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GEOLOGY OF THE WILLIAMSYILLE

QUADRANGLE, VIRGINIA

By

KrNl{nrH F. Brcx

ABSTRACT

The rocks of the Williamsville quadrangle, Virginia (bound-
ed by parallels 38o00' and 38'15' and meridians 79'30' and
79"45') range in age from Early Ordovician to Late Devonian.
Ordovician rocks outcrop only in the northwest part of the
quadrangle in the center of a large anticline that has been
breached by erosion; in ascending order, the Ordovician forma-
tions present are the Beekmantown formation, Lurich forma-
tion, Lincolnshire limestone, Big Valley formation (new name),
McGlone formation, Moccasin formation, Edinburg formation,
Martinsiburg formation, and Juniata formation. The Ordovi-
cian rocks aggregate about 2100 feet in thickness. The re-
mainder of the quadrangle is underlain by Silurian and Devon-
ian clastic rocks, with the exception of approximately 500 feet
of dominantly carbonate rocks of Late Silurian and Early De-
vonian age; the total thickness of Silurian and Devonian is
about 8000 feet.

Deformation of the rocks of the Williamsville quadrangle
occurred during the Appalachian orogeny of Permian age. The
structure is characterized by folds, with minor associated faults.
The major fold pattern of the area consists of anticlinoria on
the southeast and northwest, separated by a synclinorium; many
smaller folds are supenimposed, in a complicated pattern, on
the major folds. The no,rthwest limbs of, the anticlinoria dip
more steeply than the southeast limbs, and many of the smaller
folds are locally overturned to the northwest. Evidence sug-
gests that this picture of a relatively simple folded terrain may
be in error; the quadrangle may be underlain by one or more
subsurface thrust faults. and the folds observed at the surface
may continue downward only to the uppermost thrust plane.
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The Williamsville quadrangle contains large reserves of
impure limestones and high-calcium limestones that are suitable
for many industrial purposes. Sands of ceramic quality are
also probably present in the Ridgeley and Clinch sandstones.



INTRODUCTION

LocnrroN lNo Accnss

The Williamsville quadrangle, in west-central Virginia, is
an area of 235 square miles bounded by parallels 38o00' and 38"
15' and meridians 79'30' and 79"45'. Slightly more than the
southern three-fourths of the quadrangle is in Bath County, and
the remainder is in Highland and Rockbridge counties. The
only communities in the area are Bath Alum, in the southwest,
and Bolar, Burnsville, and Williarnsville in the northern quarter
of the quadrangle. The nearest towns are Warm Springs, 4.5
miles west of the area; Monterey, 13.5 miles north; and Goshen,
2 miles southwest.

The major highways in the quadrangle are U. S. Highway
220 across the northwest corner of, the area, State Highway 39

across the southern part of the area, and State Road 629, which
trends in a northerly direction through the central part of the
area. Various roads, paved and unpaved, connect with these
highways, but access to much of the quadrangle is difficult by
road.

Gpocnapsv

The Williamsville quadrangle lies wholly within the Valley
and Ridge province of the Appalachian Highlands, and is char-
acterized by northeast-trending mountain ridges and interven-
ing valleys. The dorninant elements of the topogaaphy are four
complex ridges and four large valleys, although there are nu-
merous minor ridges and valleys within these major elements.
The valleys, frorn southeast to northwest, are the valleys of
the Calfpasture River, Cowpasture River, Dry Run-Bullpasture
River, and Jackson River; the valley of the Cowpasture River
is the largest, but is bifurcated by Shenandoah Mountain in
the east-central part of the quadrangle. The major ridge com-
plexes are, frorn southeast to northwest, Mill Mountain-Sideling
Hill-Walker Mountain, Warm Springs Mountain-Tower Hill
Mountain-Bullpasture Mountain, Wilson Mountain-Little Moun-
tain-Jack Mountain, and Back Creek Mountain. The ridges and
valleys correspond closely with the geologic structure; ridges
are anticlines and valleys are synclines. Shenandoah Mountain,
which is co,mprised of resistant rocks in a synclinal trough, and
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Back Creek Mountain, Little Mountain, and Jack Mountain,
which are the resistant flanks of breached anticlines, are the
only major exceptions to the above generalization. The crest
of Back Creek Mountain, approximately 3940 feet in elevation,
is the highest point in the quadrangle. Ridge crests range frorn
2600 feet to 3600 feet and valley elevations range from 1500
feet to 2200 feet; in both cases, the higher elevations are chiefly
confined to the northwest half of the quadrangle. Total relief
in the area is about 2600 feet.

The quadrangle is drained by fo,ur major rivers, the Calf-
pasture River, the Cowpasture River and its trib'utary the
Bullpasture River, and the Jackson River. The rivers flow
southwesterly and eventually join the James River. These ma-
jor strearns have entrenched meandering channel patterns. Each
has numero'us tributaries, of, which Dry Run, Stuart Run, and
Mill Creek are the most important. The quadrangle has a
trellis drainage pattern.

AcxNowr,nDGEMENTS

The field work for this report was done in the summers of
1960 and 1961. The writer gratefully acknowledges the aid
given by numerous residents of the area and by the Virginia
Division of Mineral Resources. Special thanks are due Charles
L. Campbell who was field assistant during the summer of 1961.



GEOLOGIC FORMATIONS

INTRoDUcTIoN

In the following sections are described in chronologic order
the 18 geologic formations shown on the geologic map (plate
1, in pocket). These formations range in age from Early Ordo-
vician to Late Devonian and all are comprised of sedimentary
rocks.

OnrovrcrlN Sysrnu

BEEKMANTOWN FOR,MATION

The Beekmantown formation outcrops in Big Valley in the
northwestern part of the quadrangle where erosion has breached
a large anticline; only the upper few tens of feet of the forma-
tion are exposed. The contact with the ovenlying Lurich for-
mation is difficult to locate because of extensive cover, and
because the basal Lurich rocks are variable and in many places
similar to the Beekmantown. At one good series of exposures,
the contact was noted to be at a change from thick-bedded to
thin-bedded rocks, coinciding with a change in litholo,gy from
dolomite to limestone. Thickness of bedding does not seem to
be an unequivocal criterion of the contact, but the lithologic
change from dolornite to limestone can be used in the Williams-
ville quadrangle. The contact is a diseonfo,rmity in many parts
of Virginia, but direct evidence of this is lacking in Big Valley;
the basal part of the Lurich f,ormation is variable in thickness
and contains much limestone conglomerate suggesting the con-
tact is disconformable in Big Valley.

The Beekmantown formation is comprised of fine-grained
dolomite in beds 1 to 3 feet thick. The rock is light to medium
gray on fresh fracture and weathers medium gray to yellowish-
gray. Two distinctive features of the formation are abundant
dark gray chert nodules and stringers, ,and a distinctive pattern
of intersecting furrows on weathered surfaces. The Beekman-
town is Early Ordovician in age (Butts, 1940).
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NOMENCLATURE OF MIDDLE ORDOVICIAN ROCKS

Middle Ordovician rocks are confined to Big Valley and
to Hightown Valley; Hightown Valley is west of Back Creek
Mountain in the extreme northwest part of, the quadrangle. The
Middle Ordovician sequence is cornprised of limestone units of
various types, with the exception of the upper few hundred
feet which is calcareous shale, and is generally similar to the
Middle Ordovician rocks described by Cooper and Prouty (1943)
in Tazewell County, Virginia, 150 miles southwest. Exposures
of the Middle Ordovician rocks are essentially continuo'us north-
eastward from Tazewell County into southern Allegheny County,
a distance of 70 miles; between the latter point and Big Valley,
the only complete exposures are in southern Warm Springs
Valley, 35 miles southwest of Big Valley.

Kay (1956) has traced these rocks frorn Pennsylvania to
southwest Virginia and has subdivided the section into forma-
tions. As to the relations of the Big Valley and southwest
Virginia sections, the writer has studied the Middle Ordovician
rocks between Bluegrass in the northern part of Hightown Val-
ley and Sweet Chalybeate Springs in southern Allegheny County.
The writer is in essential agreernent with Kay as to the sequence
present, and as to conrelations, but cannot agree with all of the
formations as he delineates them. Figure 2 contains the
terminology of Kay and the writer, with southwest Virginia
and Shenandoah Valley nomenclature included for comparison.
Figure 2 is not a correlation chart, but is intended to contain
only the relations between the terminology of the various work-
ers; however, the dashed line across the chart represents one
very distinctive faunal assemblage, probably indicating contem-
poraneity of that part of the section. The reasons for altering
Kay's terminology will be presented below with the descriptions
of the formations.
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LURICH FOR,MATION

The Lurich formation disconformably overlies the Beekman-
town formation and is disconformably overlain by the Lincoln-
shire limestone. The lower contact is not well exposed, but is
known to b,e a disconformity in Hightown Valley and other parts
of western Virginia (Kay, 1956); in Big Valley, the lower beds
of the Lurich are variable in thickness and contain ab,undant
limestone conglomerate, tending to indicate the presence of an
unconformity at the base of the formation. The contact is at
the change from dolomite to limestone, a position that cornmonly,
but not always, corresponds to a change from thick-bedded to
thin-bedded rocks. The upper contact is also disconformable
and is at the change from aphanitic limestone to medium-grained,
chert-bearing limestone. This contact exhibits a few inches of
relief and the first bed overlying the contact is a limestone brec-
cia containing fragments of calcite up to 1 inch in diameter.

The Lurich formation in its best development contains three
distinct members (Kay, 1956), the Blackfcrd member, the
Elway member, and the Five Oaks member. The Blackford is a
clastic unit containing limestone conglomerate, sorne shale, and
characteristically some r-ed rocks; the Five Oaks is a distinctive
calcilutite with an almost glassy appearance; the Elway is sim-
ilar to the Five Oaks, but contains abundant black chert. Only
the Five Oaks is present in many places in Allegheny, Bath, and
Highland counties, but rocks showing some similarity to the
Blackford and Elway are locally present in Big Valley. The
following section of the Lurich shows a very complete develop-

SECTION-1.6 MILES NORTH OF BOLAR, VIRGINIA, ON EAST SIDE
OF BOLAR RUN

LINCOLNSHIRE LIMESTONE
LURICH FORMATION (2E5 feet)

FIVE OAKS MEMBER
1. Limestone (calcilutite, so fine-grained as to warrant

the term aphanitic); interbedded olive gray and
medium gray, weathers mediumlight gray to light
gray; regular 6 inch to 3 foot beds; scattered large,
clear calcite grains; breaks with conchoidal fracture;
abundant gastropod and Tetradium (?) sections on
weathered surfaces of many beds; uppermost bed
shows several inches of relief on upper surface. 116'
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BASAL CLASTICS (BLACKFORD AND ELWAY EQUIVALENTS)

4. Limestone', interbedded aphanitic and very fine-
grained; regular beds 6 inches to 2r/z feet thick;
aphanitic limestone dark gray to olive gray, weathers
medium gray; fine-grained limestone dark gray,
weathers to rnottled grays; abundant black chert
nod.ules and stringers. 53'

3. Limestone, very fine-grained; medium dark gray,
weathers yellow-gray; laminated; yellow shaly part-
ings. 11'

2, Limestone, interbedded aphanitic and very fine-
grained; aphanitic limestone olive gray, weathers
medium gray and smooth, a/z indn to 2 foot beds; very
fine-grained limestone dark gray, weathers mottled
and with ridges and pitted surfaces, 1 to 3 foot beds

commonly laminated; abundant chert as nodules,
stringers, and pebbles; limestone conglomerate beds

scattered throughout lower 40 feet; 2 foot dolomitic
limestone weathering yellow-gray at 29 feet. 72'

1. Limestone, fine-grainedl various shades of gray,
weathers shades of gray; 2 inct' to 3 foot beds,

many laminated; beds of limestone conglomerate
throughout; dolomite beds weathering yellow-gray
at 15 feet and 20 feet.

BEEKMANTOWN FORMATION

The Five Oaks is persistent in lithology and thickness in
Big Valley, but the lower part of, the Lurich is subiect to rapid
variations; these variations probably indicate that the basal
clastics were deposited in low spots on an erosion surface, a

characteristic the writer has seen well displayed in the same
part of the section in Warm Springs Valley. The Lurich forma-
tion is early Middle Ordovician (Chazyan) in age (Kay, 1956;
Twenhofel, et al, 1954).

LINCOLNSHIRE LIMESTONE

The Lincolnshire lim,estone disconformably overlies the
Lurich formation and is conformably overlain by the Big Val-
ley formation. The lower contact is at the change from apha-
nitic ]imestone to medium-grained, chert-bearing limestone; this
contact is irregular and the basal bed of the Lincolnshire is a
limestone breccia. The upper contact is at a change from
medium-bedded, coarse-grained limestone to thin-bedded, fine-
grained limestone.

JJ
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The Lincolnshire limestone is a distinctive unit comprised
of dark gray, medium to coarse-grained, cherty limestone. The
bedding appears massive in fresh outcrops, but often is nodular
and only 2 inches to 10 inches thick in well weathered outcrops.
The two most striking features of the formation are abundant
black chert nodules, and intercalations of medium gray, thick-
bedded calcarenites that weather to a pitted surface; these cal-
carenites thicken up to form "reefJike" masses and locally
comprise over half of the formation. The Lincolnshire is b0 to
75 feet thick in Big Valley, and is Middle Ordovician flate
Chazyan) in age (Twenhofel, et al, 1954).

BIG VALLEY FORMATION

The Big Valley formation is a new unit that includes the
Ward Cove, Peery, and Benbolt formations of Kay (19b6). In
the Williamsville quadrangle, the Perry formation is not, a
mappable unit, and seldom outcrops; the Ward Cove and Ben-
bolt contain wide covered areas and are variable in lithology. For
these reasons, the formations as defined by Kay are difficult to
use as mapping units. On the other hand, the base of the
Ward Cove and the top of the Benbolt are at distinctive and
easily traced lithologic changes, and the writer introduces the
new name, Big Valley formation, to replace the previously used
three formations of Kay (1956). One type section is insufficient
to fully describe the characteristics of the Big Valley formation,
so the writer herein designates 3 sections, one in Big Valley,
one near Bluegrass in Hightown Valley, and one near Sinking
Springs Church in southern Warm Springs Valley; each of
these is described below.

The Big Valley formation conformably overlies the Lincoln-
shire limestone and is conformably overlain by the McGlone
formation. The lower contact is at a change frorn thick-bedded,
coarse-grained, chert-bearing limestone to thin-bedded, fine_
grained, cherty limestone; in some outcrops, the difference in
bedding thickness on either side of the contact is slight, but
the difference in grain size is a usable criterion of the contact.
The upper contact is at the base of a sequence of aphanitic lime-
stone resembling the Five Oaks member of the Lurich forma-
tion. Although Kay (1956) reports the lower contact to be a
disconformity in Big Valley and Hightown Valley, the writer
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could find no physical evidence of a disconformity. The forma-
tion is Middle Ordovician (Black River) in age (Twenhofel,
et al, 1954).

The following sections illustrate the range of rocks within
the Big Valley formation; the designated units are not con-

tinuous for great distances along strike.

BIG VALLEY SECTION-1.6 MILES NORTH OF BOLAR, VIRGINIA,
EAST OF BOLAR RUN. THE SAME SECTION, WITH MINOR
VARIATIONS,IS EXPOSED 2.1 MILES NORTH OF BOLAR ON THE
WEST SIDE OF BOLAR RUN AND WAS MEASURED BY KAY
( 1e56) .

McGLONE FORMATION

BIG VALLEY FORMATION (232 feet)

8. Covered; appears similar to basal 3 feet which is lime-
stone, very fine-grained, dark gray, weathering to medium
dark gray, in 2 foot beds; weathered surfaces show 1 to 2

inches of gray limestone and ! to 2 inches of yellow-
brown argillaceous material in regular bands that are not
visible on fresh surfaces 36'

?. Limestone; dark Eta;y, weathers blue-gray; coarse-
grained; 2 foot beds that weather to irregular, nodular,
thin beds with yellow-brown argillaceous partings; frag-
mental fossils and pebbles abundant 2L'

6. Limestone; medium dark gray, weathers medium gray;
medium-grained; 1 to 3 foot beds irregularly parted;
minor chert near middle; cliff former
Covered; probably similar to unit below

DO

57',

Limestonel gray-black, weathers medium gray; 1 to 3

inch beds, cobbly; fine-grained; argillaceous 33'

Limestone; medium gray, weathers medium gray; coarse-
grained, thick beds 3'

Limestone; dark gray, weathers medium light gray;
medium-grained; 4 inch to 2 foot beds 10'

Limestone; gray-black, weathers medium gray; fine-
grained;1 inch to 3 inch beds, cobbly; argillaceous;
chert in lower part 17'

LINCONSHIRE LIMESTONE

Units 1 and 4 are noteworthy because of their strong re-

semblance to the Lantz Mills facies of the Edinburg formation;
the units probably indicate intertonguing of the Edinburg and

Big Valley formations.
HIGHTOWN VA"LLEY SECTION-% MILE NORTH OF BLUEGRASS'

VIRGINIA, ALONG HIGHWAY AND ON HILL IMMEDIATELY
EAST OF HIGHWAY.

5.
i

D.

I

1.
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McGLONE FORMATION
BIG VALLEY FORMATION (18? feet)

13

12. Limestone; medium to dark gray, weathers medium dark
gray; medium-grained; well laminated; black chert nodules B,

11. Covered; outcrop at 9 feet of limestone, dark gray,
weathers medium gray; medium-grained; thick-beds Bg,

10. Limestone; brownish-gray, weathers medium gray;
coarse-grained; thin beds with abundant tan shale blebs:
occasional layer of very coarse-grained, light gray
limestone 12.,

9. Limestone; dark gray, weathers medium gray; medium_
grained; thin-bedded

8. Limestone; olive gray, weathers medium gray with rough
surfacel very fine-grained, conchoidal fracture; medium_
bedded, tan argillaceous material on bedding planes

7. Limestone; brownish-gray, weathers medium gray, pitted
and furrowed; coarse-grained; thin beds

6. Covered
5. Limestone; dark gray, weathers medium gray; fine-

grained; thick-bedded and massive
4. Limestone; gray-black, weathers medium grayl fine_grained; thick-bedded, weathers cobbly; black chert

nodules
3, Limestone; dark gray, weathers medium gray; medium_

grained; thin-bedded
2. Covered; probably similar to units 1 and B

1. Limestone; extremely argillaceous; dark gray, weathers
to light gray shaly mass; 1 to B inch beds; highly
fossiliferous

LINCOLNSHIRE LIMESTONE

WARM SPRINGS VALLEY SECTION-HOLLOWROCK FARM,,7E
MILES SOUTH OF SINKING SPRINGS CHURCH ON EAST SIDE OFu's' HIGHWLY 220, AITLEGHENY couNTy. STARTING IN FIELDI/+ MILE EAST OF FARMHOUSE AND MEASURING WEST
THROUGH FARMYARD AND TO TOP OF SMALL HILL 2OO YARDS
SOUTH OF FARMHOUSE. SECTION IS ALSO WELL EXPOSED
FOR 7+ MILES ALONG WEST SIDE OF U.S. HIGHW AY 220,
STARTING 1/Z MILE SOUTH OF HOLLOWROCK FARM.

McGLONE. FORMATION
BIc VALLEY FORMATION (204 feet)

5. Limestone; gray-b1ack, weathers medium light gray; very
fine-grained; 1 to B inch beds, cobbly, ir"eguia" vuff"#_' brown partings; much of this unit is replaced by thict_: bedded, coarse-grained light gray limestone 1 mile south g0,

o

1l',

2'6'
0i,

18'

36'

D

I()

z',



14 VIRGINIA DIUSION OF MINERAL RESOURCES

4. Limestone; dark gray, weathers medium gray; coarse-

grained; 6 inch to 2 foot beds

3, Limestone; gray-black, weathers medium light gray to
light gray; fine-grained; thick-bedded; some chert; be'

comes thinner bedded upward and Y+ inch shaly part-
ings at 6 to 8 inch intervals appear in upper 20 feet

2, Limestone; d.ark gray; weathers medium grayl medium

and fine-grained; cobbly 2 inch to 1 foot beds; abundant
chert

1, Limestone; dark gray, weathers medium gray to medium

light gray; fine-grained; lower 22 feet in cobbly 6 inch

to 2 foot beds containing abundant chert; upper 28 feet
in 2 to 3 foot beds without chert

LINCOLNSHIRE LIMESTONE

53'

t7'

50'

Much of this section, especially unit 5, is very similar to
the Edinburg formation and probably indicates intertonguing
of the Edinburg and Big Valley formations.

MCGLONE FORMATIO.N

The McGlone formation conformably overlies the Big Val-
ley formation and is conformably overlain by the Moccasin

formation. The lower contact is at the base of a sequence of
olive gray to dark gray aphanitic limestone' The upper con-

tact is at the base of a unit of interbedded mudrock and lime-

stone that is mottled with red argillaceous material on weath-

ered surfaces. Kay (1956) considered the upper contact to be

a disconformity, but the writer could not substantiate this.

The McGlone formation is a distinctive unit comprised

chiefly of olive gray' medium gray' and dark gray aphanitic

limestone that weathers light gray. The rock breaks with
conchoidal fracture because of the extrernely small size of its
constituent grains. The beds a:re 2 to 3 feet thick and usually

well laminaied. The upper 12 feet of the formation is com-

prisedoffine-grained,graylimestonewithyellow-brownar-
iitiu."ou. partings; this is the McGraw formation of Kay
jrosal. rire McGlone is about 50 feet thick in Big valley, and

is UidOte Ordovician (Black River) in age (Twenhofel, et al,

1954).

MOCCASIN FORMATION

The Moccasin formation of the writer represents the lower

part;f the Nealmont-Moccasin formation of Kay (1956)' The
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lower part of the Nealmont-Moccasin formation is distinctly
different from the upper part and is easily separable from it
as the Moccasin formation. The Moccasin overlies the Mc-
Glone formation and is conformably overlain by the Edinburg
formation. The lower contact is at the base of a unit of lime-
stone and mudstone which contains red layers and mottled areas
on weathered surfaces. The upper contact is at the base of a
sequence of very fine-grained, thin-bedded, dark gray limestone
that weathers medium gray.

The lower half of the Moccasin formation is comprised of
various types of limestone ranging from coarse-grained to apha-
nitic, chiefly dark gray, in thin to thick beds. Many of the beds
have yellow-brown and red argillaceous partings and blebs. The
upper half of the formation contains argillaceous aphanitic
limestone and abundant tan mudstone showing occasional red
colors. The Moccasin is approximately 60 feet thick in Big
Valley.

The age of the Moccasin formation has been a matter of dis-
pute. The formation is correlative with part of the Lebanon
limestone of Tennessee (Byron Cooper in Twenhofel, et al, L954,
pp. 273 and 277) and with part of the Nealmont formation of
Pennsylvania (Kay, 1956). Cooper believes the Lebanon is late
Black River is age and Kay believes the Nealmont is early
Trenton in age. Until this problem is resolved, the Moccasin can-
not be dated more closely than either late Black River or early
Trenton.

EDINBUR,G FORMATION

The Edinburg formation includes the upper part of the
Nealmont-Moccasin formation and the Salona formation of Kay
(1956) in Big Valley. Nealmont and Salona are Pennsylvania
names that Kay has applied to rocks in western Virginia. The
writer does not doubt the validity of the names, but the part
of the section included in these formations is lithologically simi-
lar to the Edinburg formation of the Shenandoah Valley of
Virginia, and occupies the same stratigraphic position below
the Martinsburg formation as the Edinburg. The writer wishes
to emphasize this similarity and therefore has adopted Edin-
burg formation in place of the Pennsylvania names.

The Edinburg formation conformably overlies the Moc-
casin formation and is conformably overlain by the Martinsburg
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formation. The lower contact is at the base of a sequence of thin-
bedded, fine-grained, dark gray limestone. The upper contact is
at the base of a thick unit of calcareous shale. The Edinburg
formation is exposed in Hightown Valley, west of Back Creek
Mountain, as well as in Big Valley.

The Edinburg formation is comprised of argillaceous lime-
stone. The rock is medium gray to gray-bl,ack on fresh fracture
and weathers tb medium and medium light gray. Most of the
beds are very fine-grained limestone and are abo'ut 2 inches
to 6 inches thick; argillaceous partings are common between
the beds. The formation is approximately 450 feet thick and
is Middle Ordovician (Trenton) in age (Twenhofel, et al, 1954).

STRATIGRAPHIC RELATIONS OF THE MIDDLE ORDOVICIAN ROCKS OF

WESTERN BATH AND HIGHLAND COUNTIES WITH THOSE OF THE
SHENANDOAH VALLEY

Kay (1956) has deciphered the stratigraphic relations of
the Middle Ordovician rocks of southwest Virginia and central
Pennsylvania by tracing the units along strike. Figure 3 is
the writer's interpretation of the relations across strike, be-
tween the Shenandoah Valley and western Bath and Highland
counties; this interpretation can hardly be considered a final
one because there is a 25 mile gap in outcrops between the
Shenandoah Valley and Big Valley, a distance that might be in-
creased to 30 or 40 miles if a palinspastic reconstruction were
made. Figure 3 is based on three important assumptions, all
of which have reasonable evidence to support them: (1) the
distinctive fauna present in the Collierstown limestone, Onego
member of the Salona formation, and Eggleston formation rep-
resents a time line (see Figure 2) ; (2) the Lincolnshire lime-
stone is everywhere the same age; (3) the EdinburgJike lime-
stones present in parts of the Big Valley formation in various
areas represent intertonguing of the Edinburg formation and
the Big Valley formation (see stratigraphic sections, pp. 12 and
13).
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MARTINSBURG FORMATION

The Martinsburg formation is conformable with the under-
lying Edinburg formation and is conformably overlain by the
Juniata formation. The lower contact is at the base of a thick
unit of yellow to brown weathering limy shale; the upper con-
tact is gradational with the Juniata and is placed at the oc-
currence of abundant sand beds 1 inch or more in thickness.
Neither contact is well exposed and the limits of the formation
are difficult to define exactly. The Martinsburg is exposed only
in Big Valley and Hightown Valley.

The Martinsburg formation is a distinctive unit and a good
mapping guide even though its exact limits are difficult to de-
termine. The major constituent of the formation is gray, highly
calcareous, shale that weathers yellow to light brown; in fresh
exposures this rock type resembles limestone much more than
shale. Parts of the Martinsburg are more limy, and parts more
sandy, than the bulk of the formation. Because the formation
is largely covered and the ground strewn with shale chips, one
tends to regard the Martinsburg as a shale; this leads to diffi-
culty of recognition in fresh outcrops.

The thickness of the Martinsburg formation is estimated
at 1000 feet. The formation is of Middle and Late Ordovician
age; an undetermined lower part is Trentonian and the re-
mainder is Edenian and Maysvillian (Butts, 1940; Twenhofel,
et al, 1954).

JUNIATA FORMATION

The Juniata formation conformably overlies the Martins-
burg formation and is conformably overlain by the Clinch sand-
stone. The lower contact is gradational and is placed at the
base of the first abundant sandstone beds one inch, or greater,
in thickness. The upper contact is sharply defined and is at
the base of a sequence of thick-bedded gray quarLzite. The out-
crop of the formation is limited to Back Creek Mountain, Little
Mountain, and Jack Mountain in the northwestern part of the
quadrangle.

The Juniata formation is a heterogeneous unit of sandstone,
siltstone, mudrock, and shale which is distinctive for its red
color; in fact, the redness is nearly confined to mudrock and
shale and comprises no more than 25 percent of the total forma-
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tion, but weathering and mass-wasting have spread the reddish

material over large parts of the remainder of the Juniata. The

following section shows the general characteristics of the for-
mation.

JUNIATA FORMATION_ALONG STATE
WARM SPRINGS MOUNTAIN,

CLINCH SANDSTONE

JUNIATA FORMATION (367 feet)

10. Covered
9. Red mudrock with minor sandstone

8. Yellow-brown, cross-bedded sandstone;
and shale

7. Gtay sandstone, cross-bedded; minor

HIGHWAY 39, TOP OF

90'

20'

red mudstone
15'

red sandstone;
greenish-gray shale

6. Yellow-brown sandstonel red mudstone and shale

5. Yellow-brown and medium gray sandstone, thin beds, well
laminated; greenish-graY shale

4. Yellow-brown sandstone; red mudstone and shale

3. Yellow-brown and medium grey sandstone, thin to thick
beds, well laminated; greenish-gray shale

2. Yellow-brown sandstone, thin to thick beds; abundant
red shale

1. Dark gray, medium-grained sandstone, r/z inch to 6 inch

beds, well laminated; dark gray shale; much yellow-brown
sandstone toward top; the whole weathers brown and

dark yellow-brown

MARTINSBURG FORMATION

6'

10'

6',

20'

50'

2'',

t2'',

The Juniata formation in the northwestern part of the
quadrangle has the same general characteristics as shown in
the above section. The thickness, however, appears to be closer

to 600 feet on Back creek Mountain and 450 feet on Jack Moun-
tain, indicating southeastward thinning of the Juniata; this is
further supported by absence of the formation in the Lexington
quadrangle (Bick, 1960) about 20 miles to the southeast, and

the nearest area where this part of the section is again exposed.

The formation is largely unfossiliferous, but is believed Late
Ordovician (Richmondian) in age (Butts, 1940; Twenhofel,

et al, 1954).
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CLINCII SANDSTONE

The clinch sandstone conformably overlies the Juniata
formation and is conformably overlain by the clinton forma-
tion. The lower contact is at the base of a sequence of thick-
bedded gray quartzite, and. the upper contact is at the base of
a unit of thin-to-thick-bedded red sandstone. Both contacts are
99en to be sharp where well exposed, and the clinch is easily
identified by its positio,n between two units of red rock. The
formation is very resistant to erosion and underlies most of the
high ridges in the quadrangle except shenandoah Mountain and
Tower Hill Mountain.

The clinch sandstone is composed of quartz grains cement-
ed by quartz. The color is variable, ranging from white to
yellow-brown to reddish, but shades of gray and yellow -grey
predominate; the red color is confined to cross-beds and is not
common enough to cause any confusion with the red beds above
and below. The beds range from 1 to b feet in thickness and
most display prominent cross-bedding. The clinch can be con-
fused on isolated outcrops with quartzites in the upper part of
the clinton formation, but can usually be recogniz.a uy^itr 

""-lation to the red rocks and lack of accompanying shale units.
The formation is about 2b0 feet thick. Although fossils are
scarce in the clinch, the formation is believed to be of Early
Silurian age (Butts, 7940; Swartz, et al, lg42).

CLINTON FORMATION

The Clinton formation is conformable with the underlying
clinch sandstone and is conformably overlain by the McKensie
limestone of the Cayuga group. The lower contact is at the
base of a unit of red sandstone, siltstone, and shale; the upper
contact is at the base of the limestones of the McKensie. The
Clinton outcrops on the flanks of all the high ridges in the
qu,adrangle and the upper part of the formation is Iargely cov_
ered by slope wash from the clinch sandstone and Iower clinton.

The clinton formation is a heterogeneous unit of sandsrone,
siltstone, and shale that may be convenienily divided into 2
members. the Cacapon and the Keefer. The Cacapon member
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overlies the Clinch sandstone and is distinctive for the deep red,
and red-brown, color of most of its beds. The merhber is com-
prised of sandstones, siltstones, and shale in distinct units;
the red color is imparted by hematite, and sandstone beds of
this member have been mined as iron ore in other Virginia lo-
calities, but the writer has seen nothing to warrant mining oper-
ations anywhere in the Williamsville quadrangle. The Keefer
member forms approximately the upper 2/3 of the formation
and is charactenzed by thick-bedded, gray, yellow-brown weath-
ering quartzite and green to brown shale. The quartzite and
shale occur in discrete units, although outcrops are scarce and
a complete picture of this member could not be gained. In gen-
eral terms, shale is more abundant than sandstone in the north-
western part of the quadrangle; the two rock types are in about
equal amount in the central and southeastern areas; and seven
miles southeast of the quadrangle, in Goshen Pass, the sandstone
forms the bulk of the Keefer mernber (Bick, 1960).

The following sections indicate the general nature of the
Clinton formation; the writer did not find any complete sections
in the quadrangle. Estimated thicknesses should not be con-
sidered very accurate.

SECTION-SOUTHEAST FLANK OF WARM SPRINGS MOUNTAIN,
ALONG STATE HIGHWAY 39.

CAYUGA GROUP

CLINTON FORMATION (330* feet)

KEEFER MEMBER (INCOMPLETE)

3. Quartzite, gray, weathers yellow-bro'rm, thick bed,s 25'

2. Shale, greenish-gray, weathers yellow-brown; minor
thin sandstones, occasional red shale layer

1. Covered

CACAPON MEMBER
3. Sandstone, red, thick-bedded
2. Shale, red to yellow-brownl minor red sandstone,

more abundant near base

1. Sandstone and siltstone chiefly, red, thick beds

30'

150',?

40'

70'

15,

CLINCH SANDSTONE

SECTION_SOUTHEAST FLANK OF PINEY MOUNTAIN, ALONG
STATE HIGHWAY 39.
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CAYUGA GROUP

CLINTON FORMATION (275* feet)
KEEFER MEMBER (INCOMPLETE)

6. Quartzite, gray, weathers yellow-brown; structural
complications near top

5. Shale, greenish-gray, weathers yellow-brown, minor
red layers

4. Quattzite, gray, weathers yellow-brown
, 3. Shale, greenish-gray, weathers yellow-brown, minor

red layers
2. Qaaftzite, gray, weathers yellow-brown
1. Shale, greenish-gray, weathers yellow-brown, minor

red layers

CACAPON MEMBER

2. Sandstone, red, thick-bedded
1. Shale, red to yellow-brown; minor red sandstone

more abundant near base
(base not exposed)

CLINCH SANDSTONE

20'

30'

30'

30'

30'

45',

60'

SECTION-PANTHER GAP, NORTH SIDE ALONG STATE HIGH-
wAY 39.

CLINTON FORMATION (440* feet)
KEEFER MEMBER (INCOMPLETE)

3. Quartzite, thick- to thin-bedded, cross-bedded, gray,
weathers yellow-brown 60'

2. Covered bench, shale? 20'
1. Quartzite, thin- to thick-bedded, cross-bedded, gray,

weathers yellow-brown 80'

CACAPON MEMBER

4. Shale, siltstone, and sandstone alteration; red,
brown shale predominant toward top 100'?

3. Sandstone and siltstone, red 100'?

2. Shale, red 50'?

1, Sandstone, thin- to thick-bedded, red 3'0'?

CLINCH SANDSTONE

The total thickness of the Clinton formation is estimated
to be 500 to 800 feet. The Clinton is early Middle Silurian in age
(Butts, 1940; Swartz, et al, 1942).
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CAYUGA GROUP

The Cayuga group conformably overlies the Clinton forma-
tion and is conformably overlain by the Keyser limestone. The
Cayuga is comprised of 3 formations, the McKensie limestone,
Wills Creek formation, and Tonoloway limestone; these forma-
tions could not be conveniently distinguished on the present map-
ping scale in most of the quadrangle. The lower contact is dis-
tinct and is placed at the base of the McKensie limestone, the
first carbonate unit above the thick Ordovician and Silurian
clastic rocks described above. The upper contact is at the point
where well laminated limestone gives way to a unit of medium-
bedded, nodular limestone. The Cayuga group is usually poorly
exposed because it is covered by slope wash from the Clinton
formation.

The McKensie limestone is comprised largely of arenaceous
limestone, calcareous sandstone, and thin sandstone interbeds.
Cross-bedding is prominent, and much of the formation exhibits
irregular bedding; in some outcrops laminated beds and massive
beds are present. On the whole, the formation is characterized
by its variability. The Wills Creek formation is divisible into
2 parts; a lower unit of interbedded sandstone, ar'enaceous lirne-
stone, and shale which has the overall appearance of shale in
weathered outcrops, and an upper unit of light colored, yellow-
brown weathering, calcareous sandstone which approaches
quartzite in some outcrops. The Tonoloway limestone, the most
widely exposed member of the group, is distinctive for its fine-
grained, dark gray, well laminated limestone, although the forma-
tion contains limestones of other types and significant amounts
of sandstone. The following sections indicate the nature and
thickness (estimated by pacing) of the formations comprising
the Cayuga group.

SECTION-ONE MILE NORTHWEST OF WILLIAMSVILLE ALONG
STATE ROAD 629.

KEYSER LIMESTONE

TONOLOWAY LIMESTONE (170* feet)

2. Sandstone and shale interbedded; weathers yellow-brown;
4 foot limestone at 20 foet '10'

1, Limestone; laminated; dark gray, weathers blue-gray;
interbeds of shaly limestone; basal 2 feet is sandy, eoarse-
grained limestone; whole unit increasingly shaly toward top 100'
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WILLS CREEK FORMATION (55 feet)
2. Sandstonel calcareous, light gray to browaish-gray,

weathers yellow-brown 20'
1. Interbedded shale, sandstone, and lime.stone; beds 1/z inch

to 1 foot thick, thin beds predominate; unit has overall
appearance of shale; weathers dark brown Bb,

MeKENSIE LIMESTONE (38 feet)

3. Interbedded limestone and calcareous sandstone, minor
shale; thin to thick beds, cross-laminated I weathers
brownl basal 2 feet is limestone conglomerate with very
well rounded limestone clasts up to 6 inches in diameter 20,

2. Limestone predominant; dark gray to medium gray,
weathers brown to brownish-gray; 1 inch sandstone beds
in base, diminishing upward 10,

1. Arenaceous limestone; lenticular beds; brownish-gray;
weathers dark yellow-brown; strongly ribbed appearance
on weathered surface, ribs are sandstone which enclose the
lenticular beds, not apparent on fresh surface; lenses
cross-laminated

CLINTON FORMATION

SECTION-ALONG ROAD AT
RIDGE.

8',

NORTHEAST END OF CHESTNUT

KEYSER LIMESTONE

TONOLOWAY LIMESTONE (135 feet)

6. Limestone; laminated shaly b0,
5. Sandstone b,
4. Limestonel fine-grained; medium to dark gray; lami-

nated; shaly and sandy limestone beds common 85,
3. Limestone; dark gray; fine- to coarse-grained; thick beds,

crudely laminated and cross-laminated: occasional chert
nodule; some beds of silieified shell hash Zb,

2. Limestone; fine- !o medium:grained; dark gray; very
cherty E,

1. Limestone; fine-grained; olive gray1. thick-bedded,
abundant silicified crinoid stems and bryozoans impart
crude lamination tS,

WIIJLS CREEK FORMATION (15 feet)

1. Largely covered; lower part very shaly; few ,sandstone
beds in upper part t5,

McKENSIE LIMESTONE (20 feet)
2. Limestone; thin to thick beds, irregular bedding; sandy,

silty
1. Limestone; dark gray; thin-bedded; sandy and shaly

CLINTON FORMATION

15,
D
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SECTION-WEST END OF PANTHER GAP ALONG STATE HIGH.
wAY 39.

KEYSER LIMESTONE

TONOLOWAY LIMESTONE (115 feet)

5. Covered 20'
4, Limestone; dark gray; fine-grained; well laminated;

arenaceous 5'
3. Covered; upper 15 feet shaly and sandy 40'

2, Limestone; dark gray; fine-grained; laminated, nodular
beds

1. Covered

WILLS CREEK FORMATION (23 feet)

3. Quartzite; massive; medium gray
2. Sandstone; yellow-brown; friable
1. Shale; yellow to red; silty

McKENSIE LIMESTONE (20* feet)
4. Limestone; fine-grained; dark gray; nodular bed.s

3. Covered

2, Limestone; fine-grained; dark gray;
sandy streaks

1. Covered interval 45 feet: contact with
somewhere in this interval

poorly laminated,

Clinton formation
,|

CLINTON FORMATION

The Cayuga group, and each of its constituent formations,
thins in a southeasterly direction. The Tonoloway limestone
thins from approximately 200 feet to 100 feet, the Wiils Creek
formation from 55 f'eet to 20 feet, and the McKensie limestone
from 40 feet to 15 or 20 feet. The Cayuga group is Late Silurian
in age (Butts, 1940; Swartz, et al, 1^g42).

KEYSER LIMESTONE

The Keyser limestone conformably overlies the Cayuga
group and is conformably overlain by the Helderberg group.
The lower contact is at the base of a sequence of medium-bedded,
nodular limestone that contrasts sharply with the laminated
beds of the underlying Tonoloway limestone. The upper contact
is at the base of, a thick-bedded, very coarse-grain"ed limestone
that usually contains irregular lenses of red limestone. The
Keyser is exposed in a few natural outcrops and in several
roadcuts, but is mostl)r covered.

35'

t5'

o

o'

$'

D

8'

2'
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The Keyser limestone is a heterogeneous unit containing
various types of limestone, sandstone, and shale. The formation
is characteriz'ed by 3 members; a lower limestone member, a
middle sandstone and shale member, and an upper limestone
member. A facies change oceurs in the middle member, which is
chiefly shale in the northwest and entirely sandstone in the
southeast; this member is distinctive enough that it has been
named (Swartz, 1929) the Big Mountain shale member or the
Clifton Forge sandstone member, depending on the facies pres-
ent. The limestone members are generally medium to thick-
bedded, nodular, medium gray to blue-gray, m'edium to coarse-
grained limestone. Many of the beds are arenaceous, and black
chert nodules are present in the low,er member in the southeast.
The lower member may be easily mistaken in southeastern areas
for the upper part of the Helderberg group because of the thick
beds, the black chert, and the overlying sandstone that resembles
the Ridgeley sandstone. The following section illustrates the
formation as it occurs in the southeastern part of the quad-
rangle.

SECTION-PANTHER GAP, NORTH SIDE, ALONG STATE HIGHWAY
39 (ADDITIONAL DETAILS FROM SOUTH END OF SIDELING
HILL ALONG STATE HIGHWAY 39, tln I'tt"t SOUTH OF QUAD-
RANGLE)

HELDERBERG GROUP (COEYMANS LIMESTONE)

KEYSER LIMESTONE (90 feet)

UPPER LIMESTONE MEMBER
1. Limestone; largely covered; apparently generally

similar to lower member, no chert 25'

CLIFTON FORGE MEMBER
2. Sandstone; thin to thick-bedded' calcareousl fri,able;

nearly white fresh, weathers deep yellow-browns
and red-browns 20'

1. Sandstone and siltstone; thin-bedded; friable;
weathers yellow-brown 10'

LOWER LIMESTONE MEMBER
2. Limestone; thick-bedded; coarse-grained; medium

gray fresh and weathered; contains abundant ir-
regular black chert nodules 20'

1, Limestone; nodular; medium to thin beds; minor
chert; dark gray fresh and weathered; many beds

arenaceous, a few thin sandstone interbeds l5'

CAYUGA GROUP (TONOLOWAY LIMESTONE)
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As the Keyser is traoed northwestward, the limestone mem-
bers do not exhibit much change in character, although both
thicken; the Clifton Forge member gradually becomes more
shaly, but retains approximately the same thickness. East of
the bridge across Jackson River, on U. S. Highway 220, the
Keyser is well exposed and Swartz (Lgzg) has measured the
section. Her'e, the lower member is about b0 feet thick, and is
overlain by 30 feet to 40 feet of greenish shale, the Big Mountain
shale member. A three foot bed of calcareous sandstone, the
northernmost tongue of the Clifton Forge member, overlies the
shale and in turn is overlain by 720 to 180 f,eet of limestone
belonging to the upper member. The Keyser limestone is Late
Silurian in age (Swartz, et al, 1942).

DnvoNuN Sysrru
HELDERBERG GROUP

The Helderberg group conformably overlies the Keyser
limestone and is conformably overlain by the Ridgeley sandstone.
The group is comprised of three formations, the Coeymans lime-
stone, the New Sco'tland limestone, and the Licking Creek lime-
,stone; the formations could not be conveniently distinguished
over most of the quadrangle on the present mapping scale. The
lower contact is at the base of a sequence of very coarse-grained,
thick-bedded limestone that usually shows some red limestone
layers. The upper contact is at the base of a unit of thick-
bedded brown-weathering sandstone. The Helderberg is well
exposed in a few outcrops and quarries, but is mosily covered.

The basal formation of the Helderberg group, the Coeymans
limestone, is a very distinctive unit. The Coeymans is thick-
bedded and extremely coarse-grained, containing crinoid colum-
nals up to r/2 inch in diameter. A striking feature of the forma-
tion, although not everywher,e present, are lenticular beds of
red limestone. The Coeymans is variable in thickness, ranging
from 20 feet to 50 feet. The New scotland limestone is a hetero-
geneous unit of limestone, arenaceous limestone, and sandstone;
where well developed, the sandstone is named the Healing
Springs ,sandstone member (Swartz, IgZg). The formation is
about 20 feet thick throughout the quadrangle. In the north-
west, the lower 2/3 of. the formation is calcareo,us sandsmne.
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the Healing Springs rnember, and the upper 1/3 is gray arena-
ceous limestone containing white chert nodules. The formation
is essentially of this sarne lithology in the south-central part of
the area as shown by outcrops along Dry Run where the stream
cuts through McClung Ridge. As the formation is traoed further
southeastward, the sandstone is much reduced; in the southeast,
the New Scotland is thick-bedded, coarse-grained, medium gray
arenaceous limestone containing many one inch sandstone beds
that stand out as ribs on weathered surfaces. The Licking Creek
limestone is medium to dark gray, medium to fine-grained, thick-
bedded, and distinctive for abundant black chert nodules and
stringers. The Licking Creek thins frorn approximately 200 feet
in the northwest to 85 feet in the southeast. An excellent ex-
posure of the entire group, in its southeastern development, may
be seen in a roadcut and abandoned quarry along State Highway
39,1/+ mile northwest of the junction of State Highways 39 and
629. The group is Early Devonian (Ulsterian) in age (Cooper,
G. A., et al, L942).

RIDGELEY SANDSTONE

The Ridgeley sandstone conformably overlies the Helderberg
group and is conformably overlain by the Ono'ndaga formation.
The Onondaga formation is included with the Ridgeley in the
northwestern half of the quadrangle, however; the Onondaga
changes facies frorn shale to abundant sandstone as traced
northwestward and cannot be readily separated from the Ridge-
ley because of extensive cover. The lower contact of the Ridge-
ley is at the base of a sequence of brown-weathering sandstone
and the upper contact is at the base of a sandy, cherty, gray to
green shale unit which is the basal part of the Onondaga forma-
tion; as mapped, however, the upper contact is at the base of a
thick sequence of black fissile shale that comprises tho Millboro
shale. The Ridgeley is one of the best mapping units in the
area, although the contact zones are not usually w,ell exposed.

The Ridgeley sandstone is comprised of medium to coarse-
grained, thick-bedded, red-brown weathering sandstone. The
sandstone is nearly white on fresh fracture and is commonly
calcareous; the calcareous parts weather to a friable mass which
is often nothing more than a pile of loose sand. The Ridgeley
thins from approximately 120 feet in the northwest to 20 feet in
the southeast.
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The Onondaga formation, included with the Ridgeley in the
northwestern half of the map, was cl,early seen in only one sec-
tion which is described below.

SECTION_ROADCUT AT BRIDGE IMMEDIATELY EAST OF
WILLIAMSVILLE

MILLBORO SHALE

ONONDAGA FORMATION (102 feet)
4. Sandstone; thick-bedded, cross-bedded; nearly white,

weathers yellow-brown; friable; shale layers near top
3. Limestone; dark gray; weathers brown; medium to fine-

grained; cherty and sandy
2. Sandstone; yellow-brown, weathers same; friable; chert
1. Shale; gray to green, minor red; sandy, cherty

RIDGELEY SANDSTONE

The Ridgeley and Onondaga are Early Devonian (Ulsterian)
in age (Cooper, G. A., et al, 1942).

MILLBORO SHALE

The Millboro shale conformably overlies the Onondaga
formation and is conformably overlain by the Bralrier shale;
the onondaga is included with the Millboro in the southeasrcrn
half of the quadrangle because it is impossible to separate the two
except where outcrops are perfect. The actual lower contact
of the Millboro is at the base of a thick sequence of black, fissile
shale; the rocks underlying this contact are gr,een, non-fissile
shale in the southeast and sandstone in the northwest due to the
facies change in the onondaga. For practical purposes,, because
the contact is seldorn exposed, the contact has been mapped at the
top of a sandstone ,sequence; as explained, this means that the
onondaga is included with the underlying Ridgeley sandstone
in the northwest, but is included with the Millboro in the south-
east. The upper contact of the Millboro is at the base of a thick
sequence of brown and green shale and siltstone that contrasts
sharply with the black shale of the Millboro.

The Millboro shale is a fissile black shale that weathers light
gray to gray-brown; where extensively weathered, the outcrops
take on a yellow-brown color. outcrops, and cov,ered areas,
typically are strewn with thin slivers and flakes of shale. The

45'

L2'
10'
40'
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formation contains abundant carbonate concretions that are up

to 3 feet in diarneter and 1 foot thick; tn-e concretions are of
secondary origin and the bedding of the ,shale pass'es through
thern without interruption. The thickness of, the Millboro is
difficult to deterrnine because of internal deformation, but ap-
pears to be well in excess of 1000 feet. The formation is Middle
bevonian (Erian and Senecan) in age (Cooper, G. A., et al,

1942).

Two good outcrops of the Onondaga formation were seen

in thesoutheastern part of the quadrangle. In both the formation
was about 15 feet thick and comprised of dark green' non-

fissile, brown weathering shale.

BRALLIER SHALE

The Brallier shale conformably overlies the Millboro shale

and is conformably overlain by the Chemung formation. The

lower contact is at the base of a thick sequence o'f brown and
green shale and siltstone that contrasts sharply with the under-
lying fissile black shale. The upper contact is gradational and

has been taken at the lowest locally exposed sandstone units
greater than 6 feet in thickness; the Brallier becomes increasing-
ly sandy upward and an exact contact is difficult to draw, al-
though the zone of change fro'm typical Brallier to typical
Chemung is apparent. The Brallier outcrops in a wide belt oc-

cupying the central part of the quadrangle.

The Brallier shale is a distinctive unit comprised of non-

fissile shale, siltstone, and sandstone. The shale and siltstone
are dark gray to green, weather shades of brown, and are notice-
ably siliceous. Sandstone beds are grayish and greenish and

weather dark y,ellow-brown; the lower part of the formation is
sparingly sandy, but the sands increase upward and toward the
top many evenly stratified beds up to 4 and 5 feet thick are

interlayered with the shale. The formation appears to be about

3000 feet thick. The Brallier is Middle Devonian (Senecan) in
age (Cooper, G. A., et al, 1942).

CHEMUNG FORMATION

The Chemung formation conformably overlies the Brallier
shale and is conformably overlain by the Hampshire formation
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(Butts, 1940) ; the top of the Chemung is not present in the
Williamsville quadrangle, owing to recent erosion. There is
possibly one exception to this last statement in the area im-
mediately surrounding the Wallace Peak Lookout Tower on
Shenandoah Mountain. Red rocks, perhaps of the Hampshire
formation, are exposed on the upper few tens of feet of Wallace
Peak, but red rocks are also known fro,m the Chemung and the
writer could not determine positively which formation these
rocks belonged to; the thickness is slight and the rocks have
been included with the Chemung. The Chemung formation is
gradational with the underlying Brallier shale, and the contact
was taken at the lowest locally exposed sandstone units 6 feet
or more in thickness. The outcrop area of the formation is
confined to Shenandoah Mountain in the east-central part of
the quadrangle.

The Chemung formation is comprised of sandstone, shale,
and minor conglomerate. The bulk of the formation is sandstone
of varied types and colors. Bedding ranges from thin to thic.k,
and color from nearly white to red, usually weathering shades
of yellow-brown and red-brown. Conglomerate beds about 1
foot thick, containing well-rounded pebbles of white quartz up
1s t/, inch in diam'eter, aye present thro'ughout the formation.
These eonglomerates are a small part of the Chemung in a
quantitative sense, but are striking to the eye and a positive
criterion for identification of the formation. The shale is largely
covered by slope wash on the flanks of Shenandoah Mountain,
but appears to be chiefly green and poorly fissile. The Chemung
formation is probably about 2000 feet thick and is Middle and
Late Devonian (Senecan and Chatauquan) in age (Cooper,
G. A., et al, 1942).



GEOLOGIC STRUCTURE

The structural geology of the Williamsville quadrangle, as

seen frorn surface exposur,es, appears simple in its broad aspects.
The area is one of predominantly folded rocks, with minor as-

sociated faults. As best shown in cross-section BB' (Plate f in
pocket), the structure is comprised of two anticlinoria, one on
the southeast and one on the northwest, separated by a syn-
clinorium. Many smaller fold's are superimposed on these major
structures, as are several faults of small displacement. The
structure is locally quite complex, but this does not obscure the
basic simplicity of the overall pattern. Butts (1933, 1940)
recognized the fold pattern of the quadrangle, and his map shows
that the three major folds extend many miles northeast and
southwest of the Williamsville area; the southeastern anticlin-
orium is part of what Butts called the Deerfield anticline, the
synclinorium is part of the McClung syncline, and the north-
western anticlinorium is part of the Hot Springs anticline. The
anticlinoria are asymmetric with northwestern limbs steeper
than southeastern; the smaller folds are often mor'e sharply
asymmetric and are locally overturned to the northwest. Viewed
in its entirely, the synclinorium is remarkably flat-bottorn'ed as

the steep northwest dips of the Deerfield anticline flatten
abruptly into the down-folded area.

The most important of the faults in the Williamsville quad-
rangle extends from the northeastern part of the area to the
southwestern part, and is herein named the Tower Hill fault
(Plate 1, in pocket); the area traversed by the southern 2/3
of the fault is heavily covered, but scattered outcrops suggest
the location and continuity of the break. The dip of the fault
ranges from 30o to 50' in the few good outcrops. The fault
appears to be a rupture of small displacement along the north-
west limb of a complex anticline. The Mill Mountain fault,
west of Mill Mountain in the southeast corner of the quadrangle,
is similar to the Tower Hill fault in its general relations and is
a minor overthrust of the northwest limb of an overturned
anticline. The fault on McClung ridge, in the southwestern
part of the area, has normal relations and may also be regarded
as a minor rupture accompanying folding of the rocks.

The prepond'erance of folds, with only minor associated
faults, and the lack of overthrust faults of great displacement

32
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such as are present in the Shenandoah Valley to the east, sug-
gest that the Williamsville quadrangle occupies an area marginal
to the main locus o,f the orogenic forces causing the deformation.
The structural geology of the area conforms to the generally
accepted interpretation of Central Appalachian structure; that
is, a westward diminuation in intensity of deformation, with
severe deformation on the southeast grading northwestward
into folded rocks and finally into nearly flayJying rocks of the
Appalachian Plateau province. The time o,f deformation can be
established only as post-I,ate Devonian in the quadrangle, but
in light of the regional geology of the Appalachian Highlands
(King, 1950), it appears probable that the deformation is part
of the Appalachian orogeny of Permian ( ?) age.

Recent evidence suggests that this general picture of the
structure of the Williamsville quadrangle deduced frorn surface
outcrops may b,e greatly in error. A well drilled in West Vir-
ginia in 1960 by the United Fuel Gas Company encountered a
pronounced discontinuity in the stratigraphic section at 10,08b
feet beneath the surface. The well is located in Pendleton
County, about 5 miles northeast of Bluegrass, Virginia and about
25 miles north of the Williamsville quadrangle, on the same anti-
cline that underlies Hightown Valley. The drilling started in
limestones of Middle Ordovician (Trenton) &Be, continued
through the Ordovician and Cambrian rocks into the Elbrook
dolomite of Middle Cambrian age, and then passed back into
Trenton limestones at a depth of 10,035 feet. Apparently an
overthrust fault is present in the subsurface in the general area
of the Williamsville quadrangle, although to the writer,s knowl-
edge the surface outcrop of the fault has not been located.

The structural geology of the Williamsville quadrangle has
many of the sam,e characteristics as the Southern Appalachians.
For instance, in the Athens, Tennessee quadrangle, Rodgers
(1952) notes that the beds dip steadily southeastward between
outcrop traoes of adjacent thrust faults, and that the higher
formations dip more gently than the lower; thi,s suggests that the
dips of the faults flatten with depth. Rodgers further notes that
anticline and syncline pairs have steep to overturn,ed dips on the
common northwest limb of the anticline; the geornetry is such
that the thrust faults visible at the surface could not have
developed out of these steep limbs, but the anticlines may well
mark positions at which thrust planes step up from lower to



34 VrncrNn DIusIoN or MrNrnar, Rnsouncns

higher incompetant layers in the section. In the Williamsville
quadrangle, the formations clearly dip at progressively lower
angles as one traces them from anticlinal crests into synclines,
and the northwest ]imbs of all the majo'r anticlines are steeply
dipping to overturned, although the dips flatten abruptly into
the synclines (this is also true of the Hightown Valley anticline
and the Warm Springs Valley anticline, neither of which is
completely shown on the map).

Rodgers believes the structural evidence in the Athens quad-
rangle indicates the probable pr'es'ence of a sole-thrust fault
from which the observed surface faults have branched. The
general similarity of the Williamsville quadrangle structure, in
addition to the probable presence of at least one subsurface
thrust fault, suggests that the basic structure is like that of the
Athens area. The great difference is that relatively many thrust
faults and few folds characterize the T,ennessee structure, while
the obverse is true in the Williamsville area. This has been
explained as a basic difference in th'e structure of the Southern
and Central Appalachians, but it may be largely a difference
in the depth of erosion. If the Williamsville quadrangle were
eroded another 2500 feet to 3000 feet, the structure might have
much greater similarity than is now apparent to that of Tennes-
see, and the long-held distinction between the thrust-faulted
Southern Appalachians and the folded Central Appalachians
would become rather obscure.



ECONOMIC GEOLOGY

INrnonucrroN

The only operation utilizing the rock and mineral resources

of the williamsville quadrangle is the state Highway Department
quarry in the south-central part of the area. Other, smaller,
abandoned quarries are present in the quadrangtre, and apparent-
ly furnished local needs for road metal, but no other materials
have been produced in the area to dat'e. Sorne of, the forma-
tions present in the quadrangle have been utilized elsewhere in
Virginia, how,ever, and developrnent possibilities do exist for
the rocks of the Williamsville area.

InoN Onn

Iron ore deposits associated with the Helderberg group'
and overlying formations, have been an important economic

resource in parts of Virginia in the past. These deposits are

the so-called "Oriskany ores" which are really replacement
deposits in the upper part of the Helderberg; iron-bearing
solutions, derived from weathering of the overlying rocks, cir-
culated downward and replaced some of the limestones. These

deposits have been rarely found in the Ridgeley sandstone and

overlying shales. This part of the stratigraphic section is
largely covered, and the writer did not observe any ores in the
Helderberg where exp'osures were good. Such deposits may well
exist in the quadrangle, but in light of experience elsewhere,
they are likely to be small and difficult to locate.

The Cacapon member of the Clinton formation contains
mineable iron ore in sorne parts of Virginia, but the writer
did not see any outcrops of the Clinton that show promise of
developrnent in the Williamsville quadrangle.

MANGANESE ORE

Minor manganese ore deposits have been found in con-
junction with the "Oriskany" iron or'es in parts of Virginia.
There is no indication that such deposits exist in the Williams-
ville area, and those that may be present are likely to be very
small.

35
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CansoNArn RocKS

The Middle Ordovician carbonate rocks, present in Big and
Hightown Valleys, and the Siluro-Devonian carbonates, dis-
tributed widely over the quadrangle, offer good possibilities for
development. Most of these rocks are classed as impure li,me-
stone (more than 5 percent non-carbonate material) and can be
utilized for the manufacture of agricultural limestone, explo-
sives, natural cernent, hydraulic lime, and many other products.

The Siluro-Devonian carbonates are less desirable for high-
purity lime uses than the Middle Ordovician rocks because of
their generally high silica content; the basal part of the Keyser
limestone is locally relatively free of impurities, however, and
the Coeymans limestone is locally nearly pure calcium carbonate.
These fo,rmations are suitably thick for extensive quarry opera-
tions in the northwestern half of the quadrangle, but are too
thin for extensive development in the southeast.

The Five Oaks member of the Lurich formation is worthy
of special mention. The Five Oaks is high-calcium limestone
(over 95 percent calcium carbonate) which may be utilized for
the manuf acture of fertilizers, dye, fluxes, glass, lime, mineral
feeds, paper, Portland cement, and many other products. The
Five Oaks outcrops widely in Big Valley and is abo,ut 100 feet
thick, promising abundant reserves. The rock type is virtually
identical to the "cement rock", or New Market limestone, so
extensively quarried in the northern part of the Shenandoah
Valley.

The limestones have b,een quarried in at least four localities
in the quadrangle, probably for road metal, and these are
marked on the map; all quarries are in the Helderberg group.
On'e quarry, operated by the State Highway Department is
presently in operation. There are many possible quarry sites
in the area; the most desirable sites are area,s of either steeply
dipping or nearly flatJying rocks. Especially good are those
places where streams have cut relatively deep valleys across
rocks of favorable structure, forming ready-made quarry faces
that can be worked with a minimum of effort. Two such locali-
ties, although others exist, are in the valley of Dry Run across
McClung Ridge and the gorge of the Bullpasture River north
of Williamsville.
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S.lNostoNns

The principal use of sand,stones, outside of building stone,
is in the ceramic industry. The major requirement is that the
sandstone must contain only a minute percentage of impurities
such as iron. Both the Clinch sandstone and the Ridgeley sand-
stone meet these requirements in various parts of Virginia,
and it appears probable that such is also the case in the Williams-
ville quadrangle.

The Ridgeley sandstone is usually rather strongly iron-
stained, but the stain is prominent only when the Ridgeley is
covered by mantle derived from other formations. In many
areas where the cover has been stripped frorn the Ridgeley, the
formation weathers shades of gray and there is no evidene,e of
iron cornpounds; one such area of exposure is along State High-
way 629 north of Fort Lewis. Parts of the Ridgeley sandstone
in the Williamsville quadrangle probably have the composition
of "glass sand."

The Clinch sandstone is also a relative y pure silica rock.
Some parts of the formation contain red cross-beds, but most
of the Clinch is white to gray quartzite. Excellent natural ex.
posures of the Clinch, weathering medium gray without iron
stain, may be seen along the crests of Mill Mountain and Warm
Springs Mountain; road cut exposures of the formation usually
give the appearance of an impure rock. The Clinch is firmly
cemented, in contrast to the Ridgeley, and would need more
extensive preparation than the Ridgeley.

Suum.a.nv

The Williamsville quadrangtre contains abundant reserve,s
of impure limestone and high-calcium limestone that can be
utilized in many industrial processes. It is probable that sands
of ceramic quality are also present in the area. The major
obstacle to development of these resources at present is distance
from a market and lack of transportational facilities.
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Little Mountain ................ 3, 4, 18
Lurich formation 1, 5, 6, 8, g, 10,

11, 17, 36

McClung Ridge ........ ............. 28, 86
McClung syncline .......................... 82
McGlone formation 1, 6, 8, 11, L2,

L3, 74, I5, I7
McGraw formation .................. 8. 14
McKensie limestone 20, Zg, 24,, 2b
Manganese ore .............................. gb
Martinsburg formation 1, 6, 8, lb,

Martinsburg shale
17, 19, 19

................. 8
Mill ,Creek

Mill Mountain ...................8, gZ, B7
Mill Mountain fault ...................... 82
Millboro shale .. ......... 77, 28, 29, BO

Mineral feeds .................................. g6
Moccasin formation 1, 6, 8, L4, lE,

17
Monterey ..................... g

Natural cement ............................ 36
Nealmont-Moccasin formation ....8,

14, r5
New Market limestone ............ 6, 36
New Scotland limestone ........ 27.28

Onego member .................... 6, 8,
Onondaga formation 17, 28,29,
Oriskany ores .-............
Overthrust fault ......... .......... 32,
Panther Gap .............. ...... 22, 25,
Paper

Peery limestone ..........
Piney Mountain ........................
Portland cement

Ridgeley sandstone 2, 17, 2:.6, 27,
28, 29, 35, 37

Salona formation ........ 6, 8, lb, 16
Sand, quartz ............. z
Sandstone . ............... B?
Sandstone, calcareous ............ 23, 27
Shenandoah Mountain .... 3, 20, 3l
Shenandoah Valley .... 7, 8, 15, 16,

17, 33, 86
Sideling Hill .............................. 3. 26
Sinking Springs Church ...... 11, 13
Sole-thrust fauIt ............ ................ 84
St. Luke member ............................ 8
Stuart Run ............. .......................... 4
Synclinal trough ........................,...,. B

Syncline ..................... B

Synclinorium ............ 1

Thrust fault . ... ........... 1, 33, 34
Thrust plain .... 1, 33
Tonoloway limestone ......L7, 23, 24,

25, 26
Tower Hill fault ........... . ............... 82
Tower Hill Mountain ............ 3, 20
Trellis drainage pattern ................ 4
Trenton limestone ........................ 33

Walker Mountain ............................ 3
Wallace Peak ................................ 31
Ward Cove formation ............ 8, 11
Ward Cove limestone ....... ............ 8
Wardell formation .......................... 8
Warm Spring:s ................................ 3
Warm Springs Mountain ..,...3, 19,

21, 37
Warm Springs Valley....7, 10, 11, 13
Warm Spring:s Valley anticline... 34
Whistle Creek limestone .......... 6, 8
Williamsville 3, 23, 29, 36
Wills Creek formation .... 23, 24, 2b
Wilson Mountain ............................ B

Witten limestone ..... ............. ........ 8

8
2L
36

16
30
35
33
26
36
11Peery formation .8,




