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GEOLOGY AND MINERAL RESOURCES OF
FREDERICK COUNTY

By

CHArLEs BuTrs! AND Raymonp S. EpMuNDsoN?

ABSTRACT

Frederick County occupies about 433 square miles in northern
Virginia and lies wholly within the Valley and Ridge province of the
Appalachian Highlands. Southeast of Little North Mountain is a
broad lowland, a segment of Shenandoah Valley, which is underlain
by Cambrian and Ordovician limestone and shale. The northwestern
part of the county is characterized by northeastward-trending ridges,
some of large size, and intervening valleys. Here the exposed strata,
ranging in age from Late Ordovician to Early Mississippian, consist
mainly of sandstone and shale with minor amounts of limestone. The
aggregate thickness of the sedimentary sequence is estimated at 22,000
feet.

The present attitude of the rocks is related to late Paleozoic orogeny.
In the eastern part of the county the symmetry of the folds in response
to the compressive forces from the east is shown by-the oversteepened and
locally overturned east limbs of synclines and west limbs of anticlines,
and by the easterly dip of the thrust faults that cut some of the major
folds. To the northwest faults are less common, and the folds are more
open and less overturned. Minor folding, faulting, and cleavage are well
displayed in a few exposures of incompetent soft shales and thin-bedded
limestones and sandstones.

In the past, manganese ore and iron ore have been mined in
Frederick County. Mineral resources of economic importance which
are being produced and processed at the present time include limestone
and dolomite, silica sand, and clay and shale.

INTRODUCTION
LocaTion anD SizE oF AREA

Frederick County covers an area of about 433 square miles in the
northern part of Virginia (Figure 1). Virginia counties bordering

1D'eceased', 1946.
ZDepartment of Geology, University of Virginia, Charlottesville.
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Frederick are Clarke on the east and Warren and Shenandoah on the
south. Adjoining West Virginia counties are Berkeley and Morgan on
the northeast and Hampshire and Hardy on the northwest. The maxi-
mum length of the county, measured from Cacapon Mountain southward
to U. S. Highway 11 at Cedar Creek, is 32 miles. The base map (Plate
1) used in this report is a composite of parts of the Capon Bridge,
Gerrardstown, Middletown, Winchester and Wardensville topographic
sheets of the U. S. Geological Survey. Winchester, the county seat, is
located near the intersection of latitude 39° 10’ N. and longitude 78° 10
w.

Figure 1. Index map showing location of Frederick County.

PRESENT INVESTIGATION

This report, prepared primarily for the residents of Frederick County,
includes a discussion of the general geology, stratigraphy, geologic struc-
ture, and mineral resources. The geologic history that gave rise to the
present land forms and the origin of the rocks and minerals are discussed
briefly. The results of other investigations, including published maps
and reports, have been drawn upon freely in preparing this report. The
geologic map (Plate 1) shows the distribution of the various rock types
(formations) and geologic structure. The use of this map, structure
sections, and the accompanying descriptions in the text should give a
better understanding of the natural resources and serve as a basis for more
detailed exploration and testing.

OTHER INVESTIGATIONS

Roberts (1942) speaks of William Barton Rogers as being so closely
identified with the foundations of geology in Virginia, his adopted State,
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that he overshadows all other students during the period from 1835 to
1880. Butts refers specifically to Rogers’ annual survey reports for the
period 1835 to 1841, reprinted in 1884, and states that they were
illustrated by a series of excellent geological cross sections of the Ap-
palachian Valley in Virginia that have been improved only by refine-
ment through later detailed work.

Significant contributions to the geology of Virginia were made with
the publications of U. S. Geological Survey folios during the period from
1894 to 1899, but none of these geological maps included the area of
this report. State geological maps that included Frederick County were
published by the Virginia Geological Survey in 1911 and in 1928, and
by the Virginia Division of Mineral Resources in 1963. Another
geological map that covers the area of Frederick County is contained in
the report by Stose and Miser (1922) on the manganese deposits of
western Virginia.

Field surveys by Butts and assistants were begun in the Appalachian
Valley in Virginia in 1926 and continued until 1931. The results of these
investigations are included in Virginia Geological Survey Bulletin 42,
“Geologic Map of the Appalachian Valley of Virginia with Explanatory
Text,” published in 1933, and in Bulletin 52, parts 1 and 2 (1940-41)
which is complementary to the map and contains a discussion of the
stratigraphy, structure, and paleontology. Many geologists have written
about certain aspects of the geology of Frederick County, and others,
who did not deal directly with the area, have formulated principles
which are applicable here.

The iron industry in the county was reported on by Hotchkiss
(1882), Holden (1907), and Bruce (1930). Manganese-ore deposits
have been described, with geologic maps and charts, by Stose and Miser
(1922) and by Monroe (1942). Nonmetallic resources which have been
produced or investigated include raw materials for the manufacture of
cement (Bassler, 1909); clay, shale, and related materials (Ries and
Somers, 1920; Calver and others, 1961) ; silica sand (Lowry, 1954);
and limestone and dolomite with respect to their chemical composition
(Edmundson, 1945) and physical properties (Gooch and others, 1960).
Ground-water resources have been described by Cady (1936, 1938).

The geology of Little North Mountain has been described by Giles
(1927, 1942), Butts and Edmundson (1939), Edmundson (1940), and
Brower (1961). Stratigraphic studies in the county include those by
Swartz (1929), Cooper and Cooper (1946), Wilson (1952), Nicholas
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(1954), Dennison (1961), Wood (1962), Rader (1962), and Rodgers
(1S64). A synthesis of stratigraphic information in the central Ap-
palachians, including many references to Virginia, is contained in Wood-
ward’s reports on the Cambrian (1949), Ordovician (1951), Silurian
(1941), and Devonian (1943) systems of West Virginia. Recent publica-
tions from neighboring states, which have proposed a revision in
stratigraphic nomenclature, are cited in the text.

FiELD WORK AND AGKNOWLEDGMENTS

Most of the field work was done jointly by the writers, as a project
for the Virginia Geological Survey, during the summers of 1936 to
1940. During this period the writers mapped the geology of Frederick
County; Clarke County, exclusive of the Blue Ridge; and the area north
of the 39th parallel in adjoining Warren and Shenandoah counties.
About 2 months of additional field work, including a study of industrial
limestones, checking certain boundaries for the preparation of the final
geologic map, and a re-examination of Little North Mountain, was
done by the junior writer and assistants during the period from 1942 to
1963.

Acknowledgment is made to the late V. E. Shainin, then a student
at Columbia University, who capably assisted with the study of industrial
limestones in northern Virginia during the summer of 1942, and to
employees of the Virginia Division of Mineral Resources, Eugene Rader
who made many of the photographs and assisted with the final checking
of the geologic map for a few weeks in 1963 and Richard Pharr who
assisted in the measurement of a geologic section and photographed
certain features in 1964. Credit is extended also to William Rodgers,
then a student at the University of Virginia, who visited the area with
the writer in 1964 and gave permission to use his detailed geologic section
showing the rock sequence in the vicinity of Hayfield. Thanks are
extended to Drs. W. B, Brent, R. L. Ellison, and R. S. Young who made
field visits and gave helpful suggestions.

It was originally intended that Dr. Butts would write the strati-
graphic section and the junior writer would prepare the other sections of
the report. The final editing and the preparation of the geologic map
were to be done jointly. The death of Dr. Butts in 1946 made it necessary
for the junior writer to assume full responsibility for the preparation
of the report for publication. Fortunately, his manuscript maps and a
draft of the stratigraphic section were filed with' the Virginia Geological
Survey, thus every attempt is made in this report to carefully record the
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interpretations of Dr. Butts or to document subsequent changes by the
junior writer.

Much of the data presented in this report, particularly the section
on economic resources, have been taken from published reports. Credit
for this material is cited at appropriate places in the text. The writer
wishes to thank Dr. James L. Calver, State Geologist, and other members
of the Virginia Division of Mineral Resources for the editing and
preparation of the manuscript for publication. Residents of the county
and quarry operators have generously offered information which is
incorporated in this report and which is here gratefully acknowledged.

GEOGRAPHY
ToPOGRAPHY AND DRAINAGE

Frederick County lies wholly within the Valley and Ridge province
of the Appalachian Highlands and, on the basis of similar rock types
and land forms, it is divided into two natural divisions. Southeast of
Little North Mountain is a broad generally flat belt interspersed with
low hills and ridges, whereas the northwestern part of the county is
characterized by northeastward-trending mountains, some of large size,
and intervening valleys. These divisions are referred to in the following
discussion as the valley belt and the ridge belt.

Valley Belt

‘The valley belt, commonly known as Shenandoah Valley, is bounded
on the northwest by Little North Mountain and on the southeast by the
Blue Ridge which forms the eastern boundary of Clarke County. The
total width of Shenandoah Valley is about 20 miles in northern Virginia,
but only 8 to 10 miles of the belt (Figure 2) is represented in Frederick
County.

West of a line passing southwestward through or near Stephenson,
Winchester, and Middletown, the bedrock is predominantly limestone
and dolomite, and the topography is characterized by low discontinuous
ridges aligned in a northeasterly direction. Apple Pie Ridge in the
vicinity of White Hall, Poplar Ridge east of Marlboro, and a prominent
ridge in the western environs of Winchester are a few of the well-known
examples. Profiles of the surface in this part of the county show a series
of low rounded ridges and shallow valleys on a gently sloping -surface
that rises from an altitude of about 750 feet in the vicinity of Winchester
to about 900 feet along the southeast base of Little North Mountain.
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The eastern part of the valley belt which is underlain by shale and
fine-grained sandstone has no conspicuous knobs or ridges. The altitude
along Opequon Creek where it enters West Virginia is about 450 feet,

Figure 2. View from U. 8. Highway 11 about 1 mile southwest of Middletown
northwestward across a part of the valley belt to Great North
Mountain. The first ridge on the left and a prominent knob on the
right are discontinuous parts of Little North Mountain.

whereas in the southwestern part of the belt, altitudes ranging from

700 to 750 feet are common. Shallow drainage channels which cross

the area become somewhat deeper and more numerous eastward, giving

a branching or dendritic pattern. Interstream surfaces are flat or

smoothly rounded.

Ridge Belt

Prominent features of the landscape west of Shenandoah Valley,
occurring within or bordering Frederick County, are Little North, Great
North (Figure 3), Cacapon, and Sleepy Creek mountains. Little North
Mountain, the most easterly ridge, has an altitude of 1345 feet at the
Virginia-West Virginia boundary at a point 3 miles north of White
Hall. From Green Springs southwestward to Cedar Creek, it is charac-
terized by numerous watergaps which break the continuity of the ridge.
The remnants of the ridge between the gaps consist of short linear ridges
(Figure 4) and isolated rounded hills (Figure 5), locally called mountains
or knobs. Some of these interrupted parts of the mountain, with a height
of 300 to 400 feet above the surrounding valleys, are Babbs Mountain,
Round Hill, and Funkhouser Knob.
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Figure 3.

Figure 4.

View of Great North Mountain from a point along State Road 600
northwest of Star Tannery. High Knob, elevation 2844 feet, is the
highest point in Frederick County. South of Eagle Rock erosion has
removed the resistant rocks from the crest of the Great North Mountain
anticline, and the mountain splits into two distinct ridges. On the east
the ridge is called Short Mountain north of Duck Run and Paddy
Mountain south of the gap, and on the west along the Virginia-West
Virginia boundary, the ridge is named North Mountain,

View of the even crest of Little North Mountain midway between
Hoop Petticoat and Wisecarver gaps. The monoclinal ridge is under-
lain by 150-200 feet of Tuscarora sandstone. Looking westward from
a point 1 mile south of Opequon,
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View of the even crest of Little North Mountain midway between
Hoop Petticoat and Wisecarver gaps. The monoclinal ridge is under-
lain by 150-200 feet of Tuscarora sandstone., Looking westward from
a point 1 mile south of Opequon.
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Northwest of Little North Mountain, between Chambersville and
Hayfield, are a series of low parallel ridges, such as Whisson and Hunting
ridges, and narrow valleys which drain into Hogue Creek. The valley

Figure 5. Round Hill just north of Hoop Petticoat Gap is one of the con-
spicuous knobs along the trend of Little North Mountain which is
underlain by a thick lens of Tuscarora sandstone. Looking northward
from a point 1 mile south of Opequon.

occupied by Hogue Creek is bounded on the northwest by Great North
Mountain which is the most conspicuous landmark in western and
southwestern Frederick County. Great North Mountain begins as a
distinct ridge along U. S. Highway 50, midway between Gore and
Hayfield, and persists with increasing prominence southwestward across
the county. Altitudes range from about 800 feet at the northeast end to
2844 feet at High Knob (Figure 3) along the West Virginia boundary
northwest of Mountain Falls. Farther southwest at a point about 1
mile northeast of Duck Run the mountain splits into two distinct ridges
—Paddy Mountain on the east and North Mountain on the west. The
crest of Great North Mountain, especially when viewed from a distance,
is remarkably even. There are, however, small subordinate ridges and
deep narrow valleys on the flanks and near the base of the mountain.
Flint Ridge is one of the minor ridges that is prominent southwest of
Hayfield. It continues around the northeast end of the mountain and
connects with Sand Ridge southwest of Gore.

The area between Great North Mountain and Big Timber Ridge
along the Virginia-West Virginia boundary west of Gore is somewhat
similar to Hogue Creek valley in having a series of low, parallel
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northeastward-trending ridges and valleys. From east to west, along
a line about 2 miles southwest of U. S. Highway 50, the ridges
are named Sand, Cove, Gallows, Cappers, Little Timber, and Big
Timber. Big Timber Ridge along the Virginia boundary has an average
altitude of 1250 feet. The extreme northwest corner of the county
includes parts of Cacapon and Bear Garden mountains. The highest
altitude along Cacapon Mountain in Virginia is 2564 feet.

Between Bear Garden Mountain and Shockeysville, at the southwest
base of Sleepy Creek Mountain, there are several ridges that rise 100 to
about 300 feet above the intervening valleys. From west to east these are
named Big Timber, Little Timber, Dick, Railroad, and Winding ridges.
Sleepy Creek Mountain, a prominent ridge in West Virginia, ends.
rather abruptly at Shockeys Knob, which is located along the Virginia-
West Virginia boundary about 1 mile northeast of Shockeysville. The
altitude of Shockeys Knob is 1865 feet or approximately 1000 feet above
the broad valley around the southwest base of the mountain.

Back, Cedar, and Sleepy creeks are the principal drainage systems
in the ridge belt. Back Creek, Isaacs Creek northwest of Great North
Mountain, and Hogue Creek on the southeast side unite at a point
about- 3 miles northeast of Gainesboro and flow thence northeastward
across the county toward the Potomac River. A few tributary streams
flow from the western part of the valley belt through gaps in Little
North Mountain to connect with the drainage in the ridge belt. The
extreme northwestern part of Frederick County, between Dick Ridge and
Bear Garden Mountain, is drained by Sleepy Creek which flows north-
eastward into West Virginia.

The ridge belt southwest of a low divide extending northwest of
Stephens City and east of Great North Mountain is a part of the Cedar
Creek drainage area. Cedar Creek flows northeastward along the south-
east side of Paddy Mountain, turns eastward through a gap in Little
North Mountain west of Marlboro, and then continues in a southeasterly
direction to Shenandoah River. It is a tortuous stream that forms a
natural boundary between Frederick and Shenandoah counties for a
distance of approximately 15 miles.

CLIMATE

‘Temperature and precipitation data (Rice, 1959, p. 6) from the
U. S. Weather Bureau Station at Winchester for the period 1931-1955
are as follows:
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Averages for Temperature Precipitation
the period (°F) (inches)
January 354 243
February 36.1 1.97
March 43.6 , 3.23
April 53.8 : 3.02
May 64.3.. . . 4.29
June 72.3 ; 3.83
July ... 76.3 4.00
August 744 . 4.30
September 68.0 3.01
October S TS 3.44
November 46.0. , . 2.82
December 36.2..... 2.53
Annual 55.3 e .38.89

The range in temperature between the average for January and July,
the coldest and hottest months, is about 41°F, and the annual mean
temperature is about 55°F. Average annual precipitation is 38.89 inches.

Distinct variations in temperature are recorded for the county. A
climatic summary of 27 years of U. S. Weather Bureau records at
Winchester and 12 years of records at Stephens City, prior to 1940, is
given by the U. S. Department of Agriculture (1941, p. 1159). During
this period the highest temperature recorded in the county was 107°F.
at Winchester and the lowest was — 17°F at Stephens City.

For the period 1921-1950, the freeze data from the Winchester
station (Rice, 1959, p. 5) gives the mean date of the last spring freeze
as April 19 and the mean date of the first fall freeze as October 22.
These records show that the average growing season, between killing
frosts in the spring and fall, at Winchester over a period of 30 years
is 186 days. ‘

LaND UskE AND POPULATION

Frederick County, with an area of 433 square miles or approximately
979,040 acres, is an important agricultural district in the Commonwealth.
According to the U. S. Bureau of the Census (1961, p. 165), about 63
percent of the total area, or 175,770 acres, was in farms in 1959. Of
this amount 47,388 acres is cropland harvested. The total value (U. S.
‘Bureau of the Census, 1961, p. 173) of all farm products sold in 1959
was $9,816,110, and the value of fruit included in' this total was
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$6,027,191. Frederick County, exclusive of Winchester, Middletown, and
Stephens City, had a population of 21,941 in 1960 as reported by the
U. S. Bureau of the Census (1962). This is an increase of about 25
percent in population over the 1950 census. Winchester with a popula-
tion of 15,110 in 1960 represents a net gain of 1269 or 9.2 percent over
the preceding census,

History aND EARLY SETTLEMENT

More than a hundred years elapsed after the founding of the
Jamestown Colony before Governor Spotswood and his Knights of the
Golden Horseshoe entered the Great Valley in 1716. As a matter of
comparison, Virginia east of the Blue Ridge had begun regular and
systematic administration of law as early as 1619. In 1720 the General
Assembly passed an act for the erection of Spotsylvania County which,
in addition to the territory east of the Blue Ridge, included the fertile
region of the lower Shenandoah Valley. Subsequently, in 1734 Spotsyl-
vania was divided, and its northern half became the County of Orange.
Two counties were created by the Colonial Assembly of Virginia in 1738
and included within their boundaries all of the territory west of the
Blue Ridge claimed by Virginia. The county on the north was called
Frederick, after Frederick, the Prince of Wales, son of George II, and
the other, Augusta, after the wife of Prince Frederick. A reduction in
the area of Frederick County followed when Hampshire County was
formed in 1752, Shenandoah and Berkeley counties in 1772, and Clarke
and a part of Warren County in 1836.

The following quotations, as well as the preceding outline of the
history of Frederick County, are from the pen of Judge Philip Williams
(1930, p. 9-18) of Winchester.

“The first permanent white settlement within the present boundaries
of Frederick County was made in the spring of the year 1732. Hams
Jost Heydt, a German and a native of Strassburg, but later a resident of
Pennsylvania, purchased from John and Isaac Vanmeter, orders issued
by the Governor and Council of Virginia, authorizing the settlement of
forty thousand acres-of land in the Shenandoah Valley, upon the con-
dition that at least one family for each thousand acres should be settled
upon the land within two years from the issuance of the orders.

“Heydt collected a party of sixteen families.... They set out from
Little York in Pennsylvania and traveled southward by way of the
Cumberland Valley to the Potomac, which they crossed near the site of
Shepherdstown, and continued their way into the valley of ‘the Shenan-
doah. Heydt located his forty thousand acres largely in what is now"
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Frederick County, and there he erected his stone dwelling on the head-
waters of the Opequon, about five miles south of where Winchester
was afterward located.

* * * * *

“Though Frederick County was established by law in 1738, no
organization of the County government took place until five years later,
due probably to a lack of residents qualified to fill the required offices.
On the eleventh day of November, 1743, at the residence of Colonel
James Wood, situated in what is now the western suburbs of Winchester,
the first court for Frederick County was convened.

* * * * *

“James Wood, the first clerk of Frederick County, was a native of
Winchester, England. He was young, enterprising, well-educated, and a
skillful surveyor.... He had evidently been attracted by the beauty and
fertility of the Valley, and had selected as a site for his homestead, a
picturesque glen through which meandered a stream of clear water
from a group of fine springs. By virtue of an order obtained from the
Governor and Council of Virginia, he had surveyed twelve hundred acres
of land about this site. At the head of the glen, he had built his house,
which he appropriately named ‘Glen Burnie'....

“On this tract of land, about a mile eastwardly from his residence,
James Wood laid off a site for a town. ... This town became the county
seat and was at first {1744] called Frederick Town.

“ ...By an act of the General Assembly of 1752, the county seat
was chartered as a town by the name of Winchester, and 54 additional
half-acre lots were annexed by Lord Fairfax to the 26 lots laid out by
James Wood. Later, in 1758, James Wood added 106 acres to the Town,
and in the following year it was still further enlarged by Lord Fairfax
when he added 173 lots.”

TRANSPORTATION FACILITIES

Frederick County has a good network of primary and secondary
roads that are well maintained. U. S. Highway 11 enters Virginia
near Rest and crosses the county in a southwesterly direction, passing
through Clearbrook, Winchester, Stephens City, and Middletown. U. S,
Highways 50 and 522 cross the county in a southeasterly direction and
intersect U. S. Highway 11 in Winchester. Alternate U. S. Highway
340 coincides with State Highway 7 east of Winchester and with U. S.
Highway 522 south-southeast of Winchester. Other State Highways are
277, connecting Stephens City with U. S. Highway 522, and 55 along
Duck Run west of Star Tannery. Interstate Highway 81, now under
. construction, is parallel to U. S. Highway 11. Branch lines of the
Baltimore and Ohio and Pennsylvania railroads provide freight service
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in the eastern part of the county. Another branch line, the Winchester
and Western Railroad, connects with the Baltimore and Ohio at Win-
chester and serves the glass-sand industry at Gore.

STRATIGRAPHY

This section was prepared by the late Dr. Charles Butts in 1943.
Some of his stratigraphic descriptions, supplemented by measured sections
and chemical analyses of the rocks, and the geologic maps of the
Shenandoah Valley part of Frederick County, were published in a report
on the industrial limestones and dolomites (Edmundson, 1945).

Stratigraphic nomenclature presents a problem in this report, be-
cause so much careful stratigraphic work has been done in Virginia
and nearby states in recent years. After due consideration and with
the approval of the State Geologist of Virginia, the nomenclature used
by Butts, except for the lower Middle Ordovician, is retained. Other
revisions proposed in the literature, some referring specifically to Frede-
rick County, are cited in the text and, in the junior writer’s opinion,
should be considered by future workers in Shenandoah Valley, Virginia.

The rock strata cropping out in Frederick County are, on the basis
of their lithologic character and fossils (Appendix II), subdivided into
formations; the names of which are given in Table 1. These formations
originated at the bottom of the sea as deposits of sediments discharged
by the rivers throughout most of the Paleozoic era. The process still

continues. For example, the Mississippi River discharges large quantities

of sediment into the Gulf of Mexico each year, and these sediments
settle to the bottom of the Gulf to form rock formations of the future.
From this manner of origin the formations at the bottom are the oldest,
and those at the top the youngest. In a discussion of stratigraphy, it is
usual to begin with the oldest formation and then continue with the
description of the successive younger units.
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Table 1.—Stratigraphic nomenclature used in this report and in adjacent
Morgan and (or) Berkeley counties, West Virginia. This is
not a correlation chart and stratigraphic thickness is not

portrayed.
g Frederick County, Morgan and (or) Berkeley
L Virginia counties, West Virginia
w
< [ B S
@ (this report) Berkeley Sprs.| Hedgesville
section section
- | <
a Pocono (?) fm. Pocono fm.
E (Rockwell ss. mbr.)
Hampshire fm. Hampshire fm.
Upper cgl. zone
(fms. to be designated| g
by Dennison) g ?;
Chemung fm., Lower cgl. zone g <
a F-le)
: ———— |3
g [~ Parkhead ss. mbr.
>
o Brallier fm Brallier fm.
a .
Harrell sh.
(undivided)
Hiatus (7)
Mahantango fm.
(undivided)
Hamilton fm. Gander Run
sh. mbr.
(of Ellison)

After J. M. Dennison (written communication, 1965)
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Marcellus sh.

Marecellus sh.

&—Tioga metabentonite

15

calcitic sh. &
1s. subfacies | Need-
: Onondaga fm. more
o calcitic sh. sh.
g subfacies
> Is. facies Is. facies
S Oriskany ss. Oriskany ss.
Shriver Licking
Hiatus (?) chert Creek Is.
Mandata sh. (of Swartz)
=
New Scotland Is. I~ New Scotland ls.
Coey- Elbow Ridge
Coeymans (?) ls. mans
Is. 88.
N N Upper  Dey.
Keyser fm. N Keyser Is.
Lower Sil.
Tonoloway fm. ‘Tonoloway ls.
Tavenner ss. mbr.
Wills Creek fm. %
g -
3
o Bloomsburg fm. Bloomsburg facies
$od
= (of the Cayugan)
:;-'; MecKenzie fm. MeKenzie fm.

Hiatus (?)

Rochester sh.

Keefer ss. mbr.

Clinton fm.

=]
Keefer ss. S &

A8 2
Rose Hill fm. OO

Tuscarora fm.

Tuscarora ss.

vt 3

After H. P. Woodward (1941, 1951)
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Juniata fm. Juniata fm.
‘Oswego fm. Oswego ss.
Martinsburg fm. Martinsburg fm.
=] Oranda fm.
S ©
- ¥
o . R
o Edinburg fm. b Chambersburg ls.
= (chiefly Lantz Mills| =
© facies) a
b 2
s O
Lincolnshire fim. &3 § o,
;g New Market ls. Q“ §
New Market.ls. é p O
Pinesburg Station:
Bellefonte (upper dol. =
Beekmantown) fm. z
—2-9-24 2 e
Nittany (lower Rockdale Run fm. 39
Beekmantown) fm. E O
' Chepultepec fm. _S_tflfhflgi lf; —
' s Stoufferstown mbr.
Conococheague fm. Conococheague ls.
=
S
- i
< T e e T
g Big Spring Station mbr.
B
O .
Elbrook fm. ‘Elbrook ls.
(base not exposed) (base not exposed)

After R. C. Page and others (1964)
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CAMBRIAN SYSTEM
Elbrook Formation!

The Elbrook, which is the oldest bedrock exposed in Frederick
County, derives its name from Elbrook, Franklin County, Pennsylvania,
where it was named by Stose (1906, p. 209) as the Elbrook limestone.
The main outcrep (Plate 1) of the formation is along the southeast
slope of Little North Mountain, beginning on the north 1 mile south of
Nain and extending thence southwestward to Shenandoah County. A
second outcrop begins as a narrow wedge near the Cedar Creek Grade
(State Road 622) about 2 miles southwest of Winchester, continues
northward through White Hall into West Virginia, increasing to a width
of 0.5 mile at White Hall. Apple Pie Ridge is on this belt north of
U. S. Highway 522. A third smaller, lozenge-shaped area midway between
the other two belts, crosses U. S. Highway 50 about 2.5 miles west of
Winchester. Each of these belts of Elbrook is bounded on the northwest
by a fault along which the Elbrook has been thrust over younger, and
normally much higher, rocks in the stratigraphic section. West of Apple
Pie Ridge and north of Cedar Grove the Elbrook is thrust over the
Conococheague formation, whereas to the north it is in contact with the
Chepultepec and lower part of the Beekmantown. The Elbrook belt
along Little North Mountain is for most of its length in Frederick
County thrust upon the Martinsburg formation.

An examination of several incomplete exposures of the Elbrook
indicates that it is composed of limestone and argillaceous limestone with
only minor amounts of dolomite. The purer limestone is rather thick
bedded, whereas the argillaceous parts are thinner bedded and weather
out as rusty-looking slabs and laminae. It has not been determined
whether these lithologic units have any persistent stratigraphic arrange-
ment. The argillaceous, rusty-weathering materials are the best criteria
for the recognition of the Elbrook. Some areas lacking exposures of
bedrock are strewn with fragments of rusty, crumbly rock suggesting
shale. Such material is abundant on the ridge 0.5 mile west of Marlboro.

A complete section of the Elbrook is not exposed in Frederick
County. The thickness, as determined from its widest outcrop and its
dip west of St. Stephens Church, Shenandoah County, is 2000 feet. This
thickness does not represent a full section because the lower contact is
not exposed, but estimating from the width of outcrop in the vicinity

1Although terms such as limestone, shale, etc. were used by the senior

writer for many of the mapped units, the less definitive term formation has been
used in this discussion for units which have marked variations in lithology.
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of Milldale in adjoining Warren County, the thickness cannot exceed
2500 feet.

The Elbrook is sparingly fossiliferous in this area as well as through-
out the Appalachian Valley generally. Some pieces of limestone crowded
with trilobite remains, mostly fragments, were found on the bluff of
Cedar Creek 0.5 mile northwest of Marlboro (Plate 1) and probably
were derived from the lowermost beds of the Elbrook. One imperfect
head was tentatively referred by Resser to Glyphaspis, and two fairly
complete tails to Glossopleura. Both genera are of Middle Cambrian age.
Resser (1938, p. 79, pl. 7) reports that Glossopleura bassleri occurs near
the bottom of the formation in the vicinity of Waynesboro, Pennsylvania.
As Nolichucky fossils (Late Cambrian) occur in the upper part of the
limestone included in the Elbrook east of Abingdon, Washington County,
Virginia, there is a possibility that the upper part of the Elbrook in
Frederick County may be of Late Cambrian age. However, there are no
beds in Frederick County corresponding lithologically to the Nolichucky
shale which, south of New River, occupies a position between the
Honaker dolomite, equivalent to the lower part of the Elbrook, and the
Conococheague limestone. No Nolichucky fossils have been found in the
lower part of the Conococheague or in the upper part of the Elbrook.
In the writer’s opinion the Nolichucky is represented in the top of the
Elbrook, or, if not, is absent in Frederick County, so that there is a
hiatus between the Elbrook and the Conococheague. Resser and others,
however, are inclined to think that the Nolichucky is represented in the
lower part of the Conococheague. Wilson (1952, p. 304-305), who has
made detailed stratigraphic and paleontologic studies of the Upper
‘Cambrian formations in the Cumberland-Shenandoah. valleys, reports
that: “Several of the common Dresbachian [Upper Cambrian] genera
range down into the Elbrook below the base of the Conococheague and
are found about 800 feet below the top ‘of the Elbrook at one locality.”

Conococheague Formation

- The Conococheague, which overlies the Elbrook formation, derives
its name from Conococheague Creek, Franklin County, Pennsylvania,
where it was named by Stose (1908, p. 701) as the Conococheague
limestone. The Conococheague (Plate 1) occupies a wide strip of the
county extending northeastward from Cedar Creek, 4 miles northwest
of Middletown, to West Virginia, 2.5 miles northeast of White Hall.
The width of this belt is about 1.5 miles along Cedar Creek but is
increased by folding and faulting to double that width north of the
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latitude of Stephens City. From the vicinity of Winchester northeastward
to Green Springs, the Conococheague is repeated by faulting, with the
Elbrook along Apple Pie Ridge separating the two belts.

The Conococheague is predominantly a limestone in Frederick
County but, like most of the older limestones of the Appalachian Valley,
it contains beds of dolomite of varying, but generally small, thickness
scattered through it, and making perhaps 10 percent of the whole. The
limestone is marked by two- distinctive features, clayey or sandy crinkly
laminae (Figure 6) and extensive beds of intercalated sandstone. When
the limestone weathers, especially beneath the surface of the ground, the
clayey or sandy laminae are left projecting from the surface of the beds.
The thicker sandstone beds are generally composed of well-rounded
grains of quartz cemented into a solid mass by interstitial limestone.
On outcrop the limestone cement is dissolved out, leaving projecting layers
or boulders of sandstone. Owing to their greater resistance to solution and
erosion, these beds of sandstone lead to the formation of conspicious
ridges which, in some instances, can be traced for several miles by the
sandstone debris along their crests. These sandstones are helpful in the
interpretation of geologic structure, since in many instances they can
be traced by their debris around the axes of minor folds that otherwise
could not be detected in a homogeneous thick mass of limestone. So far
as known, the beds of sandstone are not confined to any stratigraphic
horizon but occur sporadically throughout the full thickness of the
formation. Nicholas (1954, viii) examined exposures of the Conoco-
cheague in Shenandoah Valley from Staunton to Winchester and reports
that:

“Two distinct sandy zones are recognized in the outcrop belts west
of the Massanutten syncline but only one such zone east of the syncline,
along the eastern edge of the valley. The lower sandy beds which occur
generally near the base of the formation belong to the Big Spring Station
member [name proposed by Wilson to emphasize its importance both in
areal mapping and stratigraphic correlation]. A higher succession of
arenaceous beds near the top of the formation is persistent throughout
the area, but individual sandy beds lense out along the strike.”

The strongly laminated beds of limestone and the ridge-making
sandstones are criteria for the recognition of the Conococheague. The
top of the Conococheague is marked by a distinctive bed of laminated
limestone that is persistent throughout Frederick County. It weathers
to a ragged “worm-eaten” surface and is resistant enough to make a
rather conspicuous terrace at places along its outcrop. There are also
a few impure beds which have distinctive mudcracks (Figure 7).



20 VircINIA DivisioN oF MINERAL RESOURCES

The width of the outcrop belt in Shenandoah County, 3 miles
northwest of Strasburg, is 4000 feet. Here the average dip is about
40° SE., and an approximate thickness of about 2500 feet is computed.

Figure 6. Crinkly siliceous laminae in the upper part of the Conococheague
limestone exposed along State Road 631 about 1.5 miles northwest of
Stephens City.

Another outcrop belt about 1 mile west of White Hall has a width of

about 2500 feet; thus the thickness in the northern part of Frederick

Figure 7. Mudcracks in the Conococheague formation. Block detached from the
east wall of the Stuart M. Perry, Inc., quarry about 2.5 miles west of
Winchester.
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County is approximately 2000 feet. It appears that an average thickness
of about 2250 feet is the best determination possible under the con-
ditions observed in the field. The greater width of outcrop in most of
Frederick County is plainly due to folding and faulting, both of which are
apparent on the geologic map (Plate 1).

The Conococheague is sparingly fossiliferous. Trilobites, Tellerina
wardi, have been collected in' the western environs of Winchester and
along a secondary road 3 miles northwest of the intersection of U. S.
Highway 11 and State Highway 55 in Strasburg, and Symphysurina has
been noted at a locality about 3.5 miles northwest of Marlboro. The
fossils occur in a partially decalcified, calcareous sandstone. At Scotland,
Franklin County, Pennsylvania, a species of Tellerina. and Saukia stosei
occur in the Conococheague. Both of these genera occur in the higher
formations of the Upper Cambrian of Wisconsin which overlie forma-
tions corresponding to the Nolichucky of the southern Appalachian Valley.
Since the Conococheague overlies the Nolichucky and also contains some
genera of trilobites that occur in the higher formations of the Upper
Cambrian of Wisconsin, most geologists regard the Conococheague as of
Late Cambrian age.

Wilson’s studies (1952, p. 308) of the Upper Cambrian formations
in the Shenandoah-Cumberland Valley, including a section near Win-
chester, show that:

“Trilobites of Dresbachian age are found always below in the
Elbrook and in limestones interbedded with the orthoquartzite beds of
the Big Spring Station member. Franconian trilobites occur about 300
feet above the top of the member. On the other hand, Trempealeauian
trilobites and brachiopods occur associated with the upper sandy beds of
the Conococheague when the latter are present. The section at Winchester,
Virginia, demonstrates the complete stratigraphic relations, for here
trilobites of all three Upper Cambrian stages are present, and both
sequences of orthoquartzite beds are well developed, one about 1400 feet
above the other.”

Stratigraphic reference sections of Elbrook and Conococheague formations
in Berkeley and Jefferson counties, West Virginia, have been described
recently by Donaldson and Page (1963), and the units have been mapped
by Page and others (1964) in the Martinsburg area.

ORDOVICIAN SYSTEM
Chepultepec Formation

This formation was named by Ulrich (1911, p. 638) as the
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Chepultepec limestone from the village of Chepultepec, Blount County,
Alabama, just west of which it is exposed and highly fossiliferous. In
Frederick County, the Chepultepec crops out in a narrow strip, about
500 feet wide, from Cedar Creek, 3 miles northwest of Middletown, to
West Virginia. The outcrop is sinuous due to offsetting by overlapping
(en echelon) folds and minor faults. There is also a narrow strip 2.5
miles long, adjacent to a fault, 0.5 mile west of White Hall, and a small
lozenge-shaped area, also adjacent to a fault, crossing U. S. Highway
50, 2.5 miles west of Winchester.

The Chepultepec is, as a rule, a thick-bedded limestone which
differs from the Conococheague in the absence of sandstone and the
absence or rare occurrence of siliceous laminae. Its lower boundary
is marked by the siliceous, laminated, “worm-eaten” bed forming the
top of the Conococheague, and its upper limit is marked by the oc-
currence of limestone with dolomite containing Lecanospira and forming
the Nittany division of the next overlying formation, the Beekmantown.
In places, such as along the belt of outcrop southwest of Stephens City,
the limestone near the base of the Chepultepec is extremely massive and
projects like great boulders or walls above the surface of the ground.

The Chepultepec is best exposed at the south end of a pitching
anticline on the Wright farm about 3 miles slightly southwest of
Stephens City. There are other good exposures on a characteristic bench
about 1000 feet west of State Road 628 due west of Kernstown, and at
a locality just west of U. S. Highway 11 in the southern environs of
Winchester, about 0.5 mile southwest of the intersection of U. S. High-
ways 11 and 50. At the latter locality the siliceous bed at the top of the
Conococheague is exposed, and the relations of the Chepultepec to the
Conococheague can be seen. Probably one of the most accessible places
to see a nearly complete section of the formation is on the east side
of the ridge just north of Star Fort and about 1.5 miles north of
Winchester. The thickness of the Chepultepec computed from the width
of outcrop and average dip at a locality 0.8 mile due west of Minebank
Ford, Shenandoah County, and nearly 4 miles west-northwest of
Middletown is 350 feet. At Star Fort it is about 280 feet thick. Since
precise measurements are hardly possible, 300 feet may be taken as the
approximate thickness.

The Chepultepec is moderately fossiliferous. The most abundant
forms are small, curved cephalopods with closely spaced septa belonging
to the genera Dakeoceras and Cyrtocerina. Gastropods of the genera
Helicotoma, Ozarkina, Gasconadia, and Ophileta and a few brachiopods,
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such as Finkelnburgia virginica and Tetralobula delicatula, occur and are
characteristic. In Frederick County the identification of the Chepultepec
rests mainly upon the presence of the curved cephalopods. These forms
are scarce and hard to find, but adequate search rarely fails to be
rewarded by a few specimens. The brachiopod, Tetralobula, is very
abundant in the massive limestone which crops out.in the southern
environs of Winchester and at the locality previously mentioned west of
Kernstown. Tetralobula in the same belt has been noted as far south
as the vicinity of Quicksburg, Shenandoah County. Ophileta hunterensis,
occurring on the Wright farm, indicates the partial equivalence at least
of the Chepultepec with the Tribes Hill limestone of New York that
usually has been regarded as of basal Beekmantown age and to be
represented in the Stonehenge limestone of central Pennsylvania. The
curved cephalopods and some of the gastropods also indicate equivalence
of the Chepultepec with the Gasconade limestone of Missouri and the
Oneota limestone of Wisconsin.

The nomenclature of Lower and lower Middle Ordovician rocks
used in this report and the revised nomenclature used in neighboring
states ‘are shown in Table 1. The basis for drawing the Cambrian-
Ordovician boundary, considered by Butts to be the base of the Chepul-
tepec in Frederick County, was the siliceous, laminated, “worm-eaten,”
easily recognizable bed forming the top of the Conococheague. In Mary-
land, Sando (1957) described the Stonehenge limestone, the basal for-
mation of the Beekmantown group, as overlying conformably the
Conococheague. With reference to the Cambrian-Ordovician boundary,
Sando (1957, p. 16) stated: “The occurrence of Symphysurina and
Clelandia about 30 feet below the top of the formation proves the Early
Ordovician age of at least this part of the Conococheague. The lithologic
break separating the Conococheague from the Stonehenge does not,
therefore, coincide with the boundary between the Cambrian and Or-
dovician systems.” Later Sando (1958, p. 839) proposed the name,
Stoufferstown member of the Stonehenge limestone, to include the beds
originally mapped as upper Conococheague in Maryland. Two sections
of the Stonehenge limestone in Frederick County, described by Wood
(1962, p. 36-48), show Symphysurina as occurring about 30 feet below
the top of the Stoufferstown member. Five sections measured by Wood,
between Winchester and Timberville, Rockingham County, show that the
lower member of the Stonehenge ranges in thickness from about 30 to
100 feet.
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Beekmantown Formation

The name Beekmantown was proposed by Clarke and Schuchert
(1899, p. 874-878) from the small village of Beekmantown, Clinton
County, New York. It thus happens that this small village has given a
name to one of the most important formations in the Appalachian Valley.
The Beekmantown crops out in a sinuous belt across the county from
Cedar Creek northwest of Middletown to West Virginia, where it crosses
the State line on both sides of U. S. Highway 1I. The belt is widest
northwest of Middletown, where, because of a number of subordinate
folds and a fault, its width is increased to several times its narrowest part
west of Stephens City. These minor folds, as well as others farther
northeast, in addition to a fault west of Kernstown, cause conspicious
offsets in the outcrop. Two other small belts with faulted relationships
are located northwest of White Hall at the southeast base of Little North
Mountain and at the southeast corner of Frederick County.

The Beekmantown in Frederick County (Edmundson, 1945) is
composed of interbedded, fine-textured, bluish-gray limestone and finely
crystalline gray dolomite. An estimate based on several incompletely
exposed sections indicates that the ratio of limestone or magnesian
limestone to dolomite for the full thickness of the formation is about
3 to 2, although dolomite predominates in the upper part. In Clarke
County, adjoining Frederick County on the east, the Beekmantown is
predominantly limestone with only minor amounts of dolomite. Some
of the thin beds meet the specifications of high-calcium limestone.

There are no sandstones as in the Conococheague. Chert is also
relatively scarce as compared with its abundance in the Beekmantown
in the southern part of the Valley. However, locally, the uppermost
part of the formation is characterized by a distinctive vuggy chert having
the appearance of an encrustation on the surface of the rock or filling the
recesses formed by solution along the bedding planes. Many well-
preserved fossils have been obtained from this material.

At certain localities beds of compact, nongranular rock of a pearl-
gray color are present. These layers look so much like the overlying
New Market (Mosheim) limestone that, where they are both present,
close observation is required to distinguish the formations and locate the
boundary between them. As a general rule, however, the uppermost
part of the Beekmantown contains a few finely crystalline, gray dolomite
layers that are easily distinguishable.

The thickness of the Beekmantown along State Road 631 west of



GeoLogy oF FrReDERICK COUNTY 25

Stephens City is about 2500 feet. Here the beds are largely exposed and
vertical. The formation appears to be about 3500 feet thick in northern
Frederick County (Edmundson, 1945, p. 36), but the measurements
of exposures there may be inaccurate as a result of folding and faulting
which were not evident in the field.

On the basis of fossils, two divisions of the Beekmantown are
recognized; a lower division marked by Lecanospira, and an upper
division containing Ceratopea. So far as known, these fossils have not
been found at the same geologic horizon. In central Pennsylvania,
where the Beekmantown is predominantly dolomite, the easily recogniza-
ble blue limestone, the Axemann, separates the lower division, the
Nittany dolomite, from the upper division, the Bellefonte -dolomite.
In Frederick County the Axemann has not been recognized, so it is
impossible to separate the two divisions on lithologic grounds. However,
an approximate boundary (Plate 1) can be determined by fossils. For
example, on the Chapel Road, (State Road 627) northwest of Middle-
town, Ceratopea occurs just south of Buffalo Marsh Run, whereas
Lecanospira occurs on the slope 1000 feet northwest of the same stream.
The boundary lies between these locations.

The Lecanospira zone includes other fossils, a few of which have:
been collected and identified as the following: Ecculiomphalus triangulus,
Hormotoma gracilens, Diaphelasma pennsylvanicum, and Finkelnburgia
virginica. In the Ceratopea zone are Ecculiomphalus perkinsi, Ophileta
canadensis, Pleurotomaria arabella, Pionoceras swartzi, and Centrotar-
phyceras macdonaldi. Calaurops lituiformis has not been found in Fred-
erick County, but it occurs in the vicinity of Front Royal, Warren
County.

The occurrence of Lecanospira is evidence for the correlation of the
lower division with the Roubidoux limestone of Missouri, the Longview
limestone of Alabama, the Nittany dolomite of central Pennsylvania, and
the lower part of the typical Beekmantown of New York and Vermont.
Ceratopea connects the upper division of the Beekmantown of Frederick
County with the Cotter dolomite of Missouri, the Newala limestone of
Alabama, and the Bellefonte dolomite of Pennsylvania, whereas the
other fossils of this division; especially the coiled cephalopods and
Calaurops, show that the upper division is also to be correlated with the
Fort Cassin limestone of the upper Beekmantown of New York and
Vermont.

In the preparation of this report for publication, Edmundson noted
that Butts’ manuscript maps showed Nittany and Bellefonte as the
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mapped units succeeding the Chepultepec, whereas in his manuscript
these rocks were described under the heading Beekmantown limestone
with a lower division, or Lecanospira zone, and an upper division, or
Ceratopea zone. It is hoped that the explanation on the map (Plate 1)
showing Nittany (lower Beekmantown) formation and Bellefonte (upper
Beekmantown) formation represents the implied intent of Dr. Butts.
According to Sando (1957), the Beekmantown group in Maryland
includes the Stonehenge limestone and the units which he named the
Rockdale Run formation and the Pinesburg Station dolomite. These
formations comprising the Beekmantown group have been recognized
and mapped by Page and others (1964) in the Martinsburg quadrangle
which is located about 15 miles northeast of Frederick County.

Revision of Lower Middle Ordovician Nomenclature

The results of detailed study of lower Middle Ordovician stratigraphy
of the Shenandoah Valley, Virginia, and an analysis of previous in-
terpretations were published by Cooper and Cooper (1946). Their joint
study revealed the need for a revision of the stratigraphic nomenclature
since, in many instances, the generally accepted classification confused
time-stratigraphic divisions with purely lithologic units transcending
faunal zones. The new names employed by Edmundson in this report
were proposed by Cooper and Cooper (1946) and are in accord with
the current usage of the Virginia Division of Mineral Resources. The
interested reader is referred to Appendix I for Butts’ description and
interpretation of the post-Beekmantown—pre-Martinsburg stratigraphy.

The following section, modified from Cooper and Cooper (1946,
p- 76, 95-96), is not in Frederick County; however, the units included in
their revision of the lower Middle Ordovician stratigraphy are well
exposed and the location is only about 2 miles southwest of the county
line.

Geologic Section 1.—Along Tumbling Run, 1.5 miles southwest of
Strasburg, Shenandoah County, Virginia.
Thickness

Feet Inches
ORANDA FORMATION (50 feet)

27. Limestone, shale, and siltstone; exposed along U. S.
Highway 11 about 300 yards north of Tumbling Run;
very fossiliferous; contains Lingulasma sp., Ptychoglyptus
sp., “Sowerbyella” pisum, Bimuria, Oxoplecia simula-
trix, Christiania trentonensis, Eoplectodonta alternata,
and Reuschella “edsoni” 50
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EpinBurc LIMESTONE (530 feet)

26.

25.

24,

23,

22.

21.
20.

19.

18.

17.

16.

15.
14.
13.
12.
11.
10.

9.

8.

Limestone, buff-gray, crumbly, cobbly; contains Cama-
rocladia (Lantz Mills facies) ...
Limestone, dark-gray, dense, slabby to cobbly; contains
Nidulites and Lambeophyllum (Lantz Mills facies).......
Limestone, black, dense, even-bedded; contains Nidu-
lites and Lambeophyllum (Liberty Hall facies)............
Limestone, clayey, shaly, cobbly; contains Nidulites
and Lambeophyllum (Lantz Mills facies)
Limestone, black, medium-bedded, slabby (Liberty
Hall facies) .. .o

Limestone, very clayey, nodular (Lantz Mills facies)
Limestone, black, dense; partings of black shale
(Liberty Hall facies) ...,

Limestone, nodular to cobbly; contains Nidulites and
Lambeophyllum (Lantz Mills facies) .. . ...
Limestone, black, dense, slabby; contains Arthrorhachis,
Robergia, and Bronteopsis; Nidulites also plentiful but
none below this unit (Liberty Hall facies)
Limestone, argillaceous, cobbly; contains Dinorthis
cf. D. transversa, Resserella cf. R. rogata, and a large
Corineorthis (Lantz Mills facies) . ...
Limestone, buff, nodular, shaly; contains Echinosphae-
rites aurantium, Chasmatopora “sublaxa,” Opikina cf.
O. “minnesotensis,” Homotelus simplex, Oxoplecia sp.,
Resserella cf. R. rogata, Christiania sp., Sowerbyella sp.
(Lantz Mills facies).
Limestone, granular, good ledge maker (Liberty Hall
facies) .
Limestone, buff, cobbly; bright-buff shaly partings
(Lantz Mills facies) .. .o e
Siltstone, brownish-buff, shaly in lower part
Metabentonite, buff, sheared
Chert
Limestone, cobbly, several clayey partings which are
probably metabentonitic (Lantz Mills facies) .................
Limestone, irregularly bedded, medium- to coarse-
grained (Liberty Hall facies
Metabentonite, buff

LincoLNSHIRE LIMESTONE (132 feet)

7.
6.

Limestone, fine-grained, cobbly, sparsely cherty. ...
Limestone, black, dense, cherty; contains Mimella sp.,
Sowerbyites triseptatus, Multicostells saffordi, and
Dinorthis atavoides . ... ...

. Limestone, dark-gray, granular, cherty; contains in-

tercalated beds and lenses of coarse-grained limestone
crowded with Girvanella

Thickness
Feet Inches

40

200

64

14

26

45

20

33

27

35

32

8.5

27
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Thickness
Feet Inches
4. Limestone, black, fine- to medium-grained, cherty........ 29
3. Limestone, dark-gray, thin-bedded, platy, no chert ... 4 6
2. Limestone, medium-gray, coarse-grained, no chert. ... 4 6

NEw MARKET LIMESTONE (55 feet)

1. Calcilutite, dense, medium-bedded, crowded with
Tetradium syringoporoides; base exposed in stream bed
beneath bridge 55

BEEKMANTOWN DOLOMITE

New Market Limestone

The New Market limestone was named by Cooper and Cooper
(1946, p. 71-72), and the name was taken from a town on U. S.
Highway 11 in southern Shenandoah County, Virginia. It is above
the Beekmantown and below the dark-gray, commonly cherty Lincoln-
shire limestone. The New Market crops out in a long, finger-like area
along Middle Marsh Brook for 2.5 miles north of the Frederick-
Shenandoah county line, and in a very narrow band extending north-
eastward across the county passing near Stephens City, Winchester, and
Clearbrook, and thence northeastward to Martinsburg, West Virginia.
This outcrop (Plate 1) is offset at several places by plunging folds and
minor faults. Other incomplete exposures, associated with faulting, have
been mapped southwest of Wisecarver Gap; near the West Virginia
boundary about 2.5 miles north-northeast of White Hall; and at the
southeast corner of the county.

The New Market is dominantly a compact or glassy-textured, thick-
bedded, dove-gray limestone (Figure 8) with generally a lower zone
containing a few impure layers that are thin bedded. Exclusive of the
impure layers near the base, the formation is 97 to 98 percent calcium
carbonate and is extensively quarried and mined as high-calcium lime-
stone. The thickness of the New Market in the central part of the
county, between Winchester and Kernstown, is estimated to be 50 feet
or less, whereas the thickness along the strike to the northeast and
southwest ranges from about 80 feet to a maximum of about 200 feet.

The New Market is sparsely fossiliferous. The fossils that have
been observed in the county are sections of gastropods which occur on
the weathered surface of the limestone. Fairly good and abundant
specimens were noted on the west limb of the Marsh Brook syncline,
about 0.3 mile northeast of Cedar Creek, occurring in about the middle
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of the formation. The most abundant forms suggest Trochonemella;
others seem to be Lophospira grandis. Another significant form, Tetra-
dium syringoporoides, is present in outcrop along Tumbling Run in
northern Shenandoah County. The New Market is essentially the same
as the unit identified by Butts as the Mosheim limestone in Frederick
County.

Figure 8. Sharp boundary between the New Market (light) and Lincolnshire
(dark) limestones in the W. S. Frey Company quarry about 0.5 mile
southeast of Clearbrook. Looking northeast (1964),

Lincolnshire Formation

This formation was named by Cooper and Prouty (1943, p. 863)
as the Lincolnshire limestone from a creek about 2 miles northeast of
North Tazewell, Virginia. In Frederick County and along Tumbling
Run, Shenandoah County, the Lincolnshire extends from the New
Market to near the base of the lower Echinosphaerites zone (Cooper and
Cooper, 1946) of the Edinburg formation. In discussing the Lenoir,
Butts (Appendix I) places the upper boundary about 20 feet below a
prominent siltstone in the Tumbling Run section, whereas Cooper and
Cooper (1946) place the Lincolnshire-Edinburg boundary about 15
feet below the siltstone. For the purpose of mapping, the two units are
essentially the same in Frederick County.

The outcrop of the Lincolnshire is a narrow, sinuous band, con-
tiguous with the New Market, that extends in a northeasterly direction
across the county from Cedar Creek to West Virginia 0.5 mile south
of Ridgeway. Other small outcrops, with faulted relations, occur at the
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southeast base of Little North Mountain near the West Virginia boundary
and in the southeastern part of the county south of Wright Run.

The Lincolnshire is a dark, almost black, finely crystalline lime-
stone (Figure 8). It is medium thick bedded, and the layers tend to be
nodular or made of irregular, lenticular slabs of a few square inches in
area. The formation is especially characterized and made identifiable
by fairly abundant nodules, plates, and stringers of black chert. The
chert commonly weathers out in cuboidal chunks on the surface and
affords means of tracing the formation where there are no exposures
of bedrock. At localities where chert is not prominently developed, or
if the chert is omitted from the sample, available chemical analyses
show 95 to 96 percent calcium carbonate. Generally the format10n 15 )
high in silica and, for that reason, is not considered a high- calcmm
limestone.

The thickness of the Lincolnshire along Tumbling Run (Shenandoah
County) is about 132 feet. A thickness of about 100 feet has been
noted in the vicinity of Rest, southeast of Kernstown, and at Vaucluse;
whereas in the vicinity of Winchester it appears to be much thinner,
perhaps less than 50 feet.

The Lincolnshire is moderately fossiliferous, and many fine silicified
specimens have been etched from slabs of limestone collected in the
Strasburg area and are revealed also on weathered pieces of black chert.
A few of the fossils are cited in Geologic Section 1 and in Appendix L.

According to Cooper and Cooper (1946, p. 75) :

“The name Strasburg limestone was introduced without definition
by Ulrich (1939, p. 106) for a part of the succession herein identified
as Lincolnshire. Later Ulrich and Cooper (1942, p. 622) used it as
equivalent to the ‘upper Lenoir’ of Tennessee. Since the name had re-
ceived no precise definition or description at the time Lincolnshire
was introduced ([Cooper and Prouty,] 1943), Strasburg is considered
invalid.”

Edinburg Formation

The Edinburg was named by Cooper and Cooper (1946, p. 78)
from a locality 1.5 miles northeast of Edinburg, Shenandoah County,
Virginia. It includes about 500 feet of beds above the Lincolnshire
formation and below the Oranda formation (“Christiania” bed of
Butts) in Frederick County. The Edinburg formation crops out in a
band about 800 feet wide extending from the vicinity of Strasburg,
Shenandoah County, northeastward to West Virginia, crossing the State
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boundary about 0.5 mile south of Ridgeway. Other small exposures
occur along Opequon Creek east of Brucetown and Parkins Mills and at
the southeast corner of the county. The main belt is widest at the south
end of the Belle Grove anticline about 2.5 miles northeast of Strasburg.
This belt to the northeast is offset by folds or faults at a number of
places, as in the vicinity of Stephens City, southeast of Winchester,
between Winchester and Clearbrook, and at the State line.

Approximately 70 percent of the rocks exposed along Tumbling Run
in northern Shenandoah County are nodular to cobbly, dark- to buff-
gray limestone with shaly partings and have been assigned by Cooper
and Cooper (1946, p. 95-96) to the Lantz Mills facies of the Edinburg.
The remaining parts of the section, occurring as units of variable
thickness intercalated within the cobbly beds, are composed mainly of
dense, even-bedded, black limestone and partings of black shale which
characterize the Liberty Hall facies. A layer of siltstone, approximately
3 feet thick, and several thin metabentonites occur near the base of the
formation. The siltstone, here named the Tumbling Run, is easily dis-
tinguished from the enclosing rocks and is thus a valuable horizon
marker for a considerable distance. Its outcrop forms a low ridge which
can be traced southward to Maurertown. and northward at least to
Strasburg Junction, Shenandoah County. A similar bed, supposed to
be the same, crops out in Frederick County and forms a low ridge about
1 mile west of Stephens City and in the eastern environs of Winchester
(Edmundson, 1939, p. 99-104).

The main outcrop belt of the Edinburg near Vaucluse and
Bartonville (Figure 9) is composed of about equal amounts of the Lantz
Mills and Liberty Hall facies, whereas in the northern part of the
county, near Rest, the rocks appear to be chiefly the Lantz Mills facies.
The eastern outcrop belt which is mainly in Clarke County, but with a
few exposures in Frederick County along Opequon Creek, is composed
largely of the Liberty Hall facies. The thickness of the Edinburg in
Frederick County, except for one section about 0.5 mile southeast of
Kernstown which may be thinned by faulting, ranges from about 400
to 550 feet.

The Edinburg is highly fossiliferous, but the fossils are usually
fragmentary, from which it would appear the limestone was deposited in
water much affected by waves and currents. Some of the fossils are
silicified, and good specimens can be etched from the limestone by acid.
A few of the diagnostic fossils are cited in Geologic Section 1 and in
Appendix I.
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Along the west limb of the Massanutten syncline, the Edinburg
is equivalent to beds mapped by Butts and Edmundson as the Chambers-
burg limestone, exclusive of the relatively thin “Christiania” bed at the

Figure 9. Edinburg limestone in the Salem Stone Corporation quarry at Barton-
ville. Looking northeast (1964).

top of the formation. The new name would include also the few limited
exposures of the beds mapped as the Athens, east of the broad expanse of
Martinsburg shale along Opequon Creek and in the southeast corner of
Frederick County.

Oranda Formation!

The name Oranda formation was proposed by Cooper and Cooper
(1946, p. 86) from a hamlet about 3.5 miles northeast of Strasburg,
Shenandoah County, Virginia. This relatively thin zone overlies the
Edinburg and directly underlies the Sinuites beds of the Martinsburg
formation in Frederick County.

According to Cooper and Cooper (1946, p. 87):

“The Oranda is composed mainly of very argillaceous limestone
but contains metabentonitic clays, shales, and ledge-making siltstones.
It forms the transition zone between the subjacent limestone and the
succeeding sandy shales of the Martinsburg. -Except in road cuts, the
Oranda is almost nowhere fully exposed. Many of its metabentonites
are unknown outside the type section.”

1The explanation on the geologic map (Plate 1) does not include the Oranda
formation. This is an error and the unit mapped as Edinburg formation should
read “FEdinburg and Oranda formations.”
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The thickness of the Oranda (Cooper and Cooper, 1946, p. 87-
95) is 56 feet at the type section, and in Frederick County it is reported
to be 25 feet near Vaucluse and 30 feet near Rest. Perhaps 40 feet
would be a reasonable average thickness in Frederick County.

Fossils occurring in the siltstone which is prominently exposed along
U. S. Highway 11 about 300 yards north of Tumbling Run, have been
identified (Cooper and Cooper, 1946, p. 95-96) as Lingulasma sp.,
Ptychoglyptus sp., Bimuria sp., Oxoplecia simulatrix, Christiania tren-
tonensis, Eoplectodonta alternata, and Reuschella “edsoni.” The Oranda
formation is characterized by the occurrence of Reuschella “edsoni” and
its associates. It is equivalent to the “Christiania bed,” upper Chambers-
burg, of Butts (Appendix I).

Martinsburg Formation

The Martinsburg was named by Geiger and Keith (1891, p. 161)
as the Martinsburg- shale from Martinsburg, West Virginia. However,
its first description was given by Darton (1892, p. 13). In Frederick
County the lower boundary is defined as above calcareous siltstone
(Oranda formation), and its top boundary is drawn at the base of the
Oswego where it is recognized in the section. The Martinsburg occupies
-a wide belt along the medial part of the Massanutten syncline, lying
in general between Winchester and Opequon Creek, but in. places
extending about 0.5 mile across the creek into Clarke County. Exposures
are especially good where the belt is crossed by U. S. Highway 50 and
State Highway 7 (Figure 10). Another belt, constricted by faulting ex-
cept possibly at the northeast end, extends along the southeast base of
Little North Mountain throughout the county. The Martinsburg also
crops out in a wide area along the axis of the Great North Mountain
anticline in the southwest corner of the county and in a small, oval-shaped
inlier (Plate 1) along Paddy Run just south of The Half Moon.

In Frederick County the Martinsburg varies from a fissile clay-shale
to a thinly laminated rock partly composed of exceedingly fine particles,
and can properly be called a fine-grained sandstone. A very few massive
layers, apparently without bedding lamination, and a few medium-
thick layers of coarser grained sandstone have been observed in the
‘Massanutten syncline. In this broad outcrop belt the Martinsburg is
bluish gray but turns to brown on weathering, due to the oxidation of
the ferruginous constituents in the shale. In other belts within the county
the shale seems to be of a more purely clayey composition, is softer,
and weathers to a yellowish color. A few calcareous beds, containing
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Orthorhynchula linneyi, were observed near the top of the Martinsburg
and within a few feet of the overlying Oswego along Paddy Run in the
southwestern part of the county. Along U. S. Highway 11, 0.5 mile south
of Tumbling Run, Shenandoah County, the basal few feet of the Martins-
burg is crumbly shale, apparently slightly calcareous, which weathers
yellowish gray, and contains Cryptolithus and Dalmanella. Above the
gray shale at this locality is about 100 feet of very fissile, black, graptolitic
shale.

Figure 10. Bedding in Martinsburg shale cut by cleavage, along State Highway
7 about 0.5 mile west of Opequon Creek.

No accurate determination of the thickness of the Martinsburg
is possible in Frederick County. The top of the Martinsburg is not
preserved in the Massanutten syncline within the limits of Frederick
County. Near New Market, Shenandoah County, the top and bottom
are defined and the width of outcrop is approximately 4000 feet. Thus,
under the most favorable conditions, the maximum possible thickness
cannot exceed 4000 feet.

Along the breached Great North Mountain anticline in Vances
Cove, the top is exposed, but older rocks are not exposed on the surface.
The belt along Little North Mountain, except possibly north of Green
Springs, is bounded on the east by the North Mountain fault. -Near the
West Virginia boundary and north of Green Springs the width of outcrop
is about 2800 feet. If the sequence is normal, as it appears to be, and an
average dip of about 45 degrees is assumed, the calculated thickness would
be 1800 feet. Near Chambersville on U. S. Highway 50, the Martinsburg
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is exposed through 1500 feet of steeply dipping beds. Here it is adjacent
to the North Mountain fault on the east, and it is also interpreted by
Edmundson as having faulted relationships at the top. Similar faulted
relationships are indicated near Fawcett Gap about 4 miles to the
southwest. At this locality the outcrop belt is only 800 or 900 feet wide
and, according to Butts, apparently both top and bottom of the Martins-
burg are represented in the section. If so, it is abnormally thin or has
been partly squeezed out or compressed in folding. Woodward (1951,
p- 340) reports a thickness of the Martinsburg on the order of 1400
to 1600 feet in the belts west of the Massanutten syncline in West
Virginia. Recently, Page and others (1964) have listed the formation
as 2000-3000 feet thick in the Martinsburg quadrangle.

The wide synclinal belt of the Martinsburg in Frederick County
is apparently devoid of all fossils except graptolites. By persistent
search these were found at various points across the belt but no other
fossils were found. The graptolites are mostly poorly preserved, but
all, so far as their condition permits identification, are Diplograptus
amplexicaulis. East of Opequon Creek, Clarke County, in the very
bottom of the Martinsburg, Corynoides cf. C. gracilis has been found
in abundance at several localities. South of Frederick County, at the
north end and on the east side of Massanutten Mountain and on Cub
Run 0.5 mile southeast of Catherine Furnace, the following fossils,
collected within 200 feet below the top of the formation, were found:
Dalmanella meeki, D. emacerata?, Rafinesquina alternata, Orthorhyn-
chula sp., Byssonychia radiata, Orthodesma?, Modiodesma?, Cyclonema?,
Calymene meeki, and Cryptolithus bellulus.

On the west side of the syncline along U. S. Highway 11, 1.75 miles
southwest of Strasburg, Diplograptus amplexicaulis, Ctenobolbina ciliata?,
Tetradella subquadrans, and Cryptolithus tessellatus occur near the base
of the Martinsburg. On the western belt, along the southeast slope of
Little North Mountain, Cryptolithus sp. occurs near the top; and near
Fawcett Gap Cryptolithus tessellatus, associated with many specimens
of Corynoides, occurs in dark calcareous shale at the bottom of the
formation. Several hundred feet below the top of the formation,
Cryptolithus bellulus, Ectenocrinus simplex, and Glyptocrinus pattersoni
occur in an outcrop in Page County along U. S. Highway 211, 0.5 mile
southeast of New Market Gap. These fossils indicate the Eden age of
the containing beds. On Paddy Run in the gap through Paddy Mountain
in the southwest corner of Frederick County, Orthorhynchula linneyi
occurs abundantly. The previously listed fossils prove that the Martins-
burg formation in northern Virginia is Trenton to Maysville in age.
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Oswego Formation

The Oswego was named from Oswego, New York, where it crops
out and was described by Vanuxem (1842, p. 67) as the gray sandstone
of Oswego. It was later specifically named by Prosser (1890, p. 205-206)
as the Oswego sandstone. It is well developed along the crest of Great
North Mountain at the State boundary, both north and south of State
Highway 55 and on the west slope of Paddy Mountain which forms
the eastern boundary of Vances Cove. Other small areas have been
identified at the southeast base of High Knob, along the northwest slope
of Great North Mountain 3 miles southwest of Rock Enon Springs, and
in the deep ravine at the head of Sink Pond Hollow in the northwest
corner of the county. The occurrence 3 miles south of Rock Enon
Springs is a wedge-shaped belt which seems to be bounded by a fault on
the west, for the Oswego apparently is in contact with the Clinton.

The Oswego is thicker and better exposed on the southeast slope of
Little North Mountain along the road through Ponzer Gap in northern
Shenandoah County. Recent reconnaissance work (1963) by the junior
writer along Little North Mountain has shown a few feet of brownish,
weathered, coarse-grained sandstone with small chert pebbles at the
northeast end of Funkhouser Knob in southwestern Frederick County.
Farther northeast along the mountain, gray and pink to maroon-colored
sandstone foat has been noted at a locality about 2 miles southwest
of Chambersville, reddish sandstone float near the southeast base of
Round Hill, and an abundance of gray impure sandstone float along the
southeast slope of the mountain northeast of Nain. Butts manuscript
maps show the overlying red beds of the Juniata, without any Oswego,
as present along the southeast slope of Little North Mountain north
of Green Springs and in a very narrow strip from a locality 1.5 miles
west of Albin northward to the vicinity of Nain. The area needs ad-
ditional study; however, on the basis of the meager evidence now avail-
able, thin discontinuous belts of undifferentiated sandstone and shale,
possibly Oswego-Juniata with faulted relationships, are shown on FPlate 1.

The Oswego in Great North Mountain is a thick-bedded, coarse,
gray or greenish sandstone, with well water-worn pebbles up to 4 inches
in diameter, making a coarse conglomerate (Figure 11). The pebbles
are mostly quartzite but include a few small ones of vein quartz and
fewer of chert. Along Little North Mountain in northern Shenandoah
County, it is a thick-bedded, gray sandstone apparently without pebbles.
The thickness of the Oswego has not been accurately determined, but
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such observations as have been made indicate a thickness of 100 to 200
feet.

e -

Figure 11. Oswego conglomerate along State Highway 55 in Duck Run gap
about 2.5 miles northwest of Star Tannery.

The general character and thickress of the Oswego near the west
end of Duck Run gap is as follows:

Geologic Section 2.-—Near west end of Duck Run gap at the entrance to
Vances Cove, Frederick County.

Thickness
Feet
OswEGo ForMATION (100 - feet)

2. Sandstone or grit, thick-bedded; small grains of quartz and
brownish rock, 1 mm in diameter; contains many pebbles, mostly
quartzite, up to 4 inches in diameter; the distinctly greenish
color suggests glauconite 50

1. Sandstone, gray, thick-bedded, coarse; contains only a few
pebbles; covered at base, but Martinsburg shale with Orthor-
hynchula close below. 504

The Oswego here, as in central Pennsylvania, is without fossils. It
is tentatively identified as Oswego because it is in the same stratigraphic
sequence as the Oswego of New York, where it underlies the Queenston
shale which is correlated with the Juniata formation. The Oswego in
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Virginia underlies the Juniata as it does in central Pennsylvania. Many
geologists prefer the name Bald Eagle sandstone. Beneath the Oswego in
Pennsylvania is the Orthorhynchula zone of the Reedsville shale, which is
the same as the Orthorhynchula zone of the Martinsburg formation
immediately underlying the Oswego of Virginia. The Oswego sandstone
is also believed to be represented in the upper part of the Maysville
group, the McMillan formation of the Cincinnatti, Ohio region.

Juniata Formation

The Juniata was named by Darton (1896, p. 2) from Juniata River
in Pennsylvania. It is present along the southeast slope of Little North
Mountain north of Green Springs (shown as undifferentiated Oswego-
Juniata on ' Plate 1) and in a very narrow strip from-near the County
Farm, 1.5 miles west of Albin, northward to the vicinity of Nain. In more
recent work, however, fossils, tentatively identified as of Clinton age a
few hundred feet north and south of Nain, suggest to the junior writer
that the few feet of white and brown sandstone associated with red shale
referred ‘to by Butts as the Juniata in the vicinity of the County Farm
may be a southwesterly continuation of the Clinton. Nevertheless, no
fossils were noted in the County Farm area and the red shales are not
typical of the Clinton.

The main body of the Juniata is in Great North Mountain. It
crops out on both flanks of the anticline in the southwestern part of the
county. Another outcrop which is wedge-shaped lies.along the southeast
slope of the mountain below High Knob. There are also two inliers,
one in the deep ravine at the head of Laurel Run west of Mountain
Falls and another on the southeast slope of Cacapon Mountain at the
head of Sink Pond Hollow in the northwest corner of the county.

The Juniata is composed of red shale or red lumpy mudrock and
thin-bedded, red, partly arkosic and cross-bedded (Figure 12) sandstone.
It is nowhere fully exposed in Frederick County so that its detailed
character cannot be determined. The thickness may be 50 to 100 feet.
in Little North Mountain north of Green Springs and as much as 200
feet in Great North Mountain.

The Juniata is unfossiliferous but is known through its stratigraphic
relations to be the equivalent of the Queenston shale of New York, and
the latter is known by its fossils to be partly equivalent to the highly
fossiliferous Richmond of southern Indiana and southwestern Ohio. A
considerable number of Richmond fossils occur in the Queenston in
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Canada -at the west end of Lake Ontario. The Juniata also persists to
the southwest corner of Virginia, where it is known as the Sequatchie
formation. At Cumberland Gap the . Sequatchie formation contains
Richmond fossils.

Albert Crensha
Figure 12. Cross-bedded Juniata sandstone exposed along Duck Run and State
Highway 55 about 2.5 miles northwest of Star Tannery.

SILURIAN SYSTEM

Tuscarora Formation

The Tuscarora was named by Darton (1896, p. 2) from Tuscarora
Mountain between Perry and Juniata counties, Pennsylvania. The same
formation, cropping out along Clinch Mountain in Tennessee, has been
named Clinch sandstone (Stafford, 1869, p. 292). The name Tuscarora
is used in northern Virginia, although Clinch is an older name.

The Tuscarora in Frederick County crops out along Little North
Mountain, on Great North Mountain (Figure 13), and on the southeast
slope of Cacapon Mountain. Owing to the hardness and resistance to
erosion of the Tuscarora, the areas underlain by it have been eroded less
than the adjacent areas underlain by weaker rocks and have thus re-
mained standing above the general level. Nearly all of the prominent
linear ridges in the Appalachian Valley from Pennsylvania to Tennessee
are due to the same cause.
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The formation is a rather thick-bedded, hard, gray rock, pre-
dominantly an ordinary sandstone, but, locally at least, part of the
formation is a conglomerate composed of quartz pebbles, usually about
0.25 inch in diameter. A well-developed conglomerate is on the crest
of Paddy Mountain about 2 miles southwest of Paddy Run.

Figure 13. Short Mountain in the background underlain by steeply dipping
Tuscarora sandstone which crosses Duck Run and State Highway
55 about 2.4 miles northwest of Star Tannery.

The varying width of outcrop and even the absence of the Tus-
carora along Little North Mountain in Frederick County are worthy of
notice. North of Green Springs and southward to Round Hill it is
generally thin and locally absent, but with prominent exposures in
Babbs Mountain, Flint Ridge north of Nain, and in Round Hill (Figure
5) where the thickness is estimated to be about 200 feet. 'The Tuscarora
does not crop out along U. S. Highway 50 (old location) at Chambers-
ville. Here the Martinsburg is interpreted as being in contact with the
Wills Creek formation. In less than 0.5 mile south of Chambersville
it thickens to perhaps 200 feet and continues southward as a prominent
ridge-maker (Figure 4) for a distance of at least 3 miles, and from there
the outcrop belt narrows as the crest of the mountain gradually descends
to the valley level at Wisecarver Gap. There are no exposures in the
floor of the gap, but immediately to the south and continuing for a short
distance the Tuscarora appears to be about 150 feet thick. To the south
in the Fawcett Gap area, except for a few thin lenses of white sand-
stone, the Martinsburg is in contact with the Marcellus shale. The
most southerly prominent topographic feature along the trend of the
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mountain is Funkhouser Knob, which, like the knob south of Wisecarver
Gap, probably contains 100 to 150 feet of Tuscarora. In Baldwin Gap,
near the Frederick-Shenandoah county boundary, the exposed thickness of
white to gray Tuscarora sandstone is 40 feet or less. These variations in
distribution and thickness have been explained by faulting or as the
result of original unequal deposition. A review of this question, with
suggestions by the junior writer, are given in the section on geologic
structure.

The thickness, as determined on Duck Run in the southwestern
part of the county, is approximately 300 feet. Southwest of Wheatfield
in Shenandoah County, however, the thickness is apparently about 500
feet which is greater than known elsewhere in Virginia, except in
Massanutten Mountain. Perhaps 250 to 300 feet is about the normal
thickness for Frederick County.

The typical Tuscarora is a nonmarine formation and destitute of
fossils, except for Scolithus tubes (worm borings) and Arthrophycus,
another genus of fossii worm. In western New York, south. of Lake
Ontario, the equivalent of the Tuscarora is the Albion sandstone (“White
Medina” sandstone), which is fossiliferous. The equivalent of the
Albion, undergoing various facies modifications, has been traced north-
westward through Canada and has yielded satisfactory evidence of its
equivalence, in part at least, with the Brassfield limestone of Ohio. At
Cumberland Gap in the southwest corner of Virginia, the Tuscarora
equivalent is a marine fossiliferous sandstone and limestone. A con-
siderable number of fossils collected there are similar to the well-known
fossils obtained from the Albion at Lockport, New York. Also, a number
of the fossils from Cumberland Gap are identical with species occurring
in the Brassfield limestone of Ohio. The Tuscarora is an example of the
transition of a nonmarine formation without life (except for the traces
of worms, presumably of terrestrial habitat) into a marine formation
containing abundant remains of marine animals.

Clinton Formation

The Clinton formation was named by Conrad (1842, p. 229-230)
from the town of Clinton, Oneida County, New York. The Keefer
sandstone member, named by Stose and Swartz (1912, p. 5) as the Keefer

sandstone, from Keefer Mountain, Pennsylvania, forms the top of the

Clinton as used in this report. The Clinton crops out in Little North
Mountain, on both slopes of Great North Mountain northward nearly
to U. S. Highway 50 where it dips below the surface on the northward-
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plunging anticline, and along the southeast base of Cacapon Mountain
in the northwest corner of the county. Although there are no completely
exposed sections in Frederick County, an accessible place to study the
upper 100 feet of the formation, beneath a conspicuous ledge of Keefer
sandstone, is along State Highway 55 at the east entrance to the gorge of
Duck Run.

At the termination of joint field studies in 1940, the Clinton had
been identified in the Little North Mountain belt only in the area north
of Green Springs, Frederick County, and south of Wheatfield, Shen-
andoah County. Subsequent field work by the junior writer in 1946
resulted in the collection of diagnostic Clinton fossils, mainly from float
material, on Babbs Mountain, Flint Ridge, Round Hill, and at three
localities between U. S. Highway 50 and Fawcett Gap. On the basis of
this evidence a thin belt of Clinton, but with uncertain boundaries, is
shown on Plate 1.

The Clinton is composed largely of hard, gray, sandstone (Keefer
sandstone member) at the top and fine-grained, thin-bedded sandstone
with sandy shale layers in the lower division. The Keefer sandstone is
particularly well exposed along the southeast slope of Great North
Mountain as a persistent gray ledge halfway up the slope and strikingly
visible in the early morning light from the highway and country to the
southeast. The Falls, 1.7 miles north of the village of Mountain Falls, is a
cascade about 50 feet high made by Fall Run flowing down over a steeply
dipping surface of the Keefer sandstone (Figure 14). The Keefer is a
sandstone or quartzite, in all respects like the Tuscarora, and its thickness
appears to be 30 to 50 feet in the Great North Mountain area.

The rocks in the lower division of the Clinton are predominantly
gray sandstone and sandy shale but include layers of cinnabar-red and
purplish-red sandstone (“Cacapon type”). Even the predominantly gray
sandstone, due to films of iron oxide on the bedding and cleavage surfaces,
is mottled with brown or reddish blotches. The “Cacapon type” sand-
stone can be relied upon for identifying the Clinton, since no other
formation in the Valley of Virginia contains beds of similar character.
A close approximation of thickness has been made in a ravine just north
of Duck Run, where the upper and lower limits are definitely marked
by the Keefer and Tuscarora sandstones respectively. Here the thickness
is about 350 feet.

The most notable paleontological feature of the Clinton is the
great abundance of individuals and species of ostracodes, among which
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Mastigobolbina, Bonnemaia, {ygosella, Jygobolba, and Zygobolbina are
most abundant. These are all illustrated in the volume on the Silurian
of Maryland (Maryland Geological Survey, 1923). Other common and
strictly diagnostic Clinton fossils (Butts, 1940), which occur in nearly
every fossiliferous layer, are Liocalymene clintoni, Chonetes novascoticus,
and Anoplotheca hemispherica. In a full sequence, as in central Pennsyl-
vania, the Keefer is overlain by about 50 feet of shale in which occur
fossils of Rochester age. No such rocks or fossils have been found in
Frederick County, which indicates a hiatus between the Keefer and the
McKenzie formation.

Figure 14. Fall Run, occupying a narrow channel in the Keefer sandstone, forms
a cascade about 530 feet in height. The Falls is located about 1.7
miles northwest of the village of Mountain Falls,

McKenzie Formation

The McKenzie was named by Ulrich (1911) from McKenzie Station,
9 miles southwest of Cumberland, Maryland, and described by Stose
and Swartz (1912, p. 5-6) in the Pawpaw-Hancock folio. Exposures of
the McKenzie in Frederick County are generally poor and weathered,
but it is known to occupy a narrow belt along the slopes of Great North
and Cacapon mountains. No fossils have been noted in the stratigraphic
position of the McKenzie along Little North Mountain. The few available
exposures contain Bloomsburg-type rock or red sandstone with local
intercalations of yellowish shale in the lower part almost in contact with
the underlying gray sandstone. It is the junior writer’s opinion that the
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yellow shale intercalations, such as exposed 0.1 mile north of Chambers-
ville School, should be examined more thoroughly for the possible oc-
currence of diagnostic fossils.

The McKenzie is mainly a soft gray shale with some silky shale,
yellowish in weathered condition, and a few layers of friable sandstone.
Recent observations by the junior writer along the new location of U. S.
Highway 50 about 1.3 miles east of Gore have shown that the upper
10 to 15 feet of the section which is exposed in a small anticline directly
beneath the red Bloomsburg is mainly light olive-gray claystone but with
thin dark-gray calcareous beds. A considerable thickness of weathered
shale and float material derived from the upper part of the formation
is exposed along U. S. Highway 50 about 0.4 mile east of the previously
cited anticlinal structure. Other incomplete exposures, but having the
adjacent formations exposed at the base and top, are on Poplar Spring
Run 1 mile northwest of Clowser Gap and at the Falls 1.7 miles north of
the village of Mountain Falls. On Poplar Spring Run there is a sandy
layer containing many medium-sized brachiopods and a few specimens
of ostracodes.

The true thickness of the McKenzie is unknown in Frederick County.
The width of the outcrop belt along Fall Run and at the entrance to
Duck Run gorge is 250 to 300 feet, thus, with the inferred steep dips, it
is reasonable to assume that the average thickness of the McKenzie in
Great North Mountain is about 200 feet.

Weathered yellowish shale and float material derived from the upper
part of the McKenzie are exposed along U. S. Highway 50 about 1.7
miles southeast of Gore. Here many of the shale flakes contain abundant
minute ostracodes, Eukloedenella sinuata and Dizygopleura swartzi. Also
on Poplar Spring Run there is a sandy layer containing many Camaro-
toechia and a few specimens of Eukloedenella sinuata. The ostracodes
cited were described by Ulrich and Bassler (1923) from material obtained
at Flintstone and Cumberland, Maryland, and referred by them to the
McKenzie. It is for this reason that the bed in Great North Mountain,
containing these fossils, is identified as McKenzie. This identification’ is
also in accord with the stratigraphic relations.

Bloomsburg Formation

The Bloomsburg was named by White (1883, p. 252) from Blooms-
burg, Columbia County, Pennsylvania, where it is a prominent formation.
In the Cumberland region of Maryland and in the Altoona region of
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central Pennsylvania, where it is a thin formation, it has been included
as a basal member of the Wills Creek shale. The Bloomsburg has been
identified along both sides and around the north end of Great North
Mountain (Figure 15) where the outcrop, due to minor folding, forms a
number of salients and reentrants on the northward-plunging Great
North Mountain anticline; in the northwest corner of the county where
it is well exposed along a narrow ridge from the head of Bear Garden
Creek southward into West Virginia; and along the west flank of Little
North Mountain. A few localities along the Little North Mountain belt,
where it is exposed or its presence is indicated by red soil and rock
debris, are north of Green Springs, on the road from Paxton Chapel
to Mt. Pleasant, and in Wisecarver and Baldwin gaps.

Figure 15.  Small anticline in the Bloomsburg red beds at the northeast end of
Great North Mountain along U. S. Highway 50 about 1.3 miles
east of Gore.

The Bloomsburg in Frederick County is predominantly a thick-
bedded, red sandstone with layers of compact, crumbly, red mudrock.
Its color and composition are distinctive and serve as reliable criteria
for its identification. The Wills Creek, overlying the Bloomsburg, has
relatively thin beds of red shale, but no thick-bedded, red sandstone like
that of the Bloomsburg. The thickness of the Bloomsburg ranges from
about 80 to 150 feet, as determined from two localities on U. S. Highway
50 at the north end of Great North Mountain.

The Bloomsburg is without fossils. It evidently originated under
conditions prohibitive to life, but just what those conditions were is
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unknown. The age and stratigraphic position of the Bloomsburg in
Frederick County are fixed by its relations to the fossiliferous McKenzie
below and the Wills Creek above.

Through the work of Swartz and Swartz (1931, p. 656-660) in
Pennsylvania and Maryland, it was shown that the amount of red-
colored rocks increzses eastward so that in eastern Pennsylvania almost
the entire Cayugan group is a red nonmarine facies. According to
Woodward (1941, p. 172-174), because the red rocks of the Bloomsburg
are gradually replaced westward by marine beds of varying ages, it is
clear that the Bloomsburg must occupy a different horizon at each more
westerly locality in Pennsylvania, Maryland, and West Virginia. He
observed also that the disappearance of the red nonmarine phase leaves
everywhere marine Cayugan beds at equivalent stratigraphic levels;
thus from place to place the Bloomsburg cannot be assigned a definite
horizon in the geologic column. In view of this interpretation Woodward
prefers the phrase “Bloomsburg facies of the Cayugan.”

Wills Creek Formation

The Wills Creek was named by Uhler (1905, p. 19-26) from Wills
Creek in the vicinity of Cumberland, Maryland. The Wills Creek for-
mation in Frederick County appears to be persistent in outcrop along
Little North Mountain, except in the vicinity of Fawcett Gap; on both
sides of Great North Mountain; and at the southeast base of Cacapon
Mountain. It was not seen exposed along Cacapon Mountain, but there
is a wide area with no exposures which it probably underlies. The Wills
Creek is fully exposed in Baldwin Gap, at Chambersville, and at the
north end of Great North Mountain on U. S! Highway 50 (new location)
just west of the main anticlinal axis.

The Wills Creek is of heterogeneous composition. It seems to be
mainly calcareous in the unweathered condition; but, losing its calcium
carbonate on weathering, it becomes partly a nonfissile mudrock, partly
a fissile clay-shale, and partly a fine-grained, friable sandstone. There
is some nearly pure limestone, some of which, however, contains a small
amount of very fine quartz sand. Lenses of red shale of undetermined
extent are present which make it difficult to determine the boundary with
the underlying Bloomsburg formation.

At the top of the Wills Creek is a hard sandstone about 10 feet thick,
which, because of its usefulness as a horizon marker, is here named the
Tavenner sandstone member from Tavenner Run in the vicinity of
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Gaineshoro. The Tavenner sandstone member crops out on both sides
of a narrow anticlinal area of Wills Creek along Tavenner Run south of
Gainesboro. What is believed to be the Tavenner is exposed in the area
of folded structure at the north end of Great North Mountain, and
along Little North Mountain in Baldwin Gap and north of Round Hill.

Although the boundaries are indefinite, the thickness of the Wills
Creek is about 180 feet in Baldwin Gap and probably ranges from 300
to 400 feet in the Great North Mountain area. The general character
and thickness of the Wills Creek are shown in Geologic Sections 3 and 5.

The Wills Creek is scantily fossiliferous. In a few layers, two
medium-sized species of Camarotoechia are plentiful. Ostracodes are
abundant in some layers, but they are difficult to find and hard to
identify. Leperditia elongata willsensis is the most common and probably
the most widely distributed. Species of Eukloedenella, Dizygopleura, and
Kloedenia can be recognized. Leperditia alta, reported from the Wills
Creek in Maryland, has not been seen in the Wills Creek in Frederick
County.

Geologic Section 3.—Along U. S. Highway 50 (new location). about 1.3
miles east of Gore, Frederick County. (Section by Edmundson and
Pharr).

Approximate
Thickness
Feet

WiLLs CREEK FORMATION (382 =+ feet)

26. Sandstone, medium-grained; lower 6 feet gray, upper 4 feet

green to reddish; interpreted as Tavenner sandstone member... 10
25. Siltstone and hmestone, thin- to medium-bedded........ooooo.. .. 32
24. Largely covered; few layers of bluish llmestone and yellow
. shale 39
23. Limestone, thin-bedded; partly covered 38
22. Siltstone, greenish-gray, thick-bedded . 8
21. Limestone, thin-bedded, impure 3
20. Shale, greenish 4
19. Lim