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FOREhlORD

This report is part of a series intended to cover the entire

State, and to provide private citizens, groundwater users,

developers, investors, well drilling contractors, consultants and

professionals, and government officials with as complete a picture

as poss'ible of the groundwater situatjon, jncluding prospects, as

it ex'ists'in each of the counties of Virginia.

0n the basis of this report, prospect'ive groundwater users and

anyone else interested jn the development and protection of that

invaluable resource that is groundwater can make up their mind and

call a consulting hydrogeologist to handle their specific ground-

water problem, while the State Water Control Board rerna'ins at the

public's service for general infornration and governmental action.
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ROCKINGHM COUNTY

Present Condi tions

by

Kenneth R. Hinkle and R.

GROUNDHATER

and Prospects

McChesney Sterrett

ABSTMCT

In Rockingham County, bounded by the Blue R'idge on

the southeast and the Al leghany Mountains on the northwest'

the geologic formations occur in northeast trending beits

paralleling the ridges and valleys. sedimentary rocks

comprised mainly of shale and sandstone make up the moun-

tainous western portion of the County and also form

Massanutten Mountain in the east central portion. The

central va11ey is underlain by 'ljmestone and dolomjte with

a few broad belts of shale. The Blue Ridge portion of the

County is comprised mainly of igneous and metamorph'ic rocks'

Three maior hydrogeologic areas have been identified:

the Blue Ridge; the central valley; and the area west of

Ljtt'le North Mountain. Maximum groundwater potential is

avai'lab]e from the carbonate formations underly'ing the

thick terrace and flood plain depos'its bordering the South

Fork of the Shenandoah Rjver in the central va]1ey. car-

bonate formations elsewhere in the valley offer fair to good

potentia'l depending upon local rock characterist'ics and

topography. The Martinsburg shale formation is an important



domestic water suppl ier in the va]'ley but cannot rel iably

supp'ly large commercial, public or industrial users. The

Blue Ridge and the area west of Litile ltorth l"lountain offer
very poor groundwater potential ; only snnl I domest.ic

suppf ies may be developed in these areas.

Groundwater quality is generally good but varies

according to rock type. Hardness is the most common problem

and is confined mainly to groundwater from the carbonate

rocks and the Mart'insburg formation. High iron concentrations

are common in groundwater from the shal e and sandstone for-
mations west of Little North Mountain. Groundwater in a

narrow corridor paral'leling u.S. Route 11 and extending from

Mt. Crawford to Harrisonburg exhibits an unusual quality

relative to the rest of the county: extremely high hardness

and high concentrations of iron, sulfate, chloride and

nitrate have been detected in this area, though no health

hazards are known. in the Blue Ridge, groundwater is very

low in dissdlved mineral matter and generally of good quality.

Groundwater development has been reratively ins'ignificant

in the county. Present development can probably be doubled

without adverse effects as long as responsible groundwater

management programs are observed. Approximately eight million
gallons per day have been withdrawn over the past 20 years

from an industrial well field deveroped in the alluvial de-

posits along the south Fork of the Shenandoah River. This



area offers the best

in Rockingham County

over long periods of

potential for future groundwater deve'lopment

and probably can support heavy wjthdrawals

time.





C$PTER I

I NTRODUCT I ON

Bac koround

Rockingham County is located 'in the northwest port'ion

of the State (Plate 1), bounded on the west by Hest Virginia

(Hardy and Pendleton Counties). V'irginia counties forming

the other boundaries are: Augusta on the south, Albernarle

and Greene on the east, and Page and Shenandoah on the north.

Situated in the Shenandoah Valley and named for the

Marquis of Rockingham, a British statesman, the County vras

formed in 1777 from Augusta County. It is the third largest

in the State and covers 871 square mrlles (557,440 acres)

including the city of Harrisonburg, the on'ly independent city

in the County.

According to 1972 project'ions, the populat'ion hras approx'imately

5.l,400 for the County and approximately 
.|5,500 for llarrisonburg.

For the years 1985 and 2000, respectively, the popu'lation is

projected to be 64,000 and 80,400 for the County, and 16,700

and 17,900 for Harrisonburg.

Agricultune and manufacturing are the prime sources of

revenue and together account for 40 percent of the comb'ined

county/city work force of 37,000. Noted as one of the nation's

largest producers of poultry products, Rockingham County

boasts some of the most modern food processing plants in the
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world. Travel and tourism are a'lso'important economic factors

with act'ivities such as hiking, camping, skiing, boating,

swimming, fishing, hunting and sight-seeing offered to visjtors.

Present groundwater and surface water supplies appear to

be adequate, and no major problems are known to exist in the

county. Future groundwater demand can be met without problems

based on the present rate of development. The resource, how-

ever, is not evenly distributed, and certain areas offer far

greater groundwater potential than others due to diversified

geology and topography. No serious quality probiems are

known, but groundwatelin l jmestone terra jns is susceptible to

po1 1 uti on .

Purpose qnd Scope of Reulrt

Ihe purpose of this report is to acquaint the public wjth

groundwater conditions in Rockingham County. In additjon to

providing some general 'information about the County, the re-

port is a comp'ilation of previous geo'logic and hydrologic

'invest'igations cam'ied out under the auspices of the State

Water Control Board, the former Djvjsion of Water Resources,

and other state agencies. By discussing groundwater availa-

bi'ljty, qua'lity and development, the report is intended to

serve as a reference to local government, private citizens,

devel opers, we1 I drj 1 1 i ng contractors, consul tants and

anyone else desirous of information relat.ive to utilizing
and protecting the groundwater resources of the County. A



Glossary and B'ibliography are provided at the end of this

report for the convenience and comprehension of the reader.

Methods of Investiqat'ion

Most of the general background and geoiogic information

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

of the information on water well construction and groundwater

quaiity has been obtained from other state agencies, although

the bulk of it has been collected by the state l,later control

Board.

Much of the previously unpub"lished informat'ion on indi-

vidual well construction data and quality analyses has been

collected as a result of the "Groundwater Act of 1973". This

Act requires that drilling contnactors submit a t{ater |,tell

Complet'ion Report (Form Gt^J-z) for all wells drilled, and that

owners of industrial and public water supp'lies suhnit quarterly

reports (Form Gtll-6, Groundwater Pumpage and Use) detaiiing

groundwater withdrawal. In addition, the Board requires that

dri I I ers subrni t dri I I cutti ng samp'les col I ected at lO-foot

intervals on all public and industrial suppry water wells and

those wells which are drilled to unusual depths or are located
'in areas deemed deficient'in geologic information.

A concentrated effort has been made over the past year to

gather information relat"ing to groundwater quality trends in

Rockingham County. In addition to specific sampling areas,

groundwater quality informat'ion is obtained frsn reguiar



monthly sampling runs made by the Board's valley Regional

Office. Domestic supplies are generally sampied although

some small 'industrial and cornmercial supplies are checked

occas i ona'l 1y.

Another source of quafity information is the pollution

Response Program (PReP), maintained by the Board for the sole

purpose of responding to c'itizen reports of water pollution

of any type. This 'includes po1'lution of both groundwater and

surface water by accidental or intent'ional spi11s of hazardous

chemicals, oil, gasoline, refuse and .industrial wastes.

All well and groundwater quality information cited in this

report js on permanent file at the Board's Headquarters 0ffice

in Richmond and the va11ey Regional Office in Bridgewater.

These data are computerized for storage and retrjeval and were

used to compile the summaries contained in Appendices B and c.

Prev'ious I nvesti qati ons

A number of reports have been publjshed on the geoiogy and

groundwater resources of Rockingham county. The most recent and

comprehensive geologic report was published by the Virginia D.ivision

of M'ineral Resources in 1960. The report, Geology and 14ineral

Resources of Rockingham county (Bulletin 76), was written by

l,Jilliam B. Brent and has been drawn upon heavily in preparing

the geology part of th'is report.

11



Groundwater reports jnclude works by R. C. Cady, R. H.

DeKay, and an unpubijshed thesis by R. B. Leonard entitled

Ground-Water Geolog.v Alonq the Northwest Foot of th,e Blue

Ridqe Between Arno'ld Valley and Elkton, Virqin'ia. Cady's

report, Ground-l.Jater Resources of the Shenandoah Valley,

Virqin'ia (Bulletin 45 of the Virginia Geo'logical Survey, 1936),

is quite comprehensjve and 'is the only major groundwater

report to incorporate vjrtualiy a1l of the County. In Devel-

opment of Ground-Hater Supplies in Shenandoah National Park,

V'irginia (Mineral Resources Report 10, Virginia D'ivision of

Mineral Resources, I97?), DeKay touches f ightly upon some of

the groundwater resources of the Blue Ridge area of the County.

Frank Reeves djscussed another aspect of the subsurface water

resources 'in his 1932 report, Thermal Springs of Virgjnia

(Bulletin 36, Virg'inia Geological Survey). The Virginia Djvision

of Water Resources report on the Potomac-Shenandoah River Basin

(Volumes I and III, 1968-69) included Rockingham County as did

Trainer and blatkin's report entitled Geohydrologic Reconnaissance

of the Upper Potomac River (U.S. Geological Survey Water Supply

Paper 2035), publ ished in 1975.

tda ter We I I Number i nq Svs tem

Water We1'l Completion Reports are assigned a unique

number by wh jch that wel I is thereaf ter ident jf ied. l,.later

quality and withdrawal data for the well are also identified

by that number.

T2



Each Vjrginia county is assigned a three-digit county code,

the code for Rockingham County be'ing iB2. l^ljthin each county

wel I s are numbered sequent j al 'ly and chronol og ica'l 1y, wi th f ew

exceptions. For example, a report received on a particular day

m'ight be numbered 182-16, while a report received the fol'lowinE

day wou'ld be 182-17. It 'is unfortunate that owners, particu-

1ar1y jndustrjes, which have multjple wells cannot have all of

their wells numbered consecutive'ly. A'll wells are assigned

numbers as they are received and therefore appear at random

throughout the summary in Appendix B.

l,lel l s appeari ng i n thi s report wi l'l be des i gnated wi th-

out repeating the county code each t'ime. Numbers will be

enclosed 'in parenthesis; for examp'le: (6). When it 'is

necessary to contact the Board about a partjcular well, it is

advisable to refer to the owner (or location if more descrip-

tive) and its well number. Examp'le: Jordan Hatchery #2'

Well No. L82-6.

Acknowl edqements

Water well contractors have been the principal source of

data used in this report, particularly by filing Water hJell

Comp'letion Reports, and their cooperation i s greatly apprec'iated.

Gary F. Burner of Burner tlell Drilling provided many of the

reports and was always willing to supply any add'itional infor-

mat'ion available. 0ther drilling contractors supplying well

data were Caldwell l^Iell Dri'l1ing, Earman |.lell Drill'ing' John

1J



H'ilbert, Sydnor Hydrodynamics and Virginia hlell Dri11ing.

Several state agencies have been instrumental in

providing a variety of data used in this report. The Virginia

D'ivision of Mineral Resources provided geologic'information

through reports and verbal contacts, and the Vjrginia State

Department of Health provided quaf ity data on public water

supplies. The Soil Conservation Service graciously supplied

soil maps and charts, and special thanks are extended to

John Hockman and Charles Neal of the Rockingham County Soil

Survey for soils adv'ice. The l,Jater Resources Research Center

at Virginia Po'lytechnic Institute and State University in

Blacksburg provided hydrologic and climatic jnformation.

Many cjtizens of Rockingham County have been most helpful

'in furnishing information, and it is they who have made poss"ib'le

the collection of most of our groundwater quality samples.

Many of these private well owners also provided us with consid-

erable infonmation on well construction.



CHAPTER I i

PHYSiCAL SETTiNG

Phys i ography

Rockingham County js s'ituated almost entirely within the

Va11ey and Ridge Physiographic Province which is characterized

by alternating ridges and valleys trend'ing in a northeast-south-

west direct'ion. The extreme southeastern part of the County is

in the mounta'inous Blue Ridge Physiograph'ic Province. The

Alleghany Mountains and the Blue Ridge form the western and

eastern County borders, respectively, whjle the Shenandoah Va'l1ey

lies between these two mountain ranges, spanning near'ly 22 miles

at its widest point.

Elevation ranges vary widely in the County (Plate 2).

The hjghest point is Flagpoie Knob at 4,381 feet above sea ieve'l,

seven m'iles west of Rawley Springs and one and one-quarter miles

east of the l,iest V"irginia ljne. The lowest point is approxi-

mateiy 900 feet above sea level where the South Fork of the

Shenandoah River flows out of Rockjngham County into Page County

about f ive m'iles north of El kton.

Massanutten Mountajn is the most notable of several promi-

nent landforms in the County. Rising 1,800 feet above the va11ey

floor, this un'ique double ridge extends about 10 nriles'into the

County from the northeast and terminates in a spectacular peak

near McGaheysvi 1 i e. The Mountai n i s about 45 mi'les long w'ith

-15
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the northern terminus at Strasburg jn Shenandoah County. Near

the southern peak is a feature known as "The Kettle", d Scooped-

out bowl area bounded by the eastern and western ridges and the

peak proper.

Mole Hill 'is a volcanjc plug located about four miles west

of Hamisonburg which rises abruptly out of the valtey floor to

a hejght of 500 feet. It is regarded as one of the nnost gut-

standing igneous rock occurrences jn the Appalachian Va11ey area

of the State.

Caves and caverns are abundant throughout the County

(Plate 2). According to Douglas (1963), 100 caves are known,

ranking this County third among all others in the State. This

jncludes two conmerc'ial caves, Endless Caverns and Massanutten

Caverns. An abundance of sinkholes, almost exclusively found

in limestone regions, jndicates the area is riddled with sub-

surface solution channels and caves, typical features of

karst terrains.

Dra'inaqe

Rockingham County is located entire]y within the upper

Potomac-shenandoah Rjver Basin. Extending from Highland County

in the west to the Chesapeake Bay in the east' the Basin covers

5,706 square miles in Virginia alone.

Three major rivers drajn the County (P'late 2). The North

River drains the southern and southwestern parts and ioins the

Middle River at the Augusta County line, one mile west of



Grottoes. l'l'iddle River in turn joins with the South River at

Port Republ ic to form the headwaters of the South Fork of the

Shenandoah River. From there it flows northeastward fo'llowing

the western foothills of the Blue Ridge, leaving Rockingham

County approxirnately five miles north of Elkton. The River's

course'is marked by a m'ile-wide flood plain and is bordered by

gravel deposits up to 100 feet thick in some places. The

northwest and northern parts of the County are drained by the

North Fork of the Shenandoah River which flows out of the

County approximately four miles northeast of Timbervi'lle.

Cl imate

tilild winters and warm, humid suwners characterize the

climate of the study area. The two major controlling factors

are the mountainous nature of the area and the wide range in

elevation.

According to Crockett (I972), the average annual temperature

for the County is approximately 54o F. Extremes have been re-

ported as high as 101of in July 1954 and as low as -16oF in

January 1953. July and August are the warmest months while De-

cember and January are the coldest. Average annual precipitation

is approximately 35 inches with rainfall the dominant precipi-

tation factor. Sunrner rainfall is provided principally by

showers and thunderstorrns, the latter occurring on an average of

40 days. The greatest precipitation generaily occurs in Ju'ly

and August. Although the average snowfail figure is approxi-



mately 26 inches, measurements'in the last 17 years have varied

from three inches to 59 inches.

Table 1 lists temperature and precipitation data from the

two non-recording'weather stations maintained by the National

Weather Service.

Month

TABLE 1

1975 DATA RECORDED AT
ROCKINGHAM COUNTY WEATHER STATIONS

Average Temperature Total Precipitat'ion

(Degrees Fahrenheit) (Inches)

Dal e Dal e
Enterprise Timbervil le Enterprise T'imbervil le

January
February
March
Apri 1

May
June
July
August
September
0ctober
November
December

1948- 197 3

Source:

35. 3
37.0
4A.7
49. 1

64.7
68.5
71.0
7 2.0
61. 5
56.7
48.3
35.7

53.4
53 .7

37 .3
41,7
49.9
65.6
7L.4
73.1

54.5
53 .5

2 .88
5 .07
t.26
4.35
?46
4.84

2.4r
?.4I
5. 58
1 .54
1 .94
4.32
4.45
3.?r
6.97
t.7t
1.62
2.48

38.64
36.26

35.8 2.03

74.6 5.12
63.5 5.84
57.0 2.68
47 .8 2.49
35 .7 2 .71

42.33
34.62

National Oceanic and Atmospheric Administratjon and
Virg'inia Water Resources Research Center

Soils and Vegetation

Rock'ingham County soils can be grouped jnto three maior

associations: mountainous soils, va11ey soils derived fnom

carbonate rock and from shale and shaly limestone, and al'luvial

2t



soi I s.

As evidenced by Plate 2 approximately 50 percent of the

County is covered by mountainous soils. These soils are fairly

shallow in the west but much deeperin the Biue Ridge areas and

the Massanutten Mounta'in sector. All soil types in these high-

land areas are well drained, part'iculariy on the steep western

siopes near the base of the Blue Ridge, and contribute very

little recharge to groundwater.

The Valley so'i1s comprise the bulk of the remaining area

and are derived from the carbonate rock, shale and shaly lime-

stone which ribbon the valley floor jn a generai north-south

trend. These lowland soils are well drained, 20-50 inches deep

on slopes and deeper in the 1ow-1ying areas, and offer favorable

conditions for groundwater recharge. Numerous rock outcrops are

common.

Alluvial and colluvial soils occupy the valley f'loor

aiong streams and rivers. Soils conrnon to these drafnage-ways

are moderately well to well drained and are generally quite

thick. Terraced flood plains are common and may be flat or

gently sioped. These soils fosterincreased groundwater in-

fjltration due to their permeability and proximity to major

ri vers .

Vegetation consists of forest lands and agricultural areas,

the latter accounting for the major portion of the val'ley where

grazing and cropland predominate. 0ver half of the County's
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557,440 acres are forested;138,169 acres are included'in the

George bJashington Natjonal Forest in the western part of the

County. Most forests are the oak-hickory type with substantial

tracts in the western half covered by Several pine species and

mixed hardwoods. Such major forest areas provide 'large water-

sheds to replenish and mainta'in both surface water and ground-

water.





CHAPTER I I I

HYDROGEOLOGY

Geology and Groundwater

The close relationship between geology and the

occurrence, d'istribution, availab'ility and quality of ground-

water makes geologic jnformat'ion a prerequis'ite to under-

standing the hydrogeology of an area. Topography, rock type

and geo'logic structure are principal factors which govern

the storage, transmiss'ion, yie1d, quality and utilizatjon
possibil ities of groundwater. Other elements infiuencing

groundwater jnclude soii, vegetation, temperature and certain

works of man. 0verrid'ing most of these factors are quantity,

intensity, frequency, duration and distributjon of precipi-

tation. The hydrologic cycte (Plate 3) explains the cjrcula-

tion of water among the oceans, air, land surface and

underground.

Topography is a significant factor influencing ground-

water conditjons. As a general rule, iow-1ying areas near hills
and mounta'inous regions should be considered as having greater

groundwater potential than the h'igher elevations because run-

off from slopes results in increased infiltration 'in va11eys.

Pervious soils, cult'ivated land and dense vegetation al'low

greater infiltration than do clayey and barren lands whjch

are conduc'ive to higher rates of runoff. Hjgh temperature
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THE HYDROLOGIC CYCLE.

YO lron

Pl ate No. 3
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Source: G'ibson and Singer (1971)
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coupled with a high degree of evaporation negatively affects

groundwater recharge. In urban areas, runoff jncreases and

infiltration dimin'ishes due to the imoermeable exoanse created

by paved areas and buildings.

Different types of rock vary considerably jn their ability
to absorb, store, and yie]d water. Except for the Biue Ridge,

Rockingham 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 predcxni-

nant rock types jn the County are l'imestone, shale, sandstone,

and unconsol idated sand and gravel . For the purpose of this

report, fimestone, a calcium carbonate, and dolomite, a calcium-
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magnesjum carbonate, wiII be termed 'loosely as "carbonates".

Carbonate rocks have highly variable water-bearing

properties and are good to poor aquifers. Where joints have

been enlarged into solution channels by the dissolv'ing action

of water, large volumes of water may be stored and transmitted

(Plates 4C and 4F). The solution actjon can produce openings

as large as the greatest caves. It is generally believed

that the format'ion of solution channels in carbonate rocks

operates most actively above and 'immediately below the water

table, where the water in the rocks contains a greater charge

of carbon dioxide and circulates most vigorously. Carbonate

rocks adjacent to major streams have a high potential for re-

charge and are relatively unaffected by seasonal water table

fluctuations. Therefore,, limestone and dolomite formations

which outcrop near major streams may be very prolific aqu'ifers,

whereas those occurring in areas remote from major streams

may produce only meager amounts of groundwater.

Shale has relative'ly high porosity, but permeability is

very 1ow. Small to sometimes fair quantities of water may be

obtained from pore spaces, joints, bedding planes and shaley

partings, but shale generally forms an aquiciude or barrier

confin'ing groundwater to underlying aquifers. Clay has hydro-

'logic properties similar to those of shale and is relative'ly

impermeable; i.e., incapable of supplying water to wel1s.
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EXAHPLES OF ROCK POROSITY
(n) Wet l-sorted sediment - high porosity; (g) wet t-
sorted sediment consisting of porous pebbles - very
high porosity; (C) Porosity resulting from dissolutlon;(0) poorly-sorted sedinrent - l*r porosi ty; (g) Wet t-
sorted sedinrent wi th intergranular space f i I led with
"cementrr - very lcl.l porosity; (F) porosity developed
along fractures.

Source: Heinzer (1923) PLATE NO.4

Sandstone contains water in pore spaces which are

dependent on sorting, grain size, shape, packing, and most

'importantly, degree of cementation (plate 4E). Sandstone

cemented with soluble calcite or unstable clay minerals may

break down easily and develop high permeability. Some car-

careous sandstone formations are excellent aquifers, but a

sandstone cementd with silica may have practically no

permeabil ity unless fractured.

unconsolidated sand and gravel in alluvium and terrace

deposits are highly porous and permeable and usually occupy

areas favorable for groundwater recharge (plates 4A, 48 and

4D). Sand and gravel beds lying adjacent to, and below the

level of, a major stream often yield abundant supplies of
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groundwater, while sand and gravel in deep strata are also

good aqu'ifers. S'im'i1ar deposits at higher elevat'ions may

contain I ittle groundwater.

Igneous and metamorph'ic rocks have very 1ow porosity

and permeabiiity. However, small supplies of water are gen-

eral'ly available near the surface where weatherjng has partially

decomposed the rocks. Below the weathered zone small quanti-

ties of water may oeculin fractures and a'long contacts

between different rock types.

Geologic structure may strongly influence the occurrence

of groundwater, and this is especia'l1y true in certain areas

of Rockingham County. Ant'iclines (up-fo'lds'in the rock strata)

may bring good water-bearing beds near the surface a'long their

axes and bury them along the flanks (Plate 5A). Similar]y,

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 ax'is (Plate 58). The axial

portion of a syncline can act as a collection area and, if
tapped, ffidy y'ie'ld signif icant quantit j es of water under high

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

the land surface, and when this occurs, the well is termed

"artesian". Similarly, excel'lent groundwater storage potent'ial

exists along well-fractured anticljnal axes, but water

pressure is general'ly not suff ic'ient to cause artesian

condi ti ons .



STRUCTURAL INFLUENCES IN GROUND.WATER AVAILABILITY
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Faults are fracture zones along whjch there has been

displacement of rock masses relative to one another, and they

often paral1e1 folding. The associated fracture openings in

soluble rocks may be enlarged by the solution action of -qround-

water, thereby resulting in high well yields. Faulting can

also be detrimental to the groundwater potential of an area.

Not only can it act as a collection zone for groundwater

through the secondary permeability it creates, but it may also

serve as a barrjer to limit groundwater movernent by causing the

disaooearance of a water-bearinq formation.

Joints are fractures along which there has been no

appreciable movement. They are favorable to groundwater

occurrence, but, like faults and other fractures, tend to

become fewer and smal ler w'ith depth.

Hydrogeology of Rockingham County

A variety of sedimentary, igneous and rnetamorphic rocks

occur in relative1y narrow northeast-trending beits in the

County. These rocks have been heavily folded, and two major

faults run almost the 'length of the County. Geologic and

groundwater conditions of the area are illustrated on Plates

6 and 7.

Geoloqic S.etting. The oldest rocks crop out on the Blue

Ridge along the eastern boundary of the County and consist of Pre-

cambrian igneous and metamorphic types generally considered to

be older than 600 million years. Huge masses of granite were
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injected into thjs area followed by extensive volcan'ic ac-

tivity which created lava flows result'ing in the present-day

greenstone covering much of the B'lue Ridge.

The rock formations become younger from southeast to

northwest across the Shenandoah Va11ey, an area ma'iniy under-

lain by carbonate rocks of Cambrian and 0rdovician age (600-

425 million years old). These rocks, limestone and dolomite,

were deposited when severe deformation caused a 'long, narrow

trough to form in a northeast-southwest direction generally

cojnciding with the present locatjon of the Appalachian

Mounta'in Range from Ajabama to Newfoundland. This huge de-

pressjon was repeatedly invaded by the sea and served as a

depositional site for thousands of feet of sediments over

millions of years. During the Silurian, Devonian and M'ississip-

pian ages (425-300 million years ago) when uplift caused the

sea to retreat, there was rapid eros'ion result'ing in transport

of clast'ic sediments into the depos'itional trough which.later

consolidated into the younger shale and sandstone units pre-

dominating in Massanutten Mountain and west of L'ittle North

Mountain.

Following this long deposjtional and up'lift period the

area was again subjected to horjzontal forces from the south-

east which folded the sedimentary rocks into a series of anti-

clines and synclines and in some places disp'laced huge masses

of rock for thousands of feet a'long fau'lt planes. Erosion and
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