6vss.-Ss1\reen the twin ridges of \{as-
sanutten Mountain north of New Market gap a narrow lowland is de-

veloped on rocks that are less resistant than the Tuscarora sandstone.

These softer rocks are chiefly of Middle and Lorver Devonian age. In
this area there are no records of we1ls of any great depth. Most of the
wells, in fact, are less than 100 feet deep, and some less than 50 feet.
The yield of these wells is sma1l except for a few that were reported to
deliver 16 gallons a minute, with very small draw-down, when thel' v,'s..
drilled. The records indicate rather uniform ground-water conditions,
comparatively easy drilling, and smal1 to moderate supplies of water
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available at shallow depths. Slight artesian head is developed in the
Devonian rocks of this area, for the mountain as a lvhole is synclinal in
structure, but there are no records of flowing wells. It is not likely that
a very iarge supply of water could be developed from one well, unless
possibly from the Helderberq limestone or Oriskany sandstone. which
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(All wells

I
2

3

6

7
8

I
l0

6]l miles northwest of Straeburg. .

5%miles north-northwest o{ Stras-

4)! miles norih of Strasburg. . . . . .

4 miles lorth of Sirasburg.... . . ..

3)1 miles north cf Strasbure...3l miles northeast of Strmlurg.. .

1,,?1i-'f'*|f;Tl Sfll"oTlJil : . : :

fi uile rcrth of Strasburg... ....
Dtra8burg..........

Strmburg..........

2 miles west of Strmburg........

1)4 miles west-southwest of Stras-
burg.

2 miles south of Strxburg....... .

2% miles southwesi of Strmburg. .

4 milm wetsouthwest of Stras-
ourg,

2Pl miles west of Toru Brook. . . .

2{ niles wesi of Toru Brook.. . . .

fu mile west of Toru Brook. .... .

),j mile aorth of Toms Brook. . .. .

Toru Brook.

1 mile effit of Toms Brook..... .. .

! mile south of Toms Brook.
1}{ miles souttreast of Tomn }

29 | Maurertown.

31 | % mile southwest Maurertown....

32 | 2 miles eouib of Maurertown...

33 | l)lmilesnorthemtof Woodstock. .

)l mile emi of Mauredown. . . .

Maurertown.

Maurertown.

Edgar BIy..... .. ..
E. S. Maphis......

Mrs. D, M. Coby. . .

Josiah Kibler. . ....,
tr'rank Art2.........
B.B.Deviers...-...

Jas. Baugerman.....

Rockdale Lime Co. . .

M. E. Rhodes.... ...
W. E, Shaver.......

Shenandoab hatchery

W. J. Gochenour. . . .

W. J. Gochenour......

Board of Supervisors of
Shenandoah Counir',

G.8.Saum.........--.

Peter Art2............
S. K. Eottel........,.

Owner or name

Thoms C.

Will Evereit.....

Miss Eleanor Davidscn
F. S, Strossnider......

G. E.80wron........
BobSonner......-.,..

Shenandoah Vallev
Coorrerative Mili<
Products Asscci-
ation.

Strmburg Orchard Co..

S. M. Childs..........

W. D. Millne. . . ......
Mr. Riley.

Driller

'W. 
J. Gochenour.

Charles tr'isher. ...

W. J. Gochenour. .

W. J. Gochenour. .

W. J. Gocheaour. ,
Yy'. J. Gochenour. .

W. J. Gochenour. .

W. J. Gochenour..
'W. 

J. Gochenour. .

Turner Catlett....

W, J. Gochenour. .

W. J. Gochenour .

W'. J. Gocheuour-

W, J. Gochenour.

Totten. ..... ....

l5

lo

L7

18

l9

20

21

22

23

24
25

26

27

28

W. J. Gochenour.

IV. J. Gochenour. .

'W. 
J, Gochenou. .

W. J. Gochenour. .

W, J. Gochenour. .

W, J. Gochenour. .

W. J, Gochenour. .

'W. 
J. Goshenour. .

W. J. Gochenour. .

FredStickley.....

W. J, Gochenour. .

(6rst 90leet Mr.
Totten).'W, 

J. Gochenour.

W. J. Gochenour.

W. J. Gochenour.

W. J. Gochenour.

W. J. Gochenour.

W. J. Gocheaour.

2september, 1932.

T.qsl.n 7I-Rccords oJ wells

Date
cqm-

pleted

Topo-
graphic
sltua-
tion

Depib
(feet)

1914

1925

1923

7922
1919

1921
1918

.:.:
1923

L92t

70

122Near
ofgtrean

ll"illl:

Eilltop

167

too

56
206

ov
254

154
297

loD

118

IIO

118

r09

59

45
44

66

300

1917

1919

1908

1925

1911

1911

1916

1907
1908

1932

1s31

1921

1908

1909

Eillride.

Hillside..

100

108

r32

116

78

94
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tain about 1 mile south of the town discharge into a 1,000,000-ga11on

concrete reservoir on the mountain. None of the springs are open, and
some have concrete basins. Water passes by gravity from the reser-
voirs into the distributing system. The pressure ranges from 160 to
180 pounds in the town. The original water supply was derived from
the springs. The dam on the east side of the mountain was built in
1923. It has always leaked, for it was not anchored in bedrock. It was

satisfactory, however, until 1930, when a water shortage threatened.
Some of the springs were improved, and temporary pipe lines were laid
out to an abandoned limestone quarry and to Borum Spring, near the
town. Since that time the system as described above has been sufficient
except for a period in the summer of 1931, when water was brought
in from Borum Spring. The water is chlorinated at the reservoir on
the west side of the mountain.

trl/ood,stock.-Population, 1,552. Two separate gravity systems
are partly or wholly derived from springs. The Little Stony Creek
system, with an intake 12 miles west of the town, is supplied by a stream
w'ith an impounding dam. Springs feed into the earth-fill reservoir,
which has a capacity of 3,000,000 gallons. The water is piped by gravity.
The second system is supplied by springs on the west side of Massanut-
ten Mountain, 3 miles southeast of the town. Each spring is walled
with concrete. They discharge into two earth-fill reservoirs having a

combined capacity of 2,000,000 gallons. Frorn the reservoirs the water
is piped to the town by gravity. The pressure is about 265 pounds and
has to be diminished before the rvater is used. The water is chlorinated
at a plant on the pipe iine.

6I
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Location Owner or name
Date
com-
pleted

I
2

3

6

7
8

I
10

l1

6]l miles northwest of Strasbug. .

5l miles north-norihwest of Strm-
bug'

4fi miles north of Strasburg. . . . . ,

4 miles north of Strasburg..... . .,

3)l miles north cf Strasburs. . . . . .

3}l miles northeast ol Strmburg.. .

1 mile aorthemt of StrmburE. . . . .

fu mile north of Sirasburg........

l4i mile nortb of Strasburg.. . .... .

stra8burg.....

Strasburg..........

2 milee west oI Strmburg.........

1! miles west*outhwest of Stra6-
burg.

2 miles south of Strasbug........

2fi miles southwesi of Strmbug. .

4 mile west*outhwesi of Stras-
bug.

2!l miles west of Toms Brook. . . .

2l miles west of Toms Brook.... .

ll mile west of Toru Brook. . -...
tl mile north ol Tom Brook. . . . .

Tom Brook.

1 mile emt of Tom Brook........

! mile south of Toms Brook. . . . .

1}{ miles southeast of Toms Brook

)l mile emt of Mauertown.......

Maurertown.

Maurertown.

Maurertown.

Mauredowtr.....,.

fu mile southwest Maurertown.. . .

2 miles south of Maurertown. . . . . .

1fu niles uorthemi of Woodstock. .

Thomas C.

'W. A, Paugle. ........
F.N.Eeihman....-...

Miss IU. B. Pingley....
Jas. R. Burner........

Miss Eleanor Davidscn
F. S. Strossnider......

G. II. 8oman........
BobSomer...........

Shenandoah Valley
Cooperative Milk
?roducts Asecci-
atiotr.

Strroburg Orchard Co. .

S. M, Childs......... .

W. D, Millue. ........
Mr. Riley.

Edgar 81y............
E. S. Maphis.........

Mrg. D. M. Coby. . . ..

Josiah Kibler........ -

tr'rank Art2...........
B. B. Deviers...... .. .

Jm.Bauserman......-

RockdaleLimeCo.....
M,E.Rhodes.........

W. E, Shaver.........

Shenandoah haichery . .

W. J. Gochenou......

W. J. Gochenour......

Board of Suoervison of
Shenandoah Countv.

u. b. D4u0......... . .

Peter Art2............
S. K. Ilottel..........

W. J. Gochenour. .

Charles tr'isher....

W, J. Gochenour. .

'W. J. Gochenour. .

W'. J. Gochenour. .

Yy'. J. Gochenour. .

W. J. Gocheuour. .'\{. 
J. Goghenour. .

lV. J. Gocheuour. .

Turner Catlett....

W. J. Gochenour. .

W, J. Gochenour. .

W. J. Gochenour. .

W, J. Gochenour. .

Totten...........

W. J. Gocheuour. .

W. J. Gocheuour. .

W. J. Gochenou. .

W. J. Gochenour, .

W. J. Gochenour. .

W. J. Gochenour. .

W. J. Gochenour. .

'W, J. Gochenour. .

W, J. Gochenour. .

FredSiickley.....
'I!. J, Gochenour. .

(6rst 90 {eet Mr.
Totten).

W, J. Gochenour. .

W, J. Gochenour. .

W. J. Gochenour. .

W. J. Gochenour. .

W. J, Gochenour. .

W. J. Gochenour. .

1925

1923

1922
1919

1921
1918

.:..
1923

1921

1917

1917

1919

1S08

1925

1911

1911

1916

1907
1908

14

15

to

17

18

19

2A

2l

22

23

24

'E
26

28

29

30

32

(All wells

lMay, 1932. 2sepiemb€r, 1932.

Depth
(feei)

79

722

Tdsta ll-Rccords of wells

Topo-
graphic
Sliua-
tlon

Hillside. .

Hillside...

113

150

150

84

156

oo
206

59
254

t54
297

IOD

118

rlt

118

109

do

59

45

oo

300

108

132

116

78

94



in Shenandoah County, Virginia

Depth
io

water
level
when
drilled
(feei)

90

30

80

50

12

Limestone

Shale and
limestone.
Shale......

f,imestone. .

Beekmantown....

Athens (?).......

Martimburg.....

StonesRiver.....

Limest@e. . I Conococheague. 32

14

39

IO

35

io

Limestore..l Elbrook........

Limestone.. I Conococheague...

Limestone., I Conococheague..

Shaleand I Aihero(?)......
limeotone.

Limesione. .

Shale......

Limestone. .

Shale......

Limestone. .

CouNrv Rnponrs

drilled)
ii; j

Yield
when
drilled

(gallons

minute)

Analysis on prge 70,

Analysis on page 70.

63

Draw-
down
(feet)

3

4

5
6

7
8

I
10

ll

13

l{

tt

16

Yery
small.

29

1

4

3
16

2
7

I
TO

50

10

o/2

16

20

IO

IO

16

o

I
IO

2

5
I
3%

I

35

V";;

:illi

Very

:i:li
Yery
small.
Very
small.

Yery
snall,
Very
small.
Very

:i:li

Y ery
small.

Yery
small.

Rcck was "eeamlese" to the
of the well.

Viected nearby wells wlren
Anabtis on page 70, HIS
iron sediment.

At 111 feei a 12-fooi
cavern was encountered.

3 water horizons iu this well.

\Yater at 60 and 145 feet. SulPb
water at 141 feet.

Mud-filled fractures in the lin
encountered above 47 feet.
phuroug water at 145 feet.
down tesN 2 hours.

\Yater-bearing crevice encountered
109 feet.

Water-bearing crevice I foci high.

"{nalysis on page 70.
Stream at 70 and 105 feet.

The 90-fooi well drilled bY W. J.
Gocl,enour had practically failed.

3-inch water-filled opening in rock
80 feei. Fairbanks-Nlorge Elec
DUmD.

Arialysis on page 70'

17

18

19

90

21

24

26

27

25

10

16

29

30

32

3 itreams. Water lrom lowest hori
eulphurous.



64

JD

36

38

39

40

4L

2l miles emt of Woo&tock. ....
2 miles emt of Woodstock.......

3}{ miles north of Woodstock.. . .

3r/a - miles - north-no.thwest of
Woodstock.

2t/a , ufles, north-northwest of
w oooStock.

1)l miles north of Woodstock.. . .

1).{ miles northwest of Woodstock

)l mile northwest ofWoodetock. .

5)4i miles nortbweet of Woodstock

5 uilee northwest of Tfoodstock. .

4l miles northwest of W'oodstock

4)f miles uorthvest of Woodstock

4)f miles northwest of Woodstock

63{_, miles. west-northwest of
woodatoek.

3 miles uorthwmt of Woodstock. . .

2)l miles vest*outhwest of Wood-
stock.

2)4i niles westsouthwest of Wood-
stock.

1)1 miles souihwert of Woodstock.

2{ miles southweot of Woodstock.

zi4 mrcs Dorth ot .Udmburg. . . . . .

3)l miles northemt of Edinburg.. .

3)l miles northeast of Edinburg. . .

3)y' miles noriheasi ol Edinburg. . .

4fu rnlea northeast of Orkney
Dprrtrgs.

3)4 rnles nodheast of Orkney
Dprrngs,

2 miles nortbeast of Orkney Springs.

6 miles west of Ddinbug.........
2)4i miles west of Edinburg.......

43

44

45

46

47

48

49

ot

oz

oo

oo

ot

58

59

60

o1

02

63

Edinburg.

Bowmal.

GnouNo-tverER RESouRCES orr SneweNooag VALLEy

Owner or name

G. I. Wright.........
Marcellus Boyer.,...

W. L, Saum. . ........
Isiah Rau.

G,L.Haun...........

J. L. Boyer & Co......

Mrs, Barbara E. Goch-
enour.

Tavenner & Graveley. .

J. E. tr'alt2...........

Charles Sheetz.......

Charles G, Cofiman...

Dr.F0rd.......,.....
Golladay & Newmaa,. .

Virginia Board of Pris-
0u.

GeorgeFunlhouser,...

George Spitler........
Clarence Funlhouser,.,

S, G. Fuukhouser.....

R. J. Lantz...... -... .

W. J. Gochenour.

W. J. Gochenou.

W. J, Gochenour,

W. J. Gochenour.

W, J. Gochenour.

W, J. Gochenour.

W. J. Gochenour.

W. J. Gochenour.

W. J. Gochenour.

W. J, Gochenour.

I[. J. Gochenour.

W. J, Gochenour.

W. J. Gochenour.

W. J. Gochenour.

W, J. Gochenour. ,

'W. 
J. Gocbenour. .

W. J. Gochenour.

W. J. Gochenour- .

'W. 
J. Gochenour. .

'W. 
J. Gochelour..

Grani & Wade
Turner.

W. J. Gochenour. .

Grani & Wade
Tuner.

Grant & Wade
Turner.

urant da w ade
Turner.

Grant & Wade
Turner.

W. J. Gochenour,.
'W. 

J. Gochenour. .

W. J. Gochenour.

W. J. Gochenour.

Ti^sLn 72-Records of wells in

Depth
(feei)

Date
com-

pleted

Topo-
graphic
eitur
tion

1908

1908

1906

1906

1908

r9t7

108

82

104

39

204

87

181

1907

l9l4

1909

1908

r908

1924

1922

1910

1908

1916

1911

220

83

70

63

120

40

45

2I7

152

t924

1907

365

145

llo

164

t22

254

78

74

772

180

44

200

1911

1930

1908

1929

1931

1929

1910

1914

r908

1914



Character
OI

material

Shale......

Shale......

Limestone. .

Limestone, .

Limestone. .

Limestone. .

Limestone. .

Limestone. .

Limesione. .

Limesione. .

Liuestone. .

Limestone.

Limestone.

LimeBtone.

Limestone.

Limestone.

Limestone. . Conococheague.

Limestone.. I Stones River.

Shale...... I Chemung.........

crav lime- I

slone. I

Limestone.. I Beekmantown...

10

Limmtone..l Couococheague....l 52

Blackand I SionesRiver......l 80

Depth
to

water
level
when
drilled
(feet)

,I

38

o

20

19

50

20

10

70

81

23

6

!25

95

22

1.15Limestone. . I Conococheagrre...

Couxrv Rppotrs

Shenandoah County, Vir ginia-C onti'nued

65

Yield
when
drilled

(gallons

minuie)

Draw-
down
ifeet)

16

2

I
1

2

10

Yery

:i:li Analysis on page 70. 35

30

38

39

40

4LOcherous material from 120 to 130 f
Welt failed, tecovered, then fa
asain in 1932. LinY sedimentagarn
water.

Streams at 35 and 62 feet.

t1J te€r.

Just north on hill a well strusk
and was abandoned.

Boulders and soil to 26 feet' lime
to 58 feet, 14 feei of sandstone,
limestone.

Many boulders ibrougbout well;
bedrock

15 feet of eoil, 106 feei of lir
with etreame at 47 {eet and a
one at 115 leet.

19 feet of soil above the
Well cased to 24 feet.

Well cased to 10 feet.

20 feet of soil above the shale'
cased to 31 feet.

34

20

t7

20

3

1

45

46

48

49

42

43

44

tt

DZ

OJ

54

oo

50

I
3

IO

24

3

IO

16

1a

to

3

Small

Small

Small

Smll

8 fcet of soil above the shale. Ant
on nase 70. Well cmed to 16

Waterbiaring crevice at 10i
level, Analysis on Page ?0.

oo

58

59

60

ol

10

16

9 feei of soil.

Seam of fluid mud encountered ir
cavitv 1 foot wide ai botton
mud-came 40 feet uP irto tbe
Draw-dowt tesi 3 hours.

62

ot



66

64

OJ

o/
68
69
70

72

77

78

79

3l miles norttreast of Dietrich...
zrl, alles oortbeast of Dietrich....
zzz Blles oortheffit of Dietrich.. . .

Zr mtle northemt of Dietrich......
,/z mlle northeast of Dietrirh.. .. , .yz urle trortteagt of Dietrich. ... . .
z mri$ southwest of Dietrich. . - . .

2{ miles eouthwest of Dietrich . . .

4l miles soutbwest of Dietricb . . .
4y4 mlles Boutheast of Edinburg. . .

2 niles soutb-soutbeast of EJin-
outg.

lfu- miles northeast of Mourt
Jarkson.

1l miles north of Mount Jackson.

/ uile norih ol Mount Jackson

Mount Jacksoa

81

82

4at[ miles aorthwest of Mourt
JACKSOD.

3 miles northwest of Mount Jack-
sotr.

5i1 miles west of Mount Jackson. .

3)l miles west of Mount Jackson. .

2)d niles west of Mount Jackson. .

3 miles wet-southwest of Mount
Jackson,

Sfuailes northweet of New Mar-

4|lriles northwest of New Mar-

4,miles .west-northwest of New
slarKet.

3)l miles norih of New Market. .

l%riles northwest of New Mar-

2),{ niles.west-northwmt of New

2)6 mileg.west-northwest of New

6)lailes northext of New Mar-

6}{ailes noriheast of New Mar-

5%ailes northeast ol New Mar-

84

85

86

87

88

89

90

91

s2

93

94

95

90

GnortNn-warER RESouRCES oF Sr:BNeNloaH VALLEy

,ilr i"
L

Owner or name

W.D.Paiuter.......

Mrs. E. B, Shelley....

tr'. Riitenour....... -.
D. G. Funk......
Samuel Cullers.... .. .

J. I!.Nluch........
A. G. Liclliter. .. ....
WillianPlaneer......
J. A. G. Clem... .. . ..

St. Darid's Church. . .

M. J. Habron.. .. .. ..
P.M.Crisman.......

J. D. Lemmou.......

C.C.Bownan........

J. tr4. Kagey....... ..
Standard Oil Co. of

New Jersey,

J. D. GallaCay. ......

J. W. Lcnas.........

G. I{. Minuick..... ..

J. L. Sager.

John llarpine......

Abram Harpine. ...
Lemuel Fitzmoyer. .

J. Carson Miller....,

NoahGarber........

JohnZirkle.........

Shenandoah Caverns.

M.A.Price.........

Charles Estep...... _

Professor Stirewalt..

Rose Showro. .

Elmer Showm.

LeeLcng.....

W. J. Gochenour. .

W. J. Gochencur. .

W, J. Gochenour..
W. J. Goshenour. .

Y1. J. Gochenour. .

\!-. J. Gochenour. .

W. J. Gochencur. .

W-. J, Gochenour. .

W. J. Gochenour. .

W. J. Gochenour. .

W. J. Gochenour. .

W. J. Gochenour. .

W. J. Gochenour

Grant & Wade
Turler.

urantr & w cde
Turner,

Grant & Ilade
Turner.

urant & wade
Turner

Grani & Wade
Turnet.

Grant & Wade
Turner.

Grani & Wade
Turnel.

Grant & Wade
'lurner,

Grant & Wade
Turner.

Grant & Wade
Turner.

Graqt & W'ade
Turner.

J. T. Helbert. . .

J. T. Eelbert. . .

W. J. Gochenour

J. T. Helberi-...

W. J. Gochenour.

W, J, Gochenour.

W. J. Gochenour.

Date
com-

pleted

1947

1907

isot

1S14

1929

1906

1917

1906

1910

1910

1906

1906

1906

1905

1909

1918

Topo-
er,q,phic
sltua-
tion

Depth
(feet)

30

40
28
38
38
64
82

47

123

1.76

111

80

179

140

It

52

ld,

Bottom
lands.

48

187

22L

136

210

r60

257

129

60

60

/o

94

148



Charaster
of

matdial

Limestone. .

Limestone. .

Shale......
Shale......
Black shale.
Shale. .....
Shale......
Shale. . ... .

Shale. . . ...

Shale......

Shale.....
Shale.....

Shale and
limestone.
Limestone.

Linestone.

Limestone
aqd sand-
ston€.

Limestoae.

Gravel. . . .

Limestone.

Linestone

mite).
Shale......

Gray lime-
8tone.
Gray lime-
stone.
Limstone. .

Limstone..

Limestone. .

limetone. .

Linestone. .

Bouldere of
limestone
aud mud.
Boulders of
Iimestone
and mud.
Sbale......

Shale......

Limestone. .

Geologic
hodzon

Coaococheague.,, .

Conococheague. .. .

Romney.........
Romney..........
Romney..........
Rornney..........
R0mney..........
Romney..........
Romney..........

Romuey..........

Romney..........
Rcmuey..........

Athem...... .... .

Beekmantown..,..

Beekmaniown....

Conococheague. . .

Conococheague. , ,

Pleistocene(?)....

Athens. . . . . . . . . . .

Beekmantown..., .

Martiuburg......

Chambersburg. . . .

StoneeRiver......

Aihem...........

Beekmaniown.....

Beekmutowa.....

Conococheague... .

Beekroniown.....

Pleistocene(?)....

Pleietocene(?)....

Martimburg......

Mariireburg. . . . . .

StoneeRiver......

Coumrv RBponrs

S he nando ah C ounty, Vir ginia-C ontirur'e d

10

100

3

15

3

>4

I

I

13

lo

Yield
when
drilled
(gallons

z
minute)

Depth
to

waier
Ievel
when
drilled
(feet)

16

I
1

6Yz
13
5
6
b

16

3

5
16

10

20

16

1

1

60

2A

8

7

16

10

148

Draw-
down
(feet)

S-ati

4

Small. .

Snall

Snall.

Small

Small.

Small.

67

Remarks

7!l leel of sall.

wii.i" 
"""iri"" 

nvaii,eii' J,itpi,lai.

i waterlrearing erevices encountered.

*'*-' 
ftt 

t u,i,X1"t"tt"'J' 
r"i";li'H

64

65

oo
67
68
69
7A
7L
72

7b

78

79

94

95

90

3816 teet. oand aod gravel; 31)!
shrle: then ilmee[one.

63% feei scil and loose rock' rest
stone. Cased to 102 feet.

sis on page 70.
Yertical- limestone drY .wt|en

ceased; water brougnt sI[tr
of dynamite.

Nearbv 3 holes were Put down
success{ully, Water bcaring fis
el 37 and 46 feet.at 37 and 46 feet. - ^

LimestoDe was very hard' Scam at 77

feet.

Several umuccessfirl atiempis to
were made nearbY.

Limestone wff verY hald.

Three previous atiempts at drj
failed- 170 feet of linestone, sfailed. 170 feet
sio;e, th.n ocher at bottom. AnalY-

2 unsuccessful wells drilled
84 {eet liBestone;18 fcet
which wae cmed ofi. Water at
208 and 948 feet.

31 feet of goil above the limetone.

80

81

82

84

xa

86

87

88

8S

90



GnouNo-wernn RssouncEs oF SsemaNooarr Varr,py

'Ii.el.r lL-Records of wrlb in

Owler or name Deptb
(feeO

Date
coD-

pleied

Topo-
sranhic
situa-
tion

97

98

99

100

101

102

103

104

105

106

107

108

Slailes northemt of New Mar-

3lriles northemt of New Mar-

2failes northeast of New Mar-

2lailes northemt of New Mar-

2)4ailes northerot of New Mar-

]l mile norihemt of New Market..

NewMarket.......

1 mile wmt of New Market.......

NewMarket.......

New Muket........ -.......
2! miles east of New Market. . . . .

3 miles east of New Market.. . . . . .

Grant & Wade
Tuner.

Grant & Wade
Turner.

W. J. Gochenour.

Grant & Wade
Turner.

Urant dr Wade
Turner.

Grant & Wade
Tuner.

Grant & Wade
Turner.

uratrt dJ tryAde
Turner.

Grani & Wade
Turner.

Grart & Wade
Turner.

Grant & W'ade
Turner,

Grant & Wade
Turner.

1931

1908

1930

1906

1906

1908

roto

1931

103

62

720

86

78

oo

90

99

130



Courqrv RBponts

Shenandoah County, I/ir ginia-Continued
:i

69

Charmter
of

material

Draw-
down
(ieet)

Depth
to

water
level
when
drilled
(feet)

Yield
rhen
drilled
(gallons

a
minute)

6

10

2

4

7

20

3

16

o

lo

Diameter 6 inches.

'Well cmed to 20 feet.

97

98

99

100

101

102

103

104

105

106

107

108

Analysis on page 70.

696 leet dirt, l7/2 feel grzvel, 2l' 
dirt theu "broken" limestone.

Well cued to 10 feet.

Well cmed to 42 feet,

Well cased to 4 feet.
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GENERAL FEATURES

\Marren County has an area of 216 sciuare miles' lts population in

1,g30 was g,340. l-rorri noy"l is the largest community in the county'

having a population oI 2,424' The resiclents are mostly devoted to agri-

culture, ancl about hull ;i the alea is classifiecl as f arm land' The county

is not highiy industrialized, {or there were only 17 industrial establish-

ments, employing 462 rvorkers in 1929' The value of their output dur-

ing that year lvas $3,091,986'
\Marren County lies in the valiey between the Blue Ridge on the

east and Massanutten Nlountain on the west' It is drained by the South

Fork of the Shenandoah River and its minor tributaries from the moun-

tains. The relief is somewhat greater in this part of the shenandoah

Va11ey than it i, *.,t of Massaiutten Mountain' The river occupies a

deeply trenched .o""", ancl most of the-country is characterized by

;;,ili pronounced hi1ls except at the north end'

GEOLOGY

The west haif of Warren County is underlain by Martinsburg shale,

which dips under Massanutten Mountain' The east half of the couniy

south of Front Royal is unclerlain by pre-cambrian crystaliine rocks'

which constitute a prijecti"" "i the Biue Riclge overthrust mass'beyond

the line that the fautt iolloovs in most of its extent' North o{ Riverton

the basal quartzites "i ift" 
Cu*lrian overlie the pre-Cambrian rocks nor-

maliy and crop out "i""g 'ft" 
lower slopes of the Blue Ridge' The

Tomstown dolomite, Woyit'1lo'o f ormation' Elbrook and-Conococheague

limestones, and Beekma"toou'l clolomite occupy most of this area east oI

the outcrop of the M"tii*f'utg 'l-t^t"' 
The Pleistocene ( ?) gravel that

is so abundu"t 
"rong: 

ih" eto-" niag" farther southwest is scarce in

Warren CountY.

GROUND-WATER CONDITIONS

Warren County presents less variety of ground-n'ater conditions

than Shenandoah Cou"ty because the rocks that occur there are more

homogeneous' lit.tt tUn'il"'burg shale crops out t" " l-::i^l 
belt.adjacent

to Massanutt"r, iUo'"t"in on tie west; limestone occupies most of the

easthalfofthecountyexceptintheextremeeastanclsoutheastrvhere

CouNrY RBPonrs

WARREN COUNTY



72 GnouNo_warnn R-nsouncEs oF SsBlewooen Varr,ey
the pre-cambrian 

-rocks of the Blue Riclge province occur; and gravercovers the bedrock in many places in the-southwe;;;;;, of thecounty.
The wells in the central and western pur.t:^ol the county are mostlyfrom 50 to 150 feet deep un.l orr".ng"lbout 100 feet. The yield rangesmos'v from 10 to 20 garion, u -inii.. 

- 
w"u )zi ir51;';;J;;."p, andthe yield is described by the driller as ,,untimited,,, 

an g f";; cavity inthe limestone having been encoun,"r.a 
"r 

460 feet which provided a sup-ply of water that coutd. not b" t";;;; ie..eptitty by baiiing. This we'is about 1rl ml'es south.of pr"r, n"y"i A 27-f.ootweil drilred into theMartinsburg shaie near wateriick tr.i","a a yierd of 30 gatons a minutewith a very slight drar,v-down. ai ir," 
"ur.r extreme there are a fewweils which are practica'y failures. irr.i, depth is smar- ercept forwelt 202 (182 feet),,1,11 i;n n1 ezi ieet). An exceptionalty favor_able locality for driiling, according to the records available, seems robe the southwestern part of the shaie b.lib.twe.n the Shenandoah Riverand Massanutten 1\4ountain. No section contains any great number of

'veak 
welrs, arthough in the u.i"iti"r"c"F;!" ;"u*iir'ii"ra t..,than the average for the rest of tt " *"tt, tn the county.In the extreme eastern and southeastern.parts of the county a fewweli records indicate tirat tt 

" 
p.._-urrrtJ* ,o.i, 

"*;r;;;;h sourceof ground water. This is.rath".;;;;;;;g in view of the fact that inthe northern part of the.piedmona;;;;;;. simila*o.t , ,r"-u"ry poorwaterbearers' It is possible that if'more i."ordr.were at hancr the out_look would not be so favorable, ;rl;;; no*.rr.., wells of small depth

i:"jjffi:': tflilTt:."'"oerate quantities of water-on the average about

The gravel that overlies the bedrock in the southwestern part of thecounty has been somewhat dissected by erosion. For that ,Jnr.r, p"r_haps' no welrs obtain any considerable amount of water from it, for thedrainage of ground water may te too ,"pia ,. allow for permanenr sror_age' rndeed' the dri'ers mention the difficulty in drilling occasioned insome piaces bv the pre.sence of boulders, rvhi& deflec, 
";J;;';he bit.None of the records give any .fu" ,o lf_,. ,hi.kr,"r, of the gravel in thecounty, aut in ,on-," p'lu"., ;, ;. pr"l"tj, ib t"* or more.Only one well was reported to flow at the surface (well 2IS), and,the head was too smafl to b. "f c;olom. importance. Eisewherethe rvater revei is mostly from 40 ," to i..ir"low the surface, but prob-ably somewhat shallorver in the Martinsburg shale outcrop area.chemical analyses of the groun,r *;;;;r indicate that the rimestonewater is hard, but generally ,uitnbl. io, *ort ur"r. Water in the shale

-
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is likely to be very highly mineralized and not satisfactory for certain
USCS.

MUNICIPAL SUPPLIES DEPENDENT ON GROUND WATER

No public water supplies in Warren County are dependent on ground
water.
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Tttste. l4-Records of wells

(All drilled

271
212

213
274
215
216
217
218

200
201

202
203

204
205
206
207
208
2r9
2r0

219
220
221
222
223
224

225

226
227
228
229

230

232

2ts4
235

236
237

238
239
240
241

3 miles north-northeast of Cedaryille. . . . .

2l nilos nrrtbeasr cf Cedarville........

1l milcs northeaet ol Cedarville..... ...
2 niles east-nort.beast of Cedarville. . . . . .

! mile west of Cedarvilie.
Cedsrville.
3 milss s csr-nortbwest of Cedarville. . . . .

3 milcs sest of Cedarvillc.
1fu miles east-no*heast o{ Wateriick. . . .

Watcrli k .

{-atpr lick.

I milo southeast of lYatprlick..........
1)l miles east-southeast of Waterlisk. . . .

2 milcs east-southeast of Waterlick. . . . . .

2 mil"s southcrst of \Yaterlink....... .

2l niles east-southeast of Waterlick. . . .

2)l miles east-southeast of Waterlick . . . .

2)l niles west-northwest of Biverton. . . .

l)t miles west-northwest of S,iverton . . . .

Owner or lame

F. K. S'eaver. .

- 
weaver.

George lrce.......
Thompsoa Sovers.

H. E. Nailor..
C. H. Donovan.
J. C. Beatty.
John Rinker. .

W. A. Buck.....
D. F. Frederick.
'fhomas Derflinger.

R. A. Mitehell.
J. T. Colman.

Grandison CatIett...........
A. Ilufiman.................
Dr. King........
Walen County School Board
J. M. Tctten.. .. . .

J. M. Totten.....

Morgan Duck Farm. . .. .... .

James Marshall.
NIrs. Craig.
Colonel Millar.
Dr. Kipps.
Henry Comptou.... ... -. .. ..

Ice Plant,

John Rinker..........
John Rinker..........

John Rinker..........
John Rinter..........
John P"inlcr. . .. .. ....
J. M. Totten & Scu. .. .

John Rinker..........
John R.inker..........
J. NI, Totten & Son. . . .

J. I{. Totien & Scn....
J, M. ?otien & Son....

J. M, Totten & Son. . . .

J. M. Totten & Son. . . .

J. M. Totten & Scn. . ..
J. M. Totten & Son.. ..
J. M. Totten & Son....
J. M. Totten & Sor. . . .

J. NI. Totten & Son. . . .

J. M. Totten & Son....

J, M. Totten & Son. .. .

J, M. Totien & Son....
Charlee Fisher........
J. tr{. Totten & Son....
J. M. Totten & Son...,
J. M. Totteu & Son....

J, M. Totten & Son....

J. M. Totten & Son... .

J. M. Totten & Son....
J. M. Totien & Son....
J. M. Totten & Son. . ..

J. M. Totten & Son.. ..
J. M. Totten & Son....
J. M. Totien & Son. . ..
J. M. Totten & Son....
J. M, Totien & Son. .. .

J. M. Totten & Son. ...

J. M. Totten & Son. .. .

J. M. Toiten & Son....

J. M. Totteu & Son. -. .

J. M. Tottea & Son... .

J. M. Totten & Son. .. .

J, M. Totten & Son....

Depth
(feet)

92
101

182
220

42
78

104
74

t27
to

105
DC

40

125

87
48
48

51S

ol
125

78
87
87

105

ID
?8

45

)l mile west of Riverton.. .......
1]l miles north of Front Boyal. .. .

)l mile norih of Froni Royal. . . . .
1)l miles east of Front Royal. . . . .

1{ miles ncrtheast of Front Royal
2fu miles northeast of tr'ront Royal

Front Royal

p,6n1 finyal..
Front Royal.'I mile erut of Front Royal. . .

l)y' miles sorrth of Front Royal......... .

2 miies south of Front Royal..... .... .. .

4rc0......
I I roilee south of Arco. . . . .

2 miles east of Browntown. . . .

Brcwn'"orn. .

1% miles southwest of Waterliek........

2)l mi)es south of Waterlick.... . ..... ..
3 miles soutb of Walerlick........ . . .. . .

4]d oiles south of Waterlick..
4{ miles south o[ Waterlick............
211 miles nortb of Limeton .

2 miles sorthweet of Bentonsille..... . .. .

80

50
28
73

100

37
87

707
68

100

287
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in Warren County, Virginia

wells)

Cbaracter
of

material
Geologic
horizon

Yield vhen
drillcd

(gallons.a
Draw-down

(feet)

v;;;';;ir.

Bemarks

T impq+r'np 3fl ,pp1 "6rootnn""
-_-''-_;i'' :" '-.^

mcle lmesione.

1;:l$:1":::?::

Well flowp,l slight amount at surfact
when drilled.

si,fpfrrr"". *ni"r.
Well flowed at surface when drilled.

Drilling was very difrcult because
boulders in the gravei above.

Boulders present in the gravel.

8-foot cavern filled with we
couniered ai 460 to 468 feet.
level 60 feei below ourface
drilled.

st;i;. ili ,o f";; u"t"* '.ii"i. *n."
drilled.

Limestone. .

Limestone. .

Limeeione. .
Limestone. .

Limestone. .

Limestone. .

Gray shale,.
Gray shale. .

Shale. . . ...
Shale. . . ...
Shale......
Shale......
Shaie. . . ...
Sbale. . . ...

Shale......
Ilard shale..
Shalc......
Shale. . ....
Shaie. . . ...
Shale......
Shale. ....,
Shale......
Liuestcue. .

Limestone. .
Shale......
Limestone. .

Limestone. .

(dolomite)
Limestone. .

Limestone. .
Limestone. .

Limestone. ,
Limestone. .

Greerutone.
Greenstone.
Greenstone.
Greenetone.
Granodiorite
Shate......

Shale. . ....
Shale......
Shale. . . ...
Shale......
Shale......
Shale......
Limestrrie. .

Beekmantown....,.
Beekmantcwn......

Ccnococheague.....
Conocoeheague.....

Beekrqantown......
Beekmantowu......
Martinsburg. . . . . . .

Martimburg.......
Nfartinsburg. . . . . . .

Mariinsburg. . . . . , .

Martinsburs. . . . . . .

Mariinsbur[. . . . . . .

N{artinsburg. . . . . . .

Mariinsburg. . . . . . .

Nlartiruburg. . . . . . .

Mari,imburg.......
l,{artinsburg. . . . . . .

Martinsburg. . . . . . .

l{artinsburg.......
Martinsburg.......
tr{ariinsburq. . . . . . .

Martimburg.......
Beekmantown......
Conococheagle.....
Elbrook. .. -. ..... .

Elbrook. . . . . . . . . . .

Tomstown.........

Conococheague.....

Colococheasue.....
Conccocheasue.....
Beekmantcvn......
Elbrook. . . . . . . . . . .

Catoctin. . . .......
Catociin..........
Catoctin. . . .......
Catoctiq..........
Post-Catoctin(?)...
Martinsburg. . . . . . .

Martinsburg. . . . . . .

Martinsburg. . . . . . .

Martinsburg. . . . . . .

Martinsburg. . . . . . .

Martimburg.......
MutinsburE.......
Conococheague.....

4
10

!/2

12
10
3
1%

30
10

15
5

30

t2

30
10
10

1

1

30
12

io
1

10

20

211
212

200
201

202
20s

2Q4
245
206
207
208
209
210

2tg
220
221
222
223

225

226
227
228
229

230
231
232

236
237

238
239
240
241

215
21.6
217
218

20
20
8

"Unliuited"

18
2

10
20
20
30

lo
IO
20
18

2
30
20
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Tanlr li.-Analyses oJ ground. waters from l/aten County, lirginia
(Analyst, E. W. Lohr. Parts per million. Numbers at heads of columns refer to cor-

responding well numbers in preceding table.)

Silica (SiO)

221

Tr^n rFAl
Calcium (Cr). . .M;d;;l;(ugl............... .. .. ..:..::.........
Sodium (Na). . .

Potassium (K)....
Bicarbonate (HCO).
Sulphate (SOn). . .

Chloride (CD....
Nitrate (NOr).
Total dissolved solids. . .

Total hardness as CaCOr.

6.8
r5.7,

100

23
6.7

349
35
28
49

463
3 352

.8
7.1

i8 '

20

t Turbid vith precipitated iron when collected.
2 By iurbidity.
2 Calculated,
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PAGE COUNTY

GENERAL FEATURES

Page County has an area of 322 square miles. Its population in
1930 was l+,852. Luray is the largest community in the county, having
a population of. L,459. The residents are mostly devoted to agriculture,
and about three-fourths of the area is classified as farm land. The
county is not highly industrialized, for there were only 27 industrial
establishments, employing a total of 651 workers, in 1929. The value
of the output during that year was $4,079,784.

Page County, like Warren County, lies between the Blue Ridge on

the east and Massanutten Mountain on the west. It is drained by the
South Fork of the Shenandoah River and its tributaries from the moun-
tains. The floor of the valley is characterized by rolling hil1s, but the

relief becomes greater and the hills steeper toward the northeast. Gravel
deposits subdue the relief somewhat in the central and southeastern part
of the county.

GEOLOGY

The arrangement of the rocks in Page County is comparatively
simple. Pre-Cambrian rocks and the basal quartzites of the Cambrian
make up the Blue Ridge overthrust mass. Tomstown dolomite, dipping
northwest'ward, crops out along the overthrust fault, at the foot of the

Blue Ridge. To the west, across the most populous part of the county,
the successively younger formations are exposed up to the Martinsburg
shale. Massanutten Mountain itself is capped by Tuscarora quartzite
that dips to the northwest, and on its rvest side the rest of the Silurian
formations and the Lower Devonian rocks are exposed. The Martins-
burg shale, however, occupies an area almost as broad as all the Cam-
brian and Ordovician limestones together. Pleistocene ( ?) gravel
covers many of the Cambrian and Ordovician formations along the Blue
Ridge and is also abundant on the outcrop area of the Martinsburg shale,

at the foot of Massanutten Mountain.

GROUND.WATER CONDITIONS

Geologic and ground-water conditions in Page County are very
similar to those in Warren County. Most of the development of water
supplies has been carried on in the lowlands of the county, in the belt of
limestone and shale. There are fewer records of wells in the Martins-
burg shale than in Warren County, probably because the outcrop area

of the shale narrows considerably to the southwest, and the gravel that
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overlies much of the bedrock in the east-central and southeastern oarts
of Page County is thicker, more widespread, and a better water-bearer.

Wells in the limeston" 
".. ,r,r-.rous and verv satisfactorv. Few

yieid very large quantities, but in many of them the drilleris bailer
extracting 16 gallons a minute could draw the water levei down only
slightly. No very deep or very shallow wells were reported.. The deptir
and yield of the few wells in the shale seem to be slightly below the
average for shale i,l'ells in other areas.

The presence of the gravel makes drilting very complicated. It ap-
pears to prevent the circulation of water in the upper zones of the lime-
stone, and in many places a ferric materiai known as "ocher,' (iron-rich
silt or mud, periraps) has been cleposited or precipitated, probably in
openings which once were water-bearing. This ocherous material ap-
pears in many wells at considerable deplh below the upper surface of
the bedrock. In other places the gravel contains fluid mud, lvhich clogs
the casing and contaminates the rvater uniess cased ofi thoroughly. This
mud also fiiters into the cavities in the limestone ancl ruins many of them
so far as yielding water is concerned; then the hole must be reamed to a
larger diameter, so that casing may be driven down through the mud.
In addition boulders are frequently encountered which deflect and jam
the driliing bit. on the othlr hand, there are some very satis{actory
wells that depend entirely upon the gravel for their supply of water.
The wells average about 100 feet in depth and 10 galon- a minute in
yield-good wells for nearly any kind of rock. Unless a good screen is
instailed, however, there is danger of sediment in the water, and the water
from many weils is objectionably high in iron.

Measurements made when the wells were drilled show that the water
ievels in Page county have a great range in depth. In the roi,vlands the
water is reported to be as little as 17 feet below the surface, whereas in
one limestone well 264 feet deep the water level was at 2lo feet. Here,
as in other sections of the valley. the water level appears to be nearer the
surface in shale wells than in iimestone rvells, and its fluctuations in
response to the changes in rainfall {rom season to season are less marked.

The water in the Paleozoic rocks is hard, and that in the shale is
high in dissolved minerals. The water in the gravel is soft but likely
to be high in iron.

MUNICIPAL SUPPLIES DEPENDENT ON GROUND WATER

Lwray.-Population, 1,459. Two mountain streams heading in
Stony Man Mountain furnish most of the supply. The water is con-
ducted by gravity to open earth-fill reservoirs of 3,500,000-gailon and
about 6,500,000-ga11on capacity. One spring, 7 miles east of the town,
in the Blue Ridge, is also used. The spring is open, and its overflow is
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impounded in a small concrete reservoir, half a mile belolv the spring,
vrhence it is piped into the resetvoir. It enters the distributing system
by gravity. The pressure ranges from 75 to I25 pounds. This spring
'nas developed in 1911 but has been used only as an emergency supply.
Another spring in limestone near the city has been used also as an emer-
gency supply by connecting it to the mains by a temporary pipe line'
\Vater is chlorinated at the reservoir.
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Tasln 16.-Racords of wellr

(All drilled

Location Owner or name Depth
(feet)

Topo.
graphic
situa
tiou

Date
com-

pleied

194

230

244

251

252

1919
1919
1917

Rileyville..........

3% niles souihwest of Rilewille. .

1}l niles northwest of Luray. . . . .

Luay.............

LuraY.............tlmile ezat of Luay. ...........
1l miles emi*outhemt of Luray..

1]l miles west of Luray..........
1fu miles west of Luray..........
1 mile southwest of Luray........

1).1 niles southwest of Luray. . . . .

2/ miles souihwest of Luray - . . . .

2)l miles southwest of Luray, . . . .

2)l milee southwest of Luray. . . . .

lJy' miles north of Stanley........

1)l miles north of Stanley........

Stanley............

Stanley. . .

Stadey. . .........

1 mile south of Stanley...........

5]1 miles west of Luray..........
6 miles west of Luay............
6){ miles west of Luray..........
3l miles north of Alma..........
1l miles northwest of Alma. . . . . .

lf( niles wesi*outhwest of Alma..

2l miles southwest of Stanley. . . .

John Huflman. .......

Dr. Brumback........

W. T. Mauck.. .......
BudHudson..........

Mrs. Anna V. Strickler.
LuayOrchardCo.....
S. L. Miller...........
Clifr Long............
r{. M. Hiti...........
J. Frank Hofman.....

J. J. Grove.

Gilbert Gander....,...

NoahPainter.........

Eubert Eike..........
I.N,Dovel....,......

Icster Pendergast-, ...

StanleyIceCo........

Page County School
Board.

Sianley Milling Co. . . .

tr'rank Graves.........

GideonBrubaker......

W. E,Burner.........
CharlesDuncan,......

W. M. Long..........
Ambrme Rhinehart....

W.A.Jenkins.........

Nfary S. Miller........

Shenandoah Valley
Manganese Corpon-
tlon.

Grani & Wade
Tuner.

Grani & IVade
Tunet.'W. 

J. Gochenour. .

Grant & Wade
Tuner,

W'. J. Gochenou. .

W. J. Gocheuour. .

W. J. Gochenour. .

Grant & Wade....
Turner.

W. J. Gochenour. .

W. J. Gochenou. .

'W. J. Gochenour. .

Grani & Wade
Turner.

Grant & Wade
Turner.

Graut & Wade
Tmer.

W. J. Gochenour. .

254
255

258

259

260

261

262

263

264

265

260

93

72
30

97

63

lzD

270

271
272

274

276

1920

1931

1930

1930

1930

1917

1918

1920

1931

1918

1917

.i:i:
1917

1917

1917

1919

1S18

146

150

100

169

430

264

92

105
264

79

t48

93

OI

144

267

268

Grant & W'ade
Tuner.

W. J. Gochenour. .

Grant & Wade
Turner.

W. J. Gochenou.

W. J. Gochenour.
W. J. Gochenour.

W. J. Gochenour.

W'. J. Gochenour..

W. J. Gochenour.

W. J. Gochenour.

W. J. Gochenour.



in Page County, Virginia

wells)

Counrv Roponrs

Yield
when

drilled
(gallons

minute)

8i

Character
of

material

Limestone

limestone. .

Gravel,

Sandstone.

Geologic
horizon

Beekmantown.,. , .

Beekmantom,..,.

Conococbeague... .

Pleietocene(?)....
Conocochsague.., .

Conococheague... .

Beekmantown.... ,

Pleistocene (?)....

Pleistocene (?)....

Pleistocene(?)....

Conococheague, . . .

Conococheague... .

Conococheague. .. .

Elbrook... -......

Pleisiocene (?)....

Eibrook..........

Elbrook. . . . . . . . . .

Pleistocene (?)"...
Elbrook.

Waynesboro. ..,..

Martimburg. . . . . .

Martinsbug..,,..
Pleietocene(?)....

Pleistocene(?)....

Mariinsburg,.....

StonesRiver......

Beekmantown.... .

Pleistocene(?)....

Draw-
down
(feet)

Depth
to

waier
level
when
drilled
(feet)

Remarks

50 feet of gravel above
Analysis on page 82. Well cased
to 107 feei.

83 feei of gravel above limestone.

No.

250

25L

252

253

to

8

la

1

IO

8

d

1a

IO

Well cased to 108 feet.
Water-bearing crevices ai 78 feel (lh

gallon a minute) and at 225 feet.
Clay, sand, grave), boulders (80 to

100 feet) and oud encountercd suc-
cessively. Analysis on page 82.
Well cased to 38 feet.

254

256

258

259

260

16
1%

ID

IO

lo

261

262

26ts

264

105 feet of silt and gravel, then
8tOne.'Water at 80 feet. Below 80 feei,
and boulders.

Boulders and mud. Mud flowed 40
upward in ibe hole and it was pump
out and cased off. Water cleared u

Well cased to 26 feet.

54 feet of gravel, then linestone.
esed to 57 feet.

Well cased to 22 feet.

40 feet of sandstone, 100 feet ol ocher
24 feet of limestone, 10 feet of ocher
5 feet of limestone

155 feet of clay and gravel, resi
sand.

40 feet of sandstone, boulders,
and flowing mud. 224 feet of
then limeetone with water on top
it and in 4 crevices in it,it and in 4 crevices in it,

173 feet of gravel above the
Well cased to 176 feet,Well cased to 176 feet,

Bouldere, mud, ocher to 236 feet, l
limestone, soDe water on top ofSODe Waler ol

and some in it.limestone and some in it.
50-feet of $q|. 22 fejt-of shale;I feet of mavel; 22 feet of thale;

feet of sandstone. Well cased to
feet.

Boulders and sandstone above the

Analysis on page 82.

Sardstone overlies the ehale,

Gravel overlies the lircstone.

Many mud seans.

Sandstore and very hard boulders
tained the waier. Pedorated
used to catch the seeps.

265

266

267

268

30

30

95

60

l6

I
lo

2

lo

1

1

269

270

277
272

274

276

277
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TrsI-E 17.-Analyses af ground utaters from Page County, I/irginia

(Analyst, E. W. Lohr. Parts per million. Numbers at heads of columns refer to cor-
responding weil numbers in preceding table)

250

234
May 10

1 5.0

18
15
82

2tl
3.0

.0
361

3 259
May 10

271

Iron (Fe).
Calcium (C"). .

\lagnesium (Mg) .

Sodium and potassium (NarK) (calculared).... . . .

Bicarbonate (HCOs).
Sulphate (SOt. . .

Chloride (Cl). . .

Nitrate (NO3).
Total dissolved solids (calculated). . .

Total hardness as CaCO3.
Date of collection (1933). .

" /)

4.6
284
2+

5.0
.0

173
++

458
J1

t)
156
/ tJ

" olJ
May 10

t Turbid with precipitated iroq when collected.
z By iurbidity.
s Calculated.

ROCKINGHAM COUNTY

GENERAL FEATURES

Rockingham County has an area of 876 square miles. Its popula-
tion in 1930 was 29,709. I{arrisonburg is the largest community in the
county, having a population of. 7,232. The residents are mostly en-
gaged in agriculture, and slightly more than half of the area is classified
as farm land. The county is not highly industriaiized but more so thari
Page, Warren, and Shenandoah counties. In 1929 there were in the
county 83 industrial establishments, employing a total of 1,I78 workers,
and the value of the output was $5,246,442.

Most of Rockingham County lies in the Shenandoah Valley between
the Blue Ridge on the east and North Mountain on the west, for Mas-
sanutten Mountain ends near the northeast border of the county. The
area is drained by headwaters of the North and South forks of the
Shenandoah River. Ifere, as in other parts of the Va1ley, the relief is
moderate, but the topography is decidedly rolling. The large streams
have cut a considerable distance below the general level of the Valley
floor. West of North Mountain the topography is mountainous, with
high ridges and iong, narrolir' valleys. The relief oi the floor of these
valleys is greater than the relief in the Shenandoah Valley.

GEOLOGY

The arrangement of the geologic formations in the southeastern
part of Rockingham County is similar to that in Page County. The axis
o{ the Massanutten syncline is occupied by X{artinsburg shale alone in
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the southwest half and by the Silurian and Devonian rocks of Massanut-

ten Mountain in the northeast ha1f. To the east of the synclinal axis
the successive formations crop out, dipping northwest. The Tomstown
dolomite and basal quartzites of the Cambrian crop out along the foot
of the Blue Ridge. Pre-Cambrian rocks make up the Blue Ridge over-
thrust sheet. The Cambrian and Ordovician limestones are partly cover-

ed by Pleistocene ( ?) gravel. It is in this part of the area that the

gravel is most abundant.
West of the Massanutten syncline the successively older rocks, dip-

ping eastward, crop out. The Elbrook iimestone is broken by an over-
thrust fault of comparatively small displacement, and it is thrown into
juxtaposition with the Beekmantown limestone. At the northeast border
of the county, between Broadway and the Valley Turnpike, the rocks are

involved in a smal1 anticline, with the Conococheague limestone at the

axis. This fold dies out just northeast of Harrisonburg, and in line
with its axis to the southwest there is a small syncline whose axis is
occupied by Martinsburg shale. Athens shale is exposed extensively be-

tween the northeastern nose of the syncline and the southwestern nose

of the anticline, in the vicinity of Harrisonburg. Broadway is about on

the axis of another small syncline that extends into Shenandoah County.
Martinsburg shale crops out in the axis of this fold, which is offset to
the northwest of the syncline southwest of Harrisonburg. West of
these two synclines the rocks have an anticlinal trend, and oider rocks

crop out successively to the northwest. Elbrook limestone is broken by
the North Mountain fault.

West of the North Mountain fault, in the vicinity of Brocks Gap,

the rocks are sharply anticlinal, with Martinsburg shale exposed in the

core. The anticline is overridden at both ends by the North Mountain
overthrust mass, and it disappears about 10 miles southwest of Brocks
Gap but extends into Shenandoah County. Immediately west of this
anticline in the northeastern part of the county a syncline that is well
developed in Shenandoah County projects a short distance into Rock-
ingham County. Catskill rocks are exposed in its axis. Northward
from Fulks Run an anticlinal fold of considerable intensity brings
Silurian and Ordovician rocks to the surface. In the rest of the area

west of ldorth Mountain the beds 1ie nearly flat. The Catskill {orma-
tion is exposed over much of the area, and in the vicinity o{ Rawley
Springs the Pocono sandstone, of Mississippian age, crops out.

GROUND-WATER CONDIT]ONS

Area rtstest of North Mowntain.-Most of the wells that furnish the

data in the area west of North Mountain are clustered about Fulks Run
and Cootes Store, rvhere several of the Silurian and Devonian {orma-

83



84 GnouNo-werBn RBsouncES oF SnrxaNooan Verr,nv

tions crop out. No specific conclusions shoulcl be drawn as to the
ground-water conditions in parts of this western area where no well
records are available, but it may be assumed that the we1ls here recorded.
probably represent the general ground-rvater conditions.

The wells are shallow, oniy a very few being 100 feet or more deep.
Indeed, one weil drilled in Tuscarora sandstone, the "mountain flint,,, is
only 13 feet deep. In this weli a yield of 1 gallon a minute was con-
sidered sufficient, in view of the difficulty of drilling. The yield of the
rvells varies, but is mainiy moderate to small. The best wells are in the
Romney shale, but not all the wells in this formation are strong. The
Cayuga and Helderberg limestones are not especiaily favorable sources
of water-at least no better than the Romney shale. Were it not for a
ferv wells of strong yield in the Romney shale the rocks west of Little
North Mountain might be considered unpromising as a source of any
but distinctly smal1 supplies. At Rawley Springs a well on the property
of H. L. Dechard is 71 feet deep and yielded at the time of drilling about
50 gallons a minute, with a 10-foot draw-cIown, from rocks of Catskill
and Chemung age. Three wells in the Romney shale east of Fulks Run
yield 25, 25, and 20 gallons a minute, and two more yield L6 gallons a
minute with very slight draw-down. Outside of these six rvells the aver-
age yield of wel1s for which data are available is not over 5 or 6 gallons
a minute. No failures were reported in the 24 wells considered. The
records do not indicate that a large yield, such as 50 or 100 gallons a
minute, can be obtained easily in this region. I{owever, wells of small
diameter that end at the point rvhere the first small supply is encoun-
tered do not constitute proof that large supplies are impossible to obtain.

A few records of water levels at the time of drilling indicate that the
u'ater is under some artesian head and that in rainy periods the water
ievel tnay be very close to the surface. This high water level is favorable
for a large draw-down, which insures efficient utilization of the potential
yield of the well. It does not necessarily mean that the pumping ii{t
will be slight.

Much of the water in this area is so high in sulphur and iron that
these ingredients can be tasted or smelled. The water is likely to be soft.

Valley regi,on.-At Timberville, in the norlh-central part of the
county, and north and northeast o{ the village the records of 16 welis
have been obtained. The water-bearing rock is iimestone. Most of
these wells are between 150 and 250 f.eet deep, but some are less than
100 feet and a few are a little more than 250 feet. In general the deeper
wells yield more water than those less than 100 feet deep. Exceptions
are the 200-foot weil (343) on the property of Arthur Bushong, which
yields only half a gallon a minute, and the 280-foot well (350) orvned by
the Zigler Brothers, which yields only 3 gallons a minute. On the other
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hand, a 60-foot well on the property of Arthur Bushong yields 25 gal-
lons a minute. The average yield of the wells in the vicinity of Timber-
ville is about 14 gallons a minute. Two wells in this area did not reach
the limestone, having been drilled where the ocherous sand, mud, and
gravel of Pleistocene ( ?) age are especially thick. These wells (346
and 349) are respectively 60 and 70 feet deep, and each yielded 12 gal-
lons a minute at the time it was drilied.

Water levels in the valiey area are diverse, varying from place to
place with the topography. In most places they are less than 100 feet
below the surface.

In Broadway and westward to Brocks Gap records of 15 wells have
been obtained from the drillers who put them down. A11 but three,
which are southwest of Broadway, derive their water supplies from lime-
stone. Most of these we1ls are about 100 feet deep or slightly more. A
few wells are shallow, such as wells 360, 358, and 362,which are respec-
tively 20,40, and 42 feet deep. The largest yields are obtained from the
wells of moderate depth, such as well 356, owned by the town of Broad-
way. It is 120 feet deep and when drilled was pumped at 100 galions a
minute. The yield of the rest of the we1ls is small regardless of the
depth. The three wells that end in shale deliver about as much water
as the ordinary limestone we1ls in the vicinity. The reported depth to
rvater when the wells were drilled shows that, whereas the water level
in limestone wells varies from place to place, the water level in shale
wells is consistently near the surface of the ground. In fact, well 361
flowed a slight amount at the surface when it was drilled. Some of the
wells in the Chambersburg limestone in Broadway yield water that con-
tains noticeable quantities of "white sulphur," but the presence of the
sulphur does not seem to impair its usefulness.

Records of 9 wel1s in the vicinity of Linviile, Edom, and Singers
Glen furnish the data for conclusions in that part of the county. A1l the
wells end in limestone, although well 387 penetrated considerable gravel,
boulders, and mud before reaching the hard rock. The wells are deeper
in this locality than in some others, ranging from 60 to 305 feet, but
most of them are from 100 to 200 feet deep. Their yields, as reported
by the drillers, are likewise high, ranging from 4 to 25 gallons a min-
ute and averaging 11 gallons a minute. If these reported yields are
accurate and are typical of the wells in the vicinity lvhose records are
not known, the limestone here is especially favorable as a source of con-
sistently good well supplies. Apparently the water has no peculiar
chemical characteristics, and it is probably of moderate hardness and en-
tirely acceptable for most uses.

Records are available of 20 wells distributed along the Valley Turn-
pike from the Shenandoah County line to a point about 2 miles north-
east of Harrisonburg. A11 wells draw their water from limestone or

B5
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the Athens shale, r'vhich in some places is so limy that h]'drologicaliy it
seems to resemble limestone more than a typical shale. In other places
the lvells in the Athens shaie resemble rvells in the \{artinsburg shale.
Most of these wells are from 100 to 200 feet deep, a ferv between 40
and 100 feet, and one 400 feet. The yield of the welis is diverse, rang-
ing from 125 to 1 or 2 gallons a minute. Weil 374 is 125 feet deep and
was reported to yield no water whatever. Most welis in limestone and
shale yield from 5 to 15 gallons a minute, but a larger number of them
than in most other iocalities yield 2O,25, to 4A gallons a minute. These
ivells o{ large yield derive their supplies from limestone; the wells in
Athens shale yield from 4 to 15 gallons a minute. Well 369, which
yielded 125 galions a minute, is 160 feet deep. The water levels, as re-
ported by the drillers at the time the wells were completed, was con-
sistently about 30 to 40 feet below ground for wells in the limestone,
and not more than 10 {eet in the less calcareous parts of the Athens
shale. Well 377, which was put doyn 40 feet into Athens shale, florved
3 gallons a minute at the surface rvhen the weil was completed and yielded
8 gallons a minute when pumped. Flowing wells are not uncommon in
areas underlain by shale, but as a rule they are not economically im-
portant, owing to the sma1l head. A ferv we1ls in the limestone yield
water that contains "white sulphur," and well 377, in the Athens shale,
yields water high in iron.

The 10 we1ls in and near lfarrisonburg of w-hich records are avail-
able are especiaJly interesting in that they include some of the deepest
and most productive wells in the whole area studied. Of the 10 we1ls
(391 to 400) one yields 60 gallons a minute, one 80, one 90, and two
125 gallons a minute. The two wells that yield 125 gallons a minute
are 160 and 140 feet deep. The well that yields B0 gallons a minute is
520 feet deep, the one that yields 60 gallons, 1,322 feet; and the one
that yields 90 gallons, 1,926 feet. 'the 7,926-foot well obtains all of
its water above the 600-foot depth, whereas the I,322-foot well obtained
50 gallons a minute from a 5-foot opening errcountered 1,317 feet below
ground. This cavity contained an "onyxlike" rock which the driller be-
lieved was a stalactite or stalagmite. The smaller wells are between 100
and 240 feet deep and yield from 2 to 12 gallons a minute. Well 396,
rvhich is 140 feet deep and yields 125 gallons a minute when pumped,
flowed a small amount r,vhen it was drilled.

Records of 17 wells in the parl of the county southwest of Harris-
onburg and east of North Mountuin are available. The wells are scat-
tered rather rvidely and uniformly over this area. The greatest part of
the area is underlain by limestone except where Athens shale appears at
the surface. Almost all these wel1s are from 100 to 200 feet deep, onl1'
two being deeper than 200 feet and one less than 1@ feet. The wells
are moderate producers, most of them yielding 5 to 15 gallons a minute,
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four wells 20 to 50 gallons a minute, and only trvo werls ress than 5
gallons a minute. well 329 is 110 feet deep and is dry, although it passecl
through about 65 feet of cavernous limestone. well 332 yierded 50 g-al-
lons a minute when drilled. This part of the county seems to be very
favorable for the development of wells in the limestone that yield more
than enough water for ordinary household and farm use. rn addition
there is apparently a good chance for developing large supplies from
wells of moderate depth. No records of rvater level are available, and
no unusual chemical characteristics of the water were reported.

Between Harrisonburg and Keezletor,'r,n there are six we1ls whose
records are available. Their depth ranges rather uniformly between 140
and 280 feet. The yield of most of them at the time they rvere drilled
was moderate to smal1. well 416 was pumped by the driller at 2s gar-
lons a minute, but it goes dry in droughiy periods. Sorne of these wel1s
are in the iorvlancls, and some are on the ridges ancl hi11s, so that records
of water ievel in one m.y have no meaning in a consideration of the
whole area. Thus weli 414 is in a ho11ow. and the rvater lever at the
time the well was drilled was 10 feet belorv grouncr. on the ridges the
water level is much deeper.

Nine wel1s furnish the information concerning the local grouncl-
water conditions in the vicinity of Elkton. Most of the wells penetrate
a considerable layer of Quaternary siit, sand, anci gravel and then enter
limestone. \\re11 420 is in the l\,Iartinsburg shale to the east of Elkton,
near l4assanutten Mountain. The w-ells in ancl very near Elkton are
only moderately deep-mostly from 100 to 200 feet-and yield small to
moderate supplies. Four rn'eils I'ielded ftom 2 to 10 gallons a minute
when they were drilled, but r've11s 424 anc1426 yietded reipectively 50 and
60 gallons a minute. The r'vater obtainecl by welr 426 was encountered
at a depth of 40 feet, where the Pleistocene ( ?) gravel rests upon lime-
stone. This well is no longer used. Farther south well 428 was clrilled
into limestone after penetrating 35 feet of gravel, but the yielcl was onry
1 gallon a minute.

Wells are not so plentiful in the southeastern part of the county as
in some other parts. The available records indicate that wells of moder-
ate depth can be expected to yield a small quantity of water. pleistocene
( ?) gravel overlies tl,e hard-rock formations near the foot of the Blue
Ridge' The best rve1l in that part of the county of i,vhich a recorcl is
available is weli 412. It is 75 feet deep, and the gravel yielcls 15 gal-
lons a minute with very slight draw-dorvn. Nlud florving into the casing
was a serious problem in the finishing of this we1l. At the site of well
413 the gravel that overlies the limestone is not water-bearing. Measure-
ments recorded at the time the rvells were drilled indicate that the water
level in the limestone wells north of the Grottoes is 50 to 80 feet below
ground' The water in the gravel, as weli as the water taken from lime-
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stone underlying the gravel is almost certain to contain much iron-in
many places an objectionable amount.

The ebbing and flowing spring near Broadway is described on pages
<) <A

MUNICIPAL SUPPLIES DEPENDENT ON GROUND WATER

Dayton.-Population, 537. A spring system owned by J. B. Grove

furnishes water for the town. The spring emerges at the bottom of an

artificial lake covering about 15 acres. Water is pumped from the lake

to an 18,000-gallon concrete and brick reservoir at the edge of the

town. The pump line opens under hoods at the point where the spring
discharges into the lake. From the reservoir water is pumped into an

80,000-ga11on eievated tank. The average daily consumption since the

system was put under meters is 35,000 ga11ons. The city of Harrison-
burg pumped from 450,000 to 600,000 gallons a day f rom the lake during
the summer of 1930, and about the same quantity f or 7 weeks during the

summer of 1931. The water is chlorinated at the reservoir.

Etkton.-Population, 965. Water from Kite Spring, about three-
quarters of a mile east of the town, is piped by gravity to a pump house,

whence it is pumped to a 1,000,000-ga11on concrete reservoir on a hill-
top 150 feet above the town. The pump has a capacity of 200 gallons a

minute. The water passes from the reservoir to the distributing system

by gravity. The average per capita consumption is 150 gallons a day,

and the total average daily consumption is 121,000 gallons.

Harrisonburg.-Popu1ation,7,232. The entire supply for this city
formerly came from a spring in the va1ley of Dry River, 13 miles north-
west of the city, with an auxiliary supply piped from a small dam on the

river. The spring that furnished the chiei supply issues from the vailey
alluvium and flows a short distance into a flume that conducts it into an

intake basin. The water is brought by gravity directly to the city's dis-
tributing system. Back pressure from the system maintains the 1eve1 in
two open concrete reservoits, east of the city, of 6,000,000- and 15,000,-

000-ga11on capacity. During 1930 and I93l a severe shortage made it
necessary to pump rvater f rom the spring that supplies Dayton, at a rate

of about 4.50,000 to 600,000 gallons a day. On the recommendation of
A. C. Spencer, of the United States Geological Survey, an addition to

the supply was investigated, and a ground-water cut-off wall was decided

upon. This wal| was to be built near the o1d intake and deflect the under-
flo'lv o{ the valley into the present supply. Borings and pits showed that
the rock floor of the valley was level and covered by only about 10 to 20

feet of alluvium, with a somewhat deeper trench running under the

original intake stream. Pumping tests run in some of the observation
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pits i'dicated that the ull.t^tllr was capable of carrying rarge amounts ofground water. A trench 900 feet long was dug direct[, u.ios the valleyfrom the dam on the river to the original spring-ied stream 1,200 feet
above the intake, and a concrete wair ra b 12 feet high was set in it,
anchored soundly in the hard sandstone floor of the vailey. coarse gravel
and cobbies were built up against the upstream side of the walr t' con-duct the underflow across the valrey to the intake. preriminary measure-
ments indicate that about 850,000 gallons a day were added io the sur-face suppiy. It is expected that th-e flow ciuring drier summers wiil be
somewhat srlaller. The average consumption in ihe town is about 1,000,-
000 gallons a day. The watei is treated with chlorine at the intake. Amore detailed account. of the new system has been written by the en_gineer r,l'ho installed it.lo

Titnberville.-Population, 302. A spring owned by the Timber_ville.Water Corporation, 3 miles northwest of the town, clischarges bygravity into a concrete covered reservoir 10 by 15 by z f'eet, half i mileoutside of the town. The spring is protected by- a concrete coveredbasin. The water enters the aistriluting. system by gravity. The pres-sl:e 
.avera.ges 90 pounds in the lower piri of the town. "The 

water iscntorlnated at the reservoir.
r0McDaniel, A. P., Eng, News_Reord, Dec. 18, 1984, pp. ?b?-?59.
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Teetn 18.-Rrrords of wells

Location Owner or name
Depth
(feet)

Date
COm'
pleted

Topp:
gaDhlc
-situa-

tion

300

301

302
303
304
305

306

9% uiles norih of Fulks Rur. . . . .

8l miles north of tr'ulks Run. . . - .

!'ulksRun.........
tr'ulksRun.........
IulksRur.........
FulkeRun.-.......

FulksRun.........

Rockineham CountY
School Board.

S.R.Fawley.........

RobertMiller...'....
Jamesfloover.....-..
J.D.Custer.........
S. R. Crider.........

GeorgeFulk..'....'.

oo

110

oo
62
50

40

307
308
309

3io
311

315
316

317
318

319
320
321
322

323

326

328

FulksRun.........
X'ulks Run.........
1 mile east of !'ulks Run.........
2 miles east-southeast of tr'ulks Run
2z/a riles east*outheast of Fulks

Run.
2)l miles east-southeasi of tr'ulks

Run.
2)l miies east-southeast of Fulks

Run.
CootesStore.......

112 miles south of !'ulks Run. . . . '
1% miles south of tr'ulks Run. . . . .

131 miles souih of tr'ulks Ruu. . . . .
1% miles south of tr'ulls Run. . ' . .

131 miles south of !'ulks Run.....
1Z miles soutb of tr'uLks Run. . ' . .

232 miles south of Fulks Run.....
1l miles southwes! of Fulks Run. .

1l miles southwest of tr'ulks Run.

lfi miles south-southvegt of
Cootes Store.

9l( mllea souihwest of Cootes
Slore,

9l miles southwesi of Cootes
Store.

10 miles southwest of Cooies
Store.

Rawley $prings .

3l miles south of RawleY SPrings.

4 miles south-southeast of RawleY

al,'-'i'r"". south of Ravrlev Springe.
?^-mile west of Sprirg Creek. ....
34 miie uest oI Sprin^g Creek. ....
l% niles southeast ol SPnng ureeK
14 miles east of Snrins Creek . . . .
if miles nortb of Timbewille....

3 miles north-northwest o{ Timber-
ville.

3 miles norih-rorthwest o{ Timber-
ville.

3 miles north-northwest ofTimber-
ville.

bt
60
DD

65
60
66

70

65

45

121
50

90
50

D'
45
55
6t

100

t20

180

80

110

7L

110

75

110
170
160
265
140

65

105

200

265

329

330

331
332

334
335
336

338

339

(All wells
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in Rockingham County, l/irginia

drilled)

Character
of

material

Yield
when

drilled
(gallom

minute)

Deptb
to

water
level
when
drilled
(leet)

Geolcgic
nodzon

10

3

6
b

10
I
2

Shale......

Shale......

Linestone. .
Liurestone . .
Limestone. .

"Mountain
flint".
"\4ountain
flint".

Shale......
Shale......
Shale. . . ...
Shale.. ....
Shale......
Shale......

Shale......

Shale......

Linestone. ,

Shale......
Shale......

Shale......
Shale. . ....
Shale......
Shale......
Shale. .....
Shaly lime-
stone.
Shaly lime-
Btone,
Shaly line-
stone.
Shaly line-
8tOne.
Shaly lime-
8tone.
Shaly line-
8tone.
Sandstone,
black shale,

Limestone. .

Limesione. .

Limestone. .

Limesione. .

Limestone, .

Limesione. .

Limestone. .

Shaly lime-
Btone,
Shaly lime-
stone,
Shaly lime-
stone.
Shaly lime-
stone,

Clinton. . . . ......
Clinton..........
Romney.,,.......
Romney.,....,.,.
Brailier..........
Brallier..........

R0maey.,........

R0mney......,...

Elbrook..........

Ronney....,.....
Romney..,.....,.

Romney....,,....
R0mey..........

Romney..,.......
Romney..........
Romney..........
Elbrook. . . . , . . . . .

Elbrook..........

Colococheague. .. ,

Elbrook..........

D

10
20

10
6

10

lo

I
10

4
16

6
t
6
2

r:.4

3

10

8

4

50

0

10

2
50
10

8
7
3

20

L2

Anal6is on page 98. Contains
sulphur."

300

301

3C2
JUJ
304
305

306

329

330

334
335
336

338

339

fr,iii;;t;;;i;;. "

1I:S in the water,

H:S in the water.

65 feei of Caiskill sandstone ove:
ing the Chemurg shale, Analysis

307
308
309

310
311

312

314

315
316

317
318

319
320
321
322

325

326

32i

328

Water gtrong in iron oxide.
Water strong in iron oride.
Not much iron.

4"?;;;i soil above the limesture.
Limestone cavernous but dry.

Driller estimates the yield at 30 gallom
a minute.

Soil overlies ihe limestone.

Water ueed for washing and lor spra
lng orcnaro.

Water used for washing and for
ins orchards.

Water used for wmhing and for
ing orchard.
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Location Owner or name

340

341

342

344

345

346

2fu miles northwest oI Timberville

2 miles northwst of Timberville..

1l miles uorthwest o{

1),{ miles north-noriheasi of Tim-
berville.

3}l miles east of Timberviile. . . . . .

3l miles east of Tim'oerville. . . . . .

3l miles east of Tiuberville. . . . . .

1fu miles east-noriheasi of Tim-
berville.

1]f miles northeast of Timberville.
l niie east of Timberville- . . . -...
Timberville........

Timbuville. . . . . . . .

1% miles southemt of Timberville.

Broadway.........

Broadway......,..
Brcadway, .

|l mile wesi of Broadway........

2).1 miles southwest of Broadway..
lfu miles north of l,inville........

Linville. . .

2]l miles oouthcast of Broadway. .

2{ miles southeast of Broadway. .

711 mi\es northeast of Lacey
Dprrtrg.

631 l"\Ies noriheast of J,acey
Dpnng.

6l yiles uortheast of Lacey
DprIng.

6 uiles northeast ol Lacey Spring..

J.T.Helbert.....

J. T. Helbert.....

J.T.Eelbert.....

J.T.Helberi.....

J,T.Helbert.....

Grant & Wade....
Turner.

J.T.Helbert.....

J.T.Helbert.....

348
3{9

350

dot

354

356
357
358
359

360

361
362

363

364

J!D

367

JohnF.Driver........

D. O. Hulvey.........

R. L, Shuler......... .

J. T. Ilelbert. . . ......
Town of Broadway. . . .

Town of Broadway. . . .

I. P. Wiitie.... .. .. ...
J.J.Pennybacker.....

EmmanuelHoover....

J. C. tr{yers........ ...
Bert Liskey...........

Linville Lime Works. . .

T. O. Lamberi........

Sallyards.

Caspertr'u*houser....

3il1 lVilliamon......,

Kaiser Price..........

W. S. Kilmer.........

J.T.Helbert.....

W. J. Gochenour. .

J. T. Helberi.....

J.T.Ileibert.....
J. T. Helbert.. . ..
J.T.Helberi.....
J. T. Eelberi.. .. .

J.T.Helberi.....
J.?.Helbert.....

W. J. Gochenour. .

H, N. Eulvey.....
J. T. Ilelbert. . . ..

H. N. Hulvey.. . . .

Grant & Wade
Turner.

Grant & Wade
Turner.

Grant & Wade
Turner.

J, T. Helbert....,

J. T. Ilelberi.....

J.T.Helbert.....

Taer,a 18.-Rrcordr of welh xn

Depth
(feei)

Date
com-
pleted

210

40

Topo-
graphic
6itua-
tion

Low
ground
neal
Btream.

Side of
ridge
half way

:lT

180

7S

110

200
60

149

r/t

60

208

240
70

280

roo
85

120
110

40
lzJ

20

60
l,

160

87

55

100
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Depih
to

water
level
when

drilled
(feei)

CouNrv Rpponrs

Yield
when
cldlled

(gallom
a

miaute)

Dmw-
down
(feet)

Sbaly lime-
Btone.
Shaly lime-
8tone.

limestore. .

Limestorc..
Shale......
Limestone. ,

Limestone. .

Boulders
and mud.
Shaly lime-
stone, pufe
trmestone.
Limestone. .
Boulders
md mud.
Limestone. .

Character
OI

mterial

Limestone. .

Linestone
and 5 feet
of white
porous rock
at bottom,
Limestone. .
Limestone. .

Limestone. .
Limestone. .
Limestone. .

Sbale......

Limestone. .

Shale......
Shale......

Limestone. .

Linestone. .

Limestone. .

Limestone. .

l,imestone. .

Shale
Linestone.

Limestone,
white sand-
stone,

IO

to

12

o

20
t2

2
100

e

6

I
10

10

IO

IO

I
10

Martinsburg
Chambersburg,

Chambersburg.

93

"Marl" overlvine limestone, Yield
estimated at 10-0 gallotrs a minute.

Deep well shot with 250 pounds of d
mite without increasing its yield,

Cavernoug linestone; openings filled
with mud below 65 feet.

Well cmed to 24 feet.

Rerorks

Limestone cavernous.

Two mudseam encourtered; cmed
with perforated cming.

Contains "white sulphur".

'c;;i;i; 1;;hit. ;tnti;.'t " " " "'
e,""li"il, 

"" 
pdd,i's'8.''''''''''' 

.'''

Limestone lay beneath 8hale, mter in
lower part of shale.

Onlv ? feet ol limestone below ihe eoil,Only 7 feet ol limeston
Flowed wben driiled.

40 feet of non-water-bearing
bug shale,

Well cased to depth of 24 feet.

100 feet of shale overlying the lin
stone; w&ter came in just below t
contaci.

of the water came lrom the
stotre.

8-inch diameter. Water in
contains "white sulphur".

No.

340

341

342

343

344

345

346

348
349

350

JOt

352

JOJ

36'4
doo
356

358
359

360

361
362

363

364

too

366

368I sallon a minute in the shale; reet

369
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No,

370

372

373

374

J to
376

377

378

379

380

381

382
383

384

385

386
387

388
389
390

391

392

393

394

395
396

3S9
400

401

398

Location

northeasi of Lacey

northeast of Lacey

3% yil"" northeast of Lacey
Dprug.

2)l miles northeast of Lacevq^;--
l+i|l1''pfi" northerut af Laeey

npnng.
3l mile_northeast of Lacey Spring.
lacey sprlng .

14 Til"u southvest of Lacey
Dprrng.

1}{ nilm southwest of Lacey
DDIMS,

1).(- nil-es southwest of laceys-.;--
,('''rpli; southvest of Lacey

Dpnng.
2l yiles southwest of Lacey

Dpnag.
3 miles southwest of Lacey Sprine.
4 milee soutbwest of lacey SirrjnI.

4tl miles south-southwest of
Lacey Spring,

3 miles emt of Harrisonburg. . . . . .

7l miles north of Eanisonburq. . .

? miles north cf Ilarrisoaburg. . . . .

5)l miies north of Harrisonburs. . .

5}{ miles north of llarrisonburg. . .

314 miles north-northeast of IIar-
risonburg.

1l miles northeast oi flarrisor-
burg.

1)l miles northeast ol Harrison-
burg.

1l miles uortheast of Harrison-

EarrNotroug.

Ilauisonburg .

Harrisonburg,

Earrisonburg.

Harrisonbug.

fi mile southwest of llanisonbure.
1)l miles southwest of Harrieon-

burg.
1)1 miles northeast of Da1'ton. . . .

1! miles norihwest of Dayton. . . .

Gnounr-werER RESouRcES oF SnsNeNooen VALLEy

Owner or name

Rockingham County
School Board.

ReubenMyers........

J. S. Sellere...........

Bud Nefr.............
KennetbHiggs........

RichardLong.........

Virglnla Prison Guard .

Virginia Caverns Co. . -

Jacob Sellers..........

Charles Ametrout.....

Dr. Jobn Myers.......
tletryArmetrout......

IlemyArmetrout......

SamuelEarman.,.,...

IJ, H. Atcheson. ......
Daniel Sanger.........

EdomCreamery.......
John Myers...........
Sert Liskcy...........

Bert Liskey...........

Bert Liskey...........

U(L L !T![EJ .

Valley Virginia Coop-
erative Milk Pro-
ducere' Association,

Imperial Ice Cream Cc
Rockingham Motor Co

CasscoIceCo.........

Stehli Silk Corporation.

SamuelTotten........
Mouni Pleasant School.

Wanger...,...,.,....

W. J. Gochenour. .

Grant & Wade
Turner.

J, T. Helberi.....

J. T, Helbert.....

J. T. Helberi.....

J. T. Helbert.....
Grani & Wade

Turner,
J. T. Helberi... . . .

J. T. Helbert.. ...
J. T. Ilelbert. . . ..

J. T, Helberi. . . ..

J. T. Helbert.....

J. T, Ilelberi. . . ..
J. T. Eelbert.....

J. T. Helberi.....

J.T.Helbert.....

H. N. Eulvey.....
I{. N. Eulvey.... .

H. N, Eulvey.....
If.N.Ilulvey.....
J. T. Eelberi.....

J.T.Eelbert.....

J. T. Eelbert.....

J.T.Eelbert.....

J. T" Helbert.....

J, T, Eelbert.....
J. T. Eelbert.....

C, E. Wine and J.
T. Helberi.

J.T.Eelbert.....

J.?,Helbert.....
J. T, Helberi.....

J, T, Ilelbert.. .. .

Tarr,e 18.-Rarords oJ wells in

196

772

86

6C

140

725

80
72

40

158

400

70

oo

163
zoo

89

187

60
235

305
60

140

1909

1927

147

520

160
140

1,322

192ti

105
160

200



CouNty Rpponrs

Roc h i n gha n C oun t y, Vir gi nia_Continuerl

-

,l

95

Character
of

material

Depth
to

water
level
when

drilled
(feet)

Yield
when

drilled
(gallong

a
minute)

Draw-
down
(feet)

Remarls

40

30

30

370

37r
4

IO

6

0

6
l6

8

20

40

5

o

,

2

20

25
6

It
lo

6

2

10

t2

80

125
t25

60

10

7

Limetone..l Stones River......1.........

At 125- feei encountered a layer
very hard "emery".

Amlysie on page 98.

Limestone at 80 feet.

';i"'i'i"".':.:'
!rowe0 Wnetr dfllled.

374

378

379

380

381

384

385

386
387

388
389
390

391

392

393

394

Limeetone. .

limstone..

Linstone..

Athens...........
Athem......... -.

Athem.

Small..
Moder-
ate.

400

396

397l0 galloro a miuute at 60 feet. rt
m^ore vater_uutil drilling reacheor,rr/ ree!; b-root operulg at thatqeprl, coutarning onyrlike rock be.
trcyed..by the driller to be broken

Shale,shaly I e,tbem...........
nmeetoDe, I N;'*#:l'h"*"aM'il:il'ig.

a .minute of .the ioial yield'oi
gatrons, a unute_ was casd
rroweo when dnlled.

FIowed
398

limestone.

.......1 l9el^l was nearly a failue until 4

I ot dynamite -(totaling 225 pr
| grouCp! In tbe water. Eacb
I Drought more water.
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Owner ot name

SnE,xaxooaH VALLEY

Taslr 18.-Racords ol wells in

Daie
CoD'

pleted

Deptb
(feO

80
160
120

138
120

180

196

135

It
110

loDg
qraDnlc
-situa-

tion

;
404
405

406
407

408

409

410

411
412

413

1|l miles south of-Bridgevater. . . .

3rZ m\les nortb-uodheas! oI' 
Mount Crawford.

231 milee no{h-northcast oI
' 
Mount Crawford.

1gl miles north-Dortheast ot
' 
Mount Crawforil.

3 miles nortbeast of Mount Craw-

g#*i.r r"rt ot trlount Crawford.
2* miles north of Grottoeg' .. . . .

I mile norihwest ofGrottoes . ' '

2 niles west ol Da1'ton...... ".'.
Brideewater.
1% iiles sout'hwest of Bridgewater

Elkion.........'..
1!l miles southwest of Elkton.. '. .

6 miles southwest ol Elkton.... . . .

3}l miles east of GrottoeE.'..'...

J.T.Eelbert....'....
Bridgewater CreamerY.
G. E. Miller. ..... ' '..
J. W. Miller. '........
J. L. Miller..'........

Peachy Weuger... '.. '

N, EarlY....... '. '...
Rockingham CountY

Farm,
Charles MundY' . .... .

Mr,Norford...'......

M.L.Wine...........

Ilirsh Broihers.......

Dr. D. H, DYreleY....

Sooitswood Country'Club.

Henry Wickersham . .

Thompson & Dinkel-
dine.

Dinkeldine Orchard..'.

Oharles Hammer... '..
Mre. Kite,
Ileory Mi[Ier.........
Wilmer Miller........
Elkton TannerY (now

burned down),
R,J.Coner......'....

A. N. Gooden.. '......
Samuel llensley......,

Mrs. Walker........'
Y. Steere.......... ' '

4t4

415

416

4t7

418

419

420
42r
422
423
424

425

RidgeioP.

280

140

160

195

270

195

80
107
163
205
110

105

60

126

113
88

426

427

428
429
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Character
o{

matsial
Geologia
noflzon

Depih
io

water
level
when

drilled
(fee0

Yield
wben
drilled

(gallons
a

minute)

Draw-
down
(feet)

Limestone. .

Limestone. .

Limestone, .

Limestone, .

Limestone. .

Limestone. .

Limestoae. .

Limestone. .

Sbale......
Boulders
and mud.
Limestone. .

Shaly-line-
Btone.
Shaly line-
stone,
Shaly lime-
stone.
Shaly lime-
stotre.
Sbaly line-
stone.
Shaly lime-
sione.
Shale......
LiDstone..
Limestone. .

Limestone. .

Limestone. .

Gravel,
limestone.
LimeEtone. .

Limestone. .

Limestone. .

Sand and
boulders,

Beekmantown.. ..
Beekmantown. ...
Beekmantown... .

Chambersburg...
Chambersburg...

Chambersburg. . .

Chambersbuig. . .

Beekmantown. . . .

Athens..........
Pleistocene (?)...

Conococheague. . .

Beekmautown..., .

Beekmaniown. ... .

Beekmaniowa.,.. .

Beekmantown... -.

Elbrook. . . . . . . . . .

Conococheague... .

Martimburg. .....
Conococheague, . . .
Couococheague. ,. .

Conococheague... .

Elbrook......... -

Pleistocene (?)...,
Elbrook,
Elbrook..........

Elbrock..........

Elbrook......... .

Pleistocene (?)....

Total yield estimated at 25 gallom
minute.

I{ud flowed into casing and had to
cleared by flling casing with grav

Limestone overlain by ocher, clay, a

403
404
405

406
407

408

409

410

4r2

413

418

419

420
421
422
423
424

425

426

lr7

428
429

20
30
10

72
15

10

I'

10

4
IO

10

3

8

25

3

10

10

o
8
7
2

50

10

00

10

boulders vhich were not
bearing,

Water came in at bottom of gravel
40 {eet. Analysis on page 98.

4r4

4r5

416

417

I
2

........ I 35 feet of sand, sili, and boulders.

........ I Analysis on page 98. Contaiw
ron.
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AUGUSTA COUNTY

GENERAL FEATURES

Augusta County has an area of 1,006 square miles. Its population
in 1930 was 38,163. The city of Staunton is the largest community in
the county, having a population of 11,990. Waynesboro ranks second,

wtth 6,226 inhabitants, most of whom settled there since 1920. Most
of the residents are engaged in agriculture, and slightly over half of the
county is classified as farm land. The county is more highly industrial-
ized than any other county in the area. Nfost of the establishments are
concentrated in Staunton and Waynesboro, but Waynesboro is the only
truly industrial community. In 1929 there were 88 industriai establish-
ments in the county, employing a total of. 2,219 workers, and the value
of the output'was $9,559,250.

Augusta County, the second largest in the State, includes the entire
width of the Shenandoah Valley from the Blue Ridge to North Moun-
tain. West of North Mountain the country is cut up into several inter-
montane valleys of rather rugged relief. Chief of these is the val1ey of
the Calf Pasture River.

Part of the floor of the Shenandoah Va1ley in Augusta County has
rather more relief than the area farther northeast. This is especially
true of the northern and western parts of the county, but betrveen Staun-
ton and Waynesboro the relief is considerably less. Augusta County
lies mostly in the headwater region of the Shenandoah River, but the
southwestern part is drained by tributaries of the James River.

GEOLOGY

East of the Staunton fauit, which roughly divides the county into
halves, the structure of the rocks is controlled by the strongly developed
Massanutten syncline. Elbrook limestone dipping southeastrvard is ex-
posed immediately east of the fault. Successively younger rocks are
exposed from the fault eastward to the core of the fold, which is oc-

cupied by Martinsburg shale. The fold plunges, however, just north of
Greenville, and the compression in the rocks that the fold represents is
taken up from Greenville southrvest by the Pulaski overthrust fault.
This fault throws Conococheague limestone into juxtaposition with
Stones River limestone. East of the axial line of the Massanutten syn-
cline the successively older limestones of Cambrian and Ordovician age,

dipping northwest, crop out toward the Blue Ridge. The basal quartzites
of the Cambrian occupy a broad outcrop area along the sides and at the
foot of the Blue Ridge except near Waynesboro, where a projection
of the Blue Ridge overthrust mass covers them. Gravel has been rvidely
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deposited in this part of Augusta County and covers most of the rocks
of Cambrian age.

West of the Staunton fault the structure of the rocks is dominated
by a syncline whose core is occupied by Martinsburg shale near the
Rockingham County line and successively by the Athens shale and Beek-
mantown limestone tolvard the southlvest. The syncline dies out north
of Middlebrook, and an anticline is developed to the southrvest in line
rvith its axis. Elbrook limestone makes up the core of the anticline.
This same outcrop of the Eibrook limestone trends northward and then
northeastr,vard, around the syncline, so that the North Mountain fault
cuts Elbrook lirnestone over most of its length in the county.

West of the North Mountain fault the structure is simpler. South
of Buffalo Gap and east of Augusta Springs and Craigsville the Beek-
mantown and younger rocks of Ordovician and Silurian age crop out,
dipping toward the northwest. The controlling structural feature im-
mediately west of North Mountain is a syncline that plunges northeast-
ward, so that Chemung, Catski1l, and Pocono rocks occupy the axis suc-
cessively from southwest to northeast. The syncline extends into Rock-
ingham County. An intense anticline appears on a line between West
Augusta and Deerfield, plunging northward. Silurian rocks are exposed
in the core of this anticline. Except for the syncline the folds r,vest of
North l,{ountain are rather poorly developed and the rocks do not dip
steeply except in small local folds.

GROUND-WATER CONDITIONS

Areawest of North Mowntain.-The wells in the part of the county
west of North Mountain that furnish the records used in this discussion
draw their water from the Helderberg limestone, Romney sha1e, and
Brallier shale. What is said here, therefore, does not necessarily hold
for the areas underlain by the Chemung and Catskill formations, ai-
though in the plateau region in other counties these Upper Devonian
shales and sandstones are similar to the Romney and Brallier shales in
their water-bearing propelties.

Water in sma11 or moderate quantities may be expected in this area
a.t moderate depths. Water in the shale and sandstone of this area is
related less to depth than water in limestone. Although in limestone a
depth may be reached below r,vhich water-bearing crevices are rare or
absent, in the Devonian shale and sandstone most wells rvil1 continue to
encounter water-bearing crevices or beds as deep as they are dri11ed.
Some lvells 100 feet deep or less yield 5 gallons a minute, but if they
liad been drilled to 300 feet they might have been far more productive.
It happens that most wel1s in the region west of North Mountain are
<lrilled for domestic supplies, and a small yield is enough.
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Wells in the western part of Augusta County differ greatly in depth,
but most of them are less than 100 feet deep. Two wells are 30 feet
deep or less, two between 30 and 40 feet, two between 60 and 70 f"eet,
and the remaining five wells lrom 117 to 850 feet. In general the shal-
Iower wells yield less water than the deeper, but the rule has exceptions.
Thus, the weils less than 100 feet deep yield on an average of 6 galions
a minute, whereas a1l weils over 100 feet deep yield an average of 15 ga1-

lons a minute. Well 509 is 850 feet deep and yields about a pint of water
a minute, when pumped. A supply of 10 gallons a minute was encoun-
tered at 22 feet, but this water was cased off by order of the owner, and
drilling was continued with very little success. On the other hand, well
508 is 450 feet deep, and its yield was tested at 34 gailons a minute. In
Highland County, just west of Augusta County, well 452 was drilled
into Helder-berg limestone, and although apparently isolated pockets of
water were encountered the net yieid after 305 feet of drilling was
nothing. In general water is easy and cheap to get in this part of
Augusta County. The water leve1 in wells in the lowlands and lower
siopes is very close to the surface-less than 15 feet deep in most places

-and florving wells are not uncommon. Well 507 is on a slope and is
higher than the house. It flor,vs so that the trickie of water can be piped
to the house like a spring. The water in this area is highly mineralized
and moderately hard, and in many localities the odor of hydrogen sul-
phide is noticeable in freshly pumped water.

Valley region.-Records of 11 wells drilled into limestone between
Churchville and Mount Solon r,vere made available by the dril1ers. Most
of these welis are between 125 and 200 feet deep, but three are less than
100 feet. The yield of these wel1s is mostiy between 5 and 10 gallons a
minute. Four wells deliver less than 5 gallons a minute, and one (510)
vields 50 gallons a minute. As might be expected in a limestone te(rane,
there is no strict relation between depth of well and yield of water. A11

the we1ls that deliver 5 gallons a minute or iess are from 100 to 200 feet
deep, whereas all the shallorv welis in this group yield from 8 to 10 gal-
lons a minute. On the other hand, the deepest well of the group yields
the greatest amount of water. No significant information was at hand
as to the depth of r'vater below ground in this area, but because the
topography is rolling and the bedrock is iimestone, the water level is
probably deep on the hills._100 to 200 feet in some places-and shallow
in the lowlands.

The records af. 27 wells drilled in the triangular area bounded by
Churchville, Buffalo Gap, and Staunton but not including the city of
Staunton indicate that the limestone, which underlies most of it, is neither
more nor less satisfactcry as a source of water than the limestone in
other parts of the Shenandoah Valley. Some of the wells have obtained
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good supplies at small depths, and some have encountered but little water
at great depths, but most wells are of moderate depth and deliver ade-
quate supplies {or farm or household needs. Most of these we1ls are
between 100 and 250 feet deep, and yield, on an average, a little less
than 10 gallons a minute. Well 552 is the shallowest one of the group
(59 feet) and delivers 20 gallons a minute, which is as much as any
other well in this group is reported to yield. Well 544 is the deepest
(796 |eet) and yields ll gallons a minute, almost as little as any other
in the group. It was repolted that the owner blasted the well and in-
creased its yield somewhat, but the exact amount is not known. Well
573 is 536 feet deep and yielded about 6f gallons a minute when it was
completed. Trvo wells, each about 130 feet deep, went dry and were
redrilled to a greater depth. One of these wells weakened seriousiy
again in 1932. Shallower wells in the same area have survived all
droughts. Two other wells were drilled into limestone that contained
mud-filled cavities. These mud seams are very annoying to both the
drillers and the owners, because the hole must be reamed and casing
inserted. The owner of well 524 has reported that the water from this
well is soft. This report could not be substantiated nor disproved. In
some places the water level is as much as 180 feet below the ground,
but in the valleys the water level is considerably shallower.

Records of six wells in the area southwest of Staunton extending
to the vicinity of Middlebrook indicate that results of drilling in the
local limestone terrane are somewhat more favorable than in some other
parts of the Shenandoah Valley. Each of the two wells less than 100
feet deep (526 and 127) yields more than any one of the deeper wells.
The deepest well yields the least water of all but one. If these six wells
are typical of other wells whose records are not avaiiable the area is
especially favorable for we1ls of moderate depth-less than 150 feet.
For the area southwest of Middlebrook to the Rockbridge County line
there are no records of wells, and consequently it is not possible to say
that the area is as favorabie as that northeast of Middlebrook.

Records of wells in the north-central part of Augusta'County, from
Burketown to Grand Cavern and south oi Fort Defi.ance, show more
diversity in the results of drilling than wells in the western limestone
belt. Of the ten we1ls of which records are available eight are between
50 ancl 200 feet deep and yield from less than 1 gal1on to 30 gallons a
minute. Most of the wel1s cleliver less than 10 gallons a minute. Well
599 is 46 feet deep and was drilled in Martinsburg shale. Contrary to
the usuai results of drilling in this shale, on1-z half a galion a minute was
obtained. A hole put down nearby 155 feet into the shale encountered no
watcr. Tlrere seems to be but little differcrrce in yield betwecn wells
drilied in limestone and rvells drilled in shale in this area. \{ost of the
limestone rvelis are deeper than the shale rvells. In general, the available
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records show that the risk of obtaining insufficient water for ordinary
farm or household use is greater in this area than in many other parts of
the county. At the same time well 593 delivers 30 gallons a minute from
the Athens shale.

Records of the we1ls drilled in the city of Staunton, which are some
of the most significant weils in the county, were obtained from the driller.
Although most of the 13 wells were drilled to furnish ordinary house-
hold supplies, three of them were put down to obtain large supplies. The
deepest one is well 560, 1,400 feet deep. During the course of drilling
this well a cavity 60 feet deep rvas passed through at about 6@ feet.
This cavity contained no water, and it is reported that most of the 40
gallons a minute the well yields came in below 600 feet. Well 563 is
801 feet deep and delivered 140 gallons a minute when finished. Of
this only 6 gallons a minute came in above 790 feet. Well 564 is 689
feet deep and yields 20 gallons a minute. The well records show that in
some places deep drilling brings in more water than is obtained from
shallow or moderately deep wells. Other deep weils, however, do not
obtain unusually large supplies. For instance, the 1,400-foot well yields
40 gallons a minute, the 689-foot well yields 20 gallons a minute, but
well 565 is only 250 feet deep and yields 30 gallons a minute, and well
566 is 66 feet deep and delivers 20 gallons a minute. Nlost of the other
wells, of small to moderate depth, yield from 15 down to 2 gallons a min-
ute. Well 562 is interesting because drilling in other we1ls near the Na-
tional Cemetery has shown similar results. After many difficulties this
well was put down through 35 feet of clay, then "broken" limestone to a
depth of 350 feet. The yield was less than a quart a minute. Wells
nearby were likewise unsuccessful, and in fact the clay continued to a
depth of 120 feet in some places. Aside from this one locality the
prospects in and near Staunton are excellent for small or moderate sup-
plies of water at moderate depths and fair for large supplies at great
depth. Measurements of the water level in limestone wells taken at
random times are of very little value, but tlvo readings are availabie
that indicate the order of magnitude of the static level in the district.
In well 563 the water was 24 feet below ground when it was completed,
and in well 562 at 80 feet.

The ground-water conditions east of Staunton and west of Fishers-
ville in the area extending norlheastward from Mint Spring, are il-
lustrated by the records of 13 we1is. Part of these wells are in lime-
stone and part in shale. Most of the wel1s are shallow or moderately
deep, only two being more than 180 feet. Yields are small, 8 of the 13
wells delivering not more than 5 gallons a minute, and the rest less than
15 gallons a minute. Strangelv the results of drilling in the shale are
better than those in the limestone, for the shale we1ls are shallorver and
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yield more water on the average, and their yields depart less from the
average yield.

Wells in the area southwest of Mint Spring, including Greenville,
Spottswood, and Steele's Tavern, are in limestone. Most of them are
shallow and yield uncommonly large supplies. In fact, if the eight wells
of which records are available typify conditions in this area, it is ex-
tremely favorable for the development of moderately large supplies at
siight depth. Five of the eight wells are less than 1@ feet deep and
yield on the average I3l gallons a minute, whereas the average yield of
the deeper wells is less than 10 gallons a minute. The well that yields
most water (23 gallons a minute) is only 47 f.eet deep;the deepest well
delivers only half a gallon a minute. This does not necessarily mean

that shallow weils are better than deep wells; rather the records indicate
that sufficient water rvas obtained at shallow depths and that driiling was

stopped. I{ some well like well 535 were drilled 200 or 300 feet deeper

it might deliver a much larger quantity of water. Water-level measure-
ments taken at the time the wel1s were finished show that in most of this
area the water stands within 20 feet of the ground (when the rvells are
not affected by pumping). One striking exception is well 537, which
is 365 feet deep and yields hal{ a gallon a minute and in which the water
level rvas reported to stand at a depth of 250 feet.

Ground-water conditions in the part of the county north of Fishers-
ville and Waynesboro and east of Christian Creek and the Middle River
a,re represented by only five we1ls. Obviousiy, conclusions as to this
area must be made sparingly, especially in view of the different types of
rock in the area, the gradual increase in relief eastward toward the Blue
Ridge, and the presence of Pleistocene ('?) gravel overlying the water-
bearing formations in the eastern part of the area. The available in-
formation indicates that the results of drilling are diverse. Small to
moderate supplies seem to be available at shallow depths and in the east-

ern part rvhere the gravel does not cover the limestone too deeply. Well
603 was drilled 206 feet into limestone and delivered oniy 1 gallon a

minute. Well 599 was one of the few drilled into shale without success.

If the presence of two unsuccessful wells out of five has any general
meaning, the possibility of dly wells must be considered by prospective
water users in this area. Records indicate that in the shale tract in the
v"'estern part of this area the water level stands in idle wel1s less than 30

feet beiorv ground. To the east it is almost certain that the water lies

deeper except in valley bottoms.
Records of we1ls are fairly numerous in the area about Fishersviile,

and Waynesboro, southwest to Stuarts Draft. Shale and iimestone
form the bedrock, overlaiu in the eastern part by Pleistocene ( ?) gravel.
In this area,17 welis furnish the basis of the discussion of the ground
water available to drilled rvells, and some of the features of the geology



CouNry Rpponrs 105

encountered in drilling' Many of the welrs in this area are of averagedepth for limestone werls,_but a few m.ay be classified as deep- r{ smarlor moderate supplies are desired. the conditions in this ".." "'pp.u, 
to .|r"very favorable, for 1O of the 12 wells yield 15 gallons u *;rruiJ o. *or".The three r,vells dritled:l_!1. prop"rty of the dupont R"y;; Uitts atRasic city (610, 611 and 612) it" igz,'7s+, and 560 feet deep, and their

-vields were tested at.the time of compietion at 560, 5zo, 
^oa'angailonsa minute' These wells-are exceptionui-ot rarge diameter, carefuriy de-veloped, and expensively equippeci-but they seem to inclicate that iargesuppiies are obtainabre in more places than wouid be suspected from theresults of ordinary householcl wells in some regions. it is impossibleto say whether or not there are many other places in the ShenandoairValley where such large water supplies can be developed from wells, but areport on the ground,w.ater in the va11ey would be misleading if it failedto recognize the possibility that large supplies are available if appropriatemeasures are taken to find and developlhem. One well of the? (well614) might be considered a failure, 

"ni 
'tt.rr 5g9, althougr,, 

-i, 
yi"io. sgallons a minute, is 2.4.0-feet deep and is a poor wel1. Elsewhere, evenrvhere the gravel is thick enough to be the main water-bearer, the wetsin this area are goocl producers"in terms oi their clepth. s.rr"rui-i..oro,indicate that at the time the wells *"." .o*pl.ted the water stood in someplaces 50 feet belorv ground, but in welis in the shale less than lo b zafeet.

MUNICIPAL SUPPLIES DEPENDENT ON GROUND WATER

Augusta springs.-population, 50. A well owned by the Stillwaterworsted co. supplies drinling ouaie, fo, workers at the mi1l and em_ployees'homes. The-well is sightly more than 100 feet deep and yieldsa maximum supply of 20 gallons a minute, but the average consumptionis not over 15 gallons a minute, or 22,000 gallons a day. Another weilo-n the property yielcis only r or 2 ga'ons a minute and is not used. Athird well was being cirilred in Juri'e, 1935, and at a depth of 160 feetyielded practically no water. ihe welt water is pumped to an open80,co0-ga11on reservoir and thence to an overhead tank. The water ischiorinated in the line between the reservoir and the tank.
Bridgewater.-Population, 951. Water from a rvarm spring abouthalf a mile southwest of th" to*r, Ro*, ty frrvity from a smarl concretespring box into a circurar,brick open. go,06dga[on reservoir 3 feet away.Water is pumped from the reservoir to an eievated g0,000_galion tankin the town, whence it is distribut.a fry S.""ity. The average consump-

ffir;; 
about 60,000 gallons a day. ffl'. irt.. ;, chlorinated at th" purrrp
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Craigs"ille .-Population, 150' Water from three springs- owned

by Dr. 1l e. f.r,rt. not"t fry gravity- into^the mains' One spring dis-

.ir".gesinto a 7,000-ga11ott i"tntt. laiin t:g feet above the raiiroad' on a

hillside a short distance southeast of the town' Another nearby dis-

.tl"rg'.. into a 3,@O-gnilon i'-ttnL" basin 58 feet above the railroad' The

th;ri rprirlg dischargls into a 2,000-ga11on intake basin 120 feet above

the raiiroacl. The total discharge of the springs is about 22:y0 gallons

a day, rvhich is adequate for the needs of ihe community' The water is

not treated.

Fordwick.-Population, 620. A well 1,428leet deep, owned by the

Lehigh Portlancl C.*""t Co', furnishes drinking water. to the town' The

water: is pumped at a rate of about 32 gallons a minute to a 10'000-

;Ji;; lott.r"L .r"a"rg'oota. r-eservoir' 
-Tht'ttt it is pumped to three

reservoirs, the largest of which has a capacity of 30'000 gallons' from

which the w-ater enters the distributing system by gravity'

Mid'd'Iebrook-Populatio n, 370' Two smail springs owned and

op.ruc fy R. W' H. Mish furnish water to about 20 families' The

nearest spring t. ,1tr..-qt'n'ters of a mile southeast of the town and the

rest are about a quarteiof a mile apart' Each spring has.an open con-

crete basin. The water is piped directly to the rnains and is not treated'

Staunton.-Population, 11,990' In 1926 a gravity system was in-

stalied in the h""d*;;;;; tr tr-t" North River' *h"t" a concrete im-

p*"Ji"g dam forms a 124,000,000-gallon-reservoir' The water is con-

ducted 15 miles fry gr*ity, it"o'gh a=mile-long tunnei in Lookout. Moun-

tain, to a storage t.*,-,oi' 2 miies northwesi of the city' rJp to 1926

two limeston" ,pritg, i"-Crn', Hill Park suppl'ecl 700'C9.to t'O*-':g

;;11; " auy. The.-water was pumped to a 2'500'000-ga11on reservolr

i" Cl,y ffifi. fn"r" ,.,""toi" "'e 
kept full of the spring water for an

emergency supply. f" iq:O tht Gypty Hill Springs and another spring

on the Middle River imiles west of ti-tu city were pumped'. The rvaters

are chlorinated both at the intake and in the city reservoirs'

Stuarts Draf t.-Popr:1ation, 448' A spri.nS' 2 miles east o{ the town'

o'wned and exploited ilh' A' Blacker, suppliei this community' At the

source there is a brick and concrete spring house' The water passes by

;;""try"til " .lr.otu' to"tttt" and brick reservoir trl miles from the

town. about 10 feet i' di"-.ter and 10 feet deep. The water is chlorin-

ated at the reservoir.

veronq,.-Papulation, L25. Water from a limestone spring owned

by W. T. Weller, on a hill 6,500 feet southwest of the middle of the

town, is distributed ly St""ft to a mrmber of houses' The spring is

protected uy u .o-r"r"'d io""'"t" housing' The water is piped a short
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distance to a closed 60,000-gailon concrete reservoir, thence to the town.The water is chiorinated at intervals of 4 to 6 weeks.

Waynesboro.*Population, 6,226. Water from a spring about 3miles south of the town is pumped. to a 2,000,000_gallon .o-r.?"J ,"r"._voir half a mile south of the town by two centrifigai pumps having a
capacity 

,of.7,250 gallons a minute. fhe water purr., by gravity to thedistributing system from the reservoir, which is 200 f"eetab-orr. the .owrr.The average_cgglumption is about 1,0b0,000 gallons a day and the max_
imum about 1,250,000 galrons. A smarler concrete reservoir and a stand-pipe are used to some extent for storage. The water is chlorinated at the
spring.
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Omer or lame

794 tiles
Deerfield
Deerfield
Deerfield

east+outheast of West Augusta.

I mile norihwest of Craigsville. . .

1 mile northwest of Craigsville. . .

),f mile rorih of Craigsville. . . . . ,

500
501
502
50e
504
505

500

DU'

508

509

510

511
512
518
514
olo
516

518

520
521

523
524
525

526

527
528
529
530
531
532

534
535

536
a6l

cJd

539

540
541

543
544

545
546
547

3 miles sout'h+outhwesi of Churchville. . .

4 miles south of Cburchville.
4)y' miles souttr of C-hurchville-. ' ',..... '
62 mltes oorth-no*heast of Middlebrook

3)f miles north-northeast of Middlebrook

4)l miles southwesl of Grcmvil]e. -, . . ' '
4 miles south{outhwest ol ureeovlue. . . .

5% miles southwest of Grecnville.. . . . ' .

)l-mile nortbeast of Steeles Tavern. ' . .

p.1 mile nortbeast of Stecles Tavern. . . . .

E. A. Demmiers.. . ..... "
R. J. BaYI0r........ ". "'
II. B. Sprowl.
11. -bi. DDlovr.
J. P. Smilev & S0m..... "
II. Campbell......... '. " '
J, E. Moore ' .

Mrs, D. R' Carsos. '. .....
R. R. BerrY.

William McOomb...

Dabney RameY. .

Steeles Tavern...

8 miles north-northtpst of S1aunton....
7% miles nortb-northwesl of Stauoton...
47 miles oortb-northncst of Strunton. .

4],/ miles nortb-northres[ of Staunton. . .

5 miles north of Staunton. . . . . . . . . . . . . .

331 miles north of Stauntoo............
3 ;iles north of Siaunt0n......... . ..
3% milee north-northeast of Staunton..

Taer-a 20.-Rrcords of wellr

(All drilled

Depih
(feet)

W. H. Hicks.

Mr. Gordon.

w, tI. IllcKs,

William Dawson..
William Dawson.. .

William Dawson,..
William Dawson.. .

William Dawson...
William Dawson...
William Dawson'.
William Dawson.. .

William Dawson.. .

1914
1S10
1910
1915
1932
1932
1932
1917
1932
1920
1921

William Dawson.. .

William Dawson...
William Davsou...

William Dawsou.. .

Wiliiam Dawson. .

William Dawsou.. .

William Dawsou...

'William Dawson.. .

Date
com-

pleted

154
65
35
40

136
26

00

1913
1923
1931
1931

260

lJD
LL?
136
125
732

45
168

48
ldD
240

282
t4r
280

30

99
409
1$7
256
148
136

B8
47

762
365

45

38

284
205
165
10/

I ?90
I

I roa

I ii3

1910
1932

1926
1924

1921

1930

1910
1S32
1920
1913
1S14

1923
1913
1909

lVilliam Dawsou. ' .

William Dawgon...
William Dawson" .

William Dawson...
Wiiliam Dawson,. .

William Dawson...
W. E. Hicks,... '.

\Yilliam Dawson...
William Dawson...
Wiiliam Dawson..
William Dawson.. .

William Dawson.. .

William Dawson.. .

William Dawson. .

William Dawgon.. .

190S

1917
1917
19i7
1917
1910
1915
1932
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in Augusta County, I/irginia

wells)

C\aracter
OI

material
Geologic
horizon

Limesione. .

Limestone. .

Limestone. .

Limestone. .

Limestone. .

Limestone. .
Limestone. .

Linestone. .

Limestone. .
Limestone. .

Limestone. .

Limestone. .

Limestone. .

Limestone. .
Limestone. .

Limestoue. .

Limestone. .

Limestoue. .

LimestQne. .

Limestone. .

limestone. .

Limestone. .
Limestone. ,

Limestone. .

Limestole, .

Limestone. .

Limestone. .

Limestone. .

Limestone, .

Elbrook..........

Elbrook. . . . . . . . . .

Ilelderberg.......
StonesRiver......
Elbrook..........
Elbrook..........
Coqococheaque. .. .
Conocochea[ue. .. .

Conococheague... .

Conccocheague... .

Conococheague... .

Conococheague... ,

Conococheague... .

Couococheague.. , .
Conococheague. -, .
Beeknantown. ... .

Conococheague. . . .

Beekmantown...,.
Elbrook. . . . . . . . . .
Conococheague, . , .

vonococneague,,. ,
Beekmantown.. ,. .
Beekmantown..,..
Beekmantown.....

Conococheague. . . .

Beekmantown. ... .

Beekmantown..,. .

Conococheague. , , .

Conococheague. . . .

Conococheague. .. .

Conococheague. . . .
Conococheague.,. .

Athens. . . . . . . . . . .

Athem...........
Aihens. . . . . . . . . . .

Beekmantown.....
Beekmantown.... .

Beekmantown, ... .

Limestone

Limestone. .
Limestone. .

Sbale......
Limestone. .

Liuestone. .

Limestone - .

Limestone. .

Limestone. .

Draw-
down
(feei)

Deptb
to

water
level
when
drilled
(feet)

Yield
when
drilled

(gallons
a

minute)

tr'lowed

t2

10
6

Small.
10
10

34

%

Analysis on page 114.

10 gallons a minute encountered at
feet but cased ofr by order of
owtrer.

Analysis on page 114.

Analysis on page 114.

500
501
302
503
504
ouo

506

507

508

509

510

oll
512
tlJ
514
olo
olo
att
518
51S
520
52r

522

524
uzD

526

527
528
529
530
531
532
OJJ

584
oto

536
537

538

539

540
54L
542
54ts
544

545
546
547

50

10
20

2
10
8

10
r%

10
10

8

4%

20

23
6

12
10
1%

l,
20

2

20
%

13

10

2
6

t2
1%

5
5

20

i';il-itll.d';;;;'i'i'"i' 
",""i,^tl'ieaat 140 feet, cased 0ft. Water at

240 feet.

Well drilled 25 feei in boitom of
39-foot dug well.

Analpis on page 114.
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Tasln 20,-Racords of wells in

Owner ot name

548

549
otu
551

oot
554

ooo
oot
558
to9
560

561
562

563

564

ooo

oDo
ooa
568
569
570
o/ I

578
579
580
581

582

584
t60
586
587
588
589

590
591

592
593

2}l miles aorth-northwest of Staunton. . .

2l miles north-norihwest of Staunton...
2)/ miles north-northweet ol Staunton. . .
2}j miles north-northwest of Staunton. . .
2}l miles north-northwest of Stauntou. . .
2).j miles north-uorthwest of Staunton. . ,
2)l miles north-northwest of Stauuton. . .

3l miles northwesi of Staunton. ,.. . . . . .
3 miles east of Staunton................
I mile northemt of Staunton.
I mile north-northeast of Staunton. . . . .

)! mile norih of Staunton..............
Staunton..........

Staunton,.,.,.....
Stauntou. . . . . . . . . .

Staunton..........

StauDton..........

Staunton..........
Staunton..........
Stauntoq. . . . . . . . . ,
StautrtoD..........
3r,y' milee wesi of Stauntou.
3X milee wwt of Staunton. . .

3l miles west of Siaunton........, -. -.
3)l mllee wet of Staunton............ .

2).{ miles west of Siautrtotr. . ...........

2rl milea weet of Staunton.
2Jl miles southeast of Staunton.........
2)l miles southeast of Stauntou. . . . .. . . .
2 milw south of Stauuton.
2l miles souih of Staunton........ -. -..
2 miles soutb of Staunton.
3 miles wetrouthwest of Staunton. . . . . .

3|l miles west*outhwest of Staunton. . . .
3)1 miles soutbwest of Staunton. .. . . . - . .
3}l miler south-southwest, of Stauntou. . .
4 miles eouth-eoutheast of Staunton. . . . . .

5 milee goutb of Staunton.
5 miles eoutb of Staunton.
5al miles eouthwest of Stauoton.........
6l miles south*outheast of Staunton. . . .

Stuarts Draft......
1fu miles emi of Siuarts Draft.... ... ...

J. N, Jackron........... William Dawson.. .

'William Dawson.. .

William Dawson,. .

William Dawson.. .

William Dawon.. .
William Daweon.. .

William Dawson.. .

William Dawson.. .

William Dawson...
William Damon.. .'lfilliam Dawson...'William Damon...
H, N. Hulvey.. . . .

William Dawson.. .

W. H. Eicks. .. . . .

William Damon...

William Dawson..

William Dawson,.

John Rutherforil.
National Cenetery........

E. McK. Snith. . .. .. .. .. .

Putnam Organ Co.........
Beverley Gmage..........

A. G. tr'auver.
William Sweet.
Mn. J. A. Rutherforil.... . .
Mr. Cleveland............
Reid Brothm.............
Reid Brothen.............
Mr. Richel...............
E. D. Dunds.............

E. T[. Crosby.............

P. H. Wilson..............
W. J. Snith.
Mr. Desper..........,....
M. Payne.
J. A. Seaton.
Oscar Downey .

C. S. Yeago...............

J. F. Tannerhill...........'W, G. Gochenour..........
J. H. Shaner..............
Eughert lrvine.,..........
E. M. Carier.
Rev, C. Gilkerson. ........
W. T. Hanis..............
E. E. Stover..............

C. I. Kyte................
Justice Cline..............

William Dawson..
William Dawson..
William Dawson..'William Dawson..
William Daweou..
William Dawson..
William Daweon..
William Dawson..

William Damon.. .

William Dawson,. .'William Dawsor.. .

William Davson.. .

William Dawson,. .

William Dawson...
William Daweou.. .

William Dawson...
William Damon,..
William Dawson.. .'William Dawson.. .

William Dawsou.. .

William Dawson.. .
William Dawson.. .

William Dawson...

William Dawson..
I{. H. Eiclc.....

E. N. Eulvey....
I{. N. Hulvey....

3% miles nodh
Weyers Cave, .

west of Weyen Cave. . . . ,

Depih
(fee0

Date
com-

pleted

97
152

90
59

240
191

119
119
199

64
1,400

1910

1909
1909
1923
1909
1932
1909

689

250

oo

175
98

216
298
121
326
536

188

350

801

1926
1914
1910
1914

i:::

i:i:

1909

762
110
Ito
326
725
180
116

245
264
320
146
60

125
136
240

163

727
179

1923

1923
1923
1928
1926
1928
192E
1921
1917

1909
t922
1916
1925
r924
1931
1931

1909
t924
1931
1925
1913
1S14
1922
1921

1918
1928



Character
of

material

Limestone. .

Limestone. -
Limestone. .
Limesione. .

Limestone. .

Limestone. .

Limestone, .

Limestone. .
Shale......
Limstone. .
Limestone. .
Limestone. ,
l,imestone . ,

Limestoae. .
Limestone. .

Limestone. .

Limestcne.

Limestone.

Linestone. .
Limestoue. .
Limestone. .
Limstone,.
Limestone. ,
Limestole. ,
lirnestone . .

Limestoue. .

Limeetone. .

Limestone. .
Shale......
Shale. -....
Limestone. .
Limestoue. .
LiEestone, ,
Limestoue. .

LimesNone. .
Limestoue. .

Limestoue. .
Shale... ... .

CouNry Raponrs

A ugusta County, I/ir ginia-C ontinued,

Depth
to

water
level
when

drilled
(feet)

Conococheague- .. .

Conococheaeue. . . -
Conococheasue, .. .
Conococheague. . . .

Conococheasue. .. ,
Conococheague. . . . 181

80

Beekmantown
Conococheasue.
Beekmantown,... .

8eeknantown.... .

Beekmantowu.... .

Beekmantown.... .

Beekmantown, ,. . .
Beekmantown.. .. .
Couocooheague....
IIDIOoK........ _ -
Elbrook..........

Conoeocheague,.. .

Beekmantown. ... .

Martinsburs......
Martinsburg. . . . . .

-Beekmantown.... -
SionesRiver...,..
Beekmantown.....
Beekmantown. . .. .

Elbrook..........
Elbrook..........

Water came in at bottom of the well.
Analysis on page 114.

111

Yield
wben
drilled

(gaUons
&

miuute)

Draw-
down
(feet)

No.

548

549
550
oot
552
to6
554

ooo
oDo
ooa
oo6
ocv
560

10t/4

20
6
3

20
8

12
t2
10

40

Well at fusi was 132 feei deep. went
dry, and was drilled io 232 f*i. It
was weakedng again in 1932.

40-foot opening 
"n.o,,ni"i"d 

ui"ooo
fcet but eoniained no water, Most
of water came in below 600 feei, Well
8 inches ia diameter.

Analysis on page 114. Water used
wasnrng.

iiili;;; il;';;.y h;;,i. 
"ft;;

was drilled 210 feet deeoer. and t
yield.was increased by 5 gallons
mtDurc.

Well originally wae 137 feet de,
yielding 20 gallons a minute, but
went, dry and was drilled to present
oeptn.

561
562

563

ooD

566
567
568
569
570
al r

573

o/t
576

578
579
580
581

582
583
584
06D
586
587
588
o6v

590
591

592
593

20

30

20
15
to
2

20
10

r%
6%

10

10
10
10
3%

15
2%
.72

1
3
3%
3
d

12
r%
3

15
3

4
30

12
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Location Owner ot name

594 H. N. Hulvey.. . . .

E. N. Eulvey... . .
William Damon...
H. N, Ilulvey.....
William Dawsou.. .

II. N. Hulvey.. . . .

William Dawson.. .

W. J. Gochenour. .

w. J. Liocbenour . .

William Dawson.. .

H. N, Hulvey.. .. .

William Dawson...
William Dawson...
William Dawson...

'William Dawson.. .

W. H. Eicks......

Virginia Machinery
& \{ell Co.

108
70
oo

loo
46

290
81

dc
206

48
68

r25
69

720
825

592

' iei4
1920
1909

1923
1922

ovo
ouo
597
598

599

600
601

602
603
604
605
606
607

608
609

611

Weyers Cave. King Colla Boitling Works

BasicCity.........

BmicCity.........

Basic City.........

3 miles soutb of Fishereville.

3 miles south ol Fishersville . .
4 miles south*outhwest of tr'ishersville. . .

4)l miles soutrh-southeast of Fishersville..

4f miles south*outheast of tr'ishersville. .

6|l miles south of Fishersville...........

duPont Rayon Co.

612 duPont Rayon C0... ......

w. n. ErcK....... ...,...
W. D. HeroIey............
William Driver............
T. O, Tinch...............
Guy Wilson...............

J. E. Jacks0n.............

613

614
olo
oro

617

618

100

130
toD
198

100

177

1925

1900
1924
1920

1924

1932

Taeln 20.-Racords of wellr iil
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A u gusta C ounty, V ir gini a-C ontinue d

Character
of

material

Dolomite. . .

Dolomite. . .

Limestone. .

Limestone. .
Limestone. .

Sand,
and
l,imestone. .

Depth
to

water
level
when

drilled
(feet)

Yield
when

drilled
(galloro

a
minute)

Draw-
down
(feet)

No,

594Tbis well was 30 feei away from well
593 and dried up when that well was

. illiil: . .

560

7
10

20

0.

10'
I6

6
1
3

lo
3

20

23

Well l. Wheo this well ie pumped a
large spring nearby is wealiened.
Well is on €at sround at foot of
Blue Ridge;1,30:0 feet above uea
level:12 inches in diameter,

iil";i;;;';.;;,1;i; di ;;il;, ;;;ii'
graYer,

2 vells 150 yards apart.

Well eased to 8! feei,

Well cased io 27 feet.

A;;l;;i' ;;'il; 11i." " " " " " " "
Analysis on page 114,

Aualysis on page 114.
Analysis on page 114,

auo
596
557
598

599

600
601

602
603
604
605
606
607

608
609

610

61I

!'lows. . . .

40

60

t4

depth of 554 feet and 8 inches
bottom. Cmed to 734 feet.

680

25

IO

20

Well 5. This well is said to be
ered 15 feet when well 2 is
350 gallons a mirute. Ana.
page 114.

level;12 inches in diameter.
Well 2. On flat cround at foot

Blue Ridge; 1,301 feet above r

level:10 inches in diameter to

Some..water ai 18 feet in sand, rest in
ot trmestone.

Boulders, ocher, gravel, and mnd
lying bedrock.

6r3

614
olo
616

ott

618
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ROCKBRIDGE COUNTY

GENERAL FEATURES

Rockbridge County has an atea ol 616 square miies' Its, popula-

tion in i930 was 20,902. Buena Vista is the largest community, with
4,002 inhabitants, but Lexington is nearly as large, tvith 3,752' Most

of the residents are engaged in agriculture, and about two-thirds of the

county is classi{ied as iarm tand. Rockbridge County is not highiy in-
dustrialized compared to other counties in the area, for there were in

1929 only 44 indlstrial establishments, employing a total of 979 workers'

The value of the output during that year was $6,661,902.
Rockbriclge County occupies a part of the Shenandoah Vailey that

is rather diflicult to divide intt provinces. The relief in the central and

eastern parts of the county is somewhat greater than is typical of the

parts of the valley to the northeast, and there is no sharp division betr'veen

ihe Shenandoah Valley and the area that corresponds in other counties

to the intermontane nuil"yr west of North Mogntain. Ho"vever, in Rock-

briclge County the ridges are higher and steeper toward the west and

northwest, and the "t." it cut up into smali vaileys. Rockbridge County

is in the James River Basin, being drained by the North and South

Rivers.

GEOLOGY

The Pulaski fault, which continues southlvestward along the trend

of the axis of the Massanutten syncline, is the major structural feature

in Rockbridge County. East of the fault the pre-Cambrian rocks are

overlain by the Cambiian basal quartzites. These quartzites crop out

along the west front of the Blue Ridge and are spectacularly exposed in
the gorge of the James River near Glasgow. Tomstown dolomite, Way-
n.sboro fo.-ation, Elbrook limestone, and Conococheague limestone, dip-

ping northwestrvard, crop out successively toward the northrvest' These

lormations are involved in a synclinal fold whose axis is occupied by

limestones of Beekmantown age. (The Chepultepec limestone, rvhich

occupies the axis in the southwestern part of the fold, has not been dif-
ferentiated from the overlying Beekmantorvn in this fepoft because it
crops out only in the southwestern part of the area studied.) The suc-

...rior, of outcropping formations in the northwestern limb of the {olci

is interrupted by the Pulaski fault.
About 4 to 5 miles lvest-northwest of the Pulaski fau1t, and para1le1

to it, there is a system of en 6cheion faults cutting the rocks in a rather

unsystematic pattern. The rocks between this system and the Pulaski

fauit represeni a syncline whose axial region has been overridden by the

Pulaski overthrust sheet. East and south of Lexington a smail part of
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the_syncline is exposed, showing an interrupted outcrop of Martinsburg
shale. The rvestern iimb of this syncline is cut by en 6chelon faults.
Most of the rocks betr,veen the 6chelon fauits and the pulaski faurt are
Cambrian and ordovician iimestones; the oldest rocks croD out to the
n.r'thwest. They dip chiefly southeastward. A small but intensely folded
synciine,is developed on a larger {old, ancl its axial region is occupied by
the southwestern equivalent of the Romney shale. The axis of the fold
lies about midway between Natural Bridge and the Rapps Mountains.
About 4 miles west of Lexington the roiks 

"re 
nrr"rrged in a dome-

shaped anticline, which exposes conococheague limestone at the core.
This dome is in direct iine with the axis of the small syncline iust cle-
scribeci. I'general the area between the pulaski fault and the 6chelon
faults has a rather indefinite structural pattern.

There are three structural units in ihe area rvest of the en 6chelon
faults-a_ plunging syncline at the north.east end, an intense syncrinal
fold on the northweite.n border of the county, and an inclefiniie anti-
clinal fold at the southwest end. The syncrine at the northeast end is
irregular in form anci not very tightly foldecr. Brailier shale occupies
much of the axis, and Romney shale is rviclely exposed, but Tuscarora
quartzite and clinton formation cover much of the periphery of the fo1d,
outcropping over an exceptionally large area. This syncline, lvhich
plunges northeastlvard, extends to the southwest corner of the county
with Martinsburg shale at its axis. The axis of the seconcl syncline
passes between Goshen and Panther Gap, ancl Brallier shale occupies
the central area. The folding in this syncline opens tourard the north-
east and closes outside of the county, southwest of Rockbridge Alum
Springs. The anticline in the southwest corner of the county is feebly
developed and is partly an expression of the plunge of the syncline near
Goshen Pass, but it brings Cambrian and Ordovician iimestones up to
the surface in a terrane underlain mostly by Martinsburg shale.

GROUND-WATER CONDITIONS

The ground-water conditions in Rockbridge County must be dis-
cussed in a different manner from those in the other counties. Drilled
rvells are not numerous, and they were drilled so long ago that the
ol\iners and drillers have forgotten their detailed characteristics. In ad-
dition a large proportion of the rural inhabitants of Rockbridge county
depend for thei.r,vater suppiies upon springs and cisterns. As a result
very few complete records of wells are available. The fie1cl i'formation
lvas obtained by interviewing people at many of the communities in re-
gard to individual water supnlies and general conditions in the vicinity.
As a result of this method of obtaining the data, it is believecl that the
discussion of ground-rvater conditions in the county can best be described
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by considering in turn each community or other point where information

was obtained.

Springs.-springs are of more economic importance in Rockbridge

County than in the other counties in the area studied, and more inf orma-

tion was obtained regarding them. The springs in the Shenan_doah Val-

ley have been studied in gieater detail by Reeves and others,11 and the

results systematically tabulated. In preparing the present report.atten-

tion was confined, in other counties than Rockbridge, to drilled wells, the

reports cited being relied on to furnish information concerning springs.

ln Ure description" of Rockbridge County some information on springs

gathered by the writer and iome by Reeves is included, but for
more detailed and comprehensive records the reader is referred to the

bulletins above cited.

Goshen.-About 1 mile northwest of Goshen Big Spring rises from
the valley fill and discharges into X{ill Creek. The two main points of
issue are seeps around *hich concrete basins roofed with wood have been

erected. The combined ffow of the two seeps r'vas estimated about 10

gallons a minute in September, 1933' The water tastes slightly of iron,

indicating an immediate origin in the Brallier shale, rather than a long

passage ihrough the fill in the valiey. The spring was not used in 1933,

tut iiwas being considered as a possible source of public water supply

for the village of Goshen. The springs, though smali in discharge, were

reported to be very reliable. South of Goshen and east of Goshen there

"rL 
,o-" large spiings, and Reeves' reportl2 includes the description of

some springt tt.n..t Buffalo Gap ( Nos. 403, 40+, and 405 ) .

Wells in Goshen are fairly numerous' but most of them are dug or

bored by hand ancl are about 20 feet deep. The tou'n is on one sicle o{

a broacl valley underlain by Brallier shale, upon which 10 to 20 feet of

alluvium has-been deposited. Water is easily accessible to dug and hand-

bored wells, but in dry seasons many of them fail. Aside from the

unreliability of some oi these shallorv wells, the whole systern of obtain-

ing water in a thin water-bearing bed into which waste water is dis-

charged through cesspools and septic tanks is questionable hygienically.
Furthermore, if the wel1s are put down to the bedrock in an effort to
minimize the danger of their failing during droughts, the r,vater is in-

creasingly charged with iron at deeper horizons in the aliuvium'
Recorcls of two drillect wells (700 and 70i) are set forth in the well

tables. They indicate that water can be found in the shale in small

tt C"nt*, W. D', Foster, M. D., Reeves, Frank, ancl Meachm, R' ?',. Sorines of Vir'
ginia: -State 

Comm. Cons. "tid-|"t.I., 
Div, fater Resources and Power Bul1. 1, 55 pp.' map

and tables, 1930.---il;;;,-iiink, Thermal springs of virginia: virginia Geol. survey Bull.36,56 pp.,

map and tables, 1932.
u State Commission on Conservation and Development, Division Water Resources and

Power, 8u11. 1, P. 42, 1930.
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quantities at comparatively slight depth. However, the fact that the
f ield of both of these wells weakenedln 1930 indicates that considerable
water is taken from the alluvium, and hence these wells are not true
indicators of the water-bearing properties of the bedrock. Apparently
the shale in the immediate vicinity of the vilage is not promisitrg 

", a
source of even moderately large supplies. Static levels oi tt " water in
the wells are from 3 to 5 feet belowground.

^ .Rockbridge Alwnc Springs.-The spring at Rockbridge Alum
Springs is described by Reeves in the repoit on "springs of viiginia,"ra
as spring 394. In the community knorvn as ,,Califo'ria,,' a riile east
of the spring, a fe'rv wells have been clug into the arluvium with satis-
factory results, and one well was drilled to a depth of 60 feet. Most of
the people in this vicinity and down the va11ey to Goshen use the numer-
ous small springs that issue from the hillsides. The water is said to be
soft. Many of these springs fail in exceptionally dry summers, but a few

"l Jl:t are reported to be reiiable. They weaklned in the summer
of 1932 but recovered by Juiy, 1933.

Between Kerrs creek and Rockbridge Alum Springs there are a few
wells. Well 704 is typical of others in the vicinityls6aliow and of
moderate yield. The only deep well in this vicinity: is 1g0 feet cleep.
Springs are smalI, the water is 1im,v and hard, and most of them are
reliable.

colliersto'atn 
-At Arpin, 3I miles north-north'r,,est of collierstown,

a fe'v very shallow rvells (for example, well 205) have been put down
into limestone. A11 but one of these wells deliver water at a iery srow
rate and are betrveen 35 and 60 feet deep. North of this.point smalr
springs are used extensively by the inhabilants. Spring 11 is typicar of
the smaller springs in the shale areas, flowing at a iate of 3 or 4 gailons
a minute. other springs in this neighborhood are described in Reeves,
reportla_ (386 to 390). Many of these springs are large. Well 206 is
one of the very few drilled welis in and near collierstor.in. It is 60 feet
deep,and yields water at a_moderate rate (probably small for limestone).A 29-toot dug r,vell on the .u-" prop".ty never fails but water level
goe.s lou'er in droughts. Dug weili "r" i"itty numerous in this vicinity
and are shaliow and fairly reliabie. Many of ih. inhubit"rrts use cisterns,
and others use springs. Well 207 is a dug weil typical of others in the
area south of Collierstown.

Rapps Mi,ll._-In the valley north of Rapps Mill wells are very
scarce, most of the inhabitants using springs and cisterns. There are
some large springs. (See Reeves' ..poil,tuiprings 379_383.) Most of
-lion'Tr., n. nr.

1. Op. cit., pp. 40-41.
16 Op. cit., p. 40.
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the springs that are used are small but are reported to be reliable. Ayres

Spring (Reeves'383), north of Rapps l{i11, flows from a cavern-1ike

opening in a hillside. Its flow is so large that the city of Lexington

pumped. 2,500 to 3,000 gallons a day from it as an auxiliary supply dur-

ing the drought of 1930-31.

Murat.-springs are abundantly used in the vicinity of Nlurat,

where there are many sma1l springs, and a few large ones, such as

Reeves' 391 and 392. A smalier spring than these, but latger than many

of the household springs, issues on the property of W' A. Gordon in

Murat. It flows over 100 gallons a minute and furnishes enough water

{or four families. It is reported never to have dried up, and its long

use is proved by a spring house that has for many yeafs stood over it at

its point of issuance.

Natural Brid,ge.-At Longwood, 4 miles north of Natural Bridge,

a few moderately large springs and many small ones that issue from the

limestone are used for household supplies. Most of these springs are

reported to maintain their flow during dry years, especially the larger

ones. Wells are not numerous, but many of the inhabitants use rain-
water cisterns.

At 4l miles north of Natural Bridge well 709 has been drilled on

the property of Mr. Cummings. It is the only well in the vicinity for
which information was available and may not truly represent the ground-

water conditions in that part of the county, but its yield is larger with
respect to its depth than that of many of the other wells in Rockbridge

County. It was drilled in the bottom of a 4O-foot dug well that had

{ailed. Between Longwood and Naturai Bridge drilled wells are some-

what more numerous, but they yield less water than well 709. Well
710 is less than 60 feet deep but yields only 3 gallons a minute. One

well nearby is about as deep but delivers less water. Two other wells

are deeper-100 and 190 feet; one of them yields a little water, the other

a comparatively large amount. lIere, as in other nearby localities, drilled
weils are relatively scarce, but springs and cisterns are abundant'

The hotel at Natural Bridge is supplied by the Barger and Claytor
springs. The Barger Spring issues from a limestone ledge at the {oot

of a hill northwest of the hotel, through a single cavernous opening.
The water dischalges into a concrete basin 10 by 12 feet, where it is

piped into a line and carried by gravity to the hotel. During the peak

,season 40,000 gallons a day is used without stopping the spring from
overflowing, although both springs lveaken somewhat in dry seasons.

The water is hard. Claytor Spring is similar to Barger Spring except
that its flow is greater and it fluctuates less from season to season and
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from year to year. Reeves' reportlG contains information about one
spring near Natural Bridge (384).

At Natural Bridge Station several wel1s have been drilled to moder-
ate depth. Well 711 is 121 feet deep and yields over 20 gallons a min-
ute, which is the capacity of the pump. Other wells are of comparabie
depth but do not yield so much water. Most of the inhabitants in the
vicinity use springs, which are numerous.

Bells Valley.-Bells Valley is underlain by Romney shale. The
soil is thin and consequently the dug wel1s upon which many of the in-
habitants depend for their water supp ies are onlv moderately satisfac-
tory. They can go only 15 feet or riig.l-,ify deeper (see well 7iZ1 before
reaching bedrock, their yield is smaIl, and during droughts they go clry.
Unfortunately springs are few, and the one or two in the vicinity that are
conveniently enough located to be used are small. According to the avail-
able records, the ground-water conditions are similar for at least 3%.
miles to the sorrth. for well 713 is also a shallow dug well, with "plenty',
of watel for a bucket pump of chain type. In theirr*-"l. of 1933 t-he
water level in this well was only 6 feet above the bottom of the well as
it was originally dug, but the owner says that it has never failed. Near-
by welis are shallow dug wells. It is reported that if wells are carried
down too near the bedrock (Romney shate) the water is highly charged
rvith iron. 'On1y one household in the vicinity depends on a spring for
in'ater supply.

Iutnp.-ln the vicinity of Jump the chief source of ground water
consists of springs. They are mostly small, such as the one on the prop-
erty of Nash Miller, which flor,vs at a rate of 1 to 3 gallons a minute.
At least some of them failed in 1930, and others were weakened to a
greater or lesser extent, in spite of the fact that limestone crops out in
that area. Many of the inhabitants use rain cisterns for their entire
household supplies.

Rockbri,dge Batks.---The Rockbridge Baths locality is interesting
in that thermal springs issue from limestone on the east limb of a syn-
c1ine.17 They discharge where the North River has cut into the lime-
stone. Analyses of the water of several of the springs show that the
water is relatively high in dissolved minerals,ls and the water is ther-
mal, the temperature of some of the waters being as high as 70" F.
The flow of the springs is moderate to small, 600 gallons a minute being
the fforv of the largest spring measured there.
---* op. 

"1., 
p. ao.

,rrr]t 
O."t"", Frank, Thermal sprlngs of Yirginia: Virginia Geol. Survey Bull. 86 p. 49,

_ -_rsState Commission on Conseryation and Development, Div. W'ater Resources and power
Bull. 1, p. 43, 1930.



CouNrv Rnponrs I2l

It is the conclusion of those who have studied the geologic occur-
rence of thermal springs that the water is carried by artesian pressure
down the dip of synciinal beds and up to their point of discharge on the
opposite limb. The temperature of the water as it emerges represents the
comparatively high temperature of the rocks beneath the axis of the syn-
cline. Most of the thermal springs are relatively high in dissolved min-
eral matter. This system of artesian florv is impelied by gravity, and the
rvater derived from precipitation must enter the r'vater-bearing bed on
one limb of the syncline at a higher altitude than the point on the op-
posite limb where it discharges as a spring.

Rockbridge Baths is a summer colony, and some of the springs are
protected by bath houses and piped into bathing pools. Most oi them
are owned privately. Farmers outside of the commrinity depend mostly
on small springs for their water supplies. A11 the springs in the vicinity
were weakened during the dry years of 1930 and 1931, but few, if any,
failed. A few dug rvells of shallow depth are used in the vicinity. They
are reported to yield sma1l but reliable supplies of rn'ater.

Tinober Rid,ge.-One spring owned by C. N. IlcGuffin supplies sev-
eral of the houses in the smali community of Timber Ridge. The flow
is small, but the seasonal and yearly fluctua-tions are not great. The
lvater, originating in iimestone, is rather hard. A11 the inhabitants of
nearby homes and farms use either springs or cisterns. There are no
wells.

Lerington.-About 5 miles north of Lexington several dug wel1s
supply the inhabitants with small quantities of water. (See well 714.)
The well on the property of F. G. Berry is_32 feet deep, dug into al-
luvium. Its yield is ordinarily suf;ficient for the needs of the household,
but it failed in 1930. There are feu' springs between this point and
Rockbridge Baths, and dug wel1s are commonly used.

Springs in the vicinity of Lexington are described by Reeves.le
Spring 400 is a pond 7 actes in extent, fed by several springs that
bubble up from the bottom and enter from the sides. Its flow was
measured by Reeves at 4,500 gallons a minute. Part of its outflow is
conducted by a flunie to a mill and used for water power. The range
of the water level in the pond from year to year is said to be no more
than 6 inches.

Several wells have been drilled in recent years in Lexington and a
few miles to the south and west. Fairiy complete records of seven of
these wells are avaiiable. They range in depth from 26 to sll feet and
yield from 40 gallons a minute to nothing. Two weils of moderate to
slight depth yield 40 and 35 gallons a minute respectively, the others
---iopl"rt., p. ar.
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yielcl 6 gallons a minute or 1ess, and the two deepest wel1s are unsuc-
cessful. The yield of the seven rve11s averages only 12 gallons a minute.
The records of these wel1s indicate that all the uncertainties inherent
in obtaining water from wel1s in limestone are exaggerated in the vicinity
of Lexington. The reason is probably to be found in the geomorphic
history and development of the region rather than in anv peculiar charac-
teristics of the limestone, although the specific set of circumstances is as

vet unknown. The records of these wells may be interpteted either
optimistically or pessimistically by a prospective seeker of a ground-
water supply, and either view has justification. The writer would hesitate
to advise spending a large amollnt of money drilling deeply for water if
none is encountered in the first 100 or i50 feet, because the two most
productive wells in this vicinity are comparatively sha1lorv. The static
water ievel in the rvells was at no greater depth than 30 feet when they
were completed.

Raphine.-At Raphine springs are not abundant, and most of the
inhabitants use cisterns. There is one shallow dug well in the community.
Two springs side by side, owned by Mrs. F. E. Fulwider, supply three
households. These springs are in a val1ey, and the water is pumped to a
storage tank on a hill behind the houses. One spring has a tile casing
driven into the basin where it issues. The other outlet is provided with
a concrete basin, and the fiow through the overflow pipe of this opening
was estimated at about 50 gallons a minute. The springs are said never
to fail.

Vesuaius.-In the vicinity of Vesuvius many of the sma1l springs
are used for household supplies, and in addition a few wells have been
d.tg. Most of the wells are 10 to 15 feet deep and are situated in the
valley of the South River. The water is said to be soft, but the spring
water is harder. Well 723 is on the side of the valley and consequently
deeper than most of the others. It is about 40 feet deep, ends in gravel,
and delivers abrrndant water for the neids.

Brozunsbwrg.-Near Brownsburg many springs are used. The
springs are small, and many of them have gone dry in the more severe
droughts, like the one of 1930. In addi[iorr to the springs nearl-v everl'
household has a rain-water cistern. One spring half a mile south of
Bror,vnsburg, on the Rees property, supplies nine farnilies in the viliage.
The spring rises in a broad valley, from the limestone beneath, and is
gathered in a concrete basin and piped to Brownsburg by gravity. The
flow weakened a little in 1930-31 but did not fail. This spring has al-
ways overflowed, even when being drawn upon heavily, and in the late
summer oi 1933 it was estimated that 50 gallons a minute was passing
out through the overflorv pipe.
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Fairf,eld,.-Springs are used extensively in the vicinity of Fair-
fie1d, it being reported that every farm iras one or more from which to
drar,v lvater. One spring on the property of Thorne Barthrvicke supplies
se.zeral families, a1l of whom pipe and pump their own supplies from a
basin excavated into the limestone. The flow l,vas estimated at less than
10 galions a minute. The cirought of 1930-31 had little apparent effect
upon the discharge of this spring. The nearby springs rvere reported tcr
have withstood the drought, although some of them weakened.

Incomplete recorcls of three drilled we11s in this vicinity indicate
that shallorv wel1s put dorvn in the limestone derive only a small supply
crf xrater. The n'e11s lvere reported to be 22, 60, and 65 feet cleep, and
one yielded less than 3 gallons a minute; the yields of the others rvere
characterized as "fair" and "strong."

There is an ebbing and flowing spring on the property oi the l,Iarl-
brook Lime Co., 2 miles southeast of Fairfield. It flows altout 500 ga1-
lons a minute and has a period of fluctuation ol 7 minutes. It is said
that the behavior of the spring is very regular.

Midaale.-In the vicinity oi Midvale each household depends r4ron
its own spring for rvater, except three-t'"vo having lvelis and one a cis-
tern. Only one spring failed during drought. The rvell at the station
nraster's house on the Norfolk & Western Railway (well 627) is 97 feet
deep, and delivers a "very strong" supply from limestone.

Riverside.-Near Riverside, as in other parts of the county, springs
are fairly numerous. The springs in the east side of the val1ey are small,
but those that issue from the limestone on the west side are larger.
Dug wells range in depth from 18 to nearly 100 feet. Many of them
went dry in 1930-31. Well 728 is 30 feet deep, dug into clay and gravel,
and is reported to have a "strong" yield.

Buena. Zisfa.-No good records \A'ere available of we1ls in Buena
Vista. \Yell 729 is repoited by the engineer of the Blue Riclge Tannery
to be 725 feet deep, but there was no record of its yield, rate of pump-
ing, or depth to the static water level. Other industrial establishments
use river water. At Mechanicsville, 3 miles southwest of Buena Vista
(not shown on the map), large springs are abundant and widely used.
They are reported to be reliable. Many of the inhabitants have cisterns
for soft water.

Glasgow.-Five springs on the east slope of Sallings Mountain sup-
ply Glasgow with water. The springs issue immediately from valley
wash, but the ultimate source is, partly at least, the near-sur{ace part of
the Tomstown dolomite. The springs are protected by concrete basins
at their points of emergence, whence they are pipecl to a smali concrete
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storage reservoir down the slope of the mor-rntain. From the reservoir
the water is distributed to the consumers by gravity. The supply has

been adequate at all times, although some seasonal fluctuation in their rate

of flow is evident. Well 730 has been drilled between the springs and

reservoir to provide an emergency supply. The hole is 360 feet deep.

At the bottom a large cavity was entered, and u'ater came rvithin 8 feet

of the surface. Pumping at 50 gallons a minute lor 24 hours lowered

the water leve1 by only 11 f eet.

Swntnary.-springs are abundant and comparatively large in the

parts of Rockbridge County underlain by limestone, especially rvhere

some topographic feature is present to intersect the water table. Such a

feature is the valley of the South River. The springs are widely used in
most areas for household supplies. In areas underlain by shale and sand-

stone and in certain localities underlain by limestone springs are fe'lv

and small. In such places we11s are depended upon to a moderate

extent, and cisterns are widely used,
The county as a rvhole seems to hold out poor inducement to prospec-

tive seekers of water supplies from we1ls. Howevet, the possibility of
obtaining large well supplies at greater depth has not been adequately

explored, and systematic drilling at great depth might be successful'

MUNICIPAL SUPPLIES DEPENDENT ON GROUND WATER

Buema Vista.-Population, 4,002. Two mountain streams supply

most of the water. Water from Noel Run is collected in an open 360,-

000-ga11on reservoit, and water from lndian Gap in a 60,000-ga11on

reservoir. Hall Spring, lf miles southwest of the town, is used as an

auxiliary supply. The spring water is pumped by a Diesel 45-horse-

power centrifugal pump directly into the mains but discharges by back

pr.mut" into the Noel Run reservoir. The spring flows about 500 gal-

lons a minute, and a maximum of 250 gallons a minute can be pumped

from it. In 1932 about 15,635,000 gallons was pumped f rom the spring:
in 1933 about the same amount, but in 1934 only 915,000 gallons. The
rvater of the surface supplies is chlorinated at the intakes. The spring
water is chlorinated at the pump house'

Glasgow.-Population, 507. Five springs on Sallings Mountain,
northwest of the town, provide part of the water for the publicly owned

system. Each spring is equipped with a covered concrete shelter, and the

water is piped from them to a concfete impounding reservoir down the

mountain slope. From the reservoir the water is distributed by gravity.

Between the springs at-td the rcservoir a well was drilled to a depth of
360 feet in the winter of 1934-35. The rvel1 was pumped at a rate of 50

eallons a minute lor 24 hours, and the draw-down was only 11 feet,



CouNry Rsponrs 125

which will easily furnish the 20,000 gallons a day increases in consump-
tion expected 'when the Blue Ridge carpet co. begins operation of a new
plant in the town. The total capacity of the system is believed to be about
216,0n gallons a day.

Gosken.-Population, 200. The Stillwater Worsted. Co. furnishes
drinking water to its mill workers and to the company-owned homes of
employees. The well is 83 feet deep and yields aboui 10 gallons a min-
yt"' It is pumped about L8 hours a day. The distribution is effecteri
by a pressure tank.
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700

704

701

702

703

710

71r

705

706

707

708

?09

7t2
713

714

715

718

719
720

721

722

723

Location

Goshen

Gcshen.................

Goshen.....

1f( miles east of Alum
Dprlngs.

5 miles east-southeast of
Rockbridge Alum
Sprinss.

3lz' niles nnrth-trorth-
west of Collierstonn,

Collierstown. .

2l miles southwest of
Collierstown..

5 miles southwest of Col-
lierstown.

4% miles north of Nal-
ural Bridge Station.

5 mileg northwest ol Nat-
ural Bridge Station.

Natural Bridge Station. . .

Bells Yalley..... ..... .. .

3l niles south of Belb
Yalley.

4l niles north of Lex-
ington.

4s/milel northwest of
Lexington.

Lexington.

Lerington....

Lexington. ...

Lexiuton.
1% miles south-south-. 

west of Iexington,
3fu milee southwest of

l,exiugton.
3 miles south-southwesi

of Lexington.

Vesuvius. .

Fairfreld.....

tWhen drilled.

I{illside.. Dug. .

Drilled
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T,*srx 22._Rerords o..f well."

Owner ot name

Stillwater 'Worsted

Co.

C. C. Carroll.......

J. O. Humplrey....

E. F. Sellers. ......

R. A. Dnglemn....

Earlllufrman......

A, W, Morrison. . . .

CharlesLeech......

Mr.Cumnings...-.

J. W. Miller.......

J.H.Ralston.......
J. L. McDonald.....

F.G,Berry.........

J. D. tr'itzpatrick. ...

Prof. Gillan. .......

WilliamAgnor......

William Agnor......

Evereti Tolley. .....
R. S. Bruce Filling

Station,
Col. Derbyshire.....

JakePaggett........

Mrs. E. J. Bradley,..
E. O. Hufrman......

Mr. Gordon

Date
com-

pleted

Topo-
graphic
situa-
tion

Type

uruteo.

Drilled.

Dug...

Ilug...

Drilled.

Drilled.

Drilled.

Dug. . .

Drilled.

Drilled.

Drilled.

Drilled.

Dug. . .

Dug. . .

Dug...

Drilled.

Drilled.

Drilled.

Drilled.

Drilled.
Drilled,

Drilled

Drilled

Valley
floor.

Valley
floor.
Valley
floor.
Valley
floot neat
foot of

S. P. Totten

S. P, Totten

Depih
(leet)

83

68

12

10

37

60+

604

to

119

Jtm

72t

I}
18

7+

ll'

85

51t
26

52

85

40+



Character
of

matedal

AIluvium,
shale.

Alluvium,
shale.
Alluvium. . .

Alluviun. . .

Limestone. .

Limestone. .

Limesione. .

Limestone. .

Limestone. .

l,imestone. .

Limestone. .

Dolomite. . .

Shale......
Shale.-....

Gravel.,...

Lim*tone..

Limestone. ,

Limeetone. .

Linctoue..

Limestone. .

Limesione. .

Linestone. .

Limestone. .

Gravel.....
Limestone. .

in RorkbridBc Caunty, y'irginta

Recent (?), Bral-
lier.

Recent (?), Bral-
lier.

Recent (?)........

Recent (?)........

Martimburg, low-
er part (?).

Conococheague. . , .

Beekmntown. ... .

StonesRiver......

StonesRiver......

Elbrook. . . . . . . . . .

Chanbersburg. . . .

Tomgtown........

Romney..,.......
Romney..........

Recent (?)........

Conococheague. . . .

Blount. . . . . . . . . . .

CouNrv Rpponrs

Yrru

Gallcns
a minute

"Strong"

Small. . . .

McCerate

Enough
for house-

Tii:::::
10

3

20

Depth
to

water
level
when
drilled
(feet)

12

18

120

0
6

40

4

18

16

130

Blouut. .

Blount. .

Recent(?)....
Conococheague

Date cf
meaB-
ure-

ment

When
dri1led.

When

1']r"

When
drilled.

'When

drilled.

i,itl;;'
ririlled.'When

i:i':l'.

IZ/

Remarks

Yield changes little
seasotr to seasotr.

Drilled in boitom of
dug well. Depth to
of bed 40 feet.

Well cased to 17 feet.

Earth-filled cavity
feei ihick was
through in drilling. C
pacity of puup, 20 gallo
a mmurc; monor pump.

tr'ailed in 1930.
Never fails in

Strong in iron.
tr'ailed in drought.

701

702

703

705

706

707

708

709

710

711

Myers electrically dri
deep-well pump.

Ooeninm in Iimeetone at
;nd i05 feet. Well 6

712

714

tto

716

719
720

721

722

chee in diameter;
to 14 feet.

Opening in limetone at
teet. well (i lncbes ln

and driller's bit was
flected.

ameter; cased to 18 feet.
2 gallons a minute

ered at 88 feeN but I
the water nhile drill
deepu. Well 6 inches
diameter.

Waier obtained at 16 feet
Well cased to 11* feet

Water obtained at 35 feet
Weli caeed to 7 feet,

\tater obtalneo a! /c reer
Limestone wag
above that depth.
cased to 9 feet.

Not weakened by
Linestone beds dip

723

718
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Trstn 22.-Record.s of wells in

Driiled.

Drilled.
Drilled.

Dug... .

Drilled

Drilled.

725

726
727

728

729

730

Owner or name

Z. W. Nlaphis.......

John Winters.......
Norfoik & Western

i:rlT:t i::
Blue Ridge Tannery.

Tom of Glasgow. . . .

Depth
(feet)

60

oo
97

30

lzD

360
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Geologic
horizon

Limestone. .

129

Depth
to

water
level
when

drilled
(feet)

Character
of

material

Limestone. .

$rav9l,
Ilmdtone.
Clay and
gravel,
Linmtone..

Daie of
meaS-
ure-

metrt

Gallone
a minute

Conococheague. . . .

Conococheague... .
Recent (?) -
Elbrook-
Recent(?)........

Dolomite. .

tzr

726
727

728

729

730

24 hours. Municipal.
feei from top of bed.
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