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FOREhJORD

This report js one of a series'intended to identify the

groundwater resources of each county in the Commonwealth. The

purpose is to provide a1l groundwater users, jncluding private

citizens, developers, investors, we'll drilling contractors,

government officials, professionals and consultants, w'ith a

complete picture of the groundwater situation as it present'ly

exists throughout Virginia.

Prospective groundwater users and anyone else interested in

the development and protection of groundwater hopefu'l1y will gain

insight into the opportunities and advantages inherent in this

invaluable natural resource.

The State Water Control Board remains available for infor-

mation, ass'istance and governmental action.
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GROUNDWATER RESOURCES OF SHENANDOAH COUNTY, VIRGINIA

by

R. McChesney Sterrett

ABSTRACT

The groundwater resources of Shenandoah County offer a

reljable source of hjgh quality water for public, industrial

and domestic use. Present groundwater development 'is minimal

and is estimated to be in excess of three million gallons per

day. The majority of the development has occurred in the

Cambro-0rdovician carbonates, though these rocks are not

necessarily the most productive. The younger Martinsburg shales

have been developed to a lesser extent. The Silurian and

Devonian shales and sandstones which comprise the Massanutten

Range and the western portion of the County have seen very

limited development.

It is estimated that present groundwater development can be

tripled without adverse effects as 'long as responsib]e manage-

ment practices are observed. Areas of maxjmurn potential are

aneas where the Central Val1ey format'ions are overlain by

alluvial and terrace deposits. Most notable .is a stretch

extending from New Market to Edinburg along the North Fork of

the Shenandoah River and an expanded area along Stony Creek to

the west of Ed'inburg. Formations jn these areas include both

the Martinsburg shale and various carbonate units.

Groundwater quality overalf is very good. Exceptions to



very good qualjty do exist, however. Hardness and iron are found

to be excessive in some sectors. Hardness is very high in the

carbonate format'ions and somewhat'less, though still "very hard",

in the Martinsburg Formation. Iron concentrations are noticeab'ly

high in the Silurian and Devonian shale and sandstone formations

but seldom are excessive in the carbonates and the Martinsburg

Format'ion.

Groundwater problems are limited and infrequent but on

occasion include well 'interference, sinkhole collapse, and local

contaminat'ion caused by septic systems, agricultural runoff, and

leaks and spills of petroleum products.

XVl



Bac kqrou nd

Shenandoah County is 'locat

State (Plate l), bounded on the

County). Virginia count'ies f
Rockingham on the south, Page a

on the north.

Formed from Frederick Coun

square miles (324,480 acres). T

although there are six incorpora

I

TION

in the northwest portion of the

t by West Virginia (Hardy

the other boundaries are:

l^larren on the east, and Frederick

n 1772, the County covers 407

e are no independent cities,

towns: Edinburg, Mt. Jackson,

New Market, Strasburg, Toms and Woodstock.

The population of Shenandoa County is 25,900, according to

e Murphy Institute at the Uni-

b.y the Division of State Planning

1975 statistics furnished by Tay

versity of Virginia. Projecti

and Community Affairs for the r 2000 place the figure at 28,200.

Poultry is the prime source

stock and dairy herds are increa

County.

f revenue. In addition, live-

ingly important in Shenandoah

Present water supply is adeQuate, and there are no major

surface- or groundwater-rel ated blems known to exist in the County.

Future water needs easily should be met through the abundant water

resources present there. Theserbsources, however, are not evenly

distributed, and certain areas offer much greater groundwater

potential than others due to the d'iversified topography and



and geology. No serious water quality problems affect the County,

but the limestone terrains are conducive to groundwater pollution.

Purpose and Scope of Report

The principal goa'l of this report is to acquaint the public

with groundwater conditions in Shenandoah County. In addition to

providing some general information about the County, this report

is a compilation of previous geo'logic and hydrologic investigations

carried out under the auspices of the State Water Control Board

and other state agencies. By discussing groundwater avajlability,

development and quality, this report is intended to serve as a

reference to local government, private citizens, developers, well

drilling contractors, consultants, and anyone else desirous of

information relative to utilizing and protecting the groundwater

resources of Shenandoah County.

Methods of Investiqation

Most of the general background and geologic information

appearing in this report is a summary of previous work. Some of

the information on water well construction, groundwater quality

and groundwater w'ithdrawal has been obtained from other state

agencies, although the bulk of jt has been collected by the State

Water Control Board.

Much of the previously unpublished information on individual

well construction data and quality ana'lyses has been collected as

a result of the Groundwater Act of 1973. This Act requires that

a Water Well Completion Report (Form Gt^l-z) must be submitted to
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the Board for all wells drilled, and that owners of industrial and

pubfic water supplies subm'it quarterly reports (Form Gt{-6, Ground-

water Pumpage and Use) detailing groundwater withdrawal. In

add'ition, the Board requires that drill cutting samples be collected

at lO-foot intervals on all publjc and jndustrial supply water wells

and those wells which are drilled to unusual depths or are located

in areas deemed defic'ient in geologic information.

A concentrated effort has been made over the past several

months to gather informatjon relat'ing to quality trends in Shenan-

doah County. In addition to spec'ific sampling areaso groundwater

quality information is obtained from regular monthly sampling runs

throughout northwestern Virginia. Domestic supplies are generally

the sample targets, although some industrial supplies are checked

occasionally. All of the public system quality information on file
at the Board has been obtained from the Vjrginia Department of

Heal th .

Another source of quality information is the Pollution Re-

sponse Program (pRep), maintained by the Board for the so'le purpose

of responding to cjtizen complajnts of water pollution of any type.

This includes pollution of both groundwater and surface water by

accidental or intentional spills of hazardous chem'icals, oil,
gasoline, refuse, and industrial wastes.

All wel'l informatjon, well completion reports and records of

groundwater quality analyses cited in this report are on permanent

file in the State t^later Control Board Headquarters Off ice in

Richmond and the Valley Regional 0ffice in Bridgewater. These



data are computerized for storage and retrieval and were used to

compile Appendices B and C.

Previous Investigations

Two recent reports published by the Virginia Division of

Mineral Resources offer comprehensive geo'logic information for

about two-thirds of the County. A 1974 report by Robert S. Young

and Eugene K. Rader entitled Geoloqy of th-e Woodstock,- Wolf Gap,

Conicville, and Edinburq Quadrangles, Virginia (Report of Investi-

gations 35, Virginia Division of Mineral Resources) and a .|976

report by Rader and Thomas H. Biggs entitled Geology of the Stras-

burg and Toms Brook QuaCrangles, Virqinia (Report of Investigations

45, Virginia Division of Mjneral Resources) have been drawn upon

heavily in preparing this report.

Groundwater reports of the area include works by R. C. Cady

and R. H. DeKay. Cady's report, Ground-Water Resources of the

Shenandoah Valley, Virginia (Bulletin 45 of the Virginia Geological

Survey, .|936), is quite comprehensive and is the only major

hydrologic report to incorporate virtually all of the County.

In Development of Ground-Water Supplies in Shenandoah National

Park, Virginia (Mineral Resources Report 
.|0, Virginia Division of

M'ineral Resources, 1972), DeKay touches lightly upon some of

the groundwater resources of the B'lue Ridge region. Frank Reeves

discussed another aspect of the subsurface water resource in his

1932 report, Thermal Springs of Virginia (Bulletin 36, Virginia

Geological Survey). The Virginia Division of tllater Resources

report on the Potomac-Shenandoah River Basin (Volume I and III,



1968-69) included Shenandoah Countyn as did Trainer and Watkins'

report on Geohydrologic Reconnaissance_of the Upper Potomac River

Basin (U. S. Geological Survey Water Supp'ly Paper 2035), published

in .|975.

Water tllel I Numberi ng System

Water Well Completion Reports are assigned a unique number by

which the reported well is thereafter identified. Water quality

and withdrawal information for that particular well are also identi-

fied by that number.

Each county in Virginia is assigned a three-digit county code,

the code for Shenandoah County being 185. !,lithin each county, wells

are numbered sequent'ial1y and chronologically with a few exceptions.

For example, a report received on a particular day might be numbered

.|85-.|6, while a report received the following day would become

.|85-.|7. All wells are assigned numbers as they are received and,

therefore, appear at random throughout the summary. When citing

specific wells'in this report, the well number will be given

without the county code.

When it is necessary to contact the Board about a particular

well, it is advisable to refer to the owner (or location if more

descriptive) and its well number. For example: New Market

Battl efield, (.|85-98).





CHAPTER I I

PHYSICAL SETTING

Phys i ography

Shenandoah County is situated within the Va11ey and Ridge

Physiographic Province. This Province is characterized by alter-

nating ridges and valleys trending in a northeast-southwest

direction. The County is bounded on the east by Massanutten

Mountain and on the west by Little North Mountain, while a narrow

valley separates them. The lowest point in the County, just under

500 feet above sea level, is along the North Fork of the shenan-

doah River where it flows into warren county east of strasburg

(ptate Z). The highest elevation is approximately 3300 feet on

Mill Mountain along the Virginia-West Virginia border.

The northern terminus of Massanutten Mountain at Strasburg is

the most prominent landform. R'ising to an elevation of Z,4OO

feet, the blunt peak can be seen for miles. Buck Hill, rising

600 feet above the valley floor northwest of Mt. Jackson, js one

of the more notable landforms in the Central Va11ey, second only

to the famous seven Bends of the Shenandoah River located between

Edinburg and Strasburg.

Caves and caverns are abundant in the County. In addition to

the conrmercial1y-operated shenandoah caverns and Battlefield

crystal caverns, approximately 80 other caves are known to exist.

An abundance of sinkholes, almost exclusively found in limestone

regions, indicates the area is riddled with subsurface solution

channels and caves, a typical feature of karst terrains.



Drai nage

shenandoah county is 'located entirery within the potomac-

shenandoah River Basin. stretching from Highland county in the

west to the Chesapeake Bay in the east, the Basin covers 5,106

square miles in virginia alone and extends into west virginia,
Maryl and , and Pennsyl vani a .

The North Fork of the shenandoah River extends the'length of

the county and provides the principa] surface drainage. Stony

creek and Cedar creek are the two major tributaries and drain the

southwest and northwest regions, respective]y. passage creek,

flowing through Fort va]1ey, provides drainage for the highlands

of Massanutten Mountain.

C'limate

The climate of the county is characterized by mild winters

and warm, humid summers. The mountainous regions and the wide

range in elevation are the two major factors controlling the

c'l imate.

The average annua'l atmospheric temperature for the county .is

55oF. Extremes have been recorded as high as l0soF in July ]954

and as low as -l0oF in January 1963. The average annual precipi-

tation is approximately 34 inches; rainfail is the dominant

precipitation factor. summer rainfall is provided principally

by showers and thunderstorms, the latter occurring on an average

of 40 days. A'lthough the average annuar snowfall is around 25

inches' measurements in the last 43 years have varied from 2

inches to 65 inches.

10
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Table I lists temperature and precipitation data from the non-

recording weather station at Woodstock maintained by the National

Weather Service.

Month

TABLE I
I976 WEATHER DATA

RECORDED AT I^JO0DSTOCK,

Average Temperature
(Degrees Fahrenheit)

3l.B
44.9
49.2
56. 6
62.0
72.4
73.3
71.5
66. 0
51.2
40.6
33.3

VA

Total Precipitation
( Irqhes )

3.90
0.99
I .61
I .83
2.61
2.93
3.16
1 .77
3.55

10.07
0.82
1.44

January
February
March
Apri 1

May
June
July
August
September
0ctober
November
December

-T0T[- 54m 34m

Source: National Oceanic and Atmospheric Association

Soils and Vegetation

Soil types can be grouped loosely into three major categories:

mountainous; valley floor; and temace and alluvial deposits. As

indicated in Plate 2, better than half of the County is covered by

mountainous soils. These soils are typically well to moderate'ly-

well drained and occur on ridges and steep slopes, and at the base

of steep slopes in the form of colluvial materials.

Valley floor soils, which overlie limestone and shale uplands,

are very rocky and usual]y well drained. Terrace and alluvial

deposits, including flood plain material, roughly parallel the North



Fork of the shenandoah River from the Rockingham county line to

Edinburg and stony creek. These depositsn which are typ'ically

qu.ite deep and well to moderately-well drained, are extremely

important in the storage and transmission of groundwater' From

Edinburg north to strasburg, which includes the seven Bends'

alluvial-colluvial material does border the river but the hydro-

geologically important terrace deposits. are absent'

vegetation is mainly of two types: forest lands and agricul-

tural areas. The valley area is predominantly pasture and crop-

land, while close to 60 percent of shenandoah county's 324'480

acres are forested. Approximately 35 percent of the forested

area js included in the George hlashington National Forest' Such

major forest areas prov'ide a shaded environment, relatively thick

soil and dense undergrowth which retard surface runoff and erosion

and encourage infiltration. These factors combine to make expansive

woodlands an important factor in replenishing and maintaining both

the groundwater and surface water resources'



CHAPTER III
HYDROGEOLOGY

The Hydrologic Cycle

The close relationship between geology and the occumence,

distribution, availability and quality of groundwater makes

geologic information a prerequisite to understanding the hydro-

geology of an area. Topography, rock type and geologic structure

are principal factors which govern the storage, transmission,

yield, quality and utilization possibilities. Other elements

influencing groundwater include soil, vegetation, temperature

and certain works of man. Overriding most of these factors are

quantityo intensity, frequency, duration and distribution of pre-

cipitation. The hydrologic cycle (Plate 3) explains the circulation

of water among the oceans, air, land surface and underground.

Topography is a significant factor influencing groundwater

conditions. As a general rule, 'low-lying areas near hills and

mountainous regions should be considered as having greater ground-

water potential than the higher elevations because runoff from

slopes results in increased infiltration in valleys. Pervious

soils, cultivated land and dense vegetation allow greater infil-
tration than do clayey and barren lands which are conducive to

higher rates of runoff. High temperature coupled with a h'igh

degree of evaporatjon negatively affects groundwater recharge.

In urban areas, runoff increases and infiltration diminishes due

to the impermeab'le expanse created by paved areas and bujldings.



The Hydrologic Cycle

Source: Gibson and Singer (1971) Plate No. 3

Geology and Groundwater

Different types of rock vary considerably in their ability to

absorb, store, and yield water. Shenandoah County is underlain by

sedimentary rocks which were deposited in ancient seas. These

rocks contain water in voids, bedding planes, fractures and

solution channels. The predominant rock types in the County are

limestone, shale, sandstone, and unconsolidated sand and gravel.

For the purpose of this report, limestone, a calcium carbonate,

and dolomite, a calcium-magnesium carbonate, will be termed

loosely as "carbonates".

Carbonate rocks have high'ly variable water-bearing properties

and are poor to good aquifers. Where joints have been enlarged

into solution channels by the dissolving action of water, large

t6



volumes of water may be stored and transmitted (Plates 4C and 4F).

The solution action can produce openings as large as the greatest

caves. Generally, it is believed that the formation of solution

channels in carbonate rocks operates most actively above and immedi-

ately below the water table, where the water in the rocks contains

a greater charge of carbon dioxide and circulates most vigorously.

Carbonate rocks adiacent to major streams have a high potential for

recharge and are relatively unaffected by seasonal water table

fluctuations. Therefore, limestone,and dolomite formations which

outcrop near major streams may be very prolific aquifers, whereas

those occurring in areas remote from maior streams may produce

only meager amounts of groundwater.

shale has relatively high porosityn but permeability is very

low. Poor to sometimes fair quantities of water may be obtained

from pore spaces, iointsn bedding planes and shaley partings' but

shale general'ly forms an aquiclude, or barrier, confining ground-

water to underlying aquifers. Clay has hydrologic properties

similar to those of shale and 'is relatively impermeable; i.e.;

i ncapabl e of supp'lyi ng water to wel I s .

Sandstone contains watelin pore spaces which are dependent

on sorting, grain Size, shape, packing and, most importantly' de-

gree of cementation (Plate 4E). Sandstone cemented with soluble

calcite or unstable clay minerals may break down easily and develop

high permeability. Some calcareous sandstone formations are ex-

cellent aquifers, but a sandstone cemented with silica may have

practically no permeability un'less fractured.

17



EXAHPLES OF ROCK POROSITY
(A) wel l-sorted sediment - high porosity; (g) wet t-
sorted sediment consisting of porous pebbles - very
high porosity; (C) porosity resulting from dissolutionl
(o) Poorly-sorted sediment I lw porosity; (e) |,/ell-
sorted sediment wi th intergranular space fi I led wi th
rrcementrr - very lov porosity; (F) Porosity developed
along fractures.

Source: Meinzer (1923). PLATE NO. 4

Unconsolidated sand and gravel in alluvial and terrace de-

posits are highly porous and permeable and usually occupy areas

favorable for groundwater recharge (Plates 4A, 48 and 4D). Sand

and gravel beds 1y'ing adjacent to, and below the level of, a major

stream often yield abundant supplies of groundwater, while sand

and gravel in deep strata are also good aquifers. Similar deposits

at higher elevations may contain little groundwater.

Igneous and metamorphic rocks have very 1ow porosity and

permeability. However, smal'l supplies of water generally are

available near the surface where weathering has partially decomposed

the rocks. Below the weathered zone small quantities of water may

occur in fractures and along contacts between different rock types.

Geologic structure may strongly influence the occurrence of
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groundwater, and this is especially true in certain areas of Shenan-

doah County. Anticlines (up-folds in the rock strata) may bring good

water-bearing beds near the surface along their axes and bury them

along the flanks (Plate 5A). Similarly, synclines'(down-folds in

rock beds) may bring water*bearing units near the surface on the

flanks or may cause them to descend to great depths along the axis

(Plate 58). The axial portion of a syncline can act as a collection

area and, if tapped, may yield significant quantities of water under

high pressure. Water may flow under its own pressure to, or above,

the land surface, and when this occursn the well is termed "artesian".

Similar]y, excellent groundwater storage potential exists along well-

fractured anticlinal axes, but water pressure is generally not suf-

ficient to cause artesian conditions.

Faults are fracture zones along which there has been displace-

ment of rock masses relative to one another, and they often parallel

folding. The associated fracture openings in soluble rocks may be

enlarged by the solution action of groundwater, thereby resulting

in high well yields. Well yields from carbonate rocks are directly

influenced by the size and number of fractures intersected (Plate 6).

Faulting can also be detrimental to the groundwater potential of an

area. Not only can it act as a collection zone for groundwater

through its higher permeability, but it may also serve as a

barrier to limit groundwater movement by causing the dislocation

of a water-bearing formation.

Joints are fractures along which there has been no appreciable

movement. They are favorable to groundwater occurrence, but, like

l9



STRUCTURAL INFLUENCES IN GROUNDWATER AVAILABILITY

A An anticline may bring a water-bearing rock bed near the surface at
its axis or send it to great depths along its flank.

B. A syncline may bring a water-bearing rock bed near the surface at
its flanks or bury it at its axis.
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FMCTURES INFLUENCE YIELD FROM CARBONATE ROCKS

Source: Newport (1971) PLATE NO.

faults and other fractures, tend to become fewer and smaller with

depth.

llydrooeoloq.v of Shenandoah County

This County is composed entirely of sedimentary rocks occuming

in relatively narrow northeast-soutlrwest belts. These rocks have

been heavily folded, and three major faults are present. Geologic

and groundwater conditions.of the area are illustrated in Plate 7.

Geologic Setting. The oldest rocks in Shenandoah County are

those of Cambrian and 0rdovician age (600-425 million years old).

Exposed along the floor of the Shenandoah Valley, these limestone
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and dolomite formations were deposited when crustal downUarping

caused a long, napow trough to form in a northeast-southwest

direction, generally coinciding with the present location of the

Appalachian Mountain Range from Alabama to Newfoundland. This

huge depression was invaded repeatedly by seas and served as a

depositional site for thousands of feet of sediments over millions

of years. During the Silurian, Devonian and Mississippian ages

(425-300 miltion years ago) when uplift caused the sea to retreat'

there was rapid erosion resu'lting in transport of clastic sedi-

ments into the depositional trough. These sediments later were

consolidated into the younger shale and sandstone units predomi-

nating in Massanutten Mountain and from Little North Mountain west

to the state line.

Following this long depositional and uplift period, the area

was subjected to horizontal forces from the southeast which folded

the rocks into a series of antjclines and synclines andr in some

places, displaced huge masses of rock for thousands of feet along

fault planes. Erosion and terrestrial deposition over the last

300 million years has altered the land surface to its present

topography. The more resistant rocks, such as sandstone and

quartzite, form the ridges while the less resistant shale and

limestone units have been eroded to form the valleys'

Theyoungestdeposits,lessthantwomillionyearsold'are

the terraces and flood-plain alluvium which occur in proximity to

the major streams. These materials have been deposited by the

action of floods and consist mainly of sand and gravel.
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Geologic Formations and Groundwater Occurren.ce. The occurrence,

lithotogy, and average thickness of the formations discussed above

are detailed in the following paragraphs as a prelude to discussing

groundwater occumence and availability in Shenandoah County. Nomen-

clature is consistent with that used by Young and Rader (1974) and

by Rader and Biggs (l 976).

Groundwater conditions vary considerably across the County

due to the diverse geology and topography. Carbonate formations

are typically considered to be the best aquifers in the Valley and

Ridge Province in Virginia, but the 0rdovician-aged Martinsburg

shale is considered to be the best groundwater producer in Shenan-

doah County. This unusual situation is explained in part by the

presence of Smith's Creek and the North Fork of the Shenandoah

River which traverse the formation throughout much of their courses

in this County. The Cambro-Qrdovician carbonates are very good

producers, though ngt generally as prolific as the Martinsburg

Formation. The Silurian and Devonian shale and sandstone units in

Massanutten Mountain and the upland region west of, and including,

Little North Mountain exhibit only poor to moderate potential for

groundwater.

Cambrian units (600-500 million years old) consist of a thick

series of dolomite and limestone with a few thin units of sandstone

and shale. Two maior and hydrogeologically significant belts of

Conococheague outcrop through the County; Elbrook occurrences are

few and very insignificant from a hydrogeologic standpoint, with

the exception of those areas where alluvial and terrace deposits
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overlie the .unit between Elkton and Grottoes.

The 0rdovician-aged (500-425 million years old) Beekmantown,

Edinburg, and Martinsburg Formations are the three principal units

which, along with the Conococheague (Cambrian age), comprise the

bulk of the central lowlands floor. In Shenandoah County, the

Beekmantown is basically a dolomite unit but does contain major

limestone zones; the Edinburg is a 'limestone, and the Martinsburg

is a shale. The Martinsburg, with a thickness of possibly 3000 feet,

is one of the most persistent formations in the Shenandoah Valley

and occurs mainly in a three-mile belt extending the length of the

County along the base of Massanutten Mountain. Rader and Biggs (1976)

indicate limestone beds are present in the Martinsburg in the Massa-

nutten Syncl inorium.

The Silurian rocks (425-405 mitlion years old) consist of a

moderately-thick series of sandstones and shales. Silurian sand-

stone is highly resistant to weathering and is one of the principal

ridge-formers in the Appalachian Mountains. It is these sandstone

formations which support the Massanutten range and the ridges along

the County's western border.

Devonian shales and sandstones (405-345 mill'ion years old)

occur in three major areas within the County. Two extensive belts

west of Little North Mountain and a large portion of Massanutten

Mountain are represented by these units. Although they represent

approximately one-third of the County's 507 square miles, they are

very insignificant hydrogeological'ly.

Quaternary materials (2 million years old-present) represent
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the youngest deposits in the County. They are majnly flood-p1ain

alluvium and terrace deposits above the flood plains that represent

former levels of the major streams, notably the North Fork of the

Shenandoah River. These deposits consist of gravel, sand, si'lt,
and clay.

Ge_ologic Structure. 0f the many structural features present

in Shenandoah Countyn two folded features and two faults appear to

be primarily responsible for the overall structure of the area. Two

major synclinal structures roughly follow the east and west borders

of the County: The Massanutten Synclinorium and the Supin Lick Syn-

cline, respectively. 0n the flanks of the Supin Lick Syncline sand-

stone and shale formatjons of Devonian age crop out west of Little
North Mountain. The Massanutten Syncljne is basically a very large

trough which extends far beyond the County's northern and southern

borders and includes Massanutten Mountain. This fold and its re-

lated minor structures are responsible for the wide expanse of Mar-

tinsburg shale present a'long the western base of Massanutten

Mountai n.

North Mountain Fault is the major zone of displacement and

runs the length of the County. 0lder Cambrjan carbonate units have

been thrust gver 0rdovician, Silurian, and Devonian rocks, mostly

shale and sandstone. Thick shattered zones are present where car-

bonate rocks have been involved in crushing due to fault activity,

a phenomenon wh.rich greatly influences groundwater potential in the

area.

The Saumsville Fault extends from a point approx'imately four
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miles due north of t"logdstock to approximately the Rockingham County

line in the southwest. Displacement involves the carbonate rocks

along the valley floor and generally results in older carbonates

being thrust over younger carbonates

These structural features directly influence groundwater

conditions. The Massanutten Synclinorium serves as a large runoff

collection area to recharge the Martinsburg shale belt and the over-

lying alluvial materials along the west toe of the Massanutten

Range. The Supin Lick Syncline performs the same function, though

the units of which it is formed offer less potential for groundwater

storage and movement. Extensive fracturing likely has occurred along

the two maJor fault zones identified above, thus facilitating infil-
tration and groundwater occumence.

Table 2 sununarizes the major geologic units of Shenandoah

County, including their water-bearing. properties. Groundwater

potential of the various geologic formations underlying the County

will be elaborated upon in the next chapter.

Groundwater Movement and St_orage

While there have been no detailed studies conducted of ground-

water movement and storage in Shenandoah County, it is recognized

that a very close relationship exists between surface water and

groundwater. Groundwater movement and storage are influenced by

topography, rock type, and geologic structure, dhd movement is gen-

erally in the same direction as surface runoff, only much slower.

Movement and storage patterns are distinctly different in alluvial

deposits, carbonate rocks, and shale/sandstone units.




