
COMMONWEALTH OF VIRGINIA
DEPARTMENT OF CONSERVATION
AND ECONOMIC DEVELOPMENT

DIVISION OF MINEML RESOURCES

GEOLOGY AND
MINERAL RESOURCES OF
PAGE COUNTY

RHESA M. ALLEN, JR.

BULLETIN 8I

VIRGINIA DIVISION OF MINERAL RESOURCES

Jomes L. Colver
Commissioner of Minerol Resources ond Stote Geologist

CHARLOTTESVI LLE, VIRGI N IA
1967



COMMONWEALTH OF VIRGINIA
DEPARTMENT OF CONSERVATION
AND ECONOMIC DEVELOPMENT

DIVISION OF MINERAL RESOURCES

GEOLOGY AND
MINERAL RESOURCES OF

PAGE COUNTY

RHESA M. ALLEN, JR.

BULLETIN 8I

VIRGINIA DIVISION OF MINERAL RESOURCES

Jomes L. Colver
Commissioner of Minerol Resources ond Stote Geologist

CHARLOTTESVILLE, VI RGI N IA
1967



CouuoNwper-rn or VrtcInI.l
DnpenturNr on Puncnasps aNo Suppr.v

RrcsuoNo

1967



DEPARTMENT OF CONSERVATION AND
ECONOMIC DEVELOPMENT

Richmond, Virginia

ManvrN M. Sursenr-two, Di.rector

Culnr,rs A. CnnrsroplrERsEN, Deputy Director
A. S. R.q.cEaL, JR., Eirecuti,ae Assistant

BOARD

Cenr.rsrr H. Huunrsrxn,'W'illiamsburg, Chairman
ANonpw A. Fenr,ev, Danville, Vice-Chai.rruan

Jon P. Grus, Roanoke
Ar,r,nN M. Hpvwann, Newport News
L. Sraur-nv Horces, Virginia Beach
Cr,aunn A. Jnssur, Jn., Charlottesville
IM. Mnnrrw .f ouwsolr, Lynchburg
Wrr,rreu H. Kruc, Burkeville
G.c,nr,arqo E. Moss, Chase City
Enwnsr L. Slrrru, Grundy
Jouw S. TnonNroN, Culpeper
Ancsrn L. Wnwnrcs, Hopewell



CONTENTS

Peoe

Abstract. I
fntroduction. 2

Previous investigations 3
Present investigation. 4
Acknowledgements...... 4

Geography. 5

Climate. 5
Topography and drainage. .,...... 6
Industry and economic development. 7

Transportation facilities...... r: . 7

Rocks in the area. 8
Precambrianrocks.. ......10

PedlarFormation.... ........ 10
Cambrian or Precambrian rocks. .. .. . . . , . 11

Swift Run Formation. . .. . . .. . 12

Catoctin Formation. ... ..... . 12

CambrianSystem. ........ 16
Loudoun Formation. .. .... .. . 16
WevertonFormation. ........ 16
Hampton Formation. ...... .. 19
Erwin (Antietam) Formation . ... ..... 20
ShadyFormation..... .......20
Rome Formation..... .. . ... .. 22
Elbrook Formation. .. ..... .. 22
Conococheague Formation. ..... . .... 23

Ordovician System. ....... 24
Chepultepec Formation. . .. .. . 24
Beekmantown Forrnation. .. . . 25
New Market Limestone. ... .. 27
LincolnshireFormation. ......27
EdinburgFormation. ........28
Martinsburg Formation. ... .. 29

Silurian System. . .... .. ... 31
Massanutten Sandstone. ..... 31
Cayuga Group. ...... 3l

DevonianSystem. ........32
Devonian undivided.

Triassic System. . .... .. .. . 33
QuaternarySystem. ......33

Structure. .. .. . 36
Blue Ridge-Catoctin Mountain anticlinorium . ..... 36
Valley of the South Fork of the Shenandoah River.. . . . . . . 40
Massanutten synclinorium. .. . .. . . 43

Geomorphology ....... . 44
Blue Ridge area... .. .. . . . 44
Valleyarea. ......45
Massanutten Mountain area... .. . . 46



Pece

Geologichistory. ......47
:Mineralresources. ..... 5l

Carbonaterocks.. ........52
Clayandshale... .....'.'.53
Copper ores. . .

Copperoreprospect. -'......' 55

StonylVfanmine... ..........55
Idacoppermine... ..............'..56

Granitic rocks.. ......... ' 56

Ironandmanganeseores.... .. ...57
ComptonManganeseCorporationmine... ....59
MoodyCreekprospect....... ........60
Stanleymine... ....'.60
Ocherprospect....... ..'.....61
HoneyRunmine... ..'......62

..62Ingham mine...
LittleOrebank... ....62
Shenandoah Iron'Works operations. ......... 62

Watsontract... ......63
Quartzoserocks.. .....'..64
Sand and gravel.. . .. .. .. . 64

Miscellaneousminerals. ..,... .'.66--:il#f# 
:: : ::: :: : :: ::::.:.',. 21

References 7r
/JIndex..



ILLUSTRATIONS

Pr,lrB PecB

1. Geologic map of Page County, Virginia. . . ' .In ppcket

Frcunp Pece

1. Index map showing location of Page County. 2

2. Viewof StonyMan... '... 13

3. Viewof HoakHill.... .....l4
4. Plungepoolformedin the Catoctin Formation. .......... 15

5. Exposure of the lower part of the Weverton Formation. ......... . 17

6. Contact between the Erwin (Antietam) Formation and Shacly Formation. . 21

7. Exposure of Conococheague Formation. .......... 23

8. Intraformational breccia containing fragments of black chert in the Beekman-
townFotmation..... .....26

9. Beekmantown Formation with sharp lateral contact between fine-grained
limestone and dolomite. ... .. .. .. . 26

10. Small fold with well-developed vertical slaty cleavage in the Edinburg
Formation. .......29

11. Recumbentfoldin Edinburg limestone. .......... 30

12. Quatetnary gravel overlying residual clay formed by weathering of the
ElbrookFormation. ......34

13. Quaternary gravel veneered surface. ...... 35

14. Qrnternary gravel in an old eroded channel on Martinsburg Formation. . . 35

15. Thrust fault in the Vaughn fault zone. . . . . 40

16. Mine dump at the site of the Ida copper mine. . . . . 57

17. Ertraction site at the Stanley manganese mine. . . . . . . . . . . 61

18. Extraction site of the Dry Run Sand and Gravel Company............... 65

TABLE

Plcp

1. Geologic formations in Page County. 9



GEOLOGY AND MINERAL RESOIIRCES
OF PAGE COUNTY

By

Rnnsa M. Ar,r,au, Jn.r

ABSTRACT

Page County is located in the northwestern part of Virginia in the
Blue Ridge and Valley and Ridge physiographic provinces. Its
boundaries enclose an area of 316 square miles which extends from the
crest of the Blue Ridge on the east to Massanutten Mountain on the
west. The South Fork of the Shenandoah River, the major stream,
passes through the central part of the county.

Bedrock in the county consists of Precambrian to Devonian rocks,
with one known occrurence of Triassic igneous rock. Quaternary
terrace gravels cover much of the bedrock in the central part of the
county, and river flood-plain alluvium is present along the margins of
the South Fork and its major tributaries and in scattered places on the
upland surface of the valley. The oldest Precambrian unit, the Pedlar
Formation, occurs in the Blue Ridge area and consists of granitoid and
gneissic rock of essentially granodioritic composition. The Pedlar is
overlain in part by metamorphosed sedimentary rocks of the Swift
Run Formation, and this unit is conformably ovedain by the altered
basaltic flows of the Catoctin Formation, both having an age of late
Precambrian or Early Cambrian. Along the western slope of the Blue
Ridge and in the foothill belt immediately to the west, the predominantly
clastic rocks of the Loudoun, 'Weverton, Hampton, and Erwin for-
mations of Cambrian age hold up higher elevations. The central part
of the county is undedain by a sequence of carbonate rocks, with a
few shale units, of Cambrian and Ordovician age. The western part of
the county consists of a highland area of ridges and narrow valleys
known as Massanutten Mountain. The Martinsburg Formation makes
up much of the western slope, and the Massanutten Sandstone holds
up the ridge crests. Silurian to Devonian clastic rocks, with a few
carbonate units, are also present in Massanutten Mountain. Quaternary
terrace gravels and flood-plain deposits cover much of the bedrock,
especially in the southwest three-fourths ofthe central part ofthe county.

The major structures in the Page County area include from east to
west: the western flank of the Blue Rrdge-Catoctin Mountain anti-

,o.,P'l;iil" 
of Engineering Research, Louisiana Polytechnic Institute, Ruston,
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clinorium, the faulted and intensely folded anticlinal structure of the
central part of the county, and the synclinal complex of the Massanutten
Mountain area. The Cambrian and Ordovician rocks in Page Valley
form a large fold overturned to the northwest. The Massanutten Moun-
tain region, comprising Ordovician, Silurian, and Devonian rock, has

been deformed into a svnclinorium. A major fault structure in the area,

the north-northeast trending Stanley fault, appears to have essentially
vertical movement with the east-southeast side upthrown. In the
northern part of the county the Vaughn faslt zone consists of several

cloiely spaced thrust faults that border the wesb front of the Blue Ridge.
Several small faults occur in the Ordovician rocks in the central part of
the county, and two well-developed thrust faults transect the Silurian
and Devonian rocks in Massanutten Mountain.

The mineral resources of Page County that are of current or
potential interest consist of the gneissic and granitoid rocl<s and green-

stone that can be used for construction purposes, the carbonbte rocks,
sand and gravel, quartzose rocks, and clays. The copper ores of the
Blue Ridge have b"99n worked in the past but appear to be of poor
quality and limited quantity. Iron and manganese ores were mined,
milled, and smelted in the past, especially in the area east of the town
of Shenandoah. .surface watei is plentiful, and generally su-fficient
quantities of ground water are available for present needs.

INTRODUCTION

Page County, formed- in 1831 from portions of Rockingham'and
Shenandoah counties, is in the northern part of Virginia (Figure 1),

Figure 1. Index map showing location of Page County'
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and includes an area of 316 square miles. The eastern boundary is
along the crest of the Blue Ridge, and the county is chiefly within the
Valley and Ridge physiographic provrnce. Counties bordering Page on
the east are Greene, Madison, and Rappahannock; on the north,
Warren; on the west, Shenandoah; and on the southwest and west,
Rockingham. The county lies between lines of longitude 78" I7' and
78" 40' W. and lines of latitude 38" 25' and 38o 50' N. and is shown on
parts of five lS-minute quadrangle maps: Madison, Stony Man, Stras-
burg, Mt. Jackson, and Elkton.

The primary purpose of this report is to provide a guide to the
geology of Page County, and to present a geologic map of the major
rock units. Previous publications have descriptions of some rocks that
crop out within the county, and contain details on small areas within
the county. This report, prepared using a modern topographic base,
has sections on the stratigraphy, structure, geologic history, and
geomorphology of the area with an outline of the mineral resources of
past, present, and. possible future interest.

pnnvrous Irlvcsrrc.riroNs 
)

TheValley and Ridge province of Virginia has been of great interest
to geologists, beginning with the report of W. B. Rogers (1836). Reports
by Lesley (1859), Hotchkiss (1878), Prime (1880), McCreath (1884),
Benton (1886), Phalen (1906), Watson (1907), Harder (1910), and Stose
and others (1919) considered the iron, copper, and manganese ores of
the area. Spencer (1897) described the geology of Massanutten Moun-
tain. Some mention of the cement resources was made by Bassler
(1909). Clay materials of the area were noted by Ries and Somers
(1920), and a general description of ground-water resources was made
by Cady (1936).

Of a more recent date are the studies by Butts (1933, 1940-41), the
work of Edmundson (1945) on the limestones and dolomites, the works
of King (1943,1949,1950), stratigraphic studies in Page and adjoining
counties by Cooper and Cooper (1946), studies on the igneous rocks of
the Blue Ridge by Furcron (1934), the study of the Catoctin Formation
by Reed (1955), and the presentation by Bevan and others (1938) on
the geology of the area from Luray, Virginia, to Panorama and Front
Roval, Virginia.

The geology of the Elkton area was described in detail by King
(1950), and the geology of the Mt. Jackson quadrangle was described
by Thornton (1953). The report on the geology of Rockingham County
was made by Brent (1960), and the geology of Greene and Madison
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counties was reported on by Allen (196,3). Many of these publications
have been stthzed in the preparation of this report.

PnasnNr Ii.rvrsrrcerrow

Field work by the writer in Page County was done during the
surnmers of 1961, 1962, 1963, and 1964, at which times the writer
was in the employ of the Virginia Division of Mineral Resources.
Aerial photographs and sheets of the l5-minute topographic quad-
rangles were utilized for mapping. Along with mapping of surface
exposures, examinations were made of mineral deposits of past and
present economic value and of those deposits of potential value, in-
cluding water resources.

Particular attention was given to the stratigraphy and structure
of the rocks of the area. In the preparation of the geologic map of Page

County (Plate 1), the work of King (1950) and Thornton (1953) was
used; and although no new stratigraphic terms were introduced, the
descriptions of the lithologic units have been used along with those
made by the writer. Structures mapped by King (1950) and Thornton
(1953) were slightly modified. The work of R. S. Edmundson done
along the eastern edge of Massanutten Mountain and within the
Strasburg quadrangle was utilized for the compilation of that part
of the geologic map.

Acrrowr,noGEMENTs

Mapping oi th" areas (P1ate 1) credited to C. P. Thornton, R. S.

Edmundson, and the writer was done under the auspices of the Common-
wealth of Virginia. A report on the Elkton a.f,ea was written by P. B.
King (1950) and published by the U. S. Geological Survey. The writer
is indebted to Dr. James L. Calver, Commissioner of Mineral Resources
and State Geologist of Virginia, for assistance of many kinds in the
conduction of the field work and. preparation of the report. The aid
and assistance of the sta.ff members of the Virginia Division of Mineral
Resources is greatly appreciated. Mr. Merrick Whitfield assisted
in the field in the summer of 1961, and the writer's son, Rhesa M.
Allen, 3rd, assisted during parts of the summers of 1963 and 1964.

These men rendered valuable service and the writer is especially grate-
fu1 for their aid.

Numerous persons in Page County, especially county officials and
officials of the National Park Service were most cooperative and helpful.
In particular, the writer expresses his heartfelt appreciation to Mr'
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Frank Kiblinger of Stanley, Virginia, who spent many days in the
fie1d with the writer, guiding him to many of the more inaccessible
areas of geologic interest and to several of the old mines and prospecf,s,
and acquainting him with the geography, history, and lore of the
region. Mr. Kiblinger spent many years as an employee of the National
Park Service in the Shenandoah National Park, and his aid has been
of inestimable value. The aid and courtesies, and the genuine interest,
shown to the writer by the residents of Page County are greatly appre-
ciated, and it is unfortunate that space does not permit the listing
of their individual contributions.

GEOGRAPHY

Cr,ruRrn

Climatic conditions of Page County are summarized ftom the
climatographic data published by the U. S. Weather Bureau (Rice,
1959). During the period I94I-52, the weather station at Luray, Vir-
ginia, indicated for precipitation an annual high of 49.43 inches in
1942, an annual 1ow of 27.28 inches in 1943, and an average annual
precipitation of 39.96 inches for the period. Temperature data for
Lrxay for the same period indicated an average low of 35.2o F during
January and an average high of 73.2" F during July. The average
annual temperature for Luray for the period was 54.6o F. Also for
Luray the mean maximum temperature indicated was 24.6o F during
December. For the period 1935-52 the weather station at Big Meadows
on the crest of the Blue Ridge indicated for precipitation an annual
high of 67.07 inches in 1952, an annual low of 36.35 inches tn 194I,
and an average annual precipitation of 52.38 inches for the period.
Temperature data for Big Meadows for the same period. show an
average low of 29-8o F during January and an average high of 66.6" F
during July. The average annual temperature for Big Meadows for
the period was 48.0o F. Also for Big Meadows the mean maximum
temperature indicated is 76.1' F during July and the mean minimum
temperature indicated is 20.3" F during both January and February.

For the period I92L-50 at Woodstock, the mean date of the last
spring freeze is April 26, and the mean date of the first fall freeze is
October 13; the average number of days between dates is 120. Data
are for temperature of 32o F. Although this part of virginia normary
has abundant rainfall, the frequency of dry periods and droughts
greatly a-ffects agricultural activity. The drought of 1930 is thought
to have been the most serious of the past century, and the period from
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1952 through 1957, with the exception of 1955, and the years 1962

through 1964 were times of notable rainfall deficiency.

' 
TopocnePnv eNo Dnarxacn

Page County lies in the Blue Ridge and Valley and Ridge physio-

graphic provinces (Fenneman, 1938, p. 165-t71,245-265)' The greatest

ietiet is along the east margin of the county, and the highest point,

4049 feet, is Hawksbill. Other high elevations are Stony Man, 4010

feet;Hazeltop, 3816 feet; Nakedtop, 3726 feet; Blackrock, 3721 feet;

The Pinnacl", 3720 feet; and Marys Rock, 3514 feet. Relief is high in the

western part of the county in the Massanutten Mountain area with
elevations of 2955 feet on Big Mountain and 2822 feet on Duncan

Knob.
The lowest elevation in the area is approximately 590 feet where

the South Fork of the Shenandoah River leaves Page County and

enters Warren County. The elevation of the torvn of Lway (bench

mark location) is 824 feet. Iyhere the south Fork enters Page county
at its southern boundary (at the confluence of Naked creek), the

elevation is approximately 890 feet. The area is drained by the South

Fork of the Shenandoah River and its major tributaries: Naked Creek,

Cub Run, Stony Run, Mi1l Creek, Hawksbill Creek, Jeremys Run,

and Overall Run.
Topography in the extreme eastern and western parts of the

county includes steep-walled valleys with fast-flowing streams and

heavily wooded slopes. In the southeastern area is the Shenandoah

salieni, an extremely rugged part of the Blue Ridge that extends 6 to

8 miles westward from the Page-Greene-Madison boundary almost to

the south Fork of the Shenandoah River at Ingham. Hershberger Hill,
varner Hill, Piney Hil1, and Pine Mountain ate the features that mark

the edge of the Blue Ridge highlands. Massanutten Mountain occupies

a width of slightly ovet 2 miles along the western boundary of the

county with a low divide at New Market Gap at an elevation of 1807

feet.
The central part of the county is a dissected upland or valley

floor traversed by the South Fork of the Shenandoah River' The

widest part of the valley, approximately 7 miles, is just north of Stanley;

the narrowest part, about 1 mile, is at Overall. The val1ey floor, gener-

a1ly about 100 to 125 feet above river elevation, is for the mosl parb

covered with a gravel veneer. The area enclosed by the towns of

Leaksville, Hamburg, and Luray has a modeiate karst development.

The present flood plain of the South Fork is a modest one, approxi-
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mately 0.75 mile wide just north of Alma, narrowing to small scrolls
on:the inside of meander bends downstream. For the most part, through-
out its length in Page countv, the south Fork is entrenched below the
upland surface.

ftousrny nxn Ecowourc DpvrropueNr

The 1960 census recorded a population oL lS,S72 persons.in page
County for a density ratio of approximately 50 persons per square
mile. The county had a gain of. 420 persons between 1950 and 1960,
whereas Luray, the largest town and county seat, had a population of
3014 persons in 1960, a gain of 343 persons over 1950 and making up
the great majority of the county: increase. per capita income of page
county increased from 9902 in 1950 to g1100 in t9s7, with the state
average in 1957 being 91660.

At the time of the field investigation, mining or quarrying operations
were active at two localities (Plate 1), although in the past numerous
quarries were in operation as were mines for iron, manganese, and copper
or€s. trndustrial activities, orimarily those engaged in manufacturing
menls and work clothing, manufacturing yarn and thread, leather
tanning and finishing, poultry dressing and packing, seasonal peach
canning, and other enterprises, employ approximately 1443 persons.
rn 1954there were 1185 farms with a land total of 102,1g3 acres, for
an average-size farm of about 86 acres. Livestock, poultry, and field
crops make up the most common types of fann activity.

Recreation has come to play an important role in the.area. The
facilities of the shenandoah National park with its scenic skyline
Drive attract rnore than one million visitors each year, and the George
washington National Forest on the western margin of the county
ofiers facilities for camping, hiling, fishing, and hunting. Just west of
Luray are the well-known Lrtray caverns that atlract many tourists.

Page County contains approxinrately 82,064 acres of commercial
forest land in addition to 46,800 acres of non-commercial folest, a large
part of which is in the shenandoah National park. over one-half of
the commercial acreage is in oak-hickory type.

TnarvsponretoN Fecrr,rrrns

The area is served by a network of excellent roads. U. S. Highway
211 is a direct: route from Luray to washington, D. c., and connects
urith u. s. Highway 11 at New Market; it also connects with the Sky-
line Drive at Thornton Gap (Panorama). The Skyline Drive follows
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closeiy the eastern boundary of Page County along the crest of the

Blue'Ridge. U. S. Highway 340 also serves Page County, entering the

county at its southern margin near Shenandoah and essentially parallel-

ing the south Fork of the shenandoah River to the warren county
boundary at overall. Many hard-surfaced state roads provide easy

access to the central part of the county, but in the Massanutten Moun-

tain area and in the area adjacent to the Shenandoah National Park,

roads are few and not suitable for bad-weather travel.
Page county is on the Norfolk and western Railway's shenandoah

Valley Division main line from Roanoke, Virginia, to Hagerstown,

Maryland, with freight service only available. Airline connections are

avaiiable at the Harrisonburg-Staunton-Waynesboro (Shenandoah

valley) Airport at 'weyers cave, approximately 20 miles south of

Page County. Flights are operated daily by Piedmont Airlines'

ROCKS IN THE AREA

The rocks in the area are mainly sedimentary, vrith igneous and

metamorphosed igneous and sedimentary types along the eastern

margin of the county. Bedrock in Page County ranges in age from

Precambrian to Devonian and. is in part covered by unconsolidated

deposits of Cenozoic age; one mafic dike of Triassic age is also shown

on Plate 1. The Precambrian and Paleozoic tocks, exclusive of the

Pedlar Formation, have an aggregate thickness of approximately 23,000

feet and have been greatly deformed. From east to west the major

rock units are: (1) the westernmost edge of the Virginia Blue Ridge

complex (Brown, 1958) whiph consists of sialic and intermediate

igneous rocks and gneisses; the swift Run Formation of sedimentary

*igttr; and the Catoctin Formation that contains altered. basalts and

tufiaceous rocks; (2) a highly deformed unit of cambrian to ordovician

sedimentary rocks that make up the valley of the South Fork of the

Shenandoah River; and (3) the west margin of the county which

contains Ordovician, Silurian, and Devonian sandstones, shales, and

limestones.
The unconsolidated rocks in the valley of the south Fork consist

of clay, sand, and gravel that lie unconfo,rmably over the bedrock units.

I\{uch of the clay represents residual deposits derived from the weather-

ing of the Paleozoic rocks, mainly the carbonate units. sands and

gravels were deposited. during post-Paleozoic time on older and higher

valley floors. The south Fork is depositing similar materials on its

valley floor at the present time. Table 1 summarizes the stratigraphic

sequence in Page County.
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Table 1.-Geologic formations in Page County.

Ace NAME
Mep

Svusor- CHARACTER ru Fert

Quaternary
River flood-olain
'deoosits

Qal Gravel, sand, and clay 0-100

Terrace gravels Qg Gravels, mainly quart- 0-200

Triassic Dikes of mafic
igneoris rocks

Ra Mafic igneous rocks

Devonian Devonian undivided Du Limestone, claystone,
and shale

30-200

Silurian

Cayuga Group Scy Shaly limestone, silt-
stone, and shale

200-600

Massanutten
Sandstone

Sm Quartzite ard sand-
stone

400-650

OrdoVician

Martinsburg
Formation

Omb Shale. calcareous and
silty in part; greenish
and gray sandstone

000-3000

Edinburg Formation Oe Black to gray fissile
ihale; slabby black
limestone

500-1500

Lincolnshire Forma-
tion and New
Market Limestone

Oln Dark-gray limestone
with black chert;
dove-gray compact
limestone; conglom-
erate and breccia at
base

50-200

Beekmantown
Formation

ob Dolomite and lime-
stone: abundant chert

Chepultepec
Formation

Och Limestone: some chert 300-500?

Cambrian

C,onococheague
Formation

€co Dolomite and lime-
stone; some white
sandstone

2000-2500?

Elbrook Formation €e Dolomite and lime-
stone; some chert

2000-2500

Rome Formation €r Limestone and shale 2000?

Shady Formation €s Dolomite and lime-
stone

1000-1500?

Erwin (Antietam)
Formation

€er Quc"rtzite and sand-
stone

800



Table 1.-(Continued)

Acn NAME
Mep

SvMsoL CHARACTER
.ITICKNESS

rN FBet

Cambrian

Hampton Formation €h Sandstone, siltstone,
and shale

900

Weverton Formation -c.n, Conglomerate, sand-
stone. and shale

000-1500

Loudoun Formation -e1 | Slate and phyllite 0-200

Cambrian
or

Precambrian

Catoctin Formation €p€c I etterea basalt and tuff 0-2000

Swift Run
Formation

€p€s Conglomerate,
and phyllite

slate, 0-100

Precambrian Pedlar Formation pep Granodiorite and gneiss ?

10 VrncrNre DrvrsroN oF MTNERAL Rrsouncrs

PnnceMenraN RocKS

:: Pedlar Formation

The Pedlar Formation is a heterogeneous assemblage of granitoid
and slightly gneissic rocks ionsisting of many lithologic types including
granite, syenite, granodiorite, qlTartz diorite, and unakite. On the
Geologic Map of Virginia (Virginia Geo1. Survey , 1928) it was indicated
as chiefly hypersthene granodiorite and was described by Jonas (1935).

Bloomer and- Werner (1955, p. 582) suggested the name Pedlar For-
mation for the unit and cited the exposures of granitoid rocks along
the upper part of the Pedlar River in northwestern Amherst County
as typical of the formation. The name Pedlar has been used in the
Page County area to include a number of somewhat similar rock types
that appear to have a generally common origin under a single heading.
Distribution of the Pedlar Formation is shown on Plate 1. Along the
east margin of Page County the Swift Run and Catoctin formations
occur unconformably above the Pedlar. The greatest exposure of the
Pedlar is in southeastern Page County, southeast of the Stanley fault,
where it crops out over an area of approximately 30 square miles.

Smaller exposures occur southwest of the Harris Cove fault and in the
center of the Shenandoah salient.

The most prevalent rock type in the Pedlar Formation in Page

County is a coarse-textured, dark greenish-gray, quiart'z monzonite.
Fresh exposures are characteristically greenish gray; slightly weathered
rock surfaces are light gray to brownish white, and. after prolonged
exposure the surfaces generally are rusty brown. Generally, the Pedlar
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has a poorly to well-defined gneissic structure. In hand specimen,
feldspar, qtartz, and minor quantities of ferromagnesian minerals
are evident. Feldspar crystals may be as large as 1cm; quartz grains
are generally smaller, and both clear and bluish to violet quattz are
common. The dark-green color of fresh Pedlar exposures is caused
by the presence of chlorite. Scattered grains of ilmenite are commonly
present.

In the area along the west front of the Blue Ridge, along the old
road from the village of Stony Man to Skyland and in Kettle Canyon,
the Pedlar is a fine-grained, dark-gray quartz diorite. Small outcrop
areas of diorite and granodiorite of the same color and texture are also
present. Locally, exposures of granodiorite contain pink feldspar,
green epidote, and gray to bluish qaartz; this rock type, known as

unakite, is especially prevalent in the vicinity of Fishers Gap.
Petrographic examination of rock specimens from the Pedlar

Formation indicates the most common variety has a granitoid texture
with some foliate structure. Orthoclase, microcline, and plagioclase
(commonly calcic oligoclase to andesine) make up 60 to 70 percent
of the rock; the potassic feldspar and plagioclase occur in approximately
equal amounts, although some specimens contain about twice as

much plagioclase as potassic feldspar and the rock may be classed as
granodiorite ot qrartz diorite. Much of the potassic feldspar is perthitic.
Qtafiz is present in amounts ranging from 15 to 25 percent. Horn-
blende and olive-brown biotite are generally present in amounts less

than 10 percent. Hypersthene and monoclinic pyroxenes are rare,
although on Millers Head, west of Skyland, pyroxene may make up as
much as 8 percent of the rock. Wisps of chlorite between feldspar
masses and patches of sma1l epidote grains in plagioclase are responsible
for the gray to green color of most of the Pedlar. Small blebs and
rims of fresh albite replace potassic feldspar, and myrmekitic inter-
growths of albite and oligoclase with qttartz are common.

CelrsnreN oR PREcAMBnr,rN Rocrs

There is a lack of agreement as to the precise placement of the
boundary between the Precambrian and Cambrian rocks in the.Blue
Ridge area (King, 1950; Bloomer and Werner, 1955; Reed, 1955;
Whitaker, 1955). In Greene and Madison counties, Gooch (1958, p.
574) and Allen (1963, p. 37-a0ir suggested age and lithologic equivalence
of the Swift Run, Mechum River, and Lynchburg formations. From
the preceding views and varied opinions, the Swift Run and Catoctin
formations are designated Cambrian or Precambrian.
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Swift Run Formation

The name Swift Run was applied by Stose and Stose (1946, p.
18-20) to a heterogeneous unit of sedimentary material that uncon-
formably ovedies the Pedlar Formation and is overlain by the Catoctin
Formation. The type iocality is in Greene County about 1 mile south-
east of Swift Run Gap on the old U. S. Highway 33 and about 200
feet above the present highway location. King (1950, p. 9-12) used
the term Swift Run Formation for sedimentary and pyroclastic rocks
lying between the Pedlar and the Catoctin. Reed (1955, p. 880-881) did
not recognize the Swift Run as a formation, but included sedimentary
material at the base of the Catoctin as a basal sedimentary member.

In Page County the Swift Run generally crops out in a nalTow
belt between the Pedlar and Catoctin formations. A continuous band
can be traced southwestward along the west slope and crest of the
Blue Ridge from south of Thornton Gap to Tanners Ridge. A small
exposure is present along the east side of Hoak Hill, and a nalrow
belt crops out above the Pedlar in the Long Ridge-Weaver Hollow
area north and east of Jollett. It is interesting to note that the Swift
Run is absent, as is the Catoctin, within the Shenandoah salient at
the heads of Dovel, Lucas, and Cubbage hollows, where either the
Loudoun or'W'everton formation rests unconformably on the Pedlar.

The character of the Swift Run is varied. Generally it is a vitreous,
well-bedded, green, gray, or pinkish arkosic qtafi,zite. The quartz
is commonly colorless, but locally blue or violet; other minerals are
pink and white feldspar, rare ferromagnesian minerals, and minor
epidote. In many places conglomeratic layers are present. Phyllitic
and slaty beds are common, and much tufiaceous or altered pyroclastic
material is generally present in the upper part of the unit. The con-
tact with the overlying Catoctin is gradational. Seldom does the
thickness of the Swift Run exceed 50 feet, although King (1950, p. 10)
notes that thicknesses may exceed 100 feet.

Catoctin Formation

Keith (f894a, p. 306-309) applied the name Catoctin schist to
exposures in Catoctin Mountain, Maryland, and Jonas and Stose
(1939) termed similar rock in Virginia, metabasalt. King (1950, p.
l2), fuorn his work in the Elkton area, gave preference to the term
Catoctin greenstone as was used on the Geologic Map of Virginia
(Virginia Geol. Survey, 1928). Reed (1955), who has made the most
comprehensive study of the Catoctin in northern Virginia, used the
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term catoctin Formation and included within that unit the under-
lying Swift Run and overlying Loudoun. A1len (1963) in the report
on Greene and Madison counties designated. the swift Run and Loudoun
formations as separate rock units and mapped as Catoctin Formation
the flows and associated volcanic rocks that overlie, and. are younger
than, the virginia Blue Ridge complex and the swift Run and und.er-
lie the Loudoun. The Geologic Map of virginia (virginia Division
of Mineral Resources, 1963) also incorporates the term catoctin
Formation.

The Catoctin Formation crops out along the crest and north-
west slope of the Blue Ridge in the eastern part of page county (Figure
2). A portion of the catoctin extends northwestward from the crest
of the Blue Ridge along Tanners Ridge to just south of the stanley
fault in the vicinity of Marksville, and- a sma1l outcrop of catoctin
is present along the crest of Hoak Hill west of the stanley faurt (Figure
3) ' rn the northern part of Page county, excellent exposures of catoctin
occur in the valley of Jeremys Run and along the head.waters of Dry
Run, Overall Run (Figure 4), Rocky Branch, and pass Run. Thornton
Gap (Panorama) and Pass Mountain to the north are also underlain
by catoctin. Dikes of catoctin greenstone cut the underlying granitic
rock at a number of places in the Blue Ridge area. one such dike,
about 15 feet thick, with columnar jointing can be seen at the north end.
of the tunnel on skyline Drive about 0.5 mile south of rhornton Gao.

Figure 2. view of stony Man from nearby overlook on skyline Drive.
The profile of Stony Man, along the ridge line to the right,
is in the Catoctin Formation.
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term catoctin Formation and included within that unit the under-
lying Swift Run and overlying Loudoun. Allen (1963) in the report
on Greene and Madison counties designated the Swift Run and Loud.oun
formations as separate rock units and mapped as catoctin Formation
the flows and associated volcanic rocks that overlie, and are younger
than, the Virginia Blue Ridge complex and the Swift Run and- under-
1ie the Loudoun. The Geologic Map of virginia (virginia Division
of Mineral Resources, 1963) also incorporates the term catoctin
Formation.

The Catoctin Formation crops out along the crest and north-
west slope of the Blue Ridge in the eastern part of page County (Figure
2)' A portion of the catoctin extends northwestward from the crest
of the Blue Ridge along Tanners Ridge to just south of the Stanley
fault in the vicinity of Marksville, and a small outcrop of catoctin
is present along the crest of Hoak Hill west of the Stanley fault (Figure
3). In the northern part of Page county, excellent exposures of catoctin
occur in the va11ey of Jeremys Run and along the headwaters of Dry
Run, Overall Run (Figure 4), Rocky Branch, and pass Run. Thornton
Gap (Panorama) and Pass Mountain to the north are also und.erlain
by catoctin. Dikes of catoctin greenstone cut the und.erlying granitic
rock at a number of places in the Blue Ridge area. One such dike,
about 15 feet thick, with columnar jointing can be seen at the north end
of the tunnel on Skyline Drive about 0.5 mile south of rhornton Gap.

Figure 2. View of Stony Man from nearby overlook on Skyline Drive.
The profile of Stony \{an, along the ridge line to the right,
is in the Catoctin Formation.



t4 VrncrNr.c Drvrsrorq on MrNBnar. RBsouncps

Figure 3. View of Hoak Hill in the left foreground; the Catoctin For-
mation is in the cleared anea, and the Ida copper mine is
near the crest of the hi11. The Weverton Formation is present
on the right side of Hoak Hill; Hampton Formation is in the
low area between Hoak Hiil and Varner Hill to the right which
is underlain by Erwin (Antietam). The beds are overturned.

King (1950, p. 12-14) has described the Catoctin along the north-
west slope of the Blue Ridge in the Elkton area, and an excellent and
comprehensive description of the facies of the Catoctin Formation in
the Luray area is given by Reed (1955). Allen (1963) described the
Catoctin along the crest of the Blue Ridge in Greene and Madison
counties. In Page County the Catoctin consists of altered..basaltic
flows and associated volcanic agglomerate and pyroclastic sedimentary
rocks. The flows are generally dense, massive, and dark green to
grayish green, and the rock is commonly referred to as "greenstone."

,Many flows contain amygdules composed of feldspar, epidote, qaartz,

and zeolites. Much of the rock is massive; a southeastward-dipping
cleavage is present in most of the flows, and some layers have a slaty or

schistose texture. Columnar jointing, although relatively uncommon'

is present in the Fishers Gap area and along the headwaters of Overall

Run.
Mineral identification in the Catoctin is best accomplished by

X-ray examination or by use of thin sections. Generally present are
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Figure 3. View of Hoak Hill in the left foreground; the Catoctin For-
mation is in the cleared area, and the lda copper mine is
near the crest of the hi11. The Weverton Formation is present
on the right side of Hoak Hill; Hampton Formation is in the
1o.nv area betrveen Hoak Hill and \rarner Hill to the right which
is underlain by Erwin (Antietam). The beds are overturned.

King (1950, p. t2-I\ has described the Catoctin along the north-
r,vest slope of the Blue Ridge in the Elkton area, and an excellent and
comprehensive description of the facies of the Catoctin Formation in
the Lural' area is given by Reed (1955). A11en (1963) described the
Catoctin along the crest of the Blue Ridge in Greene and \{adison
counties. In Page County the Catoctin consists of altered basaltic
flows and associated volcanic agglomerate and pyroclastic sedimentary
rocks. The flows are generally dense, massive, and dark green to
grayish green, and the rock is commonly referred to as "greenstone'"
Nlany flows contain amygdules composed of feldspar, epidote, qu'attz,

and zeoiites. Much of the rock is massive; a southeastward-dipping
cleavage is present in most of the flou's, and some layers have a slaty or

schistose texture. Columnar jointing, although relativel-v uncommon,
is present in the Fishers Gap area and along the headwaters of Overall

Run.
Mineral identification in the Catoctin is best accomplished by

X-ray examination or by use of thin sections. Generallv present are
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chlorite, epidote, amphibole (actinolite), albite, and pyroxene. Mag-
netite, in sufficient quantitv to deflect a compass needle, is present at
some localities. Reed (195.5, p. 888) states: "Only the pyroxene and
part of the magnetite are believed to be primary minerals of the original
lava. The albite is pseudomorphic after the original calcic plagioc1ase."
The alteration of the original calcic plagioclase of the basaltic lavas to
albite and sodic oligoclase and the concomitant alteration of pyroxenes
to amphibole with the development of chlorite and epidote attest to
the highly altered mineral character of the Catoctin.

The thickness of the Catoctin Formation varies considerably. On
the crest and upper west slope of the Blue Ridge in Page County the
Catoctin is 1000 feet or more thick. In the upper part of the valley of
Overall Run the thickness exceeds 1500 feet. Reed (1955, p. 880-883)
gives a thickness of 1800 feet at Big Meadows. Al1en (1963, p. 46)

suggests that the total thickness cf the flows may have been about
2500 feet. In the area between Ingham and Lucas Gap, the Oatoctin
wedges out, and as noted previously, the clastic Cambrian sedimentary
rocks rest directly on the Pedlar. On the other hand, the thickness of
the Catoctin in the Hoak Hill area, just west of the Stanley fault where
the unit is in a vertical to slightly overturned attitude, is approximately
1800 feet.

Figure 4. Plunge pool formed in the Catoctin Formation along Overall
Run.
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chlorite, epidote, amphibole (actinolite), albite, and pyroxene. NIag-
netite, in sufficient quantitv to deflect a compass needle, is present at
some localities. Reed (195.5, p. 888) states: "On1y the pyroxene and
part of the magnetite are believed to be primary minerals of the original
lava. The albite is pseudomorphic after the original calcic plagioclase."
The alteration of the original calcic plagioclase of the basaltic lavas to
albite and sodic oligoclase and the concomitant alteration of pyroxenes
to amphibole with the development of chlorite and epidote attest to
the high11" altered mineral character of the Catoctin.

The thickness of the Catoctin Formation varies considerably. On
the crest and upper west slope of the Blue Ridge in Page County the
Catoctin is 1000 feet or more thick. In the upper part of the va1ley of
Overall Rrtn the thickness exceeds 1500 feet. Reed (1955, p. 880-883)
gives a thickness of 1800 feet at Big N{eadows. A1len (1963, p. +6)
suggests that the total thickness cf the florvs may have been about
2500 feet. In the area between Ingham and Lucas Gap, the Oatoctin
wedges out, and as noted previously, the clastic Cambrian sedimentary
rocks rest directly on the Pedlar. On the other hand, the thickness of
the Catoctin in the Hoak Hill area, just west of the Stanley fault where
the unit is in a vertical to slightl1'overturned attitude, is approximately
1800 feet.

Figure 4. Plunge pool formed in the Catoctin Formation along Overall
Run.
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C.r.MsnraN Svsrnu

Loudoun Formation

Keith (1894a, p. 324-329) named the Loudoun Formation from
outcrops in Loudoun County, Virginia, near the confluence of the
Potomac and Shenandoah rivers, but a specific type locality was not
described. The unit described by Furcron and Woodward (1936, p.

45-61) as a "basal Cambrian lava flow" that rests unconformably on
the Catoctin and is overlain by the Loudoun Formation in the Blue
Ridge of Page and Rappahannock counties appears to be slaty and
schistose rocks of pyroclastic origin and corresponds to the Loudoun
in the Elkton area as described by King (1950, p. 16). In Page County
the Loudoun is exposed in a nearly continuous narrow band. between
the Catoctin and the Weverton formations. The Loudouri crops out
along the eastern and southern margins of the inlier of Pedlar in the
Shenandoah salient east of Ingham where it rests directly on the
Pedlar and also in the area southwest of the Harris Cove fault. In the
valley of Hollow Run, in the Hoak Hill-Hershberger Hill area, the
Loudoun is present as a narrow band, directly above the Catoctin.
The Loudoun also crops out in the Knob Mountain-Jeremys Run area
and crosses the Skyline Drive just north of Beahms Gap and just west
of Elkwallow Gap.

The Loudoun characteristically is a purple or reddish soft slate
or phy1lite, containing many oval or round light-green spots. Light-
gray to green, soft, sericitic slates and phyllites are intercalated with
the purple, green-spotted slates. Cleavage is generally well developed
and bedding is commonly evident on cleavagc surfaces. In Page County
the thickness of the Loudoun is about 100 feet or slightly less, although
King (1950, p. 17) states the thickness in the vicinity of Long Ridge
northeast of Jollett is possibly 200 feet.

Weverton Formation

The name Weverton sandstone was given by Keith (1894a, p'
329-333) to sandstone beds exposed on South Mountain near'Weverton,
Maryland. King (1950, p. 17) used the term Weverton Formation for a
heterogeneous unit of clastic rocks in the Elkton area and divided the
formation into lower, middle, and upper members. On Plate 1 the
Weverton is mapped as a single unit.

In Page County the Weverton overlies the Loudoun in outcrops
along the northwest slope of the Blue Ridge, in Hoak Hill-Hershberger
Hi1l, and in Pine Mountain. An excellent exposure can be seen in the
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roadcut of U. S. Highway 211 through Pumpkin Hill, just west of
Shenandoah National Park headquarters. Good exposures of the
W'everton Formation are present on Neighbor Mountain, Knob Moun-
tain, Beecher Ridge, and between Beahms Gap and Elkwallow Gap
(Figure 5), but the best sections occur in the vallevs of Drv Run (both
forks) and Overall Run.

Figure 5. Exposure of the lower part of the weverton Formation near
Milepost 27 along the Skyline Drive.

The heterogeneous lithology of the weverton is characteristic
of the unit, although coarse clastic rocks appear to predominate. The
lower part of the unit is composed of conglomeratic beds grading up-
ward into coarse-grained feldspathic (arkosic) sandstones. Silty shales
overlie the sandstones and are overiain by fine-grained, ferruginous
sandstones. coloration of the weverton on fresh exposure varies from
a dark greenish gray to light brown. Gootl exposures of conglomerate
can be seen immediately overlying the pedrar Formation in Lucas
Hollow, and in the valley of overall Run where the weverton overlies
the Loudoun. The shaly beds and sandstones are well exoosed in a
roadcut of state Road 629 along Hol1ow Run southeast of cavetown.
Traces of scolithus are noted by King (1950, p. 19) in theupperpartofthe
weverton within the shenandoah salient. Total thickness of the
\Meverton in Page county ranges from 1000 to 1500 feet. A measured
section (Geologic section 1) along state Road 629 southeast of cavetown
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loadcut of U. S. Highway 211 through pumpkin Hi1l, just west of
Shenandoah National Park headquarters. Good exposures of the
weverton Formation are present on Neighbor Mountain, Knob Moun-

between Beahms Gap and Elkwa1low Gap
ctions occur in the valleys of Dry Run (both

Figure 5. Exposure of the lower part of the weverton Formation near
Milepost 27 along the Skyline Drive.

The heterogeneous lithology of the weverton is characteristic
of the unit, although coarse clastic rocks appear to predominate. The
lower part of the unit is composed of conglomeratic beds grading up-
ward into coarse-grained feldspathic (arkosic) sandstones. silty shales
overlie the sandstones and are overlain by fine-grained, ferruginous
sandstones. coloration of the weverton on fresh exposure varies from
a dark greenish gray to light brown. Good exposures of conglomerate
can be seen immediately overlying the pedlar Formation ln Lucas
Hollow, and in the valley of overall Run where the weverton overlies
the Loudoun. The shaly beds and sandstones are well exoosed in a
roadcut of state Road 629 along Ho11ow Run southeast of cavetown.
Traces of Scolithus are noted by King (1950, p. 19) in theupperpartofthe
weverton within the shenandoah salient. Total thickness of the
weverton in Page county ranges from 1000 to 1500 feet. A measured
section (Geologic section 1) along State Road 629 southeast of cavetown
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where the beds are overturned with dips as low as 35o to the southeast
indicates a thickness of about 650 feet for the Weverton.

Geologic Section 1.-A1ong State Road 629 frorrr- a location about
0.5 mile northwest of Ida to a location 0.2 mile southeast of Cavetown
(measured b]' Clark Jones, August 1962).

Thickness

RouB FonnaerroN (at first roadcutalong State Road 629 southeast of Cavetown)

2. Covered. 45

1. Clay, varicolored (white, red, gray, maroon, bufi, purple, and green) but
predominantly shades of red; silt content variable; few layers of fine-
grained, unconsolidated quartz sand; some clay layers have very little
ornosilt. .....115

Rolln-Sn.aov Fonueuor ( ?)

1. Covered, probably Rome and/orShady formations.... ........ 885

Enwrn (ANrrcreu) Forure:rror

7. Qrattzite, white,,almost pure quartz, consolidated but brittle, breaks
with sharp, subconchoidal fracture; bedding largely obscured by jointing. .

6. Covered.
5. Qrartzite, white, severely fractured and jointed but beclding is locally

recognizable.
4. Covered.
3. QtattziLe, same as above. .

2. Covered.
l. Qrartzile, pale-lavender but otherwise similar to q:uattzite above; few

jasperoid surfaces on joint planes; interbedded layers of sandy clay. . . . . . .

HeurroN Fotuarrox
6. Sandstone, nearly white to rust-brown; beds 1 to 3 feet thick; alternates

with thin beds of hard, sandy clay and medium-grained friable sand-
stones; clay is greenish-gray to buft with iron oxide stains along bedding. . . 16

5. Sandstone, similar to above, but interbedded with quartzite similar to
consolidatedAntietam qtartzite above.. ...... 16

4, Covered. 80

3. Qtaftzite, similar to Antietam quartzite; bedding obscured by joints.... 119

2. Covered. ...... 154

L QtarLzihe, similar to Antietam quartzite; interbedded with friable sand-
stone and sandy clay 1ayers........ . : 55

W'evBnroN FonverroN

5. Covered. ...... zls
4. Sandstone, light- to dark-gray, friable, arkosic, grain size larger in darker

layers; few thin layers of hard, fine-grained sandstone; pronounced
cleavage and random jointing; iron oxide stains along joints. . . . . . . . . . . 180

3. Sandstone, darkpurplish-gray, fine-grained, clayey, cleavedandjointed. . 3

30
55

r67
85
18

20

35
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Thickness
Feet

2. Sandstone, gray to greenish-gray, bufi, and green, fine-grained, shaly to
schistose, arkosic, cleaved and jointed; few 1- to 2-foot-thick layers of
indurated, fine- to coarse-grained sandstone consisting almost entirely of
quartz; intersected by random milky quartz veins up to 0.5 inch thick.. . . . 67

1. Covered. ...... 155

LouoouN Fonuerror,t

1. Shale, purple, with green elongate spots along partings, slaty, very
fissile; little silt; thin layers of milky qwrtz along bedding; iron oxide
stains along shaly partings; silky luster on surfaces; jointed. 85

Cetocrrm Fonvauor.r
10. Metabasalt, greenish-gray to olive-green, weathered, shaly to clayey,

cleaved and jointed; manganese stains on cleavage surfaces. 60
9. Metabasalt, purple, schistose to clayey, distinctly cleaved along bedding,

jointed; few concentrations of porphyroblasts (about 0.1 inch in diameter) 15

8. Metabasalt, greenish-gray to olive-green, weathered, shaly to clayey,
cleaved and jointed; manganese stains on cleavage surfaces. 20

7, Metabasalt, light-brown to olive-green, similar to lithology above but
contains epidosite and seams of serpentine asbestos (fibers about 0.5 inch
long). . ........ 16

6. Metabasalt, weathered, jointed; manganese stains along joint surfaces;
reddish residual clay; epidosite boulders in residuum. 50

5. Metabasalt, weathered, brown and olive-green; manganese stains on
joint and cleavage surfaces; contains epidosite boulders; alternates with
purple slaty layers containing very little epidosite . . . . . . 420

4. Metabasalt, brown to greenish, consolidated and slaty; contains epidosite
, seams up to 3 feet thick; manganese stains along joint and cleavage

surfaces. ...... 242
3.' Metabasalt, deeply weathered, bufi to red; scattered thin, hard, cleaved

and jointed, olive-green beds; small epidosite fragments in residuum;
largely shaly and friab1e......... ......1055

2. Metabasalt, greenish-gray to olive-green, weathered, shaly to clayey,
cleavedand jointed;manganesestainson cleavagesurfaces......... . . . . . 35

1. Metabasalt, deeply weathered, reddish, clayey, friable and shaly; con-
tains a few thin epidosite seams.. 95

Hampton Formation

The Hampiton shale was named by Campbell (1899) from Hampton,
Carter County, Tennessee. The Hampton overlies the Weverton
wherever the latter formation is present in Page County. Well-exposed
sections of the Hampton are somewhat rare as the formation is generally
covered by talus from the ovedying Drwin (Antietam) Formation. A
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fair exposure of Hampton is present along State Road 629 in the valley
of Hollow Run.

In general the Hampton occurs as thin beds of dark greenish silt-
stone and rusty, fine-grained sandstone. True shaly material is absent
in Page County, but lenses of brown, ferruginous quartzite occur locally.
King (1950, p. 20) states that the Hampton maintains a rather constant
thickness of about 900 feet in the Elkton area. The section along Hollow
Run southeast of Cavetown is approximately 450 feet thick.

Erwin (Antietam) Formation

The Erwin was named from Erwin, Unicoi County, Tennessee
(Keith, 1903, p. 5). The term Antietam sandstone was used by Keith
(1893, p. 68) for exposures along Antietam Creek in Maryland, and
King (1950, p. 20) used the term Antietam quafizite for the unit in the
Elkton area. The Erwin Formation is well exposed in Page County,
especially in the Shenandoah salient where it forms the tops of many
high crests and ridges. A number of the ridges stand as cuestas or
hogbacks with dip slopes of Erwin extending westward into the valley
of the South Fork of the Shenandoah River. The Erwin also holds up
the crests of Hershberger Hill, Varner Hill, Piney Hill, and Pine Moun-
tain in the Blue Ridge. North of U. S. Highway 2Il tlrre Erwin is present
on Kibler Knob and can be traced northward to the Vaughn fault zone
near Vaughn. The Erwin is also exposed north of Jeremys Run holding
up the high ridge immediately east of Rileyville, Compton, and Overall.
The Erwin ridges and slopes are partially covered by talus blocks or
colluvium derived from the weathering of the qtartzrte ledges. These
areas of talus or scree have been described by Hack (1960).

King (1950, p.22-23) divided the formation in the Elkton area into
a lower member and an upper member, having about equal thicknesses.
In general, the lower part of the Erwin is a massive- to thick-bedded
white quartzite consisting of white, well-rounded, well-sorted, qaartz
grains cemented with silica. The upper part consists of thinner beds of
less well cemented quartzite that weathers to rusty, friable blocks.
King (1950, p. 21) indicated a thickness of about 800 feet in the Elkton
area, but the writer found that thicknesses seldom exceed 450 feet in the
central and northern parts of Page County. Scolithustrtbes are common
in the lower units, but less abundant in the upper part of the formation.

Shady Formation

Keith (1903, p. 5) named the Shady limestone from Shady Valley,

Johnson County, Tennessee, and King (1950, p. 24) used the name
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Tomstown dolomite for the unit in the Elkton area but noted that the
latter term may well be discontinued because the shady and romstown
are probably the same formation. The shady ovedies the Erwin but is
poorly exposed in Page County; it is deeply weathered and. covered by a
mantle of residual clay and gravel. A recent roadcut along State Road
611 just east of vaughn indicates what is verylikely a contact (Figure
6) between the Shady and Erwin formations. King (1950, p. 24) noted
exposures in two localities, one near Fultz Run and- one near crooked
Run, southwest of fngham, and also expressed- the opinion that the
Shady ". . . is probably present across the entire Elkton area.,,

Figure 6. contact (at hammer) between the Erwin (Antietam) For-
mation (above) and Shady Formation (below) along State
Road 611 near Vaughn. The beds are overturned..

The Shady consists principally of intercalated layers of dolomite
and limestone, with dolomite predominant. The color is generally
described as blue, with light gray to white also common. Shalv and
argillaceous material is present which may account for the thick mantle
of residuum. King (1950, p. 25) indicated that the formation is about
1000 feet thick in the Elkton area, which he noted agrees with the esti-
mate of 1000 to 1500 feet for the Shady made by Edmundson (1945,
p. 180) in clarke county. No fossils were found in the shady in page
County by the writer, although King (1950, p. 25) reported finding a
single reefy mass which he suggested may be a crvptozoon.
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Tomstown dolomite for the unit in the Elkton area but noted that the
latter term may well be discontinued because the shady and romstown
are probably the same formation. The Shady overlies the Erwin but is
poorly exposed in Page County; it is deeply weathered and covered. by a
mantle of residual clay and gravel. A recent roadcut along state Road.
61 1 just east of vaughn indicates what is very likely a contact (Figure
6) between the Shady and Erwin formations. King (1950, p. 24) noted
exposures in two localities, one near Fultz Run and. one near crooked.
Run, southwest of Ingham, and also expressed. the opinion that the
Shady ". . is probably present across the entire Elkton area.,,
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Rome Formation

The name Rome Formation is used for the rock unit overlying the
Shady in Page County to correspond with the usage of Brent (1960'

p. 23) in Rockingham County, although King (1950) and Thornton
(1953) used the term Walmesboro formation. The name Rome was

initiated by Hayes (1391) for exposures at Rome, Georgia. The Rome
is exposed in the valley of Crooked Run 0.5 mile north of Comertown,
in Steam Hollow south of Ingham, and in a smal1 exposure along U. S.

Highway 340 northwest of Marksville. A smal1 exposure of Rome can

be seen in the valiey of Hollow Run, just east of Cavetown along State
Road 629. The Rome crops out in a band about 0.25 mile wide from
Kimball P. O. northward to Overall Run, with the best exposures along
Dry Run east of Compton and along Overall Run.

The Rome has a varied lithology, with red and greenish shale being

the most characteristic; the red shales are usually criteria for recognizing
the presence of Rome. Thick beds of dolomite and dolomitic limestone
may also be present. King (1950, p. 30-31) cited a section of Rome
measured on Crooked Run with an aggregate thickness of 1685 feet

with about 400 feet of carbonate rock. An overturned section of Rome

along Dry Run east of Compton includes roughly 1000 feet of shale,

limestone, and shaly limestone, with dolomitic shale and blue limestone
at the top of the section.

Elbrook Formation

Stose (1906, p.209) named the Elbrook dolomite for outcrops near

Elbrook, Franklin County, Pennsylvania. The unit named by Stose

was predominantly a limestone, but has been ca1led Elbrook dolomite
in Virginia. In Page County the unit consists of both dolomite and

limestone and the term Elbrook Formation is preferred. Exposures

of Elbrook occur along Crooked Run and along the South Fork of the
Shenandoah River near Ingham and along East Hawksbili Creek,

southeast of Luray. The contact relationship between the Elbrook
and overlying Conococheague is well exposed near the mouth of Crooked
Run and on Dry Run northeast of Luray. Good exposures of Elbrook
are present in a cut along the Norfolk and Western Railway between

Vaughn and Rilewille.
Dolomite is the principal rock type in the Elbrook in Page County,

but beds of blue limestone and argillaceous limestone are common.

The dolomite is generally light gray, fine grained, and variable in
thickness of beds. Limestone is blue to blue gray, and the argillaceous

beds weather to a soft, yellow, crumbly shale that gives the rock sur-
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face a yellowish coating. Chert and cherty bands produce a ribbed
appearance on the weathered surfaces. King (1950, p. 32) estimated
the thickness of the Elbrook to be about 3000 feet in the valley of
Crooked Run. In the belt of Elbrook trending northeastward from the
vicinity of Luray to Rileyville, the thickness is estimated to be at
least 3500 feet, although the close folding of the section makes accurate
measurement difficult. Cryptozoon "heads" were found (King, 1950,
p. 32) near the base of the Elbrook in the va1ley of Crooked Run.
No other fossils have been reported from the Elbrook in Page County
nor were any found by the writer. Butts (1940, p.78-79) reported
that at other localities in Virginia, the lower part of the formation
has yielded fossils of Middle Cambrian age, and the upper part may
be of Late Cambrian age.

Conococheague Formation

The Conococheague limestone was namerl by Stose (1908, p.
701) from outcrops along Conococheague Creek in Franklin County,
Pennsylvania. The unit in this report is designated Conococheague
Formation because additional lithologies are present: dolomite, lime-
stone, sandstone, siliceous oolites, and chert masses. The Conoco-

Figure 7. Exposure of Conococheague Formation along U. S. Highway
340, 0.25 mile south of Luray. The position of a bed of white
quartzose sandstone is indicated by the hammer. Intrafor-
mational conglomerate is also present in the Conococheague
at this locality.
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face a yellowish coating. Chert and cherty bands produce a ribbed
appearance on the weathered surfaces. King (1950, p. 32) estimated
the thickness of the Elbrook to be about 3000 feet in the val1ey of
Crooked Run. In the belt of Elbrook trending northeastward from the
vicinity of Luray to Rileyville, the thickness is estimated to be at
least 3500 feet, although the close folding of the section makes accurate
measurement difficu1t. Cryptozoon "heads" were found (King, 1950,
p. 32) near the base of the Elbrook in the va11ey of Crooked Run.
No other fossils have been reported from the Elbrook in Page County
nor were any found by the writer. Butts (1940, p. 78-79) reported
that at other localities in Virginia, the lower part of the formation
has yielded fossils of Middle Cambrian age, and the upper part may
be of Late Cambrian age.

Conococheague Formation

The Conococheague limestone was namerl by Stose (1903, p.
701) from outcrops along Conococheague Creek in Franklin County,
Pennsylvania. The unit in this report is designated conococheague
Formation because additional lithologies are present: dolomite, lime-
stone, sandstone, siliceous oolites, and chert masses. The Corroc'-

Figure 7. Exposure of Conococheague Formation along U. S. Highway
340, 0.25 mile south of Luray. The position of a bed of white
quartzose sandstone is indicated by the hammer. Intrafor-
mational conglomerate is also present in the Conococheague
at this locality.
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cheague overlies the Elbrook Formation in Page County, and ex-

celtent exposures are present east of Grove Hill along the Norfolk
and Western Railway, along Hawksbill Creek south of Lway (Figure

7), and in the valleys of Dry Run (northeast of Luray), Pass Run,

Jeremys Run, Dry Run (east of Compton), and Overall Run. The
variation in width of the belt of Conococheague from Grove Hill
northeastward to Overall Run is caused by structural changes.

The Conococheague in Page County consists generally of dense,

light blue-gray limestone, thin beds of dolomite, and lens-like layers
of meditrm-grained sandstone (Figure 7). Thin layers of intrafor-
mational conglomerate are locally present, and such a layer can be

seen along U. S. Highway 340 in the south part of Luray. One com-
mon characteristic of the Conococheague noted in the central and
northern parts of Page County is the ash-gray schistose appearance

of the weathered surface. This condition appears to be evidence of
flowage of the limestone units in tight folds, and this efiect has also

been noted by King (1950, p. 53). It was not possible to ascertain the
thickness of the Conococheague in Page County because of folding
and discontinuous exposures. However, in the Lway area the for-
mation appears to be at least 2500 feet thick.

No fossils were seen in the Conococheague Formation in Page

County. Brent (1960, p. 26) reported cryptozoon in Roclcingham

County, and Butts (1940, p. 89-90) reported that elsewhere in Virginia
Late Cambrian fossils are present.

OnoovrcreN Svsrru

Chepultepec Formation

The Chepultepec limestone was named by Ulrich (1911, p. 638)

from outcrops near Chepultepec (now Allgood), Blount County,
Alabama. In Rockingham County, Brent (1960, p. 26-29) mapped the

Chepultepec as a separate unit. King (1950) and Thornton (1953)

included the Chepultepec as a lower unit or member of the Beekman-

town Formation. In Page County the aphanitic, dark-gray limestone

below the Beekmantown dolomite is designated. the Chepultepec

Formation and is mapped as a separate unit to conform with usage in
Rockingham County. fn general, the Chepultepec crops out as a

relatively narrow band from south of Luray northeastward to Overall

Run, and the greatest width of exposure is in the vicinity of Lttay.
A small quarry was developed in the Chepultepec in the valley of Dry
Run (Plate 1, No. 6), and the rock was burned for lime'
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The Chepultepec is generally a dense, blue-gray limestone, with
dolomite in thin layers near the top. Irregularly layered black chert is
common. In the Luray area the unit appears to be about 600 feet thick;
it thins to the northeast. Edmundson (1945, p. 15, 143) estimated the
thickness at 300 to 500 feet, and from a section 0.3 mile east of Rileyville,
reported a thickness of approximately 32I feet,. Fossils are rather
common in the Chepultepec. The characteristic fauna is composed of
cephalopods and gastropods. Brent (1960, p.29) noted that species
oL Dakeoceros and Leaisoceras are dominant among the cephalopods and.
Helicotoma among the gastropods.

Beekmantown Formation

The Beekmantown Formation was proposed by Clarke and
Schuchert (1899, p. 874-878) for rock units known as Calciferous Sand-
rock in Beekmantown Township, Clinton County, New York. fn Page
County the term is used for the unit composed predominantly of dolomite
that overlies the distinctive, fossiliferous, relatively pure limestone of
the Chepultepec and underlies the pure, fine-grained limestones of the
New Market. The Beekmantown can be traced in almost continuous
outcrop from Shenandoah on the South Fork of the Shenandoah River
northeastward to Overall Run. Excellent exposures can be seen at
Grove Hil1, in the vicinity of Alma, at Leal<sville, between Hamburg
and Luray, and at many places along U. S. Highway 340 between Luray
and Overall . Lway Caverns are in the Beekmantown Formation.

In Page County the Beekmantown consists essentially of gray,
fine'to medium-grained dolomite with a considerable amount of lime-
stone. The dolomite is generally well bedded, with beds commonly
ranging from 1 to 3 feet in thickness. The beds weather to a very rough,
coarse surface. Black, fine-grained chert is generally present in the
d.olomite, as are layers of intraformational breccia (Figure 8). Dis-
continuous beds of limestone are common and the upper part of the
Beekmantown contains more limestone than the middle and lower parts
of the unit. Limestone and dolomite may occur side by side in the same
bed with a sharp lateral contact separating the two, as can be seen at
the west abutment location of the dam on the South Fork of the Shenan-
doah at the old Ruftner Ferry site (Figure 9). Much of the limestone is
compact, sublithographic, blue or dove gray, fossiliferous, and resembles
the overlying New Market Limestone. Edmundson (1945, p. 147-149)
described sections of the Beekmantown at Rileyville and near Shenan-
doah, and estimated the thickness near Rileyville to be 3360 feet. King
(1950, p. 35) estimated the thickness of the Beekmantown in the
Shenandoah-Grove Hill area to be about 3000 feet.
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Figure 8. Intraformational breccia containing fragments of black chert
in the Beekmantown Formation along U. S. Highway 340,
1.5 miles north of Lurav.

Figure 9. Beekmantown Formation with sharp lateral contact between
fine-grained limestone (white, to left of cable) and dolomite
(darker, to right of cable and above limestone) at the end of
State Road 654 near the o1d Rufiner Ferry site.

The Beekmantown is somewhat more fossiliferous than any of the
older formations in Page County. The lower part of the formation
contains Lecanospira, Rowbidnuxia, and Hormotomo, and the upper part

ffii,tts::
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Figure 8. Intraformational breccia containing fragments of black chert
in the Beekmantorvn Formation along U. S. Highway 340,
1.5 miles north of Lural'.

Figure 9. Beekmantorvn Formation with sharp laterai contact between
fine-grained limestone (rvhite, to left of cable) and dolomite
(darker, to right of cable and above limestone) at the end of
State Road 654 near the o1d Ruffner Ferrv site.

The Beekmantown is somewhat more fossiliferous than any of the
older formations in Page County. The lower part of the formation
contains Lecanospira, Roubidouria, and Hormotoma, and the upper part
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ctrntains species of Ceratopea and Lophonema. Just north of the bridge
over the South Fork of the Shenandoah at Grove Hill and in the cur
on the east side of the road, excellently preserved gastropods can be
seen.

The top of the Beekmantown is characterizedby an unconformity
that is evidenced by a karst-t_vpe erosion surface in the upper part of
the unit which is filled with conglomeratic beds of the nverlying New
Market. Variations in thickness of the New Market are also evident,
and there are some areas where the presence of the New Market is in
doubt.

New Market Limestone

Cooper and Cooper (1946) named the New Market lirnestone for
the blue to dove-grayr p11r€, fine-grained limestones exposed near New
Market, Shenandoah County, Virginia. The unit is essentially the same
as the Mosheim recognized by Butts (1940) and Edmundson (1945).
Excellent exposures of the New Market can be seen over.lying the
Beekmantown 0.5 mile west of Leaksville and in the valley of Hawksbill
Creek about 1 mile above the point rvhere that stream enters the South
Fork of the Shenandoah. Because of the irregular upper surface of the
Beekmantown, the continuity of the New Market is broken by dis-
tances of several hundred feet along the strike where the unit is absent.

The New Market consists mainly of dark-blue to dove-gray, pure
limestone. The weathered surface acquires a white color with a f.aint
bluish tinge. The lower part of the New Market is generally charac-
terized by a conglomeratic rubble of blocks and fragments, in many
places ouite angular, of limestone and dolomite from the underlying
Beekmantown. One of the best exposures of the rubble bed is present
in the va1ley of the small stream to the north of the bridge on State
Road 646, about 0.5 mile west of Leaksville. Cooper and Cooper (1946,
p. 98, Geologic Section 27) described a section at or near this locality.
Thickness of the New Market ranges from 0 to over 250 feet, with a
general thickness of not over 50 feet. Edmundson (19a5, p. 138-142)
reported sections (designated in his report as Mosheim limestone) of
New Market ranging from 32 to 55 feet in thickness. Fossils are common
in the New Market but are difficult to identify. The most prevalent is
the coral Tetrad'itrrn syringoltaroides, and cross sections of brachiopods
and gastropods can be readily seen on weathered surfaces.

Lincolnshire Formation

Cooper and Prouty (1943, p. 863) named the Lincolnshire limestone
from a stream in Tazewell County, Virginia. The term was redefined
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and extended to the northern Virginia area by Cooper and Cooper

(1946', p. 75) , and in this report it is used in the sense of the redefinition
and designated as the Lincolnshire Formation. The unit is essentially

the same as the Lenoir used by Butts (1940) and Edmundson (1945)

for rocks in northern Virginia. The distribution of the Lincolnshire in
Page County is essentially the same as that of the New lVlarket, and on

the geologic map (P1ate 1) the two are shown as a single map unit' One

of the better exposures of Lincolnshire can be seen near the junction of

Hawksbill creek and Pass Run along the valley of Hawksbill creek.
Another good exposure is located east of Bixler Bridge on the northwest

side of the South Fork of the Shenandoah River.
The characteristic lithology of the Lincolnshire is dark bluish-gray

to black, medium-grained limestone with layers of black chert. A definite

nodular structure is present in many places in the Lincolnshire, and in
some places the unit appeafs to be made up of masses of fragmental
fossil material. Lenses of fine-grained, blue to dove-gray limestone,

much like the underlying New Market, afe common and the contact

between the two units is generally poorly defined. In Page County

the thickness of the Lincolnshire fanges from 50 to 135 feet. Edmundson

(1945, p. 138-1414) described measured sections of the Lincolnshire

(Lenoir) near Comptoii, Rileyvi[e, Hamburg, and at Bixler Bridge'

The formation is fossiliferous, although whole recognizable forms are

scarce. Brent (1960, p. 35) noted that Dinorthi,s atailoiiles and species

of Soze,erbyel,la are usefut in identifying the formation.

Edinburg Formation

The Edinburg Formation was named by Cooper and Cooper

(1946, p. 78) from Erlinburg, Shenandoah County, Virginia' In Page

County, the Edinburg is equivalent to the Chambersburg and Athens

formations recognized by Edmundson (1945, p. 135-136). In Rocking-

ham County, Brent (1960, p. 36) noted that ". . . the Edinburg consists

of a basal member, the Botetourt limestone, and two facies, the Liberty
Hall and lhe Lantz Mills." Only the Liberty Hall facies has been

recognized by the writer in Page county, and this was also noted by
cooper and cooper (1946, p. 78). The Edinburg is exposed in an almost

continuous outcrop from shenandoah northeastward to the Page-

warren county boundary. small outcrop afeas are covered by gravels

and alluvium between shenandoah and the vicinity of Leaksville, and

in small areas along the South Fork of the shenandoah River. one of
the best exposufes of the Edinburg is in the area along State Road 675

south of Bixler Bridge.
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The Edinburg Formation in Page County consists essentially of
thick beds of dense black to gray limestone grading upward into thinner
limestone layers with shale partings, and near the top black shale
predominates. Some black shale occurs in the lower part of the for-
mation, but the lower shales appear lenticular and thin out along the
strike. The limestone units are generally dense, black and slabby.
Quarrying operations are facilitated by the presence of the shale partings,
and limestone slabs have been used as local building stone, as in the case
of the Methodist Church in Luray.

Local deformation of the Edinburg (Figures 10, 11) renders precise
thickness measurements difficult, however, measurements mad.e along
the belt of Edinburg from Bixler Bridge northeastward to the warren
Countv boundary indicate a thickness of not over 1000 feet. Fossils
appear confined to the shaly beds, and graptolites, Nemagralttus gracilis
and species of Dicellograptus, Climacograptus, and Diptograptus, are
common. Brent (1960, p. 39) and Cooper and Cooper (1946, p.73-36)
summarized the fauna of the Edinburg in detail.

Figure 10. sma11 fold with well-developed vertical slaty cleavage in
the Edinburg Formation along State Road 684 near Bixler
Bridge.

Martinsburg Formation

The Martinsburg shale was named by Geiger and Keith (1g91, p.
161) for Martinsburg, west virginia. In Page county the unit is called.
Martinsburg Formation because of its heterogeneous character. rt is
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The Edinburg Formation in Page County consists essentially of
thick beds of dense black to gray limestone grading upward into thinner
limestone layers with shale partings, and near the top black shale
predominates. Some black shale occurs in the lower part of the for-
mation, but the lower shales appear lenticular and thin out along the
strike. The limestone units are generally dense, black and slabby.
Quarrying operations are facilitated by the presence of the shale partings,
and limestone slabs have been used as locat building stone, as in the case
of the Methodist Church in Luray.

Local deformation of the Edinburg (Figures 10, 11) renders precise
thickness measurements difficult, however, measurements made along
the belt of Edinburg from Bixler Bridge northeastward to the Warren
Countv boundary indicate a thickness of not over 1000 feet. Fossils
appear confined to the shaly beds, and graptolites, Nertagraptus gracilis
and species of Dicellograptus, Climacograplus, and Diplograplu.s, are
common. Brent (1960, p. 39) and Cooper and Cooper (1946, p.78-86)
summarized the fauna of the Edinburg in detail.

Figure 10. Small fold with well-developed ',zertical slaty cleavage in
the Edinburg Formation along State Road 684 near Bixler
Bridge.

Martinsburg Formation

The Martinsburg shale was named by Geiger and Keith (1891, p.
161) for Martinsburg, West Virginia. In Page County the unit is ca1led
Martinsburg Formation because of its heterogeneous character. It is
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Figure 11. Recurnbent fold in Edinburg limestone in the Woodward
quarry along State Road 646 near its junction with U. S.

Highrn'a1' 211.

present in the western part of the county in an outcrop belt from 2 to 4
miles wide. The unit underlies Massanutten l\4ountain in a large
synclinal structure and also forms the crest of Massanutten Mountain-
Kerns Nlountain at New Market Gap where erosion has removed the
younger lormations.

The Martinsburg consists predominantly of sha1e, but layers of
calcareous shale and thin limestone beds are present near the base;
siltstone and sandstone occur at irregular intervals throughout the unit.
The beds in the \{artinsburg are generally thin, but massive siltstone
layers are common. Along the east slope of Massanutten lVlountain the
unit is well jointed and is closely folded. Ripple marks and ill-defined
mud cracks are 1oca11y present in the shaly siltstones. Because of close
and isoclinal folding along the east margin of the formation, accurate
thickness measurements cannot be made. Spencer (1897 , p.9) estimated
a thickness of about 2800 feet. Butts (1940, p.209) suggested a maxi-
mum thickness of 4000 feet in the N{assanutten lVlountain area, and
Thornton (1953) estimated a thickness in excess of 1000 feet. The writer
is of the opinion that a minimum thickness of 3000 feet of Martinsburg
is present in Page County.

The Martinsburg is divided into three parts on the basis of
paleontology: Trenton, Eden, and Maysville. Brent (1960, p. 41) noted
Ihat " Diplograptus ampler'icaulis and Sinuites canceltratu,s may be used
to distinguish the lowest zone (Trenton), and species of Cryptolithus



30 \-rncnqr.q Drvrsron ol \'IrNBnlr- RBsouncus

Figure 11. Recurnbent fold in Edinburg limestone in the Woodward
quarry along State Road 646 near its junction with U. S.

Highr'vav 211.

present in the u'estern part of the county in an outcrop belt from 2 to 4
miles rn'ide. The unit underlies \Iassanutten \"Iountain in a large
slrnclinal structure and also forms the crest of l'Iassanutten \,Iountain-
Kerns Nlountain at Nerv \'Iarket Gap r,vhere erosion has removed the
younger formations.

The \{artinsburg consists predominantll- of shale, but la1'ers of
calcareous shale and thin limestone beds are present near the base;
siltstone and sandstone occur at irregular intervals throughout the unit.
The beds in the \tlartinsburg are generalll'thin, but massive siltstone
1a1's1. .t. common. Along the east slope of Nlassanutten Xfountain the
unit is well jointed and is c1ose1-v folded. Ripple marks and i11-defined
mud cracks are locall_v present in the shaly siltstones. Because of close
and isoclinal folding along the east margin of the formation, accurate
thickness measurements cannot be made. Spencer (1897, p. 9) estimated
a thickness of about 2800 feet. Butts (1940, p.209) suggested a maxl-
mum thickness of 4000 feet in the \dassanutten Nlountain area, and
Thornton (1953) estimated a thickness in excess of 1000 feet. The rvriter
is of the opinion that a minimum thickness of 3000 feet of Nlartinsburg
is present in Page Countr..

The \,Iartinsburg is divided into three parts on the basis of
paleontologv: Trenton, Eden, and 1\'Ia-vsvi11e. Brent (1960, p. 41) noted
lhat " Diplograptus amplex'icaulis and Sinuites concellolu.s may be used
to distinguish the lowest zone (Trenton), and species of Cryptolithus
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to indicate the Eden. The most distinctive zone is the top which is
marked by abundant Orthorhynchulo li.nneyi . . . . "

Srrunrax Svsrpu

Massanutten Sandstone

In Page County the term Massanutten Sandstone (Geiger and
Keith, 1891, p. 156-163) is used for the massive sandstone beds, over-
lying the Martinsburg and- underlying rocks of the Cayuga Group, that
hold up the ridges of Massanutten Mountain. The rock unit named
"Massanutten" by Geiger and Keith was later mapped by Keith
(1894b) as Antietam. Butts (1940, p. 202, 233,237) considered that the
Massanutten Sandstone corresponded to the Tuscarora-Clinch-Clinton
formations of the Appalachians. Thus the lower part of the Massanutten
Sandstone is a Tuscarora-Clinch equivalent and the upper part corre-
lates with the Clinton, but the exact division is not known.

Thornton (1953, p. 66) noted the presence of a sandstone between
the Martinsburg and the Massanutten, and considered its age as Late
Ordovician or Early Silurian. fn Massanutten Mountain the Ordovician
Oswego Sandstone and Juniata Formation (Butts, 1940, p. 219-229)
are missing, and the sandstone may represent an equivalent of these
units. In this report, the sandstone is grouped with the Massanutten
Sandstone.

The Massanutten consists of white, silica-cemented sandstone
with layers of qaartz-pebble conglomerate in discontinuous lenses at
the base. Lenses of siltstone and shale are locally present, as is pro-
nounced cross-bedding in the sandstones. Thornton (1953, p. 73)
measured a section at Burners Gap and indicated a thickness of 700
feet, and Brent (1960, p. 46) reported the thickness to be 646 leet aI
Runkles Gap. No fossils were found by the writer in the Massanutten
Sandstone in Page County, although a few specimens of Arthrophycus
alleghani.ensas and Scolithus tserticali,s have been reported by other
workers.

Cayuga Group

Clarke and Schuchert (1899) named" the Cayuga Group from
Cayuga County, New York. Butts (1940) noted that in Virginia the
group includes in ascending order the McKenzie, Bloomsburg, Wills
Creek, and Tonoloway formations. The Bloomsburg red shales, silt-
stones, and sandstones possibly include in part the McKenzie and Wills
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Creek units in Massanutten Mountain. The Tonoloway shaly limestone
ovedies the Bloomsburg, and both it and the Bloomsburg are shown on

Plate 1 as one unit. The rocks of the Cayuga Group crop out in
Massanutten Mountain along the western margin of Page County,
and are shown on Plate 1 in the areas mapped by Thornton and Edmund-
son. There are good. exposures along Roaring Run in the Catherine
Furnace area and along State Road 671 where it descends into Duncan
Hollow west of the crest of Massanutten Mountain.

The Bloomsburg Formation is composed of red shales, red silt-
stones, and reddish to bu-fi sandstones. Because of the poor resistance to
weathering, outcrops of the Bloomsburg are generally covered, and
thicknesses are difficult to determine. Butts (1940, p. 255) suggested a

thickness for the Bloomsburg of 340 feet in the Harshberger Gap-
Runkles Gap area of Rockingham County, about 5 miles southwest of
the Page County boundary.

The Tonoloway Formation overlies the Bloomsburg as a thin,
fine-grained, Br&y, shaly limestone, approximately 35 to 50 feet thick.
Mud cracks are generally present, although exposures of the Tonolo-
way are uncommon. Thornton (1953) noted approximately 80 feet
of limestone in the Catherine Furnace area, and indicated that this
unit overlies 35 feet of Tonoloway (?) limestone. These limestone
units are best exposed along National Forest Road 274 about 5 miles
northeast of New Market Gap and along Pitt Spring Run west of its
confluence with Cub Run near Catherine Furnace. Thornton (1953)

indicated a LaLe Silurian age for the Tonoloway and a possible Late
Silurian and Early Devonian age for the overlying limestone.

DnvonreN Svsrnlt

Devonian Undivided

On the geologic map (Plate 1) the Paleozoic units above, and
younger than, the Cay.rga Group are indicated. as undivided Devonian.
In this unit are included. Thornton's (1953) post-Tonoloway limestone,
the Needmore Formation, and the Millboro Shale. These units crop
out in the synclinal valleys of Massanutten Mountain along the west-
ern margin of Page County. Exposures are present in the valleys of
Cub Run and Pitt Spring Run west of Catherine Furnace and in
Crisman Ho1low and. Duncan Hollow on the headwaters of Passage

Creek west of Burners Gap.
The post-Tonoloway limestone consists of approximately 80 feet

of fine- to medium-grained, dove- to dark-gray limestone, coarse-grained
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limestone, and minor shaly and claystone layers in a section measured
along Pitt Spring Run (Thornton, 1953). Some black chert and frag-
ments of brachiopods and crinoid stems were reported (Thornton,
1953, p. 53).

Overlying the post-Tonoloway limestones is a section of dark-
green to olive-gray, subfissile shale that weathers to a yellowish, chalky
rock. This unit is generally designated the Needmore Formation;
and. good. exposures are rare. The thickness probably does not exceed
100 feet. Brent (1960, p. 52) listed some of the fossils that have been
identified and suggested that the Needmore is a partial equivalent
to the Onondaga Formation. A black fissile shale of undetermined
thickness, designated the Millboro Shale (Butts, 1940), overlies the
Needmore. Fossils reported. by Brent (1960) and Butts (19a0) in-
dicate a correlation of the lower part of the Millboro with the Mar-
cellus, and the upper part with rocks of Naples age.

Tnrassrc SysrBlr

A dike of mafic igneous rock, approximately 1 mile long and of
indeterminate width, cuts the Catoctin and Loudoun formations at
the east end of Chapman Mountain. Residual boulders of the dike
rock can be seen on the surface, and a discontinuous outcrop can be
traced for short distances. The finely crystalline, almost aphanitic,
black rock is composed essentially of augite, labradorite, and minor
olivine and magnetite. Secondary chlorite, serpentine, and biotite
are also present, and the rock can be classed as a diabase. The intrusive
rock noted above, as well as those mentioned by Brent (1960, p. 56-
60) in Rockingham County, and by Butts (1940, p. 435) in other
parts of the Valley of Virginia, correlate in texture and composition
with the Triassic intrusives of the Virginia Piedmont. It may be that
the dike is also Triassic in age.

QuarrnNenv Sysrnu

Deposits of Quaternary age in Page County include terrace gravels
of probable Pleistocene age and the more recent river flood-plain
deposits. The most complete study of the Cenozoic deposits in the
area is that of King (1949; 1950, p. 52-63). Plates 1 and 6 of King's
report (1950) on the Elkton area illustrate the distribution of residuum
resulting from the decay and weathering of the rocks in the area,
the several gravel units, the talus deposits on the flanks and foothills
of the mountains, and the river flood-plain deposits.



34 Vrncrnra DrvrsroN on MrNBnar RnsouncBs

The geologic map (P1ate 1) shows all of the terrace gravels as

a unit and the more recent river flood-plain deposits as a younger
unit. The gravel deposits constitute the most extensive formation
in Page County. For the most part the gravels are located east of the
South Fork of the Shenandoah River and extend from Rockingham
County northeastward to the vicinity of Big Spring Church, about
4.5 miles northeast of Luray. The gravels also constitute many of
the large al1uvia1 fans that emerge from valleys on the northwest
side of the Blue Ridge. The oldest gravel (King, 1950, p. 57) is re-
ported at an elevation of 1350 feet;lower and next younger gravels
occur at elevations as high as 1200 feet. Intermediate gravels range
in elevation from 1000 to 900 feet, and the youngest gravels occur
from river level to 900 feet in elevation. Gravel thicknesses range
from a thin veneer of less than 25 feet to as much as 260 feet (King,
1950, p. 59). For the most part the gravels consist of rudely stratified
pebbles, cobbles, and boulders in a sandy clay matrix. Gravels along
the west front of the Blue Ridge are mostly quaftzite from the Erwin
(Antietam) Formation (Figures 12, 13) with minor amounts of Catoctin
greenstone. The gravels west of the South Fork of the Shenandoah
River in the Shenandoah-Alma area (Figure 14) contain materials
derived from the Massanutten Sandstone.

The river flood-plain deposits, or alluvium, occupy sma1l areas

along the present course of the South Fork of the Shenandoah River

Figure 12. Qtaternary gravel overlying residual clay formed by weath-
ering of the Elbrook Formation along State Road 640, 2 miles
southeast of Luray.
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The geologic map (Plate 1) shows all of the terrace gravels as
a unit and the more recent river flood-plain deposits as a )'ounger
unit. The gravel deposits constitute the most extensive formation
in Page Countv. For the most part the gravels are located east of the
South Fork of the Shenandoah River and extend from Rockingham
Countv northeastrvard to the vicinitv of Big Spring Church, about
4.5 miles northeast of Luray. The gravels also constitute manl' of
the large a1luvial fans that emerge from val1e1-s on the northu'est
side of the Blue Ridge. The oldest gravel (King, 1950, p. 57) is re-
ported at an elevation of 1350 feet; lowel and next r-ounger gravels
occur at elevations as high as 1200 feet. Intermediate gravels range
in elevation from 1000 to 900 feet, and the voungest gravels occur
from river leve1 to 900 feet in elevation. Gravel thicknesses range
from a thin veneer of less than 25 feet to as much as 260 feet (King,
1950, p. 59). For the most part the gravels consist of rude11' stratified
pebbles, cobbles, and boulders in a sandlr c1a_v- matrix. Gravels along
the in'est front of the Blue Ridge are most11' quartzite from the Erwin
(Antietam) Formation (Figures 12, 13) r,r,ith minor amounts of Catoctin
greenstone. The gravels I,vest of the South Fork of the Shenandoah
River in the Shenandoah-Alma area (Figure 14) contain materials
derived from the \,'Iassanutten Sandstone.

The river flood-plain deposits, or a11uvium, occup)r small areas
along the present course of the South Fork of the Shenandoah River

Figure 12. Qaaternary gravel overlying residual clay formed by weath-
ering of the Elbrook Formation along State Road 640, 2 miles
southeast of Lurav.
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Figme 13. Quaternary gravel veneered surface in foreground, town of
Luray in distance, and Massanutten Mountain in back-
ground. View from village of Stony Man along State Road
640.

Figure 14. Qaaternary gravel in an old eroded channel on \,fartinsburg
Formation alonq State Road 615 near Battle Creek.

and in the valleys of the larger tributary streams such as Hawksbill
Creek, Dry Run, Pass Run, and Jeremlrs Run. The alluvium consists
of gravel, sand, and si1t, and appears for the most part to be reworked
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Figure 14. Quaternar.v gravel in an o1d eroded channel on N,{artinsburg
Formation alonq State Road 615 near Battle Creek.

and in the va11e,vs of the larger tributarl- streams such as Hawksbill
Creek, Dr1. Brtt, Pass Run, and Jeremvs Run. The alluvium consists
of gravel, sand, and si1t, and appears for the rnost part to be reworked
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older terrace material. Thickness of the alluvium along the South
Fork and the larger tributaries appears to be less than 10 feet in most
places.

Mention should be made of the extensive unconsolidated ac-
cumulation of colluvium or talus and scree along the slopes of the
Blue Ridge and also present on the flanks of the Massanutten Moun-
tain ridges. Most of the talus is on relatively steep slopes (20 degrees
or more), and supports 4o vegetation other than lichen. Blocks of
talus or scree are angular; some are more than 10 feet on a side, with
much of the block material from 1 to 3 feet on a side. King (1950,
Plate 1) mapped talus fields in the Blue Ridge part of the Elkton area,
and Hack (1960, 1965) has made an excellent study of the distribution
and origin of the talus. Hack (1965, p. 32) cited evidence that the
talus or scree is presently forming in the Shenandoah Valley area and
that it is constantly moving downslope; therefore, periglacial climates
are not necessary for talus formation although an intensely cold climate
would favor the production of such material.

Also considered as Quaternary (Recent) deposits are the tufa
terraces or dams formed on several of the streams in the Shenandoah
Valley. Tufa, or travertine, is chemically deposited and is composed
of calcium carbonate. Streams carrying high concentrations of ca1-
cium carbonate in solution may deposit tufa as the water is aerated
by riffies and small waterfalls and loses carbon dioxide. The tufa
observed in several of the streams is brown to bufi, porous, and punky.
The lower part of Mill Creek, especially that part downstream from
Hamburg, contains the greatest accumulations observed.

STRUCTURE

Page County contains three major northeastward-trending struc-
tural features, each of which consists of several subsidiary structural
elements. From southeast to northwest the major features are: the
west margin of the Blue Ridge-Catoctin Mountain anticlinorium
(King, 1950, p. 7); the strongly folded and faulted Cambrian and
Ordovician rocks in the valley of the South Fork of the Shenandoah
River which form what is essentially a nappe structure; and part of
the Massanutten Mountain synclinal complex that involves rocks
as young as Devonian.

Br,un Rrncn'-CarocrrN MouNr.rrx AlrrrcrrNonruu

The eastern part of Page County is undedain by Precambrian
and Cambrian rocks that form the western margin of the Blue Ridge-
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catoctin Mountain anticlinorium, the axis of which lies to the east
of the Blue Ridge crest. Rocks of the anticlinorium exposed in page
County include the Pedlar, Swift Run, Catoctin, Loudoun, 'Weverron,

Hampton, and Erwin (Antietam) formations, all of which show the
effects of deformation.

The northwestedy projection of Precambrian and Cambrian rocks,
almost to the south Fork of the shenandoah River, in the southeast
part of Page County (Plate 1) has been described as the Shenandoah
salient (King, 1950, p. 42-43). In the core of the salient is the pedlar
granodiorite gneiss, and the younger units generally form a folded,
outward-dipping rim on the north, northwest, and west sides. The
eastern part of the salient is predominantly catoctin greenstone with
capping rocks of weverton on the higher elevations. The catoctin is
not present above the Pedlar in the Dovel, Lucas, and Cubbage hollows
area. A series of open folds, plunging outward and away from the
core of the salient, exist in the cambrian rocks, and the axial traces
of several of the folds are shown on Plate 1. within the core of the
salient are two broad domes that are represented by the two inriers of
Pedlar: the northern one in Dovel, Lucas, and Cubbage hollows and
the southern one in 'weaver Hollow. The southern inlier is cut ofi on
its northeast side by the Harris cove fault that strikes northwestward.
and is downthrown to the northeast. The fault surface appears to be
nearly vertical and it is probably a normal fault. The fault appears to
die out in the weverton northwest of Devils Tanyard, and to the south-
east it passes through a shallow gap between Bearfence and Lewis
mountains at the crest of the Blue Ridge and ends in the pedlar in
Greene County.

Another normal fault that trends northwestward and. is down_
thrown to the northeast passes through Milam Gap and appears to be
restricted to the catoctin in both Page and Madison counties. Two
small normal faults, both with northwesterly trends and downthrown
to the southwest, are located in A1len Hollow, just southwest of Meadows
school. Plate 1 shows two thrust faults with northerly trends and
easterly dips crossing Naked Creek into Rockingham County, and a
northward-trending thrust fault with easterly dip lies entirely within
the weverton Formation along the west margin of chapman Mountain.

rn relation to the structure of the main anticlinorium to the east
and the structures in the valley of the south Fork of the shenand.oah
River and Massanutten Mountain to the west, the Shenandoah salient
appears to have developed as a rise or culmination that formed a
flattened bench or structural terrace. King (1950, p.42-43, Figure 13)
analyzed the structure of this area in greater detail.
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Northeast of the Shenandoah salient, the rocks of Page Valley are

flexed into an arc convex towards the Blue Ridge. Although the eastern

part of this arc is part of the western margin of the anticlinorium, a
veneer of Cenozoic gravels covers much of the bedrock, and the rocks

are cut by the Stanley fault, which is the major structural feature in
the area. The stanley fault has its southwest terminus in the vicinity
of Grove Hil1, follows a northeasterly trend around- the northwest

extremity of the Shenandoah salient, continues about due east through
Stanley, and just east of Marksville it changes trend and follows the
general strike of the Cambrian rocks north-northeastward through
the east end. of Piney Hill where it passes in an east-northeasterly

direction into Rappahannock County through Thornton Gap. King
(1950, p. 43, 47) indicated that movement along the Stanley fault was

complex, although the apparent movement indicated a down-dropping

of the rocks to the west along a mofe of less vertical fault surface as

is evidenced by the older rocks now pfesent on the east side of the fau1t.

The rather unusual S-shaped trace of the fault rendefs the mechanics

of a great amount of strike-slip movement difficult to resolve. However,

some strike-s1ip movement must have occurred because the regional

pattern indicates a possible westward movement of the Shenandoah

salient mass. There is also a possibility, as noted by King (1950, p' 47),

that the west and north side of the fault could be the upthrown sid,e

and that:

"By this interpretation, the rocks south of the fault, on the margin of

the Shenandoah Salient, would form the upper flank of the great anti-
cline, and the syncline would be beneath the surface. North of the fault,
the syncline would lie at the surface, and the overlying anticline would

have been removed by erosion. The north side of the fault would be up-

thrown about 7,500 feet with respect to the south side' Moreover, ex-

tensive rotational movements would be necessary, as the fault terminates

about 4 miles to the southwest of this section."

From evidence northeast of the Shenandoah salient, the most

reasonable explanation of movement along the stanley fault is that

of upthrown movement of the south and. east b1ock. In the valley of

Chub Run east of Marksville, and along the southwest crest of Hoak

Hill, cemented. breccia in the Erwin (Antietam) appeafs to be of fault

origin. on the east flank of Hoak Hill the fault is who1ly within the

Pecllar Formation for a short distance which obviates the possibility

of any great upward" movement of the west block. On the northeast

extremity of the fault near Rattleburg School the presence of a sma11

mass of Swift Run and Catoctin on the southeast side of the fault also
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makes it unlikely that this side has moved downward. Between Morning
Star and Thornton Gap the Stanley fault separates the Pedlar from
the Catoctin, and such a relationship is more reasonably explained by
the uprvard movement of the southeast (Pedlar) block.

West of the Stanley fault Hershberger Hill-Hoak Hill and Piney
Hill occur in the westernmost margin of the anticlinorium. Cambrian
beds are overturned to the southeast and have dips of 30 to 80 degrees.
To the west beyond I.uray, the beds are overturned to the northwesr,
having steep southeasterly dips, indicating the large-scale nature of
the anticlinal fold or nappe that makes up the central part of Page
Valley.

North of the Stanley fault and north of Dry Run, the rock units
trend to the northwest through Kimball to the vicinity of Vaughn
where they revert to a north-northeasterly trend. North of Vaughn
the valley becomes increasingly narrower, and the more resistant
Catoctin and overlying Cambrian rocks hold up the higher elevations.
The Knob Mountain-Neighbor Mountain area is a synclinal structure
on the upper limb of a large recumbent anticline. The Pedlar Formation
in the core does not crop out in the northern part of Page County but is
exposed at the surface east of Bentonville in Browr Hollow a few
miles north of the Page County boundarv. The rocks have moved
westward over the rocks of the valley along a zone of thrust faults,
designated in this report as the Vaughn fault zone, as evidenced bythe
extensive brecciated zone of Erwin (Antietam) in the valley of Jercmys
Run east of Vaughn. The major fault in the zone appears to extend
from just north of Pass Run in a northerly direction through Broadus
Mountain to the Page-Warren county boundary about 1 mile east of
Overall. The main fault and the several subsidiary faults are of a
rotational type with the pivot at the south end. Displacement in the
Three Sisters area appears to be minor, but to the north the Weverton
is in contact with the Rome, and the Hampton, Erwin (Antietam),
and Shady are absent. North of Jeremys Run the main fault develops
into five thrusts and the most complex structure is present in the area
southeast of compton where an overturned synclinal wedge of cambrian
and Ordovician rock has been preserved. In the Compton-Overall
area the Shady Formation is absent, and along Overall Run the Rome
is thrust onto the Conococheague. Northeast of the page-W'arren

county boundary about 4.3 miles northeast of Bentonville (Warren
County), near the confluence of Gooney Run with the South Fork of
the Shenandoah River, the Pedlar is faulted against the Beekmantown
(Figure 15), which indicates the increased magnitude of fault displace-
ment northward.
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Figure 15. Thrust fault in the Vaughn fault zone beside Gooney Run
(Warren County) near its confluence with the South Fork
of the Shenandoah River. Assistant is standing at the con-
tact between the Beekmanto'vtm Formation on the left and

the Pedlar Formation on the risht.

Var,r,nv oF TIrE Sourn Fonr or rrrE SHENANDoAI{ RrvER

West of the overturned and faulted western margin of the Blue
Ridge-Catoctin Mountain anticlinorium and east of the Massanutten
Mountain structural complex, the Cambrian and Ordovician rocks
underlie the central valley of Page County as the deformed lower limb
of a large overturned anticlinal structure or nappe. Although much
of the southern and central parts of this area is covered by a veneer of
terrace gravel and alluvium, sufficient outcrops are available to deter-
mine the major structural configuration. The northern third of the
valley area is essentially free of gravel and alluvial cover, and bedrock
exposures are plentiful. The prevailing attitudes of the rock units are

steep to moderate southeasterly dips of overturned beds, vertical
attitudes, and steep dips to the northwest.

Exposures of bedrock in the area covered by the Elkton and Mt'
Jackson quadrangles (Plate 1) were mapped by King (1950) and

Thornton (1953), and sections C-C' and D-D'have been modified from
their work. In general, the Cambrian and Ordovician rocks have been

deformed into an anticlinal arch, slightly asymmetrical to the north-
west. The Stanley fault has not been traced southwest of Grove Hill,
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Figure 15. Thrust fault in the Vaughn fat:irt zone beside Gooney Run
(Warren County) near its confluence with the South Fork
of the Shenandoah River. Assistant is standing at the con-

tact between the Beekmantorvn Formation on the left and

the Pedlar Formation on the rieht.

Vannv oF TIrE Sourn Fonx op ruB SnBNlNooau Rrt'et

West of the overturned and faulted rvestern margin of the Blue

Ridge-Catoctin Mountain anticlinorium and east of the Massanutten
Mountain structural complex, the Cambrian and Ordovician rocks

underlie the central valley of Page County as the deformed lower limb
of a large overturned anticlinal structure or nappe. Although much

of the southern and central parts of this area is covered by a veneer of
terrace gravel and alluvium, sufficient outcrops are available to deter-
mine the major structural configuration. The northern third of the
valley area is essentially free of gravel and alluvial cover, and bedrock
exposures are plentiful. The prevailing attitudes of the rock units are

steep to moderate southeasterly dips of overturned beds, vertical
attitudes, and steep dips to the northwest.

Exposures of bedrock in the area covered by the Elkton and Mt.
Jackson quadrangles (Plate 1) were mapped by King (1950) and

Thornton (1953), and sections C-C' and D-D'have been modified from
their work. In general, the Cambrian and Ordovician rocks have been

deformed into an anticlinal arch, slightly asymmetrical to the north-
west. The Stanley fault has not been traced southwest of Grove Hill,
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however, a good exposufe of the fault can be seen just east of Grove
Hill and along the South Fork of the Shenandoah River north of
Ingham. Overturned beds of Conococheague and Chepultepec-Beek-
mantown are present in the south part of the town of Shenandoah,
east of Grove Hill along Crooked Run and Fultz Run, in the Ingham
area, and along Honey Run. The Chepultepec-Beekmantown units
north and west of the Stanley fault form a broad corrugated plate
with numerous reversals of dip. The overlying Ordovician beds have
steep dips to the northwest, and complex structures including over-
turned beds and isoclinal folding, are evident in the lower part of the
Martinsburg.

From Alma northeastward to Hamburg, the Beekmantown is the
bedrock unit with the greatest exposed width, and intraformational
folding is widespread. A well-developed fault, mainly within the
Beekmantown can be traced for a distance of about 3 miles from about
1 mile west of Leaksviile northeastward to north of Hamburg. Offsetting
of the New Market, Lincolnshire, and Edinburg beds indicates that this
is probably a normal fault, with the upthrown block to the west. A
good exposure of the fault trace can be seen in the valley of Mi1l Creek
downstream from Hamburg.

A klippe (Plate 1) lies about 1 mile northwest of Hamburg, and
the interpretation given by Thornton (1953, p. 117) is:

"The klippe is thought to be an 'erratic block,' that is, a mass of rock that
has broken ofi some higher topographic feature and slid down into its
present position. It is, essentially, a landslide block. Its source may have
been the overturned anticline to the east which probably marked a topo-
graphic high before it was so extensively eroded."

The area from Grove Hill to Alma is structurally complex, as
evidenced by the few available outcrops, however, the extensive veneer
of gravel covering the bedrock makes a detailed interpretation of the
structure impossible. King's (1950) mapping has generally been followed
for this area, but it is possible that additional faults other than those
noted may be present (Thornton, 1953, p. 110-112).

That part of Page Valley from Hamburg to Oak Hill and extending
westward from Hershberger Hill and Piney Hill to Massanutten
Mountain contains rock units, including the Shady through much of
the Beekmantown, which are overturned with steep southeasterly dips.
This structure is evident in the belt of rock from upper Mil1 Creek to
northeast of Oak Hill. The Beekmantown in the vicinity of Luray
Caverns is part of an overturned fold (Hack and Durloo, 1962, p. 8;
Butts, t940, p. 445). Northwest of Luray the Beekmantown, covered
in part by alluvium and some terrace gravel, occupies a belt approxi-
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mately 2 miles wide which is characterized by many small, tight fo1ds,

all apparently overturned to the northwest. A small syncline of
Ordovician rocks (New N{arket, Lincolnshire, and Edinburg) borders
the Beekmantown on the northwest. The sy'nclinal structure plunges
to the southwest and is cut by a strike fault along its northwest flank
that thrusts the Edinburg over the overturned Beekmantown. The
beds northwest of the fault are overturned to the northwest with steep

southeasterly dips. The Beekmantown northwest of the fault is cut
out on the southwest by a tear fault that is just east of Bixler Bridge,
and the associated thrust fault appears to terminate to the southwest
within the Edinburg. Movement along the strike fault has produced
an apparent displacement of a normal or gravity t-vpe, but it is probable
that a considerable amount of strike-slip movement is involved. How-
ever the major thrust movement occurred along the upper limb of an
overturned anticline, and subsequent erosion has removed that limb of
the structure.

A fault of minor displacement and probably of a thrust type is
present in the Conococheague in the valley of Pass Run about 1 mile
east of Springfield. A brecciated and silicified zone cuts across the
Conococheague in a local flattening of that unit along the lower limb
of a large overturned (recumbent) fold. The Conococheague outcrop
along Pass Run increases in width of surface exposure atthough there
is a possibility that part of the lower section mapped as Conococheague
may be Elbrook Formation. Irregular attitudes of dips were recorded
in this area, indicating intraformational folding, and the fault appears
to be a thrust along the lower part of the overturned (recumbent)
anticline.

From Oak Hili northeastward to the Page-Warren county
boundary, the major structural unit west of the Vaughn faslt' zone
is a tight anticline overturned to the northwest. East of Oak Hill
and Rile1'ville an overturned syncline contains a nalrow belt of
Conococheague within the Elbrook. Southwest of Rileyville, east of
U. S. Highway 340, a small subsidiary fold is responsible for an easterly
protuberance of the New Market, Lincolnshire, and Edinburg. Two
small, strike-slip faults offset the Ordovician rocks west of Compton.
The ofiset position of the New Market and Lincslnshire beds is indica-
tive that the southwest blocks of these two northwestward-trending
faults have moved northwestward. The northeasterly fault has a right-
lateral separation of about 0.7 mile. Movement along these faults does

not appear in harmony with the regional structural pattern. That is,

the expected movement resulting from the regional deformation
should. be that of the northeast blocks being moved to the northwest.
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A possible explanation is that the two faults also have a component
of dip-slip movement and are normal faults with southwest sides

upthrown, perhaps the result of regional tension that followed the
compressional forces responsible for thrusting along the Vaughn fault
zone. The decrease in width of the Beekmantown outcrop belt between
Compton and Overall results from the almost vertical attitude of the
beds in this area.

MasseNurrEN SYNCLTNoRTuM

The Massanutten synclinorium lies to the west of the valley
occupied by the South Fork of the Shenandoah River, and. extends
along the western margin of the county in a northeasterly direction.
In western and southwestern Page County ridges along Massanutten
Mountain are held up by the Massanutten Sandstone, and the valleys
are cut in the Martinsburg Formation, rocks of the Cayrga Group,
and Devonian shales. A series of folds constitute the synclinorium,
and dips are generally steep along the flanks of the folds. Along the
east margin of First Mountain and Massanutten Mountain the Silurian
beds are overturned to the northwest with steep southeasterly
dips. The axial traces of the major folds are shown on Plate 1, and
structural highs'a1ong the anticlinal axes are notable in the small
outcrop of Martinsburg west of Catherine Furnace and in the broad
outcrop of Martinsburg in the headwaters of Big Run and at New
Market Gap. Structural lows along the synclinal axes are recognized
in the areas of Devonian outcrops. A tight, overturned syncline is
present along the steep eastern slope, near the crest of Massanutten
Mountain, from Kennedy Peak northeastward to Ross Pass.

Two thrust faults are present in Massanutten Mountain. The
easternmost fault extends northeastward from Strickler Knob to the
west flank of Kennedy Peak and. continues northeastward into Shen-
andoah County. The fault trace at Burners Gap lies immediately to
the northwest of the ridge crest, and the fault surface essentially
paralle1s the bedding on the east side of a tight syncline overturned
to the northwest. The overturned east limb of the synclinal fold has
been thrust up, and the Massanutten Sandstone and a sma1l section
of the Cayuga form the crest of the ridge. Where State Road 675
crosses Massanutten Mountain, the fault trace is on the ridge crest
and a small wedge of Massanutten Sandstone of the hanging-wal1
block is thrust over an exposed remnant of the Massanutten Sandstone
that is part of the overturned limb of the syncline in the footwall block.

The westernmost fault may be seen in the roadcut of National
Forest Road 274 in Crisman Hollow on the headwaters of Passage
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Creek. Along the trace of the fault for most of its extent in Page
County, the Massanutten Sandstone has been thrust diagonally across
a syncline of Silurian and Devonian rock. The fault appears to terminate
in the Cayuga Group close to the county boundary.

GEOMORPHOLOGY

Page County is within the Blue Ridge and the Valley and Ridge
physiographic provinces (Fenneman, 1938, p. 165 .17 I, 2+5 -265) . Recent
definitive work on the geomorphology of the Shenandoah Valley is
contained in the report by Hack (1965). The geomorphic elements of
Page County correspond to the major structural elements: the western
margin or west flank of the Biue Ridge, that part of the Shenandoah
Valley represented by the valley of the South Fork of the Shenando4h
River, and part of the eastern ridges of Massanutten Mountain.

Early workers on the geomorphology of the Shenandoah Valley
region (Hayes and Campbell, 1894; Keith, 1896) applied the cyclic
theory of Davis (1889, 1890a, 1890b) to landform development of the
southern Appalachians and the Shenandoah Valley, and somewhat
later other workers (Stose and Miser, 1922;Wright, 193+) proposed the
existence of several peneplains in the Valley region. Hack (1965, p.
4-5) suggested that the cyciic concept with peneplain formation was
not the mode of geomorphic development of the region, but that:

"The entire landscape could have evolved through long-continued erosion
of a thick sequerce of rocks, during which an approximately balanced
condition of the slopes was maintained throughout. The landforms and
surficial deposits have a complex but close relation to the geologic structure,
and as both forms and deposits can be accounted for by this concept,
the necessity to postulate a peneplain is eliminated."

W'ithin Page County there is suggestion of an old erosion surface on
the valley floor that is cut on Cambrian and Ordovician rocks. The
present drainage of the South Fork of the Shenandoah River is below
this level. From close examination of the area the suggested mechanism
of geomorphic development proposed by Hack (1965) seems a reasonable
and valid approach to an explanation of the landforms and surficial
deposits.

Br,un RrncB Ane"r

North of the Stanley fault the crest of the Blue Ridge is composed
of the altOred basaltic rocks (greenstone) of the Catoctin Formation
and the Cambrian sandstones. Cliffs of Catoctin are common and
slopes are steep. South of the Stanley fault Pedlar granodiorite and
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Catoctin greenstones make up the crest and western slope of the ridge.
Slopes are steep, but the weathering of the granodiorite tends toward
smoother slopes covered with a loose, thin colluvium in contrast with
the rough and clifilike forms of the Catoctin outcrops. The sandstones
and qaaftzites of the Weverton and Erwin (Antietam) formations
in the Shenandoah salient hold up ridges and are responsible for the
very irregular topography of the salient area. Stream gradients are
high, and the stream channels contain coarse gravels. Talus and scree
are abundant on the steep slopes of the Cambrian sandstones in the
Shenandoah salient. Valleys on the flank of the Blue Ridge tend to
open up headward, as the several stream tributaries cut headward
and outward and the main stream emerges from the valley through
a relatively nalrow opening. waterfalls are common in the headwaters
of streams crossing the Catoctin. Alluvial fans of gravel are generally
present at the mouths of the streams where the streams leave the
mountain front and pass into the valley of the South Fork of the
Shenandoah River, and such fans are especially conspicuouq in Hawks-
bill Creek, Dry Run, and Pass Run. Two prominent features, Hersh-
berger Hill and Piney Hill, are on the west side of the Stanley fault
that separates them from the main mass of the Blue Ridge.

Varr,ry AnBe

The central part of Page County constitutes a large valley con-
taining as its ma-jor stream the South Fork of the Shenandoah River.
The South Fork meanders in a north-northeasterly direction for a
distance of approximately 50 miles and falls in elevation from about
890 feet above sea level at Verbena on Naked Creek to about 590
feet above sea level at the mouth of Overall Run, for an average of
approximately 6 feet per mile. The width of the meander belt is about
3 miles in the Ingham area and about 2 miles in the Rileyville-Compton
area. The stream valley is characterizedby steep cut-in blufis along
the outside of the meander bends and gentle slip-ofi slopes on the
inside of the bends. At the present time the river elevation is about
150 to 200 feet below the upland valley floor which indicates entrench-
ment of the present course of the river below the old valley floor that
is cut on Cambrian and Ordovician sedimentary rocks. Meander
scrolls of alluvium are generally present on the inside of the meander
loops, and the older, higher valley floor contains successively higher,
and older, gravel, sand, and silt terraces.

A conspicuous feature in the central part of Page Valley is the
modified karst-type topography developed in areas underlain by
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carbonate rocks. Sinkholes, caves, and caverns are numerous in some

areas underlain by the Beekmantown Formation as is evident in the
broad outcrop of that unit southwest, west, and northwest of Luray.
Surface drainage in this area is confined to major streams, and the
greater part of what normally would be surface runofi is carried under-
ground through sinkholes to emerge along stream courses as springs.

The contact between the Beekmantown and the New Market-Lincoln-
shire unit is especially susceptible to sinkhole and cave formation,
and nurnerous karst features are also present in the Edinburg For-

mation. The only commercial cavern in the county is Luray Caverns,

located on the west side of Luray in the Beekmantown Formation.
Hack and Durloo (1962) have written a comprehensive report on the
geology of Luray Caverns. A cavern of modest size is located in the

Beekmantown-New Market contact zone just west of State Road

685 in the community of Newport.

MessaNurrrN MouwrarN AREA

The several ridges of Massanutten Mountain extend from east-

central Rockingham County northeastward to the vicinity of Stras-

burg, Shenandoah County. North of the Rockingham-Page county
boundary the bulk of the Massanutten ridges are within Page County.
North of State Road 675, west of Bixler Bridge, the Massanuttens

are mainly within Shenandoah County, and the crest of the ridge of
Massanutten Mountain (the easternmost ridge) forms the boundary
between Page and Shenandoah counties. The high ridges of Mas-

sanutten Mountain within Page County afe composed of Massanutten

Sand.stone that has been folded into a synclinal complex, or synclin-

orium, and on Plate 1 this feature is indicated as the Massanutten

synclinorium. The topographic lows are long, narrow va1leys, fo1-

lowing the regional structure, which have been cut in shales. The

valleys of Cub Run, Pitt Spring Run, Passage Creek, and Duncan

Hol1ow have been cut along synclinal axial traces in silurian and

Devonian rock. The valleys of Brown Holtow and the headwaters

of Mountain Run have formed along an anticlinal flexure in the Martins-
burg Formation. Difierential erosion, following regional uplift of the

entire Shenandoah Valley area, has been responsible for the formation
of Massanutten Mountain, with the more resistant Massanutten

Sandstone holding up ridges. The location of wind gaps, espepially

New Market Gap, seems to have been controlled by local structure.

The streams in the Massanutten Mountain area, by headward

erosion, have been responsible for valley development on the less
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resistant shale beds. Valleys that cut across the strike of beds, such
as the valley of Cub Run at Catherine Furnace, appear to have formed
by local superimposition of an ancient stream as that stream was
lowered onto the N{assanutten Sandstone through a cover of over-
lying shale and the stream maintained sufficient volume and velocity
to maintain its course. Both Cub Run and Big Run may have ex-
perienced some measure of stream piracy in the past, Cub Run by
the headwaters of Smith Creek (Shenandoah County), and Big Run
by headwaters of Passage Creek (Page and Shenandoah counties).

GEOLOGIC HISTORY

The bedrock in Page County ranges in age from Precambrian
through Triassic. Quaternary terrace gravels and river flood-plain
deposits are also present. In general the bedrock units become younger
from east to west across the county. One Triassic diabase dike is present
in the southeastern part of the county within the Catoctin and Loudoun
formations. The Pedlar Formation, a part of the Virginia Blue Ridge
Complex consisting for the most part of igneous and metamorphic rocks
of granitoid and gneissic texture and of sialic and intermediate compo-
sition, is the oldest rock exposed in Page County. From studies made to
the east in Greene and Madison counties (Allen, 1963), the Pedlar
appears to be a late, magmatic phase of a series of igneous and metamor-
phic activities in what is now the Blue Ridge and Piedmont areas in
late Precambrian time. Radiometric age determinations (Tilton and
others, 1958, p. 1473) on the Pedlar granodiorite gneiss at Marys Rock
(about 0.5 mile south of Thornton Gap) indicated an age (time of
crystallizatton) of 1170-1150 million years before the present from
zircon and an age of 890-840 million years from biotite. The age determi-
nation tor zfucon may represent the time of primary crystallization and
the one for biotite, a Iater metamorphic recrystallization. Kulp and
Eckelmann (1960, p. l9l2) indicated a primary age of 1100 million
years, or older, for the basement rock in the southern Appalachians
and also suggested that widespread metamorphism may have afiected
the southern Appalachians about 850 million years ago.

From these data it may be inferred that the Pedlar Formation had
its origin about 11.50 million years ago and that the changes that oc-
curred in the rock approximately 850 million years ago were most likely
accompanied by processes of deformation, uplift, and erosion. A long
period of erosion was accompanied by contemporaneous deposition in a
basin area east of the Blue Ridge in the virginia piedmont. As erosion
lowered the surface of the Pedlar and related rocks in the precambrian
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igneous and metamorphic complex, the onlap of clastic sediments from

east to west occurred over part or all of the denuded surface. In the
Blue Ridge, the relief on the eroded surface may have been 2000 feet

or more, and the coarse clastic sediments of the Swift Run Formation
were deposited in the form of surface washes, a11uvial cones and fans,

and stream-channel fillings. The almost complete absence of the Swift
Run in the northern part of the shenandoah salient suggests that this
area may have been the western limit of Swift Run deposition.

In late Precambrian or Early Cambrian time, volcanic flows and

pyroclastic material were deposited over what is now the Blue Ridge

and Piedmont region. In the Blue Ridge the swift Run Formation

contains altered. tufiaceous and pFoclastic material, and east of the
Blue Ridge the unit contains thin flows of altered basaltic rock. The

Catoctin flows, originally basaltic but subsequently altered to green-

stones, contain interbeds of pyroclastic material and tuff breccia. The

original basaltic material flowed onto the surface from fissures in the

basement rocks and may have reached a total thickness of 2500 feet

although the aggregate thickness in the Blue Ridge at present is about

1500 feet. The flows and plroclastic material were deposited on a
surface that may have exceeded 1000 feet in relief in the Blue Ridge

area. The absence of the catoctin in the northern part of the shenan-

doah salient and the thinning of the flows along the west margin of the

Blue Ridge indicate that this afea was possibly the westward limit
afiected by Catoctin volcanism.

catoctin flows appear to be conformable with the underlying swift
Run Formation. Relationships between the catoctin and the overlying
Cambrian sedimentary rocks are somewhat more complex. King (1950,

p. 41) stated that along the northwest flank of the Blue Ridge: "The
norbhwestward truncation of the catoctin greenstone and swift Run

Formation, and the southeastward. thickening of the Catoctin are in-
terpreted as being due largely to tilting before Cambrian time and to
erosion before the Chilhowee group was deposited."

ft is apparent that minor volcanic activity in the form of pyro-

clastic ejections continued into earliest cambrian time along with an

extensive d.epression or downwarping of the entire Appalachian region.

The continued depression, and eventual submergence, of the Appa-

lachian region developed a long, relatively nalrow trough that became

the site of d.eposition of perhaps 30,000 feet of sediment during Paleozoic

time. and the structure has become known as the Appalachian geosyn-

cline. Approximately 600 million years ago, the beginning of Cambrian

time, the depression in the Page County area was accompanied by con-

current filling of clastic sediment. The lowest (and oldesQ rock unit of
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this sequence is the Loudoun Formation which is composed essentially
of slates and phyllites of pyroclastic origin and which appears to lie
unconformably over the Catoctin. As subsidence and deposition con-
tinued, the sequential deposition of the sediments of the Loudoun,
IMeverlon, Hampton, and Erwin (Antietam) formations took place.
The source area of the sediments that formed these units probably lay to
the northwest and represented the old Precambrian landmass. Changes
in the relief of the source area and changes in the environment of the
basin of deposition resulted in the accumulation of carbonate rocks as

evidenced by the Shady Formation. Continual changes in sedimentation
led to the deposition of red muds that became part of the Rome Forma-
tion, and then a long period of renewed carbonate deposition resulted
in the development of limestones and dolomites in the Rome, Elbrook,
and Conococheague formations. At times throughout deposition of the
Conococheague, qaartz sand was carried into the area, and the sands are
now represented by sandstone beds in that formation. Deposition of
the Conococheague sediments brought to an end the Cambrian Period.

There appears to have been continuous sedimentation from Late
Cambrian to Early Ordovician times because the Conococheague is
conformably overlain by the Chepultepec Formation, the oldest Ordo-
vician unit in the region. Essentially, conditions of deposition must have
been similar throughout times of formation of the Elbrook, Cono-
cocheague, Chepultepec, and the next younger unit, the Beekmantown.
The presence of black chert in the Conococheague, Chepultepec, and
Beekmantown indicates a contemporaneous deposition of silica or a
replacernent of parts of the carbonate material by silica, or perhaps
both processes were operative and the cherts are of different ages.

The top of the Beekmantown is characterized throughout Page
County by an unconformity caused by uplift, erosion, and by ground-
water action that developed a karst-type topography. Overlying the
Beekmantown, the dense, pure, New Market Limestone in many places
contains at its base a coarse rubble of undedying Beekmantown frag-
ments, some of which appear to have been sinkhole fillings; much of the
rubble conglomerate represents a veneer of rock fragments covered by
the return of marine waters during the time of New Market deposition.
In the upper part of the Beekmantown, beds of pure limestone occur
with dolomite (Figure 9), and the deposition of lime sediments con-
tinued into New Market and Lincolnshire times. The Lincolnshire is a
dark, medium-grained, cherty limestone that may well be classed as
a clastic limestone. Interbedded with clastic material are layers of fine-
grained, dense limestone of the "New Market type," indicating fluctu-
ction of the environment of deposition.
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The Lincolnshire beds are succeeded by black to gray, graptolite-
bearing shales marking the base of the Edinburg Formation. The change

from essentially carbonate deposition to fine clastic deposition indi-
cates a change in the source area. It is probable that the source areamay
have changed at about this time from the northwest to the southeast.
This change was very gradual, and the new source area may have re-
sulted from the rising of volcanic islands or a discontinuous landmass to
the southeast of the geosynclinal trough. Beds of altered volcanic ash,

or metabentonite, have been reported in the Edinburg (Cooper and
Cooper, 1946).

In general, the Edinburg Formation in Page County has a. lower
black shale unit, a middle section essentially of limestone, and an in-
creasing amount of shale in the upper part of the formation. Clastic
sedimentation that began in Edinburg time continued into Martinsburg
time; the thick section of Martinsburg consists essentially of shales and
siltstones with medium-grained sandstone in the upper part of the
forrnation. Uplift and perhaps other forms of tectonic activity in the
source area were probably responsible for the great amount of.clastic
material.

In Page County the lowermost Silurian forrnation is the Massa-

nutten Sandstone, which is probably a nonmarine beach sand and gravel

deposit. The coarse debris forming the Massanutten reflects the in-
creased size of material contributed by the source area. Overlying the
Massanutten are nonmarine red shales and sandstones, and above these

beds are fossiliferous limestones of the Cayuga Group. This lithologic
sequence is indicative of a gradual lowering of the source area. Dep-
osition of lime sediments, succeeded by the development of shales and
siltstones, continued into Devonian time, and thd remnants of these

beds are present in Massanutten Mountain. No younger Paleozoic units
are now exposed in the Page County area, although it is very likely that
deposits younger than the mapped Devonian units were once present

and that subsequent erosion has removed them.
The close of the Paleozoic Era was accompanied by mountain

building, with initial movements starting perhaps in Mississippian time
and certainly during Pennsylvanian time. By the close of the Permian

Period, the entire rock section, Precambrian and Paleozoic, was de-

formed. The Pedlar, Swift Run, and Catoctin formations attained- their
present textural, structural, and mineralogic characteristics during the
Paleozoic deformational cycles. Major structures, such as the folds in
the Precambrian and Paleozoicrocks and the faults cutting these rocks,

also developed, at this time. Contemporaneous with deformation and

metamorphism, uplift and erosion occurred in the area, and the initiation
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of present drainage patterns took place. The late Paleozoic deformation
and uplift is the prime geologic activity in the history of development of
the Appalachian Mountains ; however, erosion accompanying and fol1ow-

ing mountain building may have been so active that the first cycle, or
ancient, Appalachian Mountains reached only moderate heights.

During Triassic time the Page County atea underwent continuous
erosion, and remnants of transported Triassic sedimentary materials can
be seen in the Triassic deposits of eastern Madison County, east of the
Blue Ridge. Igneous activity took place, probably during late Triassic
time, in the Piedmont and in the Valley and Ridge area. One Triassic
dike is present in Page County, and several have been recognized in
adjacent Rockingham County. During the Jurassic and Cretaceous
periods extensive erosion in the area occulTed; it has been suggested
(Johnson, 1931) that much of the Appalachian region was so reduced by
erosion and that Cretaceous seas may have penetrated. into the region
and left a blanket of Cretaceous sediment. However. no remnant of
Cretaceous marine deposits has been found in the Appalachian highland
area (Hack, 1965, p. 65).

The Page County area, and the Appalachian region in general,

underwent continued erosion and periodic uplift during the Cenozoic
Era. Continued adjustment of stream drainage to lithology and struc-
ture developed the present topography. It was during the Quaternary
Period that the terrace-gravel deposits were laid down and terraces
formed through lowering of the bed of the South Fork of the Shenandoah
River. It is likely that most of the terrace formation took place during
Pleistocene time, along with the development of the talus and scree on
the ridge slopes. At present the South Fork of the Shenandoah River
and its tributaries appear to be in erosional equilibrium with the 1ithol-
ogy and. structure, and they are slowly lowering their valleys in equi-
librium with the lowering of the regional topography.

MINERAL RESOURCES

The mineral resources of Page County consist of a variety of ma-
terials, although during the time of fie1d investigation only deposits of
sand, gravel, and stone were being commercially worked. In the past,
ores of copper, iron, and manganese were exploited, and quarries were
opened in limestone and dolomite formations. Recently some attention
has been given to the clays and related materials of the area. Mineral
resources of interest are: the granitic rocks, especially the variety known
as unakite; the carbonate rocks, limestone and dolomite; sand, gravel,
and quartzose rocks suitable for crushed stone and dimension stone:
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copper, iron, and manganese minerals; clay and shale; and the water
resources which are becoming a matter of increasing interest. Plate 1

shows the major occutrence of rocks and minerals of economic interest
in Page County.

CansoNerB Rocrs

The carbonate rocks, limestone and dolomite, have many uses in
industry. Several quarries have been opened in Page County for road
material although none was operating at the time of the field investi-
gation. Quarries in the Beekmantown are shown on Plate 1 (Nos. 5,22).
Stone from a small quar{' in the Chepultepec (Plate 1, No. 6) was ap-
parently used for burning lime. Rock from a quarry in the Elbrook
(P1ate 1, No. 7) was used for road. material. The quarries opened in the
Edinburg (Plate 1, Nos. t3, 14, 16) were for road. material, and the old
quarqr southwest of Leaksville on the bank of the South Fork of the
Shenandoah River (Plate 1, No. 15) supplied building stone for the con-
struction of the Methodist Church in Luray. Edmundson (1945, p. 135-
1.52) gave a very comprehensive discussion of the economic aspects of
the carbonate rocks in Page County, inctuding a table showing chemical
compositions of selected samples.

High-calcium limestone (containing more than 95 percent calcium
carbonate) in Page County includes the locai occurrences of the New
Market and thin layers or beds in the upper part of the Beekmantown.
The New Market is generally not more than 50 feet thick and locally
may be absent; the lower part commonly contains rubble composed, of
dolomite and, in many places, chert, both of which affect the grade of the
rock. Edmundson (1945, p. 140) noted that one of the best exposures of
New Market (Mosheim) is along Mill Creek about 0.5 mile northwest
of Hamburg and 3 miles southwest of Luray, and presented a chemical
analysis of rock from that locality.

The Chepultepec, Lincolnshire, and the limestone beds in the Edin-
burg are classed, as impure limestones. Several of the thin limestone
layers in the Beekmantown and older formations could be placed in this
category, but they are intercalated with dolomite and are classed with
magnesian limestone and dolomite. The Chepultepec contains from
84.10 to 93.03 percent calcium carbonate, and the Lincolnshire (Lenoir)
from 76.93 to 92.76 percent calcium carbonate (Edmundson, 1945,
p. 151-152). There is an excellent exposure of Edinburg limestone in the
quarrlr (Plate 1, No. 14) along State Road 646, 4 miles southwest of
Luray. Edmundson (1945, p. 145-L46) referred to this as the Woodward
quary (Figure 11) and noted that 60 feet of limestone exposed in the
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quaffy contains 86.56 percent calcium carbonate, 4.35 percent magnesi-
um carbonate, and 8.86 percent noncarbonates.

The carbonate beds in the Rome, Elbrook, Conococheague, and
Beekmantown consist chiefly of dolomite, with intercalated limestone
and. variable quantities of siliceous and argillaceous impurities. These
units generally contain from .50 to 90 percent calcium carbonate
(Edmundson, t945, p. 146-152). The carbonate rocks in the Silurian
and Devonian formations are generally impure limestones containing
variable quantities of siliceous and argillaceous materials.

Clay eNo Suar,n

The clays in Page County that may have economic potential can
be classified as residual clays overlying the calcareous and argillaceous
Cambrian and Ordovician rocks, and transported clays present in
terraces and flood plains. shales of possible economic value are present
in.the Hampton, Rome, and Martinsburg formations, although shales
and other argillaceous rocks are not limited to these formations.

Residual clay, or residuum, is derived from the decay or weathering
of impure calcareous and. argillaceous rocks and consists of insoluble
material, principally clay with admixed sand, silt, and chert fragments.
The origin of this material can be attributed to solution of limestone or
dolomite or to the kaolinization of potassic micas in shale. Resid.uum
appears thickest over the Shady and Rome formations and may be as
much as 200 feet thick (King, 1950, p. 55), although generally it is much
thinner. Most of the residuum in Page Valley is overlain by gravel
deposits. Transported clays are dispersed in relatively thin layers in
terrace deposits and. river flood-plain deposits and may be considered
of doubtful economic potential. A detailed discussion of the residual
deposits in the southern part of Page County was reported by King
(1950, p. 54-58). Hack (1965, p. 30-49, 66-76) presented a detailed
description of the residual deposits in his study of the geomorphology
of the Shenandoah Valley. King (1950, p. 70) noted that between 1930
and 1940 the Smith bank (Plate 1, No. 26) was worked for white
kaolinitic clay, but only a sma1l amount was produced.

The localities of several samples of clay taken in page County are
shown on Plate 1. Sample R-650 and sample R-673 were reported by
Calver and others (1961, p. 102-105). Sample R-6S0 was taken from
the northwest side of state Road 654 approximately 2.7s miles north-
west of Lway. Test data indicate a potential use as common red brick.
Sample R-673 was taken from the west side of State Road 615 about
0.5 mile north of Battle Creek at an outcrop of Martinsburg shale.
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The test data indicate potential uses as common brick, tile, and light-
weight aggregate.

Potential uses of other samples shown on Plate 1 are as follows.
Sample R-1676, clay from the Stanley manganese mine (Plate 1, No.
17), has possible use as quarry tile; sample R-I677 , clay from the Watson
tract manganese mine (Plate 1, No. 32),-has possible use as quarry tile.
Sample R-1678, clay from the old Atwood-Bolan workings for iron and
manganese, has potential use as decorative brick and tile.

CoppBn OnBs

The Catoctin Formation in the Blue Ridge of northern Virginia
has long been noted for the occurrence of copper minerals. Since the
earliest settlement of the region, native copper and copper sulfide
minerals in the greenstones and altered flows have aroused interest.

From what can be learned through published material on the Blue
Ridge copper ores, court land records, and from conwersations with the
older inhabitants of the area, the mining of copper ores in this area was

not a profitable venture. The eady literature (Rogers, 1836, p' 134;

Keith, !894a, p. 309) makes mention of copper in the Catoctin green-

stones, and considerable mining activity during the period 1890-1910

received attention in the publications of Watson (1907, p. 503-511),

Phalen (1906, p. 140-145), and Weed (1911, p. 14-16, I04-IO7).
From field investigations of the old copper workings in Greene and

Madison counties (Allen, 1963, p. 81-85) and in Page County, the writer
has concluded that copper mineraTization in the Catoctin is generally

restricted to the lower part of the greenstone unit, usually within a few

hundred feet above the contact with the underlying granitoid and
gneissic rock of the Pedlar. This is true of the occurrences at Hightop
mine and- Tunnel Tract mine in Greene County, Dark Hollow mine in
Madison County, and Stony Man mine located on the Madison-Page
boundary line. In Page County, the Ida mine on Hoak Hill (Plate 1,

No. 12) and the copper prospect on State Road 662 (Plate 1, No. 2)

are respectively located in the middle and upper parts of the Catoctin
sequence. The copper minerals are disseminated in the greenstone and

also occur in local pods or segregations, or in sma1l veinlets and. stringers
associated with gash fractures in flows and feeder dikes. It appears

that the copper rrrineralization was originally distributed throughout
the Catoctin and that low-grade regional metamorphism and down-

ward-moving meteoric waters recrystallized and concentfated loca1

accumulations of copper minerals. Weed (1911, p. 15-16) and Brophy
(1960, p. 1325) have commented on the role of epidotization and ser-
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penbinization in the concentration of the copper minerals. Volume
changes induced in the basalt flows by serpentinization and the small
openings formed by regional deformation and metamorphism developed
a structural framework for the concentration of copper minerals, and
the epidotization processes facilitated the redistribution of these minerals
in the fractured rock.

.' 
Copper Ore Prospect

A shallow shaft now fil1ed with debris to within a few feet of the
surface, along with a shallow surface cut, is located about 100 feet west
of State Road 662, on a low ridge between Mine Run and Molden
Hollow, approximately 3 miles by road southeast of Compton (Plate 1,

No. 2). Local inhabitants of the area stated that the excavation for
copper ore at this locality took place between 1910 and 1920, and call
the prospect the "Mine Run mine." The workings are in the upper
part of a tdfiaceous, slaty facies of the Catoctin, although thin altered
flows are also present. The overlying Loudoun Formation crops out
about 200 to 300 yards west of the location, and a thrust fault associated
with the Vaughn faalt zone occurs in the lower part of the Weverton
a short distance west of the Loudoun outcrop. The only evidences of
copper mineralization observed were thin films of malachite and sma1l
specks of a black, sooty mineral tentatively identified as chalcocite.
The small size of the dump indicates that only a small amount of
prospecting was done.

Stony Man Mine

The Stony Man mine (Plate 1, No. 11) is located just to the east
and below the crest of Stony Man, placing the site in Madison County.
Undoubtedly some of the operations and mining activities at this site
took place on the Page County side of the ridge. The Shenandoah
National Park has developed the Stony Man nature trail in this area,
and stop number 26 is designated as the copper mine area. Phalen
(1906, p. 141) reported that at the time of his visit (1905) there was
an old shaft, reportedly 60 feet deep but water filled. Weed (1911,
p. 109-111) noted that at the time of his visit there was an open cut
trending northwest-southeast which was 50 to 60 feet long, 30 feet
deep at its highest point, and from 10 to 15 feet wide. About 0.5 mile
to the west of the Stony Man mine and 0.25 mile north of Skyland
along the Appalachian Trail is the site of an old furnace known as
Furnace Springs which is located in Page County. Weed (1911, p. 110)
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indicated that the ore from the mine was carried. to the furnace for
reduction.

The Catoctin Formation on Stony Man is a massive flow con-

taining an amygdaloidal facies and layers of slaty tufis. The rock is
highly fractured. and" has at least two well-defined joint sets, one with
a strike of N. 20o E. and a steep southeasterly dip and another with
a strike of N. 60o W. and a steep northeasterly dip. Joints and cleavage

surfaces contain small lenses and veinlets of quartz and secondary

epidote. Weed (1911, p. 109) reported that the ores consisted of native
copper and copper oxide, with fi1ms of carbonate in fractured epidotized.

rock. The writer was able to find onlV malachite-stained rock surfaces

in the area.

Ida Copper Mine

The Id,a copper mine (Plate 1, No. 12) is located on the crest of
Hoak Hill; from 1900 to 1904, it was operated by the Virginia Con-

solidated Copper Company. According to Watson (1907' p. 509)

and Weed. (1911, p. 106-107) the workings consisted. of an inclined
shaft 308 feet deep, with lateral workings at 80, t20, and 280 feet
below the surface, and with the levels extending for distances of 60,

170, and 150 feet respectively. At the time of this investigation all
that remained of the former activity was the remnant of the shaft,

approximately 15 feet deep, and an extensive dump (Figure 16). The

*tit"t observed only malachite stains and a few specks of azutite on

the walls of the o1d shaft and on broken rock in the dump; no sulfides

were observed. The mine was located in the upper part of the catoctin
Formation in a sequence of fine-grained flows and amygdaioidai flows.

The rocks are well jointed, and the shaft is in a zone of sheared and
jointed. epidotized rock with numefous small quartz veinlets. weed
(1911, p. 106-107) reported the presence of rare specks of native copper'

but this mineral was not seen by the writer either in the shaft or on

the dump.

Gnaxrrrc Rocrs

Although outcrop areas of granitic rock (granodiorite gneiss and'

slmilar rock types) are n:umerous along the west slope of the Blue

Ridge from Thornton Gap southward to the headwaters of Hawksbill

Creek and in the core of the Shenand.oah salient, to the best of the

writer's knowledge this rock has not been used for industrial of com-

mercial purposes. Granitic rock of good quality could be readily quarried
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Figure 16. Mine dump at the site of the Ida copper mine. The old
shaft is located behind the dumo.

at many places along the west foothills of the Blue Ridge such as at
St. George Mission on Hawksbill Creek, at Ida, east of Piney Hill,
and at Morning Star should the need arise for such rock material.
Steidtmann (1945, p. 83-85, 131, 142-143) described granitic rocks
from three localities in Page County and also gave chemical ana11'ses
of unakite and syenite from Milam Gap.

The occurrence of unakite, a rock containing pink potassic feld-
spar, green epidote, and blue-gray quartz, has for some time been a
matter of interest to rock and mineral collectors. Many collectors
have recovered quantities of this rock rn'hich, when cut and polished,
makes attractive ornaments and costume jewelry. As rock and mineral
collecting is not permitted within the Shenandoah National Park,
the search for unakite must be made outside the park boundaries.
Outside the park boundaries, unakite occurs as stream cobbles in the
lower reaches of such streams as Jeremys Run, Rocky Branch, Pass
Run, Dry Run, and Hawksbill Creek.

lnoN .qNn MeNcrNBsB Onns

Mining, mi1ling, and smelting of iron ores once was an active
industry in western Virginia. Along the west flank of the Blue Ridge
the search for deposits of iron ore began in colonial times, and man-
ganese ore mining began in the 1880's. An investigation of the iron
and manganese ore deposits in the Elkton area (Rockingham and
Page counties) was rnade by King (1943, 1950), and the origin of the
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Figure 16. Mine dump at the si+"e of the Ida copper mine. The old
shaft is located behind the dumo.

at many places along the west foothills of the Blue Ridge such as at
St. George N'Iission on Hawksbill Creek, at Ida, east of Piney Hill,
and at Xtlorning Star should the need arise for such rock material.
Steidtmann (19a5, p. 83-85, 131, 142-143) described granitic rocks
from three localities in Page County and also gave chemical analyses
of unakite and s1'enite from N,'Iilam Gap.

The occurrence of unakite, a rock containing pink potassic feld-
spar, green epidote, and blue-gray quarlz, has for some time been a
matter of interest to rock and mineral collectors. Many collectors
have recovered quantities of this rock rn'hich, when cut and polished,
makes attractive ornaments arrd costume jewelry. As rock and mineral
collecting is not permitted within the Shenandoah National Park,
the search for unakite must be made outside the park boundaries.
Outside the park boundaries, unakite occurs as stream cobbles in the
lower reaches of such streams as Jeremys Run, Rocky Branch, Pass
Run, Dry Run, and Hawksbill Creek.

Inolt -qNl Mencarqpsr Onps

Mining, mi1ling, and smelting of iron ores once was an active
industry in westeln Virginia. Along the west flank of the Blue Ridge
the search for deposits of iron ore began in colonial times, and man-
genese ore mining began in the 1880's. An investigation of the iron
and manganese ore deposits in the Elkton area (Rockingham and
Page counties) was rnade by King (1943, 1950), and the origin of the
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residual ores was considered by Hack (1965) in his study of the geo-

morphology of the Shenandoah Valley. Much of the following infor-
mation has been extracted from their work and from earlier investi-
gations made by Holden (1907), Harder (1910), Hewett (1918), and

Stose and others (1919). The bibliography of the iron and manganese

deposits of the Blue Ridge and Shenandoah Valley area is voluminous,
and both King (1950) and Hack (1965) give comprehensive listings.

N4anganese ores and manganiferous iron ore were mined inter-
mittently between 1884 and t94l in the Elkton area, and it is esti-
mated that approximately 23,000 tons of concentrates were produced.

World War II and the period 1950-59 saw a resurgence of manganese

activity and some ore was produced during that period. Iron ore was

mined in the Elkton area, including the southern part of Page County,
almost continuously between 1836 and 1905, and an estimated 350,000

tons of concentrates were produced. Three iron furnaces once operated
in the Shenandoah community; two in the town of Shenandoah, and
one on the south side of Naked Creek (Rockingham County). In
addition, Catherine Furnace, 5 miles north of Shenandoah on Cub
Run, was used to smelt iron ore from several workings in Massanutten
Mountain, especially the Pitt Spring mine which Holden (1907, p.

433) reported to be in the Oriskany Formation (Devonian) on the
north side of Middle (Big) Mountain. The more active iron operations
were located in the area around the Shenandoah salient and between

Naked Creek and Stanley. Many of the old workings are now obscure,

and those that were visited by the writer gave little indication of their
former size and extent of operation; surface evidence consists only
of small, scattered amounts of ore. The easily located deposits of high-
grade iron ore were mined out long ago and the known deposits of
high-grade manganese ore have been exhausted.

The deposits of iron and manganese minerals in Page County
consist of iron and manganese oxides that were formed by concentra-
tion and replacement as a direct result of weathering processes. Ground
water undoubtedly was an active agent in the process. The most
important deposits are associated with residual material resulting
from weathering of the Shady and Rome formations, although some

iron and manganese oxides occur in fractured Erwin (Antietam) si-

liceous beds, and one iron oxide occurrence is in the Weverton. Most
of the deposits are in areas of homoclinal or synclinal structure (King'
1950, p. 64).

The ores are embedded in residual clay, generally in the more

silty units, and consist of limonite, goethite, and manganese oxides

generally described as psilomelane. They occur in the form of hard
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spherical or botryoidal masses, 0.5 inch to 8 inches in diameter, and
in some places as larger, irregular masses. The questions as to the
origin of the ores are discussed in detail by King (1950, p. 65-66) and
Hack (1965, p. 67-70) and difierences of opinion do exist. The weight
of evidence indicates that the iron and manganese ores are syngenetic
and that original sources were iron and manganese carbonates in the
Shady and Rome formations, although some workers have thought
that the manganese, although syngenetic, originated in beds either
higher or lower than the Shady or Rome. An additional problem
regarding the origin of the ores concerns the processes that have con-
centrated the iron and manganese in the form of oxides in the clayey
residuum. rt is evident that the oxides occur in residuum on carbonaie
rocks (Shady and Rome) at various topographic levels. Most of the
deposits occur in residuum that overlies basal beds of the Shady, and
these beds appear to be the principal control. The general and steady
lowering of the topography along the foot of the Blue Ridge provided,
and continues to provide, mechanical and chemical processes wherein
the supergene oxides of iron and manganese are formed and preserved
in the insoluble residues while the soluble constituents are dissolved
and carried away by both surface and ground waters. The gravel
veneer over the residuum acts as a cover and protects the underlying
residuum from subsequent removal. The process is continuous, al-
though past conditions may have at times been more favorable for
concentration of the oxides.

Compton Manganese Corporation Mine

The Compton Manganese Corporation mine (Plate 1, No. 1)
was in operation during the 1950's. The mine was opened on a fractured
zone in the Erwin (Antietam) that is cut by a thrust fault associated
with the Vaughn fatlt zone and that is stratigraphically below re-
siduum of the shady Formation. The operation has also been identified
by local residents as the Mineral Products Company mine and the
Shenandoah Mining Company mine. The workings are located on
the side of Broadus Mountain and on the south side of Mine Run.
Remnants of a washing plant and jigs are still present on the property
(1964), and small quantities of psilomelane nodules are present at the
site of the washing plant. From what can be determined at the open
cut, manganese ore was obtained from fractures in the Erwin (Antie-
tam) and from the overlying residual clay of the Shadir. An exami-
nation was made of the ground surface along the Erwin-Shady contact
between the two segments of State Road 662 connecting Rile1'ville
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and Compton and a few scattered pieces of manganese oxide float

were observed.

Moody Creek Prospect

The Moody Creek prospect (Plate 1, No. 3) is located on the south

side of a dirt road ascending the valley of Moody creek. The prospect

consists of surface cuts that were made for iron ore. Local residents

indicated that the work was done sometime before World War I. Surface

debris taken from the pits and trenches contains masses of limonite,
but no manganese oxides were seen. The excavations are in a shattered

zone ofthe weverton Formation adjacent to a thrust fault that is part
of the vaughn fault zone. This operation may be the one described by
Holden (1907, p. 432) as the Rileyville mine, ". located 2'5 miles

south of Rileyville at the west base of the Blue Ridg.e. It was operated

about 1903 and the ore hauled in wagons to Rileyville. The ore differs

from most of the Blue Ridge limonite in that it is associated with
sandstone."

Stanley Mine

The Stanley mine (Figure 17) is located on the northwest slope of

Roundhead Ridge about 1 mile south of Stanley (Plate 1, No' 17)'

King (1950, p. 66-67) has given a detailed description of the history

and extent of this operation, and information presented here is from

his report. Although manganese oxide ores were identified at the

location before 1880, the first production was in the 1890's when the

first cuts, known as the Eureka mine, were made. During the period

1918-19 the mine was operated by the shenandoah valley Manganese

Corporation, and from t928 to 1936 the mine was worked by a firm
from Washington, D. C. King (1950, p. 67) reported that the con-

centrates averaged 46 percent manganese, 3 to 5 percent fuon,6 to 12

percent silica, and 0.15 percent or less phosphorus.

The operation is in clayey residuum overlying the lower beds of

the shady Formation and is on the northward projection of a synclinal

structure with a strike-slip fault of right-1ateral separation located

south of the mine. The mine workings at the time of operation consisted

of open cuts, pits, and shafts t]nat arc now generally filled' Scattered

small pieces of manganese oxide and limonite afe present in the old

workings and at the site of an old washer on the east slope of the valley
of stony Run. A number of large masses of siliceous manganese oxide,

bypassed in the mining operation because of the high silica content,
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tr'igure 17. Extraction site at the Stanley manganese rnine near Stanley.
The manganese ore occurred in clayey residuum overlying
the lower part of the Shadv Formation.

are associated with lenses of sand and gravel in the pits. Gravels and
fanglomerate material overlie residual clays on the margins of the
workings, and it is evident that much of this material covered the
deposits prior to mining.

Ocher Prospect

Ocher deposits that are incorporated in residual cla1. from the
Rome Formation are located along Stony Run about 1 mile southwest
of Stanley (Plate 1, No. 18). This prospect, designated by King (1950,
p. 76) as the Stanley deposit, is described in his report of the Elkton
area. According to King (1950, p. 76) the deposit rvas opened in 1876;
operations may have continued until after 1907, and shipments were
made during many of those years. As the ocher is a residual material
formed by weathgring of the Rome, the material may well be present
beneath the gravel cover bordering the stream, but recovery operations
would be expensive. King (1950, p. 76-77) also reported a deposit of
ocher along the southwest bank of Naked Creek, about 0.5 mile east of
Furnace in Rockingham County. The writer observed low-grade ocher
in clay overlying the Rome Formation in a recent roadcut at the junction
of U. S. Highway 340 and State Road 624, about 1 mile northeast of
Stanley.
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Figure 17. Extraction siLe at the Stanley manganese rnine near Stanley.
The manganese ore occurred in clayey residuum overlying
the lower part of the Shady Formation.

are associated with lenses of sand and gravel in the pits. Gravels and
fanglomerate material overlie residual clays on the margins of the
workings, and it is evident that much of this material covered the
deposits prior to mining.

Ocher Prospect

Ocher deposits that are incorporated in residual cla1. from the
Rome Formation are located along Stony Run about 1 mile southwest
of Stanley (P1ate 1, No. 18). This prospect, designated b1' King (1950,
p. 76) as the Stanley deposit, is described in his report of the Elkton
area. According to King (1950, p. 76) the deposit rvas opened in 1876;
operations ma1' have continued until after 1907, and shipments were
made during many of those years. As the ocher is a residual material
formed by weathering of the Rome, the material may well be present
beneath thc gravel cover bordering the stream, but recoverl, operations
would be expensive. King (1950, p. 76-77) also reported a deposit of
ocher along the southwest bank of Naked Creek, about 0.5 mile east of
Furnace in Rockingham County. The u,riter observed 1ow-grade ocher
in clay overlying the Rome Formation in a recent roadcut at the junction
of U. S. Highway 340 and State Road 624, about 1 mile northeast of
Stanley.
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Honey Run Mine

Approximately 1.75 miles southeast of Honey'ville, there are a
group of o1d workings (Plate 1, Nos. 19, 20, 2l) fhat the writer has

designated the Honey Run mine. King (1950, p. 67) described a mine
of this name as located on the west side of Honey Run, and remnants
of two open cuts can still be seen although the area is now covered with
heavy brush. East of Honey Run, along the contact of the gravels and
the Erwin (Antietam) are a series of old pits and trenches that indicate
some extensive prospecting in the past. The area is easily accessible

as it is immediately adjacent to the grade of the Norfolk and Western
Railway. The workings are located in residuum overlying the Shady,
and small quantities of iron oxides and scattered pieces of manganese

oxides can be found. No records seem to be available concerning pro-
duction, but information from local residents indicates that the cuts
were worked for iron ore between 1890 and 1900.

Ingham Mine

The Ingham mine (Plate 1, No. 24) was operated between 1880

and 1890 (King 1950, p. 67-68), and the workings may be the same as

the old property known as the Bevedey bank. The workings are in
residuum overlying the lower part of the Shady Formation and are near

outcrops of the Erwin (Antietam). Small amounts of iron and manganese

oxide can be found in the area. South of the Ingham mine, and along
the contact between Quaternary gravel and the Erwin (Antietam),
there are several indications of old prospect pits, and the small mounds
of clay from the workings contain scattered pieces of iron and manganese

oxide.

tittle Ore Bank

The Little Ore bank (Plate 1, No. 25) is the site of old workings
on a branch of Fultz Run. It has also been known as "Fultz Run
Prospect" and was described by King (1950, p. 68), who indicated that
manganese concentrates were shipped from the operationin 1915. This
property, as those previously described, is located in residuum overlying
the Shady Formation.

Shenandoah fron Works Operations

During the period 1836 and 1905 a number of mines were opened
for iron ore in the region east of'the town of Shenandoah, and the
operations are generally known as the Shenandoah Iron Works. King
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(1950, p. 68-72) has given a rather complete history of the operations,
mining, milling, and smelting, and has described the more productive
mine workings. The operations described by King (1950) and shown
on Plate 1 of this report are: Smith bank (No. 26),Boyer mine (No. 27),
Atwood workings of Kimball bank (No. 28), Bolan workings of Kimball
bank (No. 29), Garrison bank (No. 30), and Baker bank (No. 31).

The workings known as Smith bank, the Atwood and Bolan
workings of Kimball bank, and the Baker bank are in clayey residuum
over the lower part of the Shady Formation, whereas the Boyer mine
and Garrison bank are located farther from the mountain front of the
Shenandoah salient and are in the outcrop belt of the Rome Formation.
fron ore was the principal product of Smith bank (later some white
kaolinitic clay was mined), Boyer mine, and the Baker bank, and both
iron ore and manganiferous iron ore were mined from the Kimball bank
(particularly the Atwood workings) and the Garrison bank. In l94I
there was active prospecting for manganese ores at the Kimball bank
and the Garrison bank, and some hand-picked ore was shipped from the
latter.

Some detait concerning the extent of the workings and the quantity
and quality of ore mined at the several operations in the page County
part of the Shenandoah Iron Works area was presented by King (1950).
Evidently most of the ore was recovefed from open pits, although the
Boyer mine was operated entirely from deep workings; some of the ore
from the Smith bank was mined underground, and deep (100 feet or
more) shafts were sunk on the Baker and Garrison banks. Analyses
given by King (1950) indicate that the iron ore varied from 40.87 to
55.8 percent iron, and the reported analysis of manganese ore from the
Garrison bank indicates about 53 percent manganese. such reports of
ore analyses are not to be taken as replesentative of an entire pit how-
ever' nor is the method of sampling stated. Production figures for the
individual mines or for the entire shenandoah Iron w'orks system do
not seem to be available, but it is evident that for a period of about 70
years a flourishing industry was based on the production of these mines.

\Matson Tract

The Watson tract operation, located along Mudhole Run on the
southwest side of Grindstone Mountain (Plate 1, No. 32), apparently
was not a part of the Shenandoah Iron Works system. King (1950, p.
72-73) noted that the area was prospected for manganese ore in 1908,
and some mining involving open cuts, pits, inclines, and shafts was
done prior to 1915. In t94I the tract was explored by the U. S. Bureau
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of Mines; prospecting consisted of 15 test holes, a 540-foot incline and

a 7o-foot-deep shaft. Manganese oxides consisting of psilomelane

nodules, layers of wad and wad-impregnated clay' and some iron oxides

are contained in the residuum of the Shady Formation.
King (1950, p. 78) reported an occurrence of magnetite in the valley

of Hawksbill creek above Marksville. As magnetite grains are quite

common in the Catoctin Formation, in many places occurring in

sufficient quantity to deflect a compass needle, the sands in the beds

of many of the streams that drain the west slope of the Blue Ridge

contain discernible amounts of magnetite.

Qu.tnrzose Rocxs

Both the Erwin (Antietam) and Massanutten sandstones have

been used in construction work in the Page County area and especially

for newer construction in the shenandoah National Park. A small

quafry (Plate 1, No. 4) on Massanutten Mountain about 1.5 miles

northeast of Burners Gap was operated in the Massanutten Sandstone

for building stone and for wa1l and coping stone. Material was being

quarried from this locality intermittently during the course of the field

investigation. Much of the stone used in the construction of new

National Park facilities at Panorama (Thornton Gap) is Erwin
(Antietam) sandstone or "orthoquartzite" that was quarried from

several locations within the park area. Rock of this type, from the

Trayfoot Mountain area of Augusta county, was used in construction

of buildings and patios at Skyland'
Two localities (Plate 1, Nos. 9, 10) on Piney Hill, about 3 miles

southeast of Luray, have been worked intermittently for stone. one

locality (No. 9) has been a sourceofsandandstoneforcrushing, andthe

other (No. 10) was a site for dimension stone. The occulrence of Erwin
(Antietam) along the western foothill belt of the Blue Ridge provides

a source of quartzose dimension stone that could well be exploited

when the market demand exists. The Erwin and Massanutten sand-

stones are potential soufces of silica sand for foundry use and glass

manufacture, and as aggregate for the plaster and concrete industry.

SaNr aNo GnavBr,

Supplies of sand and gravel are plentiful in Page County' The

lower reaches of many stfeams that flow westward from the Blue Ridge,

especially Hawksbill Creek, Stony Run, Dry Run, Pass Run, and

leremys Run, contain large quantities of sand and gravel' Cub Run



GBolocv aNn MrNBnel RnsouncBs or P.q.cn CouNrv 65

and Big Run, flowing eastward from Massanutten Mountain, also are

sources of this material. The extensive blanket of gravel that covers
much of the bedrock in Page County to thicknesses as great as 150

feet (King, 1950, p. 58-60) affords an abundant source of gravel material.
Sand is not as plentiful along the tributaries of the South Fork of

the Shenandoah River as in the a1luvial flood plain of the river. Shenan-
doah Sand and Gravel, fnc., is extracting material from a site (Plate 1,

No. 23) along the South Fork of the Shenandoah River near Shenandoah.
From time to time sand in quantity has been taken from the alluvial
material along the river between Alma and Leaksville. The Dry Run
Sand and Gravel Company has taken sand and gravel from Dry Run
about 3 miles east of Luray, and at the time of the field investigation
operated a crushing and screening plant at the site (Plate 1, No. 8).
The same company has operated a large pit (Figure 18) on the west
slope of Piney Hill (Plate 1, No.9) in the Erwin (Antietam); at this
site sand and rock fragments were lifted by diesel shovel and trucked
to the crushing and screening plant located along Dry Run. Gravel,
in reality highly fractured and broken rock, from the Erwin (Antietam)
has been recovered from an outcrop along State Road 629, 1 mile east
of Cavetown; from an outcrop adjacent to Mt. Calvary Church; and

Figure 18. Extraction site of the Dry Run Sand and Gravel Comparry
located on the west slope of Piney FIi1i. Material is removed
from the Erwin (Antietam) Formation and trucked to a
crushing and screening plant along Dry Run.
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and Big Run, flowing eastward from Massanutten Nllountain, also are

sources of this material. The extensive blanket of gravel that covers
much of the bedrock in Page County to thicknesses as great as 150

feet (King, 1950, p. 58-60) afiords an abundant source of gravel material.
Sand is not as plentiful along the tributaries of the South Fork of

the Shenandoah River as in the a1luvia1 flood plain of the river. Shenan-
doah Sand and Gravel, fnc., is extracting material from a site (Plate 1,

No. 23) along the South Fork of the Shenandoah River near Shenandoah.
From time to time sand in quantity has been taken from the a11uvial
material along the river between Alma and Leaksville. The Dry Run
Sand and Gravel Company has taken sand and gravel from Dry Run
about 3 miles east of Luray, and at the time of the field investigation
operated a crushing and screening plant at the site (P1ate 1, No. 8).
The same company has operated a large pit (Figure 18) on the west
slope of Piney Hill (Plate 1, No.9) in the Erwin (Antietam);at this
site sand and rock fragments were lifted by diesel shovel and trucked
to the crushing and screening plant located along Dry Run. Gravel,
in reality highly fractured and broken rock, from the Erwin (Antietam)
has been recovered from an outcrop aiong State Road 629, 1 mile east
of Cavetown; from an outcrop adjacent to N'It. Calvary Church; and
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Figure 18. Extraction site of the Dry Run Sand and Gravel Company
located on the west slope of Piney Flill. Material is removed
from the Erwin (Antietam) Formation and trucked to a
crushing and screening plant along Dry Run.
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from an outcrop along State Road 611 east of Vaughn Station at the
mouth of Green Ho1low.

Mrscnr,lexnous MTNERALs

A considerable quantity of calcareous tufa (CaCO"), or travertine,
is present along Mill Creek west of Hamburg, and small amounts are
present along the lower reaches of Hawksbill Creek and. along Cub Run.
The material may be used as a source of lime and as fertilizer.

Small quantities of hematite (FezOa) were found in thin veinlets
in the Catoctin outcrops west of Lewis Spring and. also in outcrops in
the extreme headwater valley of Naked. Creek. Small fluorite crystals
occur in vugs in the Edinburg Formation in a quarrS' (often referred
to as the Woodward quarry, Figure 11) adjacent to State Road. 646.
A list of mineral occuffences in Page County has been compiled by
Dietrich (1967, p. 49).

'Werrn Rnsouncns

The economic development and. the population of a region are
influenced by the quantity and. quality of water available. Water is a
renewable or replenishable natural resource, and an understanding of
the occurrence of both surface and ground water is desirable so that an
efficient search for, and- atilization of, this valuable resource can be
achiwed. Page County has an average annual rainfall of about 40
inches and an average annual runofi of about 13 inches; an amount of
available water that with good conservation practices may be sufficient
for industrial, agricultural, and domestic demands.

Surface'W'ater

The South Fork of the Shenandoah River is the principal stream
in Page County. No large tributary stream enters the South Fork within
the limits of the county, but several small streams such as Naked Creek,
Cub Run, Hawksbill Creek, and Jeremys Run drain the county. In the
Blue Ridge and. Massanutten Mountain areas stream gradients are
steep; and. where the streams cross outcrops of the Catoctin, waterfalls
are common. Hawksbill Creek, from its headwaters near St. Luke
Mission to Baileys Store, has a gradient of 670 feet per mile; from
Baileys Store to Lrnay, a gradient of 45 feet per mile; and from Ltxay
to the point of discharge into the South Fork of the Shenandoah River,
a gradient of 17 feet per mile. The average gradient of the South Fork
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within Page County is approximately 6 feet per mile. Where the small
streams emerge from the mountainous region to the valley of the South
Fork, they cross thick accumulations of gravel; and much if not all the
water moves und.erground. A further loss of surface water occurs in
many places where the streams flow across areas of carbonate rock.

Record.s of the quantity of water discharged by the South Fork of
the Shenandoah River indicate the extreme fluctuation of that stream.
The following data are from the U. S. Geological Survey (1964,p.496).

South Fork Shenandoah River near Lrnay, Virginia (upstream side
of bridge on U. S. Highway 221, 4.1 miles west of Luray, Page
County).

Drainage area: 1377 square miles.
Record for period: April 1925 to September 1930, and October

1938 to September 1951.
Average discharge for 18 years: 1264 cfs.
Maximum discharge of 100,000 cfs on October 16, 1942.
Minimum discharge of 70 cfs on September 27, I94I.
Minimum daily discharge of 135 cfs on September 16, L925

and on September 28, 1930.

Surface-water data for the South Fork of the Shenandoah River
at Front Royal, Virginia, is as follows:

Drainage area: 1638 square mi1es.
Average discharge for 37 years: 1621 cfs.
Maximum discharge of 130,000 cfs on October 16, 1942.
Minimum discharge of 59 cfs on January 30, 1934.

Ground \Mater

Of the average annual precipitation of 40 inches in the Page County
area, about 13 inches is involved in runoff, and it has been estimated
that about 6 or 7 inches infiltrates into the ground. For the 316 square
miles of the county, the amount of ground water infiltration is approxi-
mately 101,000 acre feet of water, or 33 billion gallons per year. Pene-
tration of water from rain, snow, sleet, and hail into the ground is, in
general, favored by a slow rate of precipitation, a gently sloping to flat
ground surface, a large amount of vegetation, a high atmospheric
humidity, and, especially, high porosity and permeability of the soil
and rock. Water percolates downward by gravity through the pore
spaces between mineral grains and through secondary openings such as
joints, rock cleavage, faults, and other fractures. Water moves down-
ward through the vadose zorte, or zone of aeration near the ground
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surface. Beneath this is the phreatic zone, er zoneof saturation, where
the rock openings become completely saturated with water. Locally,
however, the openings may be saturated in the zone of aeration. The
surface marking the top of the saturated z,one is referred to as the water
table. The water table condition has its optimum development in rock
of high porosity and permeability but is poorly defined in dense im-
permeable rock. The water tabie roughly parallels the topographic
surface, but is at a shallower depth beneath the ground surface in areas
of 1ow elevation. Ground water moves downslope and may intersect
the ground surface at a lower elevation in the form of a spring or at the
level of a stream, contributing water to the stream discharge. The
fluctuation, or rise and fal1, of the water table is related to the quantity
of precipitation; usually the water table rises after heavy rains and falls
during and after times of drought. Below the water table, the move-
ment of water depends on the topography of the area and on the
quantity, spacing, continuity, and size of the rock openings. Generally,
the flow of water in the saturated zone is much slower than in t}ae zone
of aeration.

The movement of ground water is dependent on a number of
factors, the two most important being porosity and permeability.
Porosity, the percentage of open spaces or voids in a rock, can be
visualized by noting that if 1 cubic foot of sand holds 0.25 cubic foot
of water, the porosity of the sand is said to be 25 percent. Permeability
is the capacity of the rock to transmit a fluid (in this case, water). In
rocks with relatively high permeability water may move several feet
an hour; if the water moves at the rate of several feet per year, the
permeability is relatively 1ow.

In Page County, coarse surface gravels and sands have high porosity
and permeability. The stratified sedimentary rocks vary in their water-
storage and -transmitting characteristics. Fractured massive carbonate
rocks that contain solution channels may provide high yields; medium
to high yields may be obtained from fractured quartzites. Sufficient
quantities of water for domestic and farm use are available in the thin-
bedded carbonate rocks and shales at most places in the county.
Granites, gneisses, and extrusive igneous rocks, such as the altered
basalts of the Catoctin, generally have low porosity and permeability
unless characterized by numerous joints, fractures, or other secondary
openings. Most we1ls have been drilled to obtain only the small
quantities of water needed for domestic or farm use, and reported yields
do not reflect aquifer capacity because too few adequate pump tests
have been conducted. Additional ground-water data are on file at the
Virginia Division of Mineral Resources in Charlottesville.
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Because the igneous and most metamorphic rocks along the crest
and west slope of the Blue Ridge are relatively impermeable, wells
drilled in this area generaliy have low yields, usually less than 10 gallons
per minute. In the Skyland area, wel1s that penetrate the Swift Run
Formation between the Pedlar and the Catoctin generally have good
yields. There are several flowing springs at or near the contact of the
Swift Run and Catoctin formations such as Lewis Spring near Big
Meadows and Furnace Spring at Skyland. Wells drilled in the Cambrian
rocks along the western foothills of the Blue Ridge are generally shallow
but produce sufficient water for domestic use; the water is generally
relatively soft and may contain some iron.

Most of the wells drilled along the crest and west slope of the
Blue Ridge are from 50 to 300 feet deep; the deepest well, located
along the eastern boundary of the county in the Shenandoah National
Park just north of Lewis Spring, reached a depth of 500 feet. About
half of the wells in this area have yields that range from 0 to 10 gallons
per minute; and about one-third, from 10 to 35 gpm. A few of the
wells exceed 35 gpm; the largest recorded yield, from a well located
about 0.5 mile east of Marksville, is greater than 100 gpm.

There are a number of springs along the foot of the Blue Ridge,
and those springs that emerge from the gravel fans at the base of the
mountains generally have sustained flows. The town of Luray operates
a reservoir to catch and retain water from springs near the Blue Ridge.

The central part of Page County is underlain mostly by carbonate
rock, with much of the area covered by a veneer of gravel. Wells range
from 60 feet to nearly 600 feet in depth, and yield from 1 to 400 gallons
per minute. of the 76 wells in this area for which records are available,
37'are less than 200 feet deep, 28 are 200 to 4OO feet, and 11 are deeper
than 400 feet. Most of the yields are less than 10 gpm; 22 wells have
yields ranging from 10 to 20 gpm, and 5 have yields greater than
100 gpm. Shallow wells in the gravels are erratic producers although
some .penetrate subsurface water channels and give sustained yields.
Wells producing from carbonate rock may provide sufficient yields
if they are in fractured zones or solution channels, although mud may
initially affect the clarity of the water. Surface contamination may
be a problem with these we1ls and. casing should be extended well
into bedrock to prevent the entry of near-surface,water. The water
from carbonate rocks is usually hard. The town of Stanley obtains
water from two wel1s that yield more than 120 gallons per minute
during dry months of the year.

An example of a well in the Valley area is the one completed
in July 1962 on Cave farm near State Road 611. 0.5 mile south of
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U. S. Highway 2ll. The well penetrated 135 feet of sand, clay, and
gravel, 19 feet of soft ocherous limestone and clay, and 19 feet of
carbonate rock, for a total depth of 173f.eet. The well initially produced
75 gallons of muddy water per minute, and after 4 weeks of pumping,
it stabilized at 70 gallons per minute of clear water.

There are a number of large springs in the central part of the
county, and north of Luray the Yagers spring is reputed to have a
flow of approximately 6 million gallons per day. There are other
perennial springs in the vicinity of Luray which flow from 500 to
2000 gallons per minute. Hites Spring, about 1 mile east of Lway,
flows 1.5 million gallons per day. The ground water in this part of the
county generally has a total hardness of 60 to 120 ppm, and the average

temperature of ground. water at depths of 30 to 60 feet is about 55" F.
West of the South Fork of the Shenandoah River much of the

county is underlain by the Martinsburg Formation, essentially a

shale and siltstone uait, and by Silurian and Devonian sandstones

and shales. Wells in the Martinsburg are generally shallow, from 25

to 75 feet deep, and generally yield from 1 to 5 gallons per minute.
Of 9 wel1s in the Martinsburg, 4 are less than 100 feet deep,2 are from
100 to 200 feet, and 3 are deeper than 200 feet;2 of the wells have

yields iess than 10 gpm, 3 range from 10 to 20 gpm, and 4 range from
20 to 35 gpm. The wells in gravel fans or terrace deposits along the
east front of Massanutten Mountain usually yield from I0 to 20 gallons

per minute if in deep gravel, and the water is generally soft. Wells

in the folded sandstones and shales in Massanutten Mountain are

generalty less than 75 feet deep and furnish enough water (3 to 5 gallons

per minute) for domestic use.

There are a number of springs along the east slope of Massanutten

Mountain but the larger, perennial springs are within the major syn-

clinal structure of the mountains. Pitt Spring, about 2 miles west of
Catherine Furnace near the Rockingham. County 1ine, is on the west

limb of an anticlinal fo1d. at the contact of the Massanutten Sandstone

and rocks of the Cayuga Group and is reported to have a steady 1'ear-
round flow.
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Harris Cove fault... . :... .... ...16, 37

Hawksbill....i. ;...................6
Hawksbill Creek.. ...6, 24, 27, 28, 35,

45, 56, 57, 64, 66
Hazeltop. . . . .. . . . . . .6
Hematite. ..........66
Hershberger Hill. . . .6, 16,20,39,41,45
High-calciumlimestone. .....52
Hites Spring. .......70
Hoak Hill. ..12, 13, 14, lS, 16,

38, 39, 54, 56
Hollow Run... ...16, 17,20,22
Honey Run.
HoneyRunmine... ........62
Honeyville. .........62

Ida. ... . .18, 57

Ida copper mine... .... . . .14,54, 56, 57

Impurelimestone. ..........53
Ingham.,... ... .6, 15, 16, 21, 22, 41, 45

Inghammine... .....62
Iron and manganese ores...3, 5I,57-64

Jeremys Run... .6, 13, 16, 20, 24, 35,
s9,57,64,66

Jollett...........:.... ..12,16
JuniataFormation. .........31

KennedyPeak... ...........43
Kerns Mountain.................. .30
Kettle Canyon ......11
KiblerKnob. .......20
Kimball. ........22,39
Kimball bank

Atwoqdworkings. .....54,63
Bolan'workings.......... .. ...54, 63

P.l,cp

Klippe. .....41
Knob Mountain...... 16, 17,39

Lantz Millsfacies.. .........28
Leaksville. . . . . . .6, 25, 27 , 28, 41, 52, 65

LewisMountain...... ......37
Lewis Spring.. . , .66, 69
LibertyHallfacies. ........,28
Limonite. .......58, 60
Lincolnshire Formation. . . .9, 27-28, 4I,

42,46,49, 50, 52
LittleOrebank... ..........62
LongRidge. .....12, 16

Loudoun Formation. .10, 12,13, 16, 18,

33, 37, 47, 49, 55

LucasGap. .........15
Lucas Hollow .12, 17,37
Luray.. .5, 6, 7, 14, 22, 23,24, 25,26,

34, 35, 39, 4t, 46, 52,53, 64, 65,

66, 67, 69, 70

Luray Caverns...... ....7, 25, 41, 46

McKenzie Formation. ......31
Magnesian limestone. .... .. .52
Magnetite.. .....15,64
Malachite. ......55, 56
Marksville. ...13,22,38,64,69
Martinsburg Formation. . .9,29-31, 35,

41,43,46,50, 53, 70

Marys Rock. .. .. .6,47
Massanutten Mountain. . .3, 6, 8, 30,

31, 32, 35, 36, 37, 41, 43, 44,
46, 50, 58, 64,65,66,70

Massanutten Sandstone. . .9, 31, 34, 43,
44,46,47,50, 64, 70

Massanutten synclinorium. . . . 4344, 46
MeadowsSchool. ...........37
Milam Gap. .. . . .37,57
MitlboroShale.. ........32, 33

Mill Creek. . . . .6,36, 41, 52,66
Millers Head..
Mineral Products Company mine. . . .59
Mine Rurl. ......55, 59

Mine Rr:n mine... ..........55
Molden Hollow. . . .. .55

MoodyCreek.. .....60
Moody Creek prospect....... . . . . .. .60
MorningStar.... . ....39,57
MountainRun... ..........46
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Mt.'CalvaryChurch. .,.....65
MudholeRun... ...........63

Naked Creek. . . . . . .6, 37, 45, 58, 61, 66
Nakedtop. ...........6
NeedmoreFormation. ...32,33
NeighborMountain. .....t7,39
New Market Gap.. . . . .6, 30, 32, 43, 46
New Market Limestone. .... . .9, 25, 27,

28, 41,42, 46, 49, 52
Newport, .. . .. ... . .46

OakHill. ..............41.42
Ocher.. .....61
Oswego Sandstone. .........31
Overall. .6,8,20,25, 39
Overall Run.. . . . . .6, 13, 14, 15, 17,22,

24,25, 39, 43, 45

Page Valley. .....39, 41,45, 53
Panorama. .........64
PassageCreek.. .....32,46,47
PassMountain...... ........13
Pass Run. . . . .13, 24, 28, 35, 39,

42, 45, 57, 64
Pedlar Formation..., . . . .10-11, t2, 15,

16, 37, 39, 39, 40, 44, 47, 50, 54
Permeability. .......68
Phreatic zolire... .....68
Pine Mountain.... . . . .6, 16, 20
Piney Hill. . . ..6,20, 38,39,4t,

45,57,64,65
PittSpringmine... .........5S
Pitt Spring Run... .. . . . . .32, 33, 46, 70

Porosity. ...........68
Psilomelane. .58, 59,64
PumpkinHill.... ...........17

Quartzoserocks... .......51, 64

Radiometric age determinations... . . .47
RattleburgSchool. .........38
Rileyville.. ...... .20, 22, 23, 25, 28, 42,

45, 59, 60
Riley'ville mine... . . .. . . . . . . .60
RoaringRun... .....32
Rocky Branch . . .13, 57
Rome Formation.. . . . .9, 18, 22, 39, 49,

53, 59, 59, 61, 63

Pecp

Ross Pass. . . , . . . r r . . . . i . . , . . . . . . . .43
RoundheadRidge.. .........60
Rufiner Ferry.. . .25,26

St. George Mission. .. . . . . .. .57
St. Lule Mission. . .. ...... .66
Sandandgravel.. .......64-66
Scolithus. .......17,20
Shady Formation.. .9, 20-21, 22, 39, 41,

49, 53, 58, 59, 60, 61, 62, 63
Shenandoah..S, 25, 28, 34, 41, 58, 62, 65
Shenandoah Iron Works

operations.. ...62-63
Shenandoah Mining Company

mine... ..........59
Shenandoah National Park. . . . . 7, 8, 55,

57, 64, 69
Shenandoah salient. . . .6, 10, 12, 16, 17,

20, 37, 38, 45, 48, 56, 58, 63

Shenandoah Valley. ...36, 44,46, 53, 58

Skyland. .ll, 55,64,69
Smithbank. .....53,63
South Fork of the Shenandoah

River. . .6, 7, 8, 20, 22, 25, 27,

28, 34, 36, 37, 39, 40, 41, 43, 44,
45, 5t, 52, 65, 66, 67, 70

Springfield. .. ..... . .42
Stanley. .......6,58, 60,61, 69
Stanley fault.. . . .13, 15, 38, 39,

40,41, 44, 45

Stanleymine... ......54, 60-61
Steam Hollow .. ., ...22
Stony Man. ....,. . .6, 11, 13, 35, 55, 56

Stony Man mine... . .54, 55-56
StonyRu,n. .......6, 60, 61, 64
StricklerKnob.. ...........43
Surface water.. ..66-67
Swift Run Formation. ,....8, tO, ll, 12,

13, 37, 38,48, 50, 69

TannersRidge.. ........12, 13

Terrace gravels. ....9, 33, 34,41, 47, 5l
ThePinnacle. ........6
Thornton Gap,..7, 12, 13, 38, 39, 47, 56
Three Sisters. .......39
Tonoloway Formation. .. .31,32
Travertine. ......36,66
Tufa... ..36.66
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Unakite. ..10, 11, 51, 57

Vadose ?,orLe... ......67
Valley and Ridge province ..... .3, 6, 44
VarnerHill.... .......6,14,20
Vaugbn. . .20,21,22, 39
Vaughn fault zone. . . .20, 39, 40, 42, 43,

55, 59, 60
Vaughn Station. .....66
Verbena. ...........45
Virginia Blue Ridge Complex. .8, 13,47

PecB

Wad... .....64
Watertable, ....,,..68
Watsontract... ......53, 63-64
Weaver Hollow. . .12,37
'Weverton Formation. .lO, 12, 14, 16-18,

37,39,45,49, 55, 58, 60
WillsCreekFormation. .....31
Woodstock. ..........5
Woodward quarry. . . .30, 52,66

Yagersspring...... .......;.70




