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GEOLOGY OF THE ELKTON AREA, VIRGINIA

By Pumre B. Kine

ABSTRACT

The Rlkton area lies in eastern Rockingham and southern
Page Counties, Virginia, and includes the northwestern edge of
the Blue Ridge and the southeastern edge of the Appalachian
(or Shenandoah) Valley. .

The rocks of the Elkton area include indurated rocks of pre-
Cambrian, Cambrian, and Ordovician ages, and unconsolidated
deposits of Cenozoic age. The indurated rocks have an aggre-
gate thickness of about 15,000 feet. The oldest rocks occur in
the Blue Ridge to the southeast, and successively younger rocks
underlie the Shenandoah Valley to the northwest. The young-
est indurated rocks near Elkton crop out in Massanutten Moun-
tain, northwest of the area mapped.

The pre-Cambrian rocks, which occur mainly in the Blue
Ridge, consist of an older injection complex, overlain uncon-
formably by a thin .sedimentary unit (Swift Run formation)
and by a thick mass of lava flows (Catoctin greenstone). The
pre-Cambrian rocks are overlain unconformably by sandstones,
shales, and quarzites of Early Cambrian age (Chilhowee
group), which form the outer foothills of the Blue Ridge.
These are overlain in turn by limestones, dolomites, and sone
interbedded shales of Early Cambrian to Middle Ordovician
age (Tomstown dolomite, Waynesboro formation, Elbrook
dolomite, Conococheague limestone, Beekmantown dolomite, and
limestones of Middle Ordovician age). These rocks underlie
the southeastern part of the Shenandoah Valley. Northwest
of the area mapped, the limestones are overlain by shales of
Middle and Late Ordovician age (Martinsburg shale) and
finally by sandstones of Silurian age which form the crests of
Massanutten Mountain. Small dikes and sills of igneous rock
occur at a few places in the area and are probably of Triassic
age.

The Rlkton area is within the Appalachian Mountains,
and most of its structural features are characteristic of that
region, and are probably of the late Paleozoic age. The Elkton
area lies between the crest of the Blue Ridge-Catoctin Moun-
tain anticlinorium to the southeast and the trough of the Mas-
sanutten synclinorium to the northwest. The structure is
broadly homoclinal, with the younger formations succeeding
the older toward the northwest. The homoclinal structure of
the Elkton area has been modified by folding, fiexing, and, to a
certain extent, by faulting. However, in contrast to some other
parts of the Appalachians, major overthrusts are lacking. The
most conspicuous modifications of the homocline in the Elkton
area are a broad upwarp and downwarp extending across, the
strike of the rocks—the Shenandoah Salient and Elkton Em-
bayment. In the salient, the foothills of the Blue Ridge extend
farther northwest into the Shenandoah Valley than elsewhere;
in the embayment, the valley extends farther southeast into the
foothills than elsewhere.

Overlying the pre-Cambrian and Paleozoic rocks of the Elk-
ton area are residuum and various unconsolidated deposits that
accumulated during the Cenozoic era. Most of these materials

occur on the floor of the Shenandoah Valley. Of them, the
oldest is the residuum, a mass of clay and other insoluble mate-
rial left after the leaching and decay of the Cambrian and Ordo-
vician limestones, dolomites, and shales. It probably accumu-
lated during the time of formation of the Valley Floor pene-
plain, under humid conditions, and is of Tertiary age. The
residuum is overlain unconformably by a succession of gravel
deposits, laid down on several surfaces that stand above the
level of present drainage. These deposits and surfaces were
formed during a time of alternating dry and moist climates, and
are probably of Pleistocene age. Coarse talus deposits that
occur on the mountainsides are probably also of Pleistocene age.
The youngest unconsolidated deposit is the alluvium along the
South Fork of the Shenandoah River and its tributaries.

The Elkton area contains deposits of iron, manganese, ocher,
building stone, and limestone. The only deposits that have been
mined extensively are the iron and manganese ores. Iron ore
was mined in the area almost continuously between 1836 and
1905, during which period it is estimated that about 350,000
tons of concentrates were produced. Manganese ore and man-
ganiferous iron ore were mined intermittently between 1884 and
1941, during which period it is estimated that about 23,000 tons
of concentrates were produced.

No systematic estimates of reserves of iron or manganese ore
in the area can be made. The iron ore of the area was rather
thoroughly exploited before 1905 ; it is probable that all the rich
deposits for which there were obvious surface indications, or
which were indicated by prospecting during that period, have
now been mined out. The manganese deposits have been ex-
ploited on a smaller scale, and a number of rich deposits that
were discovered by surface indications or by prospecting have
been mined out. Other deposits may exist, but, if 8o, there are
no surface indications of their presence.

The ores consist of iron and manganese oxXides in residuum of
the Tomstown and Waynesboro formations, and occur in irreg-
ular bodies of small to large size. The iron and manganese
oxides were probably concentrated from original carbonate
minerals disseminated in the bed rock. The ore bodies were
formed nearly contemporaneously with the formation of the
Valley Floor peneplain and the accumulation of the residuum,
and are older than the gravel deposits that overlie the residuum.

INTRODUCTION

The district here termed the Elkton area is in eastern
Rockingham and southern Page Counties, Virginia,
and includes the northwestern edge of the Blue Ridge
and the southeastern edge of the Appalachian (or Shen-
andoah) Valley (fig. 1). The district includes a small
strip of the northwestern part of Shenandoah National
Park. It lies mostly in the Elkton and Mount Jackson
15-minute quadrangles, but includes small parts of the

1
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FI1GURE 1.—Index map of northern Virginia and parts of adjacent States, showing physiographic provinces, and location of Elkton area.

Stony Man and Madison quadrangles. The district
forms a belt that extends for 20 miles along the strike of
the rocks, and from 5 to 8 miles across the strike, or
from the pre-Cambrian rocks of the Blue Ridge to the
base of the Martinsburg shale in the Appalachian
Valley.

In the Elkton area large amounts of iron and mod-
erate amounts of manganese ore were produced in the
period between 1836 and the end of World War I.
During the latter part of the nineteenth century the
town of Shenandoah, within the area, was the center of
a flourishing iron industry. The history of the area
would thus seem to suggest the possibility of the pres-
ence of further ore reserves. During World War IT
the Elkton area was accordingly selected by the Geo-
logical Survey as one of those for investigation as a part
of the Survey’s strategic-minerals program.

The writer was assigned by the Geological Survey to
make a geological investigation of the Elkton area, and
to report on its manganese resources. The economic re-
sults of this investigation have been published as a stra-
tegic minerals bulletin. The present report reviews the
economic resources at greater length, but also includes
many results of general geologic interest that could not
be included in the original bulletin.

PREVIOUS WORK

Before the present investigation in 1940 and 1941, no
detailed geological survey had been made of the Elkton
area, but sufficient general surveys had been made to
indicate its broader geologic features. In reports of the
first Virginia Geological Survey, between 1835 and
1838, Rogers (1884) described the general geologic con-
ditions along the northwest foot of the Blue Ridge.

i~
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One of his structure sections crosses the northern end of
the Elkton area, another the southern (Rogers 1884, pls.
7-8, secs. 6, 7) ; on these, the broader structural features
are interpreted in much the same manner as they are
today. Other early reports (Hotchkiss, 1878; Prime,
1880; McCreath, 1884) describe the geology of the iron
deposits and other mineral resources of the Elkton area.

A report by Keith (1894, pp. 285-395) on the geol-
ogy of the Catoctin belt north of the Elkton area set
forth for the first time many of the fundamental geo-
logic relations of the Blue Ridge-Catoctin Mountain
province and has an important bearing on the interpre-
tation of the geologic features of the Elkton area. A
paper by Spencer (1897), published at about the same
time, describes the geology of Massanutten Mountain
northwest of the Elkton area.

During World War I, the Elkton area and other
parts of the northwest foot of the Blue Ridge were
studied by the Geological Survey (Stose and others,
1919) as a part of its investigation of manganese re-
sources. The geology of the foothill belt was mapped,
and individual manganese deposits Were examined.
The area was also included in the general survey of the
Appalachian Valley in Virginia by Butts (1933, 1940).
Districts adjacent to the Elkton area have been mapped
for the Virginia Geological Survey. The Stony Man
quadrangle was studied by A. S. Furcron and H. P.
Woodward (1986, pp. 45-51), and Shenandoah National
Park by A. S. Furcron (1934, pp. 400-410). Except
for brief summaries, these results have not yet been
published and were not available to the writer during
either the field work or the preparation of this report.

Special features of the geology of the Elkton area
have been mentioned by various authors. Manganese
and iron deposits of the area have been listed by Watson
(1907, pp. 244-245, 250-251 431-434) and Harder
(1910, pp. 56-57). The geology of the manganese de-
posits in the Neisswaner Shaft, near Elkton, was de-
scribed by Hewett (1916, pp. 61-67). Ground-water
resources of the area were noted by Cady (1936, pp. 82—
98) and clay deposits by Ries and Somers (1920, p. 41).
The limestone and dolomite resources of the area have
been reviewed by Edmundson (1945, pp. 128-152).

Stratigraphic features of the Elkton area have been
mentioned by Jonas and Stose (1938b, pp. 575-593) and
by Cooper and Cooper (1946, pp. 35-113). Notes on
the geomorphology have been given by Wright (1934,
pPp. 30-31). Gravity features of the area have been
discussed by Hammer and Heck (1941, pp. 353-362).

Several publications by the present writer describe
special features of the Elkton area. Besides the bulletin
dealing with the manganese deposits (1943), papers
have been published on the Cenozoic deposits and land
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forms (1949a) and on the problem of the base of the
Cambrian (1949b).

PRESENT WORK

Present field work occupied about 6 months in the
autumn of 1940 and the spring of 1941, during most of
which time the writer was ably assisted by John
Rodgers. Field mapping was done on topographic
maps on a scale of 1:24,000. During field work, con-
siderable use was made of air photographs by the Soil
Conservation Service. Main attention was given to the
Lower Cambrian clastic rocks (Chilhowee group),
which form the foothills of the Blue Ridge. The adja-
cent underlying pre-Cambrian rocks and overlying
Cambrian and Ordovician rocks were studied in some-
what less detail, but sufficiently to determine their char-
acter and relations.

As a result of the field work, much new information
was obtained as to the areal distribution of the forma-
tions, their structure, and their stratigraphic relations.
Considerable attention was also paid to the geomor-
phology and to the younger unconsolidated deposits,
because of their relation to the occurrence of manga-
nese. Owing to circumstances attending the field work,
it was not possible to measure detailed stratigraphic
sections, to collect fossils, or to make petrographic
studies. At the close of the field work a number of
problems were left unsolved that might have been
cleared up by restudy of outcrops within the area,
or extension of the work into surrounding areas.
The results of the study are thus to some extent incom-
plete. It has not seemed feasible to spend further time
on the project, and the results are therefore presented in
their orginal form.

At the time of the field work, the United States
Bureau of Mines was engaged in prospecting for man-
ganese in two tracts along the northwest foot of the
Blue Ridge in the Elkton area. The writer studied the
results of their drilling and tunneling operations, and
thereby obtained much information on the geology of
this foothill area. This information is incorporated in
the present report.

ACKNOWLEDGMENTS

Field work was carried on under the direction of
D. F. Hewett, G. W. Stose, and H. D. Miser, who had
participated in the investigation of manganese deposits
in the region during World War I. These geologists
joined the writer in a number of field conferences in the
area. To Stose, the writer is particularly indebted for
aid on stratigraphic problems; he indicated, for
example, the proper horizon to be used as a boundary
between the Weverton and Harpers formations. Miser
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aided greatly in the interpretation of the manganese
deposits.

The writer wishes to express his indebtedness to John
Rodgers for his excellent field assistance, and for his
stimulating discussion of the geologic problems. The
geologic map is about equally the work of the writer and
of Rodgers. Rodgers has also critically reviewed the
manuscript, and has made many suggestions that are in-
corporated in the text.

The Virginia Geological Survey extended many
courtesies. Arthur Bevan, former State geologist, and
W. M. McGill, present State geologist, supplied many
records and other facilities. Charles Butts spent a day
in the field with the writer, in company with Bevan and
R. S. Edmundson, and aided him in the discrimination
of the Cambrian and Ordovician carbonate formations.
The staff of the Bureau of Mines gave full cooperation
during the writer’s study of their prospecting opera-
tions in the area.

Numerous local residents contributed valuable infor-
mation, especially R. F. Watson of Furnace, who has
had long experience in prospecting for maganese in the
region.

After the present report was written, the writer dis-
cussed the problems of Blue Ridge geology with two
geologists who have worked in the region for the
Virginia Geological Survey, A. S. Furcron and R. O.
Bloomer; the writer has also been guided by Bloomer
through parts of the Blue Ridge south of the Elkton
area. The writer is grateful to Furcron and Bloomer
for these discussions, and regrets that the results can be
indicated in the present report only by short notes that
were added to it while it was in proof.

GEOGRAPHY

The Elkton area lies partly in the Blue Ridge prov-
ince and partly in the Appalachian Valley province.
(See Fenneman, 1917, pp. 19-98). Itslowest point it at
an altitude of 780 feet, on the floor of the valley where
the South Fork of the Shenandoah River leaves the
area on the north. The highest point is on Grindstone
Mountain in the foothills of the Blue Ridge, at an al-
titude of 2,848 feet. The maximum relief in the area
is thus about 2,000 feet. Nearby summits of Massanut-
ten Mountain on the west rise to an altitude of 8,300
feet, and of the Blue Ridge on the east to 4,000 feet, so
that the total relief of the region is more than 8,000
feet.

In the vicinity of the Elkton area the Blue Ridge is
a single range about 10 miles wide, whose relatively
straight, northeast-trending crest forms the divide be-
tween the Shenandoah River and Rappahannock River
drainages. The ridge consists of high, rounded slopes,

with occasional crags and lines of cliffs, and is generally
carved from pre-Cambrian igneous rocks. Some of the
steeper slopes and high summits are forested, but many
are cleared of timber and used for pasture or cultivation.
even well toward the summits.

Fringing the northwest base of the Blue Ridge are
foothills carved from lower Cambrian quartzites (Chil-
howee group). Regarding these foothills, Rogers (1884,
p- 204) has written that:
the sandstone of Formation I is occasionally met with high up
upon the flanks of the Blue Ridge, * * * but throughout
the greater part of its course we meet with the eastern limits
of this formation much nearer to the base of the mountain.
When lying upon the higher points of the declivity, its white
siliceous strata form a conspicuous object in the scene, spread-
ing downward to the valley with a western dip, at ﬁ_rst gentle,
but rapidly augmenting in steepness, until along the mountain
base, or a little farther west, the highest strata of this formation
are seen passing from their western dip into the vertical, and
thence into an eastern and obviously inverted inclination. The
latter attitude is that most commonly observed in the innumer-
able rocky passes by which the traveler obtains access to the
main Blue Ridge.

The foothills forin ridges that are generally sharper
than those of the main Blue Ridge. Many of them
have the form of cuestas or hogbacks, whose dip slopes
(as recognized by Rogers) extend toward the Appala-
chian Valley to the northwest. In contrast to the main
slopes of the Blue Ridge, the quartzite foothills are al-
most everywhere forested.

In the northern part of the Elkton area, the foot-
hills project in a conspicuous salient near the town of
Shenandoah. This feature is both topographic and
structural and may appropriately be termed the Shen-
andoah Salient. Along the salient, the foothills in
places extend to within a mile of the South Fork of the
Shenandoah River, and to within 4 miles of Massa-
nutten Mountain. The salient thus causes a conspicu-
ous restriction in the southeastern branch of the Shen-
andoah Valley. North of the salient, and lying mostly
north of the Elkton area, the foothills recede to the
southeast, forming a broad lowland known as the Page
Valley. South of the salient, in the vicinity of Elkton,
the foothills likewise recede to the southeast, forming
an embayment in the mountain front. Like the salient,
this is both a topographic and a structural feature, and
may be termed the Elkton Embayment.

In the region of the Elkton area, the Appalachian
Valley, or Shenandoah Valley, is split into a southeast-
ern and a northwestern part by the high, sharp-crested
ridges of Massanutten Mountain. The northwestern
part is drained by the North Fork of the Shenandoah

- River, and the southeastern part by the South Fork of

the Shenandoah River. Massanutten Mountain is a
synclinal area of Silurian sandstones, younger than the
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bedrock of the valley. The mountain ridges have a char-
acteristic canoe-shaped form, and the southwesternmost
ridge ends abruptly in a sharp peak west of the south
end of the Elkton area, and north of the road from Elk-
ton to Harrisonburg. Like the ridges of Lower Cam-
brian quartzite to the southeast, these ridges of Silurian
sandstone are densely forested.

The southeastern branch of the Shenandoah Valley,
within the area of this report, is a complex of gently
sloping surfaces extending from the foothills of the
Blue Ridge on the southeast and of Massanutten
Mountain on the northwest to the axial stream in the
center, the South Fork of the Shenandoah River. Re-
garding the sloping surfaces on the Blue Ridge side,
along a line of section through the similar Waynesboro
area to the south, Rogers (1884, p. 92) writes:

The sectional line crossing this region * * * commences
at a distance of 2 or 3 miles from the western base of the Blue
Ridge, this being the position at which the rocks of the valley
first become apparent. Of the character of the beds comprised
on this interval we have no data enabling us to speak with cer-
tainty, inasmuch as the fragments of sandstone derived from the
broken strata of that range, piled upon the subjacent beds of
the valley, entirely conceal them from observation. * * *
Future observations throughout this curious district are in-
dispensable to an understanding of the true relation existing
between the formations bounding it on either side, and will ac-

cordingly present subjects of geological, and even of practical
interest in the prosecution of more detailed research.

Within the Elkton area, the valley surface consists of
a series of flat-topped terraces or benches, rising step-
like toward the mountains, and heavily mantled (as
indicated by Rogers) by waste from the mountains on
either side. The terraces are trenched to depths of 100
feet or more by lateral streams draining out of the
mountains to the axial stream in the center. Along the
latter, in the Elkton Embayment, are wide areas of
alluvium ; narrower strips of alluvium also extend up
the valleys of some of the lateral tributaries. Farther
north, near the Shenandoah Salient, the river is more
deeply incised and the alluvium is narrower. In this
area the river flows in a series of tightly looped, incised
meanders.

The bed rock that underlies the valley is only inter-
mittently exposed. Most of the rocks of the valley are
Cambrian and Ordovician limestones and dolomites,
but there is a thick body of shale, the Martinsburg, to
the northwest. Besides being mantled by gravel washed
from the mountains, the limestones and dolomites are in
places deeply covered by residual clay produced by their
own decay. The most extensive limestone and dolomite
outcrops are in the deeply dissected area west of the
Shenandoah Salient. However, sinkholes are common
features in the valley, not only in the outcrop areas but

in the gravel and clay areas, and are produced by solu-
tion and underground drainage in the limestone and
dolomite bedrock.

Most of the surface of the Shenandoah Valley in the
Elkton area is cleared and cultivated. Timber remains
only in patches, mostly on the steeper valley slopes.

Historically, the Elkton area is of interest as prob-
ably -being the first section of the Shenandoah Valley
that was reached by the English colonists. In 1716,
Governor Alexander Spotswood ascended Swift Run
Gap on the Blue Ridge from the southeast, and beheld
for the first time the great valley beyond the moun-
tains. This incident is commemorated by a monument
at the gap, and by the name Spotswood_Trail, applied
to U. S. Highway 33, which extends through Swift Run
Gap to Elkton and Harrisonburg.

The Elkton area was formerly the scene of mining,
tanning, and lumbering activity. The chief center of
iron mining was the town of Shenandoah, but mining
was also carried on for many years near Elkton, and
on a smaller scale elsewhere in the area. As with iron-
mining operations elsewhere in the A ppalachians, work
ceased with depletion of reserves, and as a result of un-
favorable competition with larger-scale operations else-
where. The tanning industry formerly centered at
Elkton, but like mining it is now moribund. Both
mining and tanning depended to a large degree on
timber resources in the nearby mountains—the mining
for charcoal for the early furnaces, and the tanning for
raw material for tanning fluid. Most of the timbered
areas are now included in Shenandoah National Park,
so very little lumbering is being carried on today.

At the present time the Elkton area is predominantly
a farming community. The wide areas of rich culti-
vated land in the Shenandoah Valley are owned and
farmed mainly by the people of Pennsylvania Dutch
ancestry. The smaller and less productive farms of the
foothills and the slopes of the Blue Ridge are farmed
mainly by people of English or Scotch ancestry. The
town of Shenandoah draws its income mainly from the
Norfolk & Western Railway, which maintains shops
and other installations there. Since 1941 Elkton has
been the seat of the Stonewall plant of Merck & Co., an
example of one of the newer industrial developments
of the Shenandoah Valley.

The Elkton area is traversed by several main high-
ways. U. S. Highway 33 (the Spotswood Trail) runs
from east to west through Elkton, and crosses the Blue
Ridge at Swift Run Gap. State Highway 12 runs
from north to south along the Shenandoah Valley,
through Shenandoah and Elkton. Secondary roads,

1 Encyclopaedia Brittanica, 14th ed., vol. 21, p. 262, 1929.
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which are well maintained and in part hard surfaced,
extend into all parts of the area, making them readily
accessible by automobile.

STRATIGRAPHY

The rocks of the Elkton area include indurated rocks
of pre-Cambrian, Cambrian, and Ordovician ages, and
unconsolidated deposits of Cenzoic age. The indu-
rated rocks have an aggregate thickness of about 15,000
feet and have been greatly deformed. The oldest rocks
occur in the Blue Ridge to the southeast, and succes-
sively younger rocks underlie the Shenandoah Valley
to the northwest (pl. 1). The youngest indurated
rocks near Elkton crop out in Massanutten Mountain,
northwest of the area mapped.

The pre-Cambrian rocks, which occur mainly in the
Blue Ridge, are largely of igneous origin, but include
some sedimentary rocks. They are overlain by sand-
stones, shales, and quartzites of Early Cambrian age,
which form the outer foothills of the Blue Ridge.
These are succeeded in turn by limestones, dolomites,
and some interbedded shales of Early Cambrian to

Middle Ordovician age. As a result of weathering, the
limestones and dolomites are in many places blanketed
by a mass of residual material and are thus poorly
exposed. Northwest of the area mapped the Middle
Ordovician rocks are overlain by shales of Middle and
Late Ordovician age, and finally by sandstones of
Silurian age which form the crests of Massanutten
Mountain,

The unconsolidated rocks of the area consist of
gravel, sand, and clay that overlie the indurated rocks
of the Shenandoah Valley. Such deposits are being
laid down today by the South Fork of the Shenandoah
River and its tributaries on their valley floors. Other
deposits were laid down during several periods in the
past on higher and older valley floors that have been
deeply dissected by present drainage. Many of these
deposits are probably of Quaternary age. The uncon-
solidated rocks are not described under the heading of
“Stratigraphy”, but under “Cenozoic deposits and land
forms.”

The table below summarizes the stratigraphic
sequence in the area.

Geological formations of the Elkion area

Age Name Character T?;O}KBIQ?}SS
=
§ Alluvium (Qal) Gravel, sand, and clay; on flood plains of present streams. 0-100
[+
>
= Talus (Q t) Angular quartzite blocks, forming talus fields on foothills 0-50
g ® of Blue Ridge.
[ =]
“’3 § Gravels, composed of pebbles and boulders, mainly of
& 2 q(lilartzitfe, grading int(i, coa.lgze, thick {langlomerate at
‘D ; edges of mountains. aid down on three terraces or
?..J. Gravel deposits (Qgl, Qg2, Qg3) benches on floor of Shenandoah Valley; oldest unit on 0-250
highest bench, intermediate and younger units on suc-
cessively lower benches.
2
3 i : Sand and gravel, unconformable below older gravel de-
E Ancient gravel unit. posit. Present only in small areas and not mapped. 0-50
H
>
o
% fa i - Bagic igneous rock, in dikes and sills near Elkton, on
% Intrusive igneous rocks. (Ti) Long Ridge, and near Humes Run.
| 5]
=
,§ o Sandstone and quartzite in thin to thick beds; forms
5 Sandstones of Silurian age. crest of Massanutten Mountain northwest of area 500
A mapped.
5%
g :gg 2 | Martinsburg shale. (Om) Shale and sandy shale; only basal part mapped. 2,800
B 2R .
2 3
S § Lu(r‘xéslsg))nes of Middle Ordovician age. Mostly dark-gray limestones; not subdivided. 200
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Geological formations of the Elkton area—Continued

Age Name Character T?I;C&];iss
_§ - Thick-bedded dglomite, with some li_mestone. Includes
E " Beekmantown dolomite (Ob). Chepultepec limestone, undifferentiated, at base. 3000
,§ 23
o
o Thick-bedded limestone, in part with agrillaceous and
33 Conococheague limestone (€e) sandy beds; some dolomite. 2000
. 2 Thin-bedded dolomite.
E g K Elbrook dolomite (€e). 3000
Waynesboro formation (€wy) Red and brown shale, calcareous shale, and siltstone; 1700
some limestone.
Tomstown dolomite (€t) Dolomite, argillaceous dolomite, and interbedded shale. 1000
Rarely exposed; generally represented at surface by
* residual clay.
g Upper member of brown sandstone with some quartzite 400
B beds.
—g Antietam quartzite (€au, €al)
3 Lower member of white, thick-bedded quartzite, with 400
&) Scolithus tubes.
B Harpers formation (€h, €hs) Thin-bedded, dark-gray to greenish siltstone. At base 900
g to south, a member of micaceous shale or phyllite.
2,
3 Upper member of ferruginous quartzite, white arkosic 700
B quartzite, and thin-bedded, greenish siltstone.
§ W%\;si‘)ton formation (€wu, Cwm, Middle member of micaceous shale or phyllite. 100
g .
= Lower member of conglomerate and interbedded soft 100700
= arkose.
&)
Spotted purple or gray slgte, probablyﬁrepresentfing 0-200
. altered voleanic tuffs and breccias; lava flows in a few
Loudoun formation (€1). places. Lies unconformably on Catoctin greenstone;
passes out by overlap in places.
Altered basaltic lava, in part amygdaloidal, in part epi- 0-1,000
a Catoctin greenstone (p€e). dotized, with interbedded tuffaceous and sandy sedi-
.8 3 ments.
E| 2 -
g Swift Run formation (p€s). Conglomerate, arkosic quartzite, and slate. Lies uncon- 0-100
5 formably on injection complex.
E B Injection complex (p<€i). Coarse-grained granodiorite, unakite, and other hydro-
és‘ thermally altered plutonic rocks, with gneissic structure.

PRE-CAMBRIAN ROCKS

The pre-Cambrian rocks of the Elkton area resemble
those elsewhere in the Blue Ridge-Catoctin Mountain
anticlinorium, from South Mountain, in Pennsylvania,
southward at least as far as the James River in Virginia.
They have been described in numerous reports and their
general character is well known, but some of the inter-
pretations regarding them are still in controversy.
Among the earlier papers on the pre-Cambrian, the

most important is that of Keith (1894, pp. 296-318)
which summarizes the older literature, and gives many
geological details for northern Virginia, from the Poto-
mac to the Rappahannock. Among the recent papers,
the most important are those of Furcron (1934, pp. 400~
410) and of Jonas and Stose (1938b, pp. 575-593). An-
other report by Stose and Stose (1946b, pp. 15-28) on
the Maryland area immediately north of the Potomac
gives many details of local outcrops, and includes notes
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FiGURE 2.—View north-northwest from Devils Tanyard across northwest part of Shenandoah Salient.

to left, Massanutten Mountain on skyline.
Chilhowee group.

on these authors’ observations in northern Virginia.

The pre-Cambrian rocks of the Blue Ridge-Catoctin
Mountain anticlinorium are largely of igneous origin,
but include some rocks of sedimentary origin. As has
been known since the time of Keith’s work, two main
groups are represented, a series of plutonic rocks and a
series of volcanic rocks. The plutonic rocks have long
been interpreted as intrusive into the voleanie, but Jonas
and Stose (1939b, pp. 592-593) have concluded that the
volcanic rocks are actually younger than the plu-
tonic, and lie unconformably upon them. In the Elkton
area, the pre-Cambrian rocks are relatively less meta-
morphosed and folded than in other parts of the Blue
Ridge-Catoctin Mountain anticlinorium, so relations
can be worked out with considerable certainty. In this
area at least (and disregarding other areas where differ-
ent and often confusing relations have been reported),
the volcanic rocks are younger than the plutonic rocks.
In the Elkton area, the pre-Cambrian rocks are, ac-
cordingly, divided into an older pre-Cambrian series,
termed the injection complex, and younger pre-Cam-
brian series comprising the Swift Run formation and
the Catoctin greenstone.

The pre-Cambrian rocks of the Elkton area crop out
in its southeast part, where they form the northwest
slopes of the Blue Ridge. They also form numerous
inliers farther northwest within the Shenandoah Sali-
ent. Toward the northwest they dip beneath the Lower
Cambrian rocks, which overlie them unconformably.
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Cubbage Hollow in center, Lucas Hollow

Cleared areas in middle distance are on injection complex, wooded hills and peaks beyond are on

.

INJECTION COMPLEX
NAME

The term “injection complex” was adopted by Jonas
and Stose (1939b, pp. 580-581) as a general title for
older pre-Cambrian rocks that had been shown on the
geologic map of Virginia (Virginia Geological Survey,
1928) as Lovingston granite gneiss, Marshall granite,
albitite, and hypersthene granodiorite. Within the
Elkton area, the main unit represented appears to be
the hypersthene granodiorite, but because of variations
within the mass and the lack of detailed study by the
writer, the more general title is employed.

OUTCROP

The injection complex crops out in numerous inliers
in the Shenandoah Salient (pl. 1). It is present along
the East Branch of Naked Creek east of Jollett, and
the North Branch in Harris Cove, in both of which
places it is overlain by younger pre-Cambrian rocks.
It also forms an extensive inlier farther north in Dovel,
Lucas, and Cubbage Hollows, where it is overlain un-
conformably by Lower Cambrian rocks (fig. 2).

CHARACTER AND ORIGIN

In the Elkton area, the rocks of the injection complex
are coarse-grained gneiss, composed of gently dipping,
alternating light- and dark-colored bands a quarter of
an inch to an inch thick, the different bands being com-
posed of quartz and feldspar, and of ferromagnesian
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minerals. In detail, the texture is exceedingly irregu-
lar, with spots and segregations of the light and dark
minerals, and with none of the minerals showing defi-
nite crystal faces. The ferromagnesian minerals are to
some extent altered to light green epidote, and this
mineral also invades the margins of the feldspar grains.
The feldspar forms bodies up to an inch across, many
with conspicuous cleavage faces, but generally broken
and veined; it is commonly pink or rose-red. Quartz
forms smaller grains, generally clear and vitreous, but
in part tinted blue or violet. Many details regarding
rock of this type have been given by Phalen (1904, pp.
306-316) for the area near Fishers Gap, immediately
east of the north end of the Elkton area.

Rocks of the sort described have clearly been subjected
to a series of hydrothermal changes since consolidation.
The hypersthene granodiorite of the Blue Ridge is con-
sidered by Jonas and Stose (1939b, p. 582) to have been
formed by an intimate injection of earlier diorite by
later granite. Jonas (1934, pp. 53-54) describes the
process as follows:

These changes include an addition of soda to form myrmekite
and “chess-board” albite, of silica to form quartz, and, in part
of the area, of lime-iron silicate epidote and ferric iron to form
the fine hematite flakes that color the feldspars pink.

In irregular patches within the injection complex of
the Elkton area, secondary alteration and introduction
of epidote have proceeded so far that the rock is a una-
kite (Bradley, 1874, pp. 519-520). According to Pha-
len (1904, p. 312) :

This rock is an irregular crystallization of old-rose feldspar
and green epidote, the latter generally occupying the space be-
tween the feldspar. The peculiar green of the epidote, together
with the old-rose hue of the feldspar, make a striking and beau-
tiful combination.

Specimens collected by the writer are similar, except
that quartz also is present in many specimens. There
appears to be no systematic distribution of the unakite,
and it seems to be a local phase of the surrounding
granodiorite. According to Jonas (1934, p. 53) :

Unakiteis * * * Jargely secondary in its mineral content
and composition. Original potash feldspar still remains, but
its color has been changed from gray-green to pink. The epi-
dote has replaced other minerals and the quartz is also second-

ary. Unakite preserves, however, the fine-grained or coarse-
grained texture of the granodiorite from'which it was derived.

JOINTING AND WEATHERING

The gneiss of the injection complex is cut by vertical
joints which, with the nearly horizontal layering, cause
it to break out in rectangular blocks. Here and there,
it is traversed by quartz veins. The gneiss weathers to
dull-brown or orange-red gritty soil, somewhat lighter-
colored than that of the surrounding Catoctin green-

" stone. As the soil is fairly productive, areas of injec-

tion complex are extensively cleared, and are either cul-
tivated or used for pasture land.

GREENSTONE INTRUSIVES IN INJECTION COMPLEX

In the northeast part of the Elkton area, greenstone
intrudes the injection complex. At a locality on Tan-
ners Ridge half a mile northwest of St. Luke Mission,
greenstone dikes a few inches to 4 feet wide cross the
gneisses of the complex. The exposures are near the
overlying Catoctin greenstone where the Swift Run
formation is locally absent. Some of the dikes have ir-
regular margins, and some contain gneiss inclusions,
whose layering is discordant with that of the country
rock. Many of the dikes are bordered by a narrow zone
of epidote and jasper, which may represent an altera-
tion of an original chilled phase of the greenstone.
These greenstone instrusives may be genetically related
to the extrusives of the Catoctin greenstone, and their
occurrence tends to confirm the interpretation that the
Catoctin is younger than the injection complex.

OCCURRENCE OF BLUE QUARTZ IN ROCKS OF INJECTION COMPLEX

Many authors have noted that the vitreous quartz
grains in the rocks of the injection complex are tinted
blue or violet (Keith, 1894, p. 800, pl. 24). This so-
called “blue quartz” may have acquired its color from
the presence of minute included needles of rutile (Jonas,
1934, p. 58) or from the presence of parallel, secondary
fluid pores resulting from metamorphism (Crickmay,
1936, p. 1385). Whatever the origin, these occurrences
are of interest, because reworked clastic grains of blue
quartz are a distinctive constituent of younger sedimen-
tary formations. In the Elkton area, blue quartz has
been noted at a few places in the immediately overlying
Swift Run formation, and Stose and Stose (1946b, pp.
18-20) report it from the same unit elsewhere in north-
ern Virginia and in Maryland. Its most conspicuous
occurrence is, however, in the quartzites of the Lower
Cambrian Weverton formation (Keith, 1894, pp. 329-
330).

SWIFT RUN FORMATION
NAME

The name Swift Run was given by Stose and Stose
(1946b, pp. 18-20) to a unit of sedimentary rocks lying
unconformably on the injection complex and lying be-
neath the Catoctin greenstone. Its type locality (pl. 1)
is 1.2 miles east-of Swift Run Gap on U. S. Highway 33,
a few miles southeast of the Elkton area (see Jonas and
Stose, 1938b, pp. 583-585). The name is used in the
Elkton area for sedimentary rocks in the same strati-
graphic position, but because the tuffaceous element is
subordinate, the unit is termed the Swift Run forma-



10

tion. In previous work in the Blue Ridge region, the
Swift Run formation was commonly interpreted as
representing narrow synclines of the Lower Cambrian
Loudon formation, infolded along the contact between
the injection complex and the Catoctin greenstone
(Jonas and Stose, 1938b, pp. 585-586). However, field
relations in the Elkton area prove that it is a nearly
continuous bed that underlies the Catoctin.

OUTCROP

The Swift Run formation crops out in a narrow band
around the inliers of the injection complex (pl. 1). In
many places the unit is well exposed, and its quartzites
stand in ledges or even cliffs. Ina few places, especially
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quartzite
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FI1cURE 3.—Sections, based on field sketches, showing unconformable
relations between Swift Run formation and injection complex. Up-
per figure, west slope of Devils Tanyard, in headwaters of Fultz Run.
Lower figure, south side of East Branch of Naked Creek a mile east of
Jollett.
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where the formation is thin or consists largely of slaty
rocks, outcrops are poor. The most accessible outcrop
of the Swift Run formation is on the south bank of the
East Branch of Naked Creek a mile east of Jollett,
where its relations to the injection complex and Catoctin
greenstone are well displayed.

GENERAL FEATURES

The Swift Run formation has a somewhat varied
character. Its most conspicuous element is vitreous,
well-bedded, arkosic quartzite, of gray, pink, or green-
ish color, composed of quartz, pink and white feldspar,
and ferro-magnesian minerals. Much epidote is present
in the matrix. In most outcrops the quartz grains are
colorless and vitreous, but at a few localities blue quartz
has been noted. Some conglomerate layers are present,
and some beds of crumbly, poorly cemented arkose.
Interbedded with the quartzite in places are red and
gray slate, and green, blebby pyroclastic rocks. The
contact with the overlying Catoctin greenstone is some-
what indefinite, due to the fact that greenstone of Catoc-
tin type, perhaps of pyroclastic origin, is interbedded
in the Swift Run formation in places, and that sedi-
mentary rocks of the Swift Run type are interbedded in
the overlying greenstone. The contact is considered to
be at the base of the lowest massive greenstone.

The Swift Run formation is a thin unit, but has a
considerable range in thickness within short distances.
In many places it is between 10 and 50 feet thick, but at
some localities it reaches 100 feet or more. Locally, it
is absent, so the Catoctin greenstone lies directly on the
injection complex.

LOCAL FEATURES

At thelocality 1 mile east of Jollett, referred to above,
the basal bed of the Swift Run formation is a 10-foot
layer of quartzite, which at the east end of the exposure
lies on the injection complex (fig. 3). The contact is
clean-cut and slightly wavy, and is unconformable. The
quartzite contains numerous rounded grains of clear
quartz and a few of pink feldspar, mostly less than an
eighth of an inch in diameter, but with some coarser,
pebbly seams. The matrix is laminated by dark bands
and is a fine-grained arkose, parts of which contain pale-
green epidote. Above the quartzite at the west end of
the exposure are about 10 feet of blue slate with strongly
developed cleavage, containing dark-green or reddish
blebs, probably of pyroclastic origin. This is overlain
by massive ledges of Catoctin greenstone.

On the west side of Harris Cove about a mile west of
Weaver School, the formation consists largely of
quartzite, which forms two ledges with a total thick-
ness of about 50 feet. The quartzite differs greatly from
that of the Lower Cambrian Weverton formation, which
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lies not far above it in this vicinity. Unlike the Wever-
ton, it does not contain large quartz pebbles, and has a
high content of feldspar. The latter causes the rock to
assume a pinkish cast, and to exfoliate in rounded sur-
faces. In some places it contains small quantities of
greensh epidote. Bedding is shown by dark laminae
and by textural varitions. Some of the layers are cross-
bedded.

Farther north along the same line of outcrop, the
contact between the quartzite and the injection com-
plex was observed on the west slope of Devils Tanyard,
in the headwaters of Fultz Run (fig. 3). There, the
basal quartzite ledge is 15 feet thick, and rests on a
smooth surface of weathered, coarse-grained gneiss,
whose layering apparently dips more steeply than the
bedding in the quartzite. In places, a lenticular bed of
soft arkose intervenes between the quartzite and the
injection complex.

Near the head of the West Branch of Naked Creek, a
mile southwest of St. Luke Mission, quartzites like
those described are interbedded with greenstone of
Catoctin type. Resting on the injection complex,
which forms an inlier near creek level, is a thin, in-
constant layer of quartzite. Above is nearly 100 feet

of tough, fine-grained, blue-green rock, similar to meta- -

basalt, but apparently of sedimentary origin because it
forms stratified layers 2 to 5 feet thick, and contains
tuffaceous pebbles. At the top is an 8-foot ledge of
gray to pink quartzite. Greenstone of the Catoctin lies
above, but this may also be in part sedimentary, as it
shows rude strata 5 to 10 feet thick.

At some localities near those described, the Swift Run
formation is composed largely of slate, rather than of
quartzite. Near the southwest end of Long Ridge a
mile north of Jollett, the unit consists of steel-gray,
silky-lustered slate with dark bedding laminae, inter-
bedded with medium-grained, dark-gray arkose that
contains argillaceous pebbles. In both rocks cleavage
is well developed.

In the northeast part of the Elkton area, the Swift
Run formation consists dominantly of slaty rocks.
North of St. Luke Mission on Tanners Ridge the for-
mation is 30 to 100 feet thick. Pink arkosic quartzite
forms thin, lenticular beds, and contains grains of blue
quartz. Most of the formation is banded purple slate.
The formation is overlain by and grades into slaty
greenstone, probably of pryroclastic origin. In places
near the mission, the formation is absent, probably by
overlap.

Northward along this line of outcrop, east of Baileys
store and Hawksbill Creek, some puzzling relations
have been revealed by reconnaissance observations by
John Rodgers. A thin band of sedimentary rock di-

verges northward from the top of the injection complex
and the main belt of Swift Run sedimentary rocks, and is
overlain and underlain by greenstone of Catoctin type
(fig. 4, pl. 1). This suggests a southward overlap of the
Swift Run formation and Catoctin greenstone on the
injection complex, the lower greenstone to the north
perhaps being older than either the Swift Run forma-
tion or the basal greenstone farther south on Tanners
Ridge.

SOUTH NORTH

1000’

FI1GURE 4.—Diagram showing possible interpretation of relations east of
Baileys store, near Hawksbill Creek, in northeast part of Elkton area.
Swift Run formation (p€s) and Catoctin greenstone (p<e) lie uncon-
formably on injection complex (p€i), and apparently overlap its
sloping surface.

STRATIGRAPHIC RELATIONS

The Swift Run formation appears to be younger than
the injection complex, and to overlie it unconformably.
Where the contact between them is exposed, it is a
smooth surface which is probably of erosional rather
than of intrusive origin. Moreover, the wide extent of
this thin band of sedimentary material on the surface
of the complex suggests that the sediments were de-
posited on the complex, and were not intruded by it.
The blue quartz that occurs here and there in the de-
posit was probably derived from the erosion of the
complex. Throughout most of the Elkton area, the
Swift Run formation probably represents a single layer
of about the same age throughout, but relations in the
extreme northeast part suggest considerable overlap of
the Swift Run and Catoctin formations against the sur-
face of the injection complex.

The Swift Run formation is overlain by and is prob-
ably conformable with the Catoctin greenstone. The
Swift Run contains tuffaceous sediments that were
probably related to the eruptions of Catoctin age, and
the Catoctin itself contains considerable bodies of
altered pyroclastic sediments, especially in its basal
part.

REGIONAL RELATIONS

Sedimentary rocks lying beneath the Catoctin green-
stone and unconformably on the injection complex seem
to be widespread in the Blue Ridge-Catoctin Mountain
anticlinorium. Their general distribution has been
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summarized by Jonas and Stose (1938b, pp. 582-590).
The Swift Run formation occurs in the northwestern
and northern parts of the anticlinorium. On the south-
east flank of the anticlinorium, in the Warrenton area,
is the thicker Fauquier formation (Furcron, 1939, pp.
37-41), composed of slate with some limestone and sand-
stone. Toward the southwest, in the Buena Vista area,
is the Oronoca formation (Bloomer and Bloomer, 1947,
p. 95), composed of sandstone, slate, and volcanics. The
Lynchburg gneiss on the southeast flank of the anti-
clinorium in southern Virginia may also be of about the
same age.

These units all lie above the injection complex and
below the Catoctin in their respective areas, and while
they are in general of the same age, they may not be
precisely so in detail, because they were laid down as
transgressive deposits on a sloping, eroded surface of
the injection complex. The Lynchburg and Fauquier
on the southeast side of the anticlinorium are thus much
thicker than the Oronoco and Swift Run on the north-
west side of the anticlinorium, and at least their lower
parts are probably older. The Oronoco formation may
in turn be older than the Swift Run, as it differs litho-
logically from the Swift Run and seems to underlie a

greater thickness of the Catoctin. The Swift Run more-

closely resembles “the two members composed of tuff,
conglomerate, and arkosic sandstone” (Bloomer and
Bloomer, 1947, p. 95) interbedded in the Catoctin some
distance above its base in Augusta County, and well ex-
posed west of Rockfish Gap, which were shown to the
writer by R. O. Bloomer. That the Swift Run of the
Elkton area may be younger than part of the Catoctin in
other areas is further suggested by the apparent overlap
relations observed east of Baileys store, in the northeast
part of the Elkton area (fig. 4).

Under the circumstances, the current practice of
designating the pre-Catoctin sediments in the different
areas by local names seems advisable, although future
work may demonstrate that some of the names should
eventually be dropped as synonyms.

CATOCTIN GREENSTONE
NAME

The Catoctin schist was named by Keith (1894, pp.
306-309) for exposures in the Catoctin Mountain region
of Maryland and Virginia. In most areas, however, it
is not notably schistose. In many reports it has been
termed a metabasalt (Stose and Stose, 1946b, p. 20), but
Bloomer and Bloomer (1947, pp. 99-100), on the basis
of work in the Buena Vista quadrangle southwest of the
Elkton area, term it a propylite, or altered andesite.
As opinions differ regarding its precise petrographic
classification, and as it may vary in composition from
place to place, it seems most appropriate to use for it the

general rock term greenstone, which was employed on
the geologic map of Virginia (1928).

The Catoctin greenstone (and associated metarhyolite
and metaandesite) is one of the most characteristic units
of the Blue Ridge-Catoctin Mountain anticlinorium,
and extends from South Mountain in Pennsylvania,
southward nearly to the James River in central Virginia.
Throughout. most of its extent in northern Virginia the
Catoctin greenstone forms the crest and northwest flank
of the Blue Ridge. Many details regarding the Catoc-
tin in northern and central Virginia have been given
by Furcron (1934, pp. 401-404) and by Bloomer and
Bloomer (1947, pp. 94-106). Copper deposits that
occur in the Catoctin at some localities in the Blue
Ridge have been described by Phalen (1906, pp. 140-
143) and by Watson (1907, pp. 504-511).

OUTCROP

The Catoctin greenstone crops out along the south-
east edge of the Elkton area and forms the northwest
slope of the Blue Ridge (pl. 1). Southeastward, be-
yond the Elkton area, it extends to the crest of the
range. It also crops out in the Shenandoah Salient in
the valleys of the East and West Branches of Naked
Creek, and it forms Tanners Ridge in the northeast part
of the area. In the northwest part of the Shenandoah
Salient, the Catoctin greenstone wedges out beneath the
Lower Cambrian rocks. Throughout its extent, the
greenstone weathers to a vermillion-red, sticky clay soil,
which commonly is cleared and grassgrown, rather than
forested. Bouldery ledges crop out here and there in
stream channels and on hill slopes. In places there
are sizable cliffs of unweathered rock, as at Cedar Falls
and Dry Run Falls, on the slope of the Blue Ridge 5
miles east of Elkton.

CHARACTER

The Catoctin greenstone consists of altered lava,
largely basaltic in composition, and associated pyroclas-
tic sediments.

Lava flows form the greater part of the formation,
and are the typical greenstone. They are dense, tough,
massive rocks, generally of dark-green or greenish gray
color, but in part purplish or bluish gray. Parts are
amygdaloidal, the amygdules filled by zeolites, quartz,
jasper, or other minerals. Alteration features are com-
mon. Most outcrops contain patches of epidote, and in
some ledges the original rock is largely replaced by this
mineral. There are also irregular patches and vugs
of quartz and dull-red jasper. Gash veins of quartz
are common. Much of the rock is massive, but many
parts show a poor cleavage, and in places the rock grades
into a thinly cleaved schist that contains lenses of more
massive rock.
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In the greenstone area a mile northeast of Beldor a
porphyry corftaining large feldspar phenocrysts was
observed. This is probably an intrusive related to the
flows.

A considerable but undetermined amount of the
Catoctin greenstone consists of pyroclastic rocks, that
is, rocks of sedimentary origin derived from the same
sources as the flows. Interbedded with the massive
greenstone are lenses and beds of spotted purple slate
and silvery, sericitic schist, which were probably origi-
nally tuffs. Some of the massive greenstone itself is
considered to be of sedimentary origin, because it con-
tains blebs and pebbles of lava, shows faint bedding
laminae, or forms rudely stratified layers a few feet to
10 feet thick. Pyroclastic rocks, both slaty and mas-
sive, were observed at many places immediately above
the Swift Run formation, but they are also present
higher in the Catoctin. The pyroclastic rocks are dif-
ficult to differentiate from the flows because exposures
are poor and because the massive varieties resemble
flows. No attempt was made to indicate them sepa-
rately on the map (pl. 1).

THICKNESS AND STRATIGRAPHIC RELATIONS

The Catoctin greenstone is probably 1,000 feet or
more thick on the slopes of the Blue Ridge in the south-
east part of the Elkton area (fig. 11). In this region,
because of the massive and homogeneous character of
the formation, there is no clear evidence as to its strati-
graphic relations with the overlying Loudoun forma-
tion. Where partings are present in the Catoctin they
are approximately parallel to the bedding in the Lou-
doun and Weverton formations.

To the northwest, in the Shenandoah Salient, the
Catoctin greenstone wedges out. The relations are well
displayed on the west side of Harris Cove, where the
Lower Cambrian Loudoun and Weverton formations
cap the ridges to the west, and the injection complex,
the Swift Run formation, and the Catoctin greenstone
form the lower slopes to the east. A mile west of
Weaver School the Catoctin is about 300 feet thick.
Toward the north the quartzite ledges of the Swift Run
formation rise on the slope, and within half a mile are
overlain directly by slate of the Loudoun formation.
Beyond, as in the ridges near the head of Fultz Run,
there are a few lenticular bodies of greenstone between
the two formations. At the head of Cubbage Hollow,
2 miles north of Weaver School, both the Catoctin and
Swift Run formations are missing, and the Loudoun
formation rests directly on the injection complex.

These relations suggest that the northwestward wedg-
ing out of the Catoctin greenstone in the Shenandoah
Salient is the result of tilting of the Catoctin and older
pre-Cambrian rocks before Early Cambrian time and of

truncation of these rocks by erosion before the Loudoun
formation was laid over them. In the northeast part of
the Elkton area relations are somewhat different ; there
appears to be an overlap of the basal Catoctin on the
surface of the injection complex (fig. 3A). It may be,
therefore, that variations in thickness of the Catoctin
are the result both of overlap at the base and of trunca-
tion at the top.

Evidence for erosion of the Catoctin before and dur-
ing Chilhowee time is afforded by the occurrence of
jasper pebbles in the conglomerate and quartzite of the
lower member of the Weverton formation. As pointed
out by Keith (1894, pp. 312-313) these were derived
from amygdules in the lavas of the Catoctin greenstone.

REGIONAL RELATIONS OF UNCONFORMITY ABOVE CATQCTIN

The Catoctin greenstone is widely distributed in the
Blue Ridge-Catoctin Mountain anticlinorium of north-
ern Virginia, but at some places it is missing beneath
the Chilhowee group in the same manner as in the Shen-
andoah Salient. North of the Elkton area, from Pur-
cell Knob, Loudoun County, Va., northward into Fred-
erick County, Md., Stose and Stose (1946b, pp. 28-29)
report that the Loudoun formation of the Chilhowee
group lies directly on the injection complex. They
interpret this relation as due to uplift and erosion of
the Catoctin greenstone. Southwest of the Elkton area,
in the Lyndhurst-Vesuvius Salient in Augusta and
Rockbridge Counties, Va., Knechtel (1943, pl. 29) has
mapped the Catoctin greenstone as wedging out west-
ward beneath the Weverton formation of the Chilhowee
group. Farther southwest, in the Buena Vista area of
Ambherst County, Va., Bloomer and Bloomer (1947, pp.
95-97) report that the Catoctin and the underlying
Oronoco formation are present toward the southeast,
whereas toward the northwest the Chilhowee group lies
directly on the injection complex. The northwest edge
of the wedge of Catoctin and Oronoco is not exposed in
this area, but Bloomer and Bloomer interpret the dis-
appearance of the formations toward the northwest as
resulting from overlap on the surface of the injection
complex, and consider them to be essentially conform-
able with the Chilhowee group above.

It will be noted that at all places where the Catoctin
greenstone has been observed to wedge out, it thins
toward the northwest, and that all the occurrences are
near the northwest edge of the Blue Ridge-Catoctin
Mountain anticlinorium. This suggests that the north-
west edge of the anticlinorium corresponds approxi-
mately to the present northwest limit of the formation.
It is not certain whether this is because it originally
ended in this direction by nondeposition and overlap,
or whether it was once more extensive and has since
been truncated by tilting and erosion. The regional
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northwestward thinning across the anticlinorium of
the pre-Catoctin sedimentary rocks (of which the Swift
Run is a part) suggests that the center of the basin in
which these sediments were laid down was farther to
the southeast. On the other hand, relations in the
Shenandoah Salient of the Elkton area suggest that
the wedging out was due to tilting and erosion.
Possibly the latter relations are a feature of the mar-
gins of the original basin of accumulation.

Regional relations, as shown on plate 2, suggest that
in northern Virginia the unconformity at the top of
the Catoctin greenstone may represent a considerable
time hiatus. The overlying Chilhowee group is much
thicker in southwestern Virginia and northeastern Ten-
nessee than it is in northern Virginia. Part of this
thickening results from increase in volume of all units
of the group, but a considerable part is caused by the
existence of beds at the base (in the lower part of the
Unicoi formation) that apparently are unrepresented
in northern Virginia and in Maryland.

In the Elkton area, tuffaceous slates occur in the
Loudoun formation at the base of the Chilhowee group
(Elkton section, pl. 2). In the Buena Vista area to the
southwest, tuffs and andesite flows occur in about the
same position (basal part of Unicoi formation of
Bloomer and Bloomer 1947, p. 103). In southwestern
Virginia and northeastern Tennessee this volcanic hori-
zon is seemingly represented by the amygdaloidal basalt
flows of the middle part of the Unicoi formation (Kon-
narock and Iron Mountain sections, pl. 2). These lie at
a comparable distance below the top of the Chilhowee
group, but they overlie older sedimentary rocks that
form the lower part of the Unicoi formation. On Iron
Mountain, near the Virginia-Tennessee boundary, these
are as much as 3,000 feet thick (King, Ferguson, Craig,
and Rodgers, 1944, pp. 39—40).

The Loudoun formation of northern Virginia lies on
the Catoctin greenstone. The pre-amygdaloid strata of
the lower part of the Unicoi formation of southwestern
Virginia and- northeastern Tennessee lie on rhyolite
flows and related volcanics of the Mount Rogers anti-
clinorium, which have been correlated with the Catoctin
by Jonas and Stose (1938b, pp. 590-591). If the cor-
relations are correct between the Loudoun and the
amygdaloidal basalt of the Unicoi, and between the
Catoctin and the volcanics of the Mount Rogers area, a
time hiatus that separates the Catoctin and Loudoun in
northern Virginia is represented by the deposition of
the sediments of the lower part of the Unicoi in south-
western Virginia and northeastern Tennessee.

AGE

The writer considers the Catoctin greenstone to be
late pre-Cambrian in age. It lies unconformably be-

neath Lower Cambrian rocks, which are themselves
about 3,000 feet beneath beds containimg the earliest
Lower Cambrian fossils.

A different interpretation has been made by Bloomer
and Bloomer (1947, p. 106), who state that “the rela-
tions and the lithologic similarity of the Oronoco, Cat-
octin, and Unicoi formations lead to the conclusion that
these formations are a continuous stratigraphic series.
If the Unicoi formation is Cambrian, then the Catoctin
and Oronoco formations are also Cambrian.” The
Unicoi formation of their usage is equivalent to the
Loudoun and Weverton formations of this report. As
evidence for their conclusion, they cite the close litho-
logic similarity between the volcanics of the Oronoco,
Catoctin, and Unicoi formations, and the sedimentary
rocks of the Oronoco and lower part of the Unicoi ; also
the apparent lack of erosion of the Catoctin before
Unicoi time, as indicated by the absence of detrital frag-
ments of the Catoctin greenstone in the Unicoi
formation. .

Conditions in the Elkton area seem to be somewhat
different, for the Catoctin greenstone is separated
from the Chilhowee group by an angular and erosional
unconformity, and the lower beds of the Chilhowee
group contain detritus derived from the Catoctin
(pp- 18, 18). Moreover, clastic sedimentary rocks be-
neath the Catoctin (Swift Run formation) are readily
distinguishable lithologically from those in the over-
lying Weverton formation of the Chilhowee group
(p. 11), which suggests considerably different en-
vironments of deposition. The tuffaceous slates of the
Loudoun formation of the Chilhowee group closely re-
semble those interbedded in the Catoctin greenstone,
but the several lava flows in the Loudoun formation
are very different in appearance from those in the
Catoctin (p. 17), and are probably of different com-
position. The writer concludes that, in the Elkton
area, at least, the differences of the Catoctin and Swift
Run formation from the overlying Chilhowee group are
greater than the similarities, suggesting that the two
units are parts of different geologic cycles, one of the
pre-Cambrian and the other of Early Cambrian age.

CAMBRIAN SYSTEM
CHILHOWEE GROUP
NAME

The Chilhowee sandstone was named by Safford
(1856, pp. 152-153; 1869, pp. 198-203) for exposures
on Chilhowee Mountain in central-eastern Tennessee
(pl. 2). The term Chilhowee group has been widely
used in Tennessee, and was extended to the Virginia
area by Butts (1940, pp. 26-27). The unit has also been
termed the “Lower Cambrian quartzites and slates”
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(U. 8! Geol. Survey, 1933), the “basal quartzites”
(Butts, 1933, p. 2) and the “basal clastic group” (King,
and others, 1944, pp. 27, 28). The name is applied to
clastic rocks in Tennessee and Virginia that lie uncon-
formably on pre-Cambrian rocks and are overlain by
the Shady or Tomstown dolomite,

DESCRIPTION BY ROGERS

The Chilhowee group was termed Formation I by
Rogers (1884, pp. 167-168) in the work of the first Vir-
ginia Geological Survey, and was described by him as
follows:

This rock, or group of rocks, which is frequently exhibited
in extensive exposures along the western side and base of the
Blue Ridge, more especially in the middle counties of the valley,
is usually a compact, rather fine-grained, white or yellowish
gray sandstone. * * #* In Page, Rockingham, Augusta, and
Rockbridge Counties this rock forms the irregular and broken
ranges of hills lying immediately at the foot of the main
Blue Ridge, and sometimes attaining an altitude little inferior
to that of the principal mountain. A level region, sometimes
of considerable breadth, and strewed profusely with fragments
of this rock, in general intervenes between these rugged hills
and the first exposure of the valley limestone; thus indicat-
ing at once the extent of the formation, and the violence of
the forces to which it has been subjected.. In many instances
two, sometimes three, ranges of hills are interposed between
the limestone and what may be regarded as the termination
of the rocks of the Blue Ridge, in which case the sandstone of
those nearest the ridge exhibits peculiarities of composition and
structure which distinguish it from the rock found in more re-
mote positions. Talcose and micaceous matter make their ap-
pearance in it; its specific gravity is increased, and a jointed
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structure is developed to so great a degree that it becomes diffi-
cult to recognize its true plane of dip. * * * This micaeous
and talcose variety is sometimes found in the same hill under-
lying the more purely siliceous rock.

The latter, in nearly all the exposures from Balcony Falls to
Thornton’s Gap, as well as in various other places, exhibits
vague, fucoidal, and zoophytic impressions on the surfaces of
the bedding, together with innumerable markings at right angles
to the stratification, penetrating in straight lines to great depths
in the rock [Scolithus of later authors] * * *. These mark-
ings are of a flattened cylindrical form, from one-eighth to one-
tenth of an inch broad, giving the surface of the fractured rock
a ribbed appearance, and resembling perforations made in sand
which have been subsequently filled up, without destroying the
distinctness of the original impression.

SUBDIVISIONS

The rocks of the Chilhowee group are a lithologic
and depositional unit, and give rise to a distinctive
topographic feature, the northwestern foothills of the
Blue Ridge. Use of a group term for the unit is there-
fore desirable. The group characteristically consists
of several types of clastic rock which are interbedded
with each other vertically and interfinger with each
other laterally (fig. 5). In a broad way, arkosic and
conglomeratic rocks predominate in the lower part,
argillaceous rocks predominate in the middle, and
white, siliceous sandstones and quartzites predominate
in the upper part, giving rise to a broad threefold sub-
division. There is no assurance, however, that the
boundaries between these lithologic types are every-
where of the same age. Definitions of the formations
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should therefore be based more on the occurrence of
traceable beds than on the gross lithology.

The Chilhowee group of northern Virginia and adja-
cent parts of Maryland was divided by Keith (1894,
pp. 321-337), in ascending order, into the Loudoun for-
mation, the Weverton sandstone, the Harpers shale, and
the Antietam sandstone. In a report by Stose and
others (1919, pp. 13-22) the Chilhowee group in both
southern and northern Virginia was divided into the
Unicoi formation, the Hampton shale, and the Erwin
quartzite. The latter names had previously been
applied to rocks of the Chilhowee group in northeastern
Tennessee. By present usage the Tennessee terms are
restricted to the region south of Roanoke in central
Virginia. Farther north, in the Elkton area and else-
where, the terminology used is that proposed by Keith
for Maryland and northern Virginia.

LOUDOUN FORMATION

Name and correlation.—The Loudoun formation was
named by Keith (1894, pp. 324-329) for exposures in
Loudoun County, northern Virginia, but without desig-
nation of a specific type locality, and was applied to
presumed basal Cambrian beds that intervened, or sup-
posedly intervened, between the Catoctin and Weverton
formations. Keith mapped the formation southward
from Loudoun County in Virginia as far as Front Royal
and Warrenton, and northward in Maryland into
Frederick and Washington Counties. On the geologic
map of Virginia (Virginia Geol. Survey, 1928), the term
was applied to extensive areas of rocks believed to be
basal Cambrian, lying southeast of the Blue Ridge, and
extending as far southwest as Amherst County. Jonas
and Stose (1938, pp. 588-589) indicated, however, that
considerable areas of rocks hitherto called Loudoun in
Virginia and Maryland were actually beneath the
Catoctin rather than above it. In a subsequent report
on Frederick County, Md., they (Stose and Stose, 1946
b, pp. 31-34) restricted the Loudoun formation to a unit
about 200 feet thick between the Catoctin and Weverton,
described as composed of arkose, conglomerate, and
slate, the slate being in part of pyroclastic origin.

In the Elkton area a unit has been described by
Furcron and Woodward (1936, pp. 45-51) as “a basal
Cambrian lava flow”, which is said to lie unconformably
on the Catoctin greenstone and the injection complex,
and to be overlain by the Loudoun formation. The
writer’s observations on this unit indicate that no beds
overlie it which could conceivably be called Loudoun,
and that the succeeding beds have the same character
as the Weverton of its type area. The writer therefore
has concluded that they are equivalent to the Loudoun
as defined by Stose and Stose (1946 b, pp. 31-34) in

Frederick County, Md. The unit in the Elkton area
has an average thickness of 100 feet and consists mainly
of slate of pyroclastic origin, but the differences between
it and the Loudoun as described in Frederick County
are considered to result from local variations in con-
ditions of sedimentation. In this report, the unit in
the Elkton area is therefore classed as the Loudoun
formation.

Discussions by the writer with R. O. Bloomer, Ernst
Cloos, and A. S. Furcron after this report was prepared
have suggested that doubt exists as to- whether the
Loudoun formation is a valid unit. The original defini-
tion of Loudoun by Keith was ambiguous, as no type
locality was designated, and as it was applied to beds
in more than one stratigraphic position. Further con-
fusion was created by the broad application of the term
on the geologic map of Virginia. Moreover, Cloos
(personal communication, 1949) questions the status
of the unit in the area in which it was redefined by Stose
and Stose. He interprets the Loudoun that was sup-
posed to underlie the Weverton at the type locality of
the latter on the Potomac River as consisting of over-
turned post-Weverton beds. It is therefore possible
that the terminology herein adopted may not, in the end,
prove to be the most satisfactory one, and that further
consideration may have to be given to a name for the
beds in the Elkton area here termed the Loudoun
formation.

Outerop.—The Loudoun formation extends across the
Elkton area as a nearly continuous, narrow band, which
lies between the outcrops of the pre-Cambrian and the
younger Cambrian formations (pl. 1). In a few places
it is missing, as in the northwest part of the Shenan-
doah Salient, and also perhaps in the extreme south part
of the area. In some places the unit projects in promi-
nent ledges, but in many it forms a sag on the hill
slopes between more resistant formations below and
above. Here, its presence is indicated by abundant
chips of its characteristic slate in the soil.

Character—The Loudoun formation of the Elkton
area is dominantly a slaty unit, probably largely of
pyroclastic origin. Most of the slate is dull purple or
dull red, generally with a strong cleavage that forms
lustrous, micaceous surfaces. The purple or red slate
commonly contains numerous round or oval, light-
green spots that range from an eighth of an inch to a
quarter of an inch in diameter. The origin of this
spotted slate is not entirely clear. Furcron and Wood-
ward describe it as amygdaloidal lava at several local-
ities in the northeast part of the Elkton area (as at
Lucas Gap and Cubbage Hollow). However, part at
least is of sedimentary origin, some of the cleavage
surfaces are crossed by bedding laminae different in
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color or texture from the enclosing rock, and part con-
tains angular breccia fragments, probably of volcanic
origin. Moreover, the unquestioned lava flows of
the formation, described below, have different lithologie
characters, are more massive, and have less cleavage.

Near the northwest end of Long Ridge, 3 miles north-
east of Jollett, the formation includes a thin bed of
amygdaloidal lava—a dark, dense rock with small white
amygdules. This is very different in appearance from
the underlying amygdaloidal lava of the Catoctin
greenstone and, unlike the lavas in the Catoctin, con-
tains no epidote. Near Allen Hollow, 2 miles south-
east of Jollet, the Loudoun formation contains massive
beds as much as 20 feet thick, of highly irregular tex-
ture, and consisting of hard jaspery masses in a gray,
granular matrix. These rocks may be altered volcanic
breccias.

In places, the spotted purple and red slate is inter-
bedded with other slate of green or gray color, and with
silvery, sericitic schist.

On the south side of the inlier of injection complex in
the northwest part of the Shenandoah Salient, near the
heads of Dovel and Cubbage Hollows, the formation
contains thin interbedded layers of arkose and arkosic
quartzite.

T hickness and stratigraphic relations.—Throughout
most of the Elkton area, the Loudoun formation has a
nearly constant thickness of 100 feet. In the vicinity
of Long Ridge it appears to be much thicker, possibly
200 feet, or approximately the thickness reported for
the Loudoun formation in Frederick County, Md. The
Loudoun formation thins out northwestward in the
Shenandoah Salient. It is present on the south and
east sides of the inlier of injection complex in Dovel,
Lucas, and Cubbage Hollows, where it lies directly on
the complex, and has overlapped the Catoctin green-
stone and the Swift Run formation. On the north and
west sides of the inlier the Loudoun formation pinches
out, so that the Weverton formation lies directly on
the complex (pl. 1). The formation may also pinch
out near the south edge of the area (fig. 4), for no out-
crops of it were seen south of Beldor.

As indicated in the description of the Catoctin green-
stone, the Loudoun formation probably lies unconform-
ably on the Catoctin and associated pre-Cambrian
rocks. The thinning and disappearance of the Loudoun
itself in parts of the area might be due to erosion before
the deposition of the Weverton formation, but it seems
more likely that it was caused by overlap on the surface
of the unconformity below. Such overlap is suggested
by the presence of interbedded arkose and arkosic
quartzite in Dovel and Cubbage Hollows, not far south
of its point of disappearance in the Shenandoah Salient.

WEVERTON FORMATION

Name.—The Weverton sandstone was named by
Keith (1894, pp. 829-333) for outcrops on South Moun-
tain near Weverton, Md. Ia the Elkton area, the unit
includes a considerable variety of other clastic rocks,
and hence is termed the Weverton formation.

Outcrop.—In the Elkton area, the Weverton forma-
tion is widely exposed in the northwestern foothills of
the Blue Ridge (pl. 1). Toward the north, it crops out
across the Shenandoah Salient in a belt 4 miles wide.
However, in much of this belt the outcrops of the for-
mation have been split up by erosion, so it commonly
forms the capping of ridges, with older formationc
exposed in intervening coves and valleys. At the
northeast end of Long Ridge the formation reaches an
altitude of 3,000 feet—the highest outcrop of the Chil-
howee group in the Elkton area. Farther northwest in
the salient, the formation rises in another conspicuous
peak, Devils Tanyard, whose altitude is 2,832 feet.

South of the Shenandoah Salient, between Dry Run
and Elk Run, the upper part of the Weverton forma-
tion is cut out for a distance of 214 miles along the
Huckleberry Mountain fault, and only the lower mem-
ber is exposed. Southwest of Elk Run, where the
entire formation is again present, it forms a single band
of outcrop half a mile wide, made up of a number of
parallel cuestas or hoghacks.

The Weverton formation stands in steep slopes, and
in the Shenandoah Salient projects as high mountains.
On the slopes, the sandy conglomeratic beds of the lower
member project as ledges, but the less resistant beds of
the middle and upper members are not as well exposed.
Some steep slopes carved from these strata show noth-
ing on the surface but chips and blocks of shaly and
sandy float, and in places the blocks are gathered into
small talus fields. The best exposures of this part of
the formation are in creek beds, ravines, and artificial
openings.

Outcrops of parts of the Weverton formation are
fairly common, but continuous and well-exposed sec-
tions of the whole formation are relatively rare. Some
good sections occur along the banks of creeks that cross
its outcrop, most of them being near traveled roads and
thus readily accessible. In the north part of the area,
a nearly complete sequence is exposed along Stony Run,
where it leaves Cubbage Hollow on the north. Another
is exposed farther south, along Naked Creek southwest
of Jollett. In thesame vicinity, part of the formation is
exposed in a stone quarry southeast of the creek and
half a mile southwest of Jollett. In the south part of
the area, the sequence is exhibited near U. S. Highway
33 in the valley of Swift Run. Exposures are discon-
tinuous, but some of the beds are well displayed in high-
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way cuts. Another section of the formation is exposed
near the south edge of the area, where the Simmons Gap
road crosses the ridge between Gap Run and Hawksbill
Creek.

General features—The Weverton formation is the
first of the dominantly sandy formations of the Chil-
howee group, but it is a rather complex unit, exhibiting
considerable lithologic variation, both vertically and
laterally (fig.4). It can be divided into three members,
which are traceable across the area. The formation is
varied in thickness, and ranges from 1,000 feet in the
Shenandoah Salient to 1,600 feet or more in the south-
east and south parts of the area. These changes result
mainly from variations in thickness of the lower
member; the middle and upper members are more con-
stant.

The most conspicuous beds in the lower member are
of conglomerate and coarse-grained, feldspathic quart-
zite. These are interbedded with finer-grained sandy
and silty strata. The middle member is a thin but per-
sistent body of argillaceous shale. The upper member
contains numerous beds of quartzite, many of which
are dark and ferruginous; these are generally finer-
grained than the quartzites of the lower member. Be-
tween are layers of thin-bedded siltstone and fine-
grained gray sandstone.

Lower member—In the north part of the Elkton area,
the lower member of the Weverton formation includes
two ledge-making beds of thick-bedded, pebbly quart-
zite 5 to 25 feet thick, one near the base and one at the
top. These quartzites are irregularly sorted and tex-
tured. Conglomerate occurs as seams or lenses, and
locally forms entire beds. It contains rounded quartz
grains and pebbles an eighth of an inch to half an inch
in diameter, some clear and vitreous, others tinted blue
or violet. In places it contains chips of slate and grains
of red jasper. As pointed out by Keith (1894, pp. 312-
313, 329-330), the blue quartz and the jasper were prob-
ably derived from the injection complex and the Catoc-
tin greenstone, respectively. The matrix is fine- to me-
dium-grained and feldspathic, with bedding indicated
by dark laminae, or by textural variations. In a few
places, as near Allen Hollow, the ledge-making beds are
white vitreous quartzite without pebbles, not unlike
many beds in the younger Antietam quartzite.

Interbedded with the quartzite are less resistant, finer-
grained rocks. They form a considerable body near the
middle of the member, but also wedge in at the base
toward the southeast. Some are thin-bedded quartzite
and sandstone, but most of them are friable, fine-
grained, arkosic siltstone, commonly of pale-greenish
color. In some exposures, bedding is indicated in the
siltstone by lighter or darker laminae, but in many

places the siltstone is transacted by strong cleavage, and
all traces of bedding have disappeared. At some locali-
ties in Allen Hollow the lower siltstone contains
embedded, rounded quartz pebbles.

In the Shenandoah Salient, the lower member of the
Weverton formation is about 100 feet thick, and in
places even less. Such thicknesses were observed near
the inlier of injection complex in Dovel, Lucas, and
Cubbage Hollows; also on the west side of Harris Cove,
and near Naked Creek west of Jollett. Farther south-
east, the unit is thicker. It isabout 250 feet thick on the
ridge east of Harris Cove, and it apparently thickens to
nearly 500 feet on Powell Mountain.

In the central part of the area, between Dry Run and
Elk Run, where the upper part of the Weverton forma-
tion is cut out by faulting, the lower member consists
largely of fine-grained, greenish siltstone, with occa-
sional interbedded layers of dark, ferruginous quartzite.
Southwest of Elk Run, near U. S. Highway 33 and else-
where, coarse-grained quartzites reappear, and the se-
quence resembles that in the north part of the Elkton
area. In this vicinity, the member is probably about
200 feet thick.

At the south edge of the area, the member is much
thicker, and coarse-grained beds are indistinct or lack-
ing. Along the Simmons Gap road at the head of Gap
Run it is about 700 feet thick, and consists largely of
greenish, fine-grained sandstone, siltstone, and silty
slate. Coarser materials are rare, but gritty and pebbly
layers occur.

Middle member—The middle member of the Wever-
ton formation is a body of shale with a rather constant
thickness of about 100 feet. It consists largely of
argillaceous shale, but contains some beds of arkosic
siltstone and fine sandstone. It is generally strongly
marked by cleavage, the cleavage surfaces having a
lustrous sheen caused by the presence of minute flakes
of sericite or mica. The rock has a greenish color when
fresh, but commonly weathers to a bronze or light-
brown color. In some outcrops, bedding has been oblit-
erated by cleavage, in others it stands out as strong
partings that cross the cleavage, or as bands of color or
texture different from the enclosing rock. The con-
tacts of the middle member with the members above
and below are generally sharp and well marked.

The best exposures of the middle member of the
Weverton formation are in ravines and along creek
banks. Elsewhere, it is expressed by a sag or bench in
the topography, and outerops are poor. At such places,
however, the unit can invariably be recognized by its
characteristic float, which forms smaller fragments
than that of adjacent units, and is made up of shale
with a micaceous sheen on cleavage surfaces. At other
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horizons in the Weverton such float is rare and is no-
where extensive or persistent.

The middle member is extensively exposed in the
Shenandoah Salient, but is cut out by the Huckleberry
Mountain fault in the central part of the area. South
of Elk Run it reappears in characteristic facies, but
beyond Beldor it becomes indistinct, owing partly to
increasing sandiness of the shale, and partly to increas-
ing shaliness of the enclosing sandstone. This situa-
tion is further complicated by the fact that in the same
region there is another shale member at a higher level, at
the base of the Harpers formation (fig. 4). During a
part of the field work this upper shale was correlated
with the middle member of the Weverton formation far-
ther north, which resulted in considerable misapprehen-
sion as to the stratigraphy and structure. The true
relations are established by outcrops between Lee Run
and Hawksbill Creek, where both shales are present and
lie gently dipping in normal stratigraphic order.

Upper member—The upper member of the Weverton
formation consists of interbedded layers of quartzite
and of finer-grained, thinner-bedded sandstone and silt-
stone. Sandstone apparently dominates in the south-
ern exposures and siltstone in the northern, but the top
of the unit is marked in nearly all places by one or more
ferruginous quartzite ledges. These are a convenient
marker for the top of the member and formation, but
are not everywhere well exposed. The contact between
the Weverton and Harpers formations is therefore
shown as a broken line on parts of the geologic map.
Despite its lithologic variations, the upper member
throughout the Elkton area has a nearly constant thick-
ness of about 700 feet.

The most characteristic rock in the upper member of
the Weverton formation is ferruginous quartzite. This
is fine- to medium-grained, vitreous quartzite, and is
dark bluish, dark purplish, or even black, the color be-
ing caused by the presence of iron oxide in the cement.
The ferruginous quartzite forms beds a foot to five feet
or more thick, the most prominent in many places being
at the top.

Light-colored quartzite is also present in some
places, but is irregularly distributed, and at no place
forms continuous, traceable beds. Some of it is brown
and resinous, some creamy, and some nearly white.
Most of the quartzite is medium grained, and all is more
or less feldspathic. At two localities, on the west slope
of Devils Tanyard and on the east slope of Grindstone
Mountain near its south end, indistinct traces of Scoli-
thus were seen in light-colored quartzite of the upper
member.

A considerable part of the upper member of the
Weverton formation, especially in the Shenandoah

Salient, consists of dark-greenish, fine-grained sand-
stone and siltstone, generally in beds a few inches thick,
and commonly marked by dark, narrow, argillaceous
laminae. On weathering, the beds are characteristi-
cally discolored by brown, rusty spots. The siltstone
of the upper member slightly resembles the greenish,
arkosic siltstone of the lower member, but is probably
of considerably different character and origin. It
contrasts with the siltstones of the lower member in
that bedding is well displayed in nearly every expo-
sure, and cleavage is indistinct or rare.

Stratigraphic relations.~The Weverton formation is
conformable with the overlying Harpers formation, and
the two units are not separated by an abrupt change in
sedimentation. The argillaceous shale of the middle
member of the Weverton formation is very similar to
the shale member at the base of the Harpers formation
in the south part of the Elkton area. Ferruginous
quartzite is a characteristic component of the upper
member of the Weverton formation, but also occurs as
thinner and rarer beds in the overlying Harpers forma-
tion. The greenish, thin-bedded siltstone of the upper
member is identical with the rock that makes up a great
part of the mass of the Harpers formation.

Changes in sedimentation took place from Weverton
to Harpers time, but they were gradual. Coarse, pebbly
quartzite with lenses of conglomerate is prominent in
the lower member of the Weverton formation, but is
rare in higher members, and does not occur in the Har-
pers formation. Quartzite in both the lower and upper
members of the Weverton formation is distinctly feld-
spathic, or even arkosic, but the Harpers contains no
prominent feldspathic material. These pebbly, feld-
spathic, and arkosic sediments are the poorly sorted
products of the erosion of pre-Cambrian rocks, and
were perhaps deposited rapidly in an unstable environ-
ment. Their disappearance upwards records a gradual
change to quieter, more stable conditions of sedimen-
tation in Harpers time (Keith, 1894, p. 335).

HARPERS FORMATION

Name.—The Harpers shale was named by Keith
(1894, pp. 833-335) for exposures near Harpers Ferry,
W. Va. In the Elkton area shale constitutes only a
small part of the formation, the remainder being
largely siltstone and fine-grained sandstone, so it is
designated the Harpers formation.

Outcrop—The Harpers formation crops out exten-
sively in the Elkton area, and like the formations of
the Chilhowee group below and above it, forms part of
the foothills of the Blue Ridge (pl. 1). It forms a
relatively narrow band that encircles the Shenandoah
Salient on its north, west, and southwest sides. Its
outcrop is somewhat interrupted by faults in the cen-
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tral part of the area, between the South Branch of
Naked Creek and Swift Run, but at least a part of the
formation is present in nearly all sections. In the
south part of the area, its narrow band of outcrop is
resumed beyond Swift Run, but inliers of the forma-
tion also occur to the northwest, along the Hanse
Mountain anticline.

As the Harpers formation is relatively less resistant
to erosion than the formations below and above, it com-
monly forms a sag in the topography of the foothill belt
or lies on the southeastern slopes of the cuestas and
hogbacks of Antietam quartzite. Because of its prox-
imity to the Antietam it is in many places concealed by
talus fields made up of quartzite blocks derived from
that formation. Well-exposed sections of the Harpers
formation are accordingly somewhat rare but occur
along the banks of the larger creeks. In the north part
of the area Stony Run and Naked Creek (already men-
tioned in connection with sections of the Weverton for-
mation) provide sections of the Harpers. One of the
best sections is in the south part of the area, along
Hawksbill Creek on the northwest flank of the Hanse
Mountain anticline. * The top of the Weverton forma-
tion is exposed along the creek in the core of the anti-
cline, and to the northwest nearly every bed of the
Harpers up to the base of the Antietam quartzite can
be seen.

General features—Throughout the area the Harpers
formation has a nearly constant thickness of about 900
feet. It consists dominantly of dark, thin-bedded
strata, but these are mainly fine-grained sandstone and
siltstone, rather than shale. Rocks of this type, inci-
dentally, form a large part of the nearly equivalent
Hampton formation in its type area in northeastern
Tennessee (King and others, 1944, p. 36) and have been
rather commonly referred to as “shale” in older reports
on the Appalachians. True argillaceous shale does,
however, form a relatively thin basal member in the
south part of the Elkton area. This unit disappears
to the north (fig. 4) and is absent in the Shenandoah
Salient.

Shale member.—The shale member at the base of the
Harpers formation crops out as a narrow belt from the
south edge of the area as far northeast as Elk Run, be-
yond which it is cut out by faulting. Where the base
of the Harpers formation reappears in the Shenandoah
Salient, the member is missing, and close study of good
exposures of the basal beds of the formation in that area
fails to reveal any truly shaly material. This is proba-
bly due to lateral gradation from shale into the thin-
bedded siltstone, rather than to pinching out of the
shale body, for the formatoin as a whole is about 900
feet thick in both areas.

Where typically developed in the south part of the
area, the member reaches 200 feet in thickness, and con-
sists of very fissile, argillaceous shale of olive-green or
dark-green color, weathering bronze or brown. Cleav-
age is strongly developed and cleavage surfaces are
coated by fine mica flakes; in places the cleavage is con-
torted. Bedding is indicated by darker laminae and
thin sandy seams. Like the shale member in the middle
past of the Weverton formation, this shale member is
poorly exposed on hill slopes, although its presence is
generally indicated by shale chips in the float.

Main part of Harpers formation~The main part of
the Harpers formation consists of dark-greenish fine-
grained sandstone or siltstone, generally in beds a few
inches thick, and commonly marked by argillaceous
laminae. Such beds closely resemble those in the upper
member of the Weverton formation beneath, but con-
tain less interbedded sandstone and quartzite. In
places, some bedding surfaces are ripple marked and
some of the surfaces exhibit faint animal trails. Cleav-
age is generally poor. The rock weathers to drab or
brown colors, marked in places by brown rusty spots
and splotches.

Interbedded with the thin-bedded sandstone and silt-
stone are a few thicker beds of earthy sandstone. Here
and there, also, are thin beds of ferruginous quartzite,
but these are nowhere as prominent as those in the
underlying Weverton formation. In a few places, as on
the north side of Dry Run just west of the Huckleberry
Mountain fault, thicker and lighter-colored quartzite
beds are present. At the locality mentioned, beds of
cream-colored, resinous quartzite up to four feet thick
are interbedded in the siltstone. These are not per-
sistent, and lens out within a short distance.

Stratigraphic relations—The Harpers formation is
succeeded by massive white ledges of the basal Antietam
quartzite. In the Elkton area, the contact is concealed
by talus in most places, but where it is exposed there
are few or no transition beds. The contact is thus one
of the most abrupt in the area, but it results from a sud-
den change in sedimentation rather than from an un-
conformity. In the Lyndhurst-Vesuvius district
(Knechtel, 1943, p. 168) to the south, in Virginia, and
in the Mercersburg-Chambersburg area (Stose, 1909, p.
4) to the north, in Pennsylvania, the Harpers formation
contains beds of white quartzite with Scolizhus, like
those in the Antietam quartzite. Thus, in regions near
the Elkton area, conditions of sedimentation like those
during Antietam time began during Harpers time.

ANTIETAM QUARTZITE

Name.—The Antietam sandstone was named by
Keith (1894, pp. 335-337) for outcrops near Antietam
Creek, immediately north of the Potomac River, in
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Maryland. Inthe Elkton area, most of the sands of the
formation are so well cemented and the rock is so vitre-
ous that the unit is termed the Antietam quartzite.

Outerop—The Antietam quartzite forms the outer
or northwestern margin of the foothills of the Blue
Ridge, and crops out as a sinuous band entirely across
the Elkton area (pl. 1). Throughout its course, the for-
mation stands as a series of high crests and jagged
ridges, many of which have the form of cuestas or hog-
backs, with dip slopes extending down to the Shenan-
doah Valley. These ridges are broken at intervals by
valleys, through which streams drain from the Blue
Ridge to the South Fork of the Shenandoah River.
Each ridge or mountain in the belt outcrop of the Antie-
tam quartzite is thus separate from the next, and bears
a different local name. Of these, the most conspicuous
are Grindstone Mountain east of Shenandoah, with an
altitude of 2,848 feet, and Hanse Mountain south of
Elkton with an altitude of 2,140 feet (fig. 6).

On the ridges, the Antietam quartzite forms massive,
persistent white ledges, which are especially prominent
in the lower member of the unit. These are the most
conspicuous rock outcrops in the Elkton area, and, un-
like the ledges of other formations, they may readily be

traced on aerial photographs. Outcrops are less promi-
nent in the upper member, as the quartzite and sand-
stone of the member tend to break down and cover the
surface with blocks of float.

Conspicuous features of the Antietam quartzite ridges
are the vast fields of talus which strew their sides,
made up of angular blocks derived from the quart-
zite ledges (pp. 62-63). Rounded, water-transported
boulders derived from the Antietam are also spread
over the floor of the adjacent Shenandoah Valley where
they form a part of the fanglomerates, gravel deposits,
and alluvium. Similar material occurs in gravels now
being transported by all the rivers that drain the area.
Quartzite cobbles containing Scolithus have been ob-
served in deposits of the Potomac River as far away
as Washington, D. C.

General features—The Antietam quartzite in the
Elkton area has a rather uniform thickness of about 800
feet and is divided into two members of about equal
thickness (fig. 4). The lower member is composed of
white, vitreous quartzite; it contains abundant worm
tubes, or Scolithus, and forms prominent ledges up to
100 feet thick. Between the ledges are thinner-bedded
sandstone or quartzite, mostly poorly exposed. The
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upper member also contains ledges of white, Scolithus-
bearing quartzite, but the greater part is formed by
relatively less resistant buff or brown sandstone, prob-
ably in part calcareous.

Structural features—The Antietam quartzite has
been considerably deformed. It has been steeply tilted
and thrown into numerous anticlines and synclines,
but because of the competency of the unit, these folds
are broad and open (pl. 4). Small-scale contortion and
metamorphic features are generally lacking. The
quartzite has been formed by the thorough cementa-
tion of sandstone by silica, perhaps during diagenesis,
and is not the result of dynamic metamorphism, as im-
plied by Butts (1940, p. 39). In many places, the
quartzite is strongly jointed, and at a few localities, as
along the axes of the steeper anticlines, a coarse fracture
cleavage has developed.

Study of the Antietam quartzite aids in working out
the structural geology of the Elkton area, because it
forms a long belt of good outcrops whose folds and
faults can readily be determined. It thus serves as a
clue for interpreting adjacent and less well-exposed
formations, such as the overlying and immediately ad-
jacent carbonate formations of the Shenandoah Valley,
which are largely concealed by wash and residual clay.
As the manganese and iron deposits along the west
foot of the Blue Ridge are closely related to these car-
bonate formations, close attention was given to the
structure of the Antietam quartzite during the manga-
nese investigation.

Lower member.—The lower member of the Antietam
quartzite consists of several bodies of massive, cliff-
making quartzite, separated by slope-forming beds. In
the north part of the Elkton area, from Fultz Run
around the north flank of the Shenandoah Salient, there
are three main cliff makers. The lower two are espe-
cially massive, and near the north end of Dovel Moun-
tain they merge into a nearly continuous sequence of
quartzite. The upper ledge is not as strong, and in
places fails to crop out. For some miles south of Fultz
Run, four cliff makers are present; perhaps the basal
ledge has here split into two parts. In the south part
of the area, south of Naked Creek, there are two cliff
makers in the lower member. These may correspond
to the lower pair of cliff makers farther north; if so,
the boundary between the two members of the Antietam
has been placed lower in the southern part of the area
than in the northern.

The quartzite of the cliff-making beds is white, pink,
or light buff. It is so thoroughly cemented by silica
that sand grains are seldom visible, and the rock
breaks across them. Most of the grains are of quartz,
although a few grains of white feldspar were noted in

the basal beds. Grains of dark minerals are very
rare. Where the quartz grains are visible they are
mostly small, of uniform size, and well rounded. Occa-
sionally somewhat larger grains form seams in the
quartzite.

The quartzite of the cliff-making beds commonly con-
tains worm tubes, or Scolithus, which are cylindrical
structures an eighth of an inch to a quarter of an inch
in diameter, filled by sand of the same character as the
enclosing rock. The tubes originate on the surfaces of
the bedding planes and extend downward, normal to
the bedding, for a foot to 8 feet or more. In most
places they are closely spaced, and some are less than an
inch apart. On bedding surfaces the ends of the tubes
appear as nodes. The presence of Scolithus is of some
value in field work, for it aids in locating the bedding,
where this is indistinct or obscured by joints. It is also
useful in determining tops and bottoms of beds and
whether the beds have been overturned. Where the
quartzite has been strongly deformed the tubes have
provided lines of weakness that have guided the direc-
tions of cleavage and jointing.

Scolithus ordinarily occurs only in evenly bedded
layers, and these typically form the upper part of the
cliff-making quartzite bodies. The tubes fade out down-
ward in each Jayer, and as they do so the rock becomes
very massive or assumes a cross-bedded structure.
Strong cross bedding is a common feature in the lower
parts of the ledges. In the third ledge from the base on
the west slope of Roundhead Mountain single cross beds
attain a thickness of 5 feet and a sweep of 25 or 30 feet.
Elsewhere the dimensions are smaller.

Few of the slope-making beds are well exposed, as
they are generally covered by float or talus from the
beds above. Rare outcrops indicate that they consist
mainly of thin-bedded, rusty sandstone, probably with
an original calcareous cement. There are, however,
some thin beds of fissile buff siltstone containing scat-
tered sand grains. :

The types of rock described seem to have been laid
down during sedimentary cycles that were repeated a
number of times in the lower member. A cycle would
be initiated by deposition of cross-bedded quartzite,
probably under conditions of strong scouring action.
Later, during slower and less agitated conditions of
deposition, Scolithus lived in great abundance.
During the closing stages of the cycle thin-bedded sand-
stones were deposited, probably accompanied to some
extent by lime precipitation. In places cycles did not
reach completion; in some cliffs Scolithus-bearing
quartzite is overlain by cross-bedded quartzite along a
surface of scour and thin-bedded sandstones are absent.
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Upper member.—The upper member of the Antietam
quartzite contains fewer ledge-making beds than the
lower member, and these are thinner, more lenticular,
and less persistent. The greater part of the material in
the upper member is similar to the slope-making beds
of the lower member. In the north part of the area,
around the north side of the Shenandoah Salient, a
ledge a few feet above the base forms a distinct topo-
graphic bench, but fails to crop out for considerable
distances. Locally, another ledge is present somewhat
higher up, and at most places there is another at the
top of the formation. South of Naked Creek, ledges
are present here and there in the member, but are not
persistent.

The rocks of the upper member are generally thinner
bedded than those below, and weather to rusty and
friable blocks. Some of the ledges are as white and
vitreous as those in the lower member, but others
weather brown. Scolithus is common in the ledges, in-
cluding those at the top, and occurs in the thinner inter-
vening beds as well. Scolé¢hus in beds near the top of
the formation is well displayed in cuts on State High-
way 12, a mile and a half south of Elkton, just north of
the bridge over Hawksbill Creek. Probably many of
the beds in the upper member had an original calcareous
cement, but this has largely been leached during weath-
ering. In some beds, especially those toward the top,
rounded quartz grains an eighth of an inch or more in
diameter are embedded. ‘

Stratigraphic relations—The Antietam quartzite is
overlain by the Tomstown dolomite, so that on passing
from the Antietam to the Tomstown there is a lithologic
change from dominantly arenaceous to dominantly car-
bonate sedimentary rocks. The contact is probably
transitional. The apparently calcareous nature of the
upper sandstones of the Antietam is a precursor of
Tomstown conditions. No unweathered outcrops of
the basal Tomstown have been seen in the Elkton area,
but from the nature of its residuum one may infer that
the lower 10 to 50 feet of the dolomite contained inter-
bedded layers of sandstone and shale (p. 28). No
evidence of unconformity between the two formations
has been reported in areas where the contact is better
exposed.

Despite the evidence of transitional features just
noted, the change in gross lithologic character from the
Antietam quartzite to the Tomstown dolomite is abrupt
and striking. The same lithologic change takes place
at the top of the Chilhowee group along its whole course
in Virginia and Tennessee, as well as farther north and
south (Butts, 1940, p. 41). This change in a conform-
able sequence of beds is probably of about the same age
everywhere. It may mark a significant time zone with-

in the Lower Cambrian, expressive of a change of en-
vironment of broad dimensions, but the causes of the
change are largely problematical.

Fossils and age.—No fossils other than Seolithus have
been seen in the Antietam quartzite in the Elkton area.
Elsewhere, small collections have been made in the
uppermost beds which have yielded, according to Butts
(1940, p. 40), species of Olencllus, Hyolithes, and Obo-
lella, of Early Cambrian age. A few recent collections
from this zone have been reported by Stose and Stose
(1946b, p. 42), and by others, but the greater part of
the material was obtained years ago by Walcott (1892a,
pp. 52-57; 1892b, pp. 469-482). Walcott’s principal
localities were along the James River near Balcony
Falls, in central Virginia, and on the west flank of South
Mountain, in Maryland. The fossiliferous beds are
reported to be crumbly, thin-bedded sandstone, prob-
ably originally calcareous. Such beds also occur near
the top of the Antietam in the Elkton area, but were
not carefully searched for fossils during the present
investigation. It isentirely likely that further scrutiny
of these beds would yield fossils in this area also.

BROADER RELATIONS OF CHILHOWEE GROUP

Correlation of formations within the Chilkowee
group~—The Chilhowee group has been mapped along
the southeast side of the Appalachian Valley through-
out Virginia and Tennessee, and the general distribu-
tion of the constituent formations has been shown on
some published maps (Virginia Geological Survey,
1928). However, except for scattered areas, little is
actually known of the details of this distribution, or of
the precise character and limits of the formations. On
plate 2 the writer has assembled some of the better-
known sections, from Chilhowee Mountain in central
eastern Tennessee, to South Mountain and Catoctin
Mountain in Maryland. In Tennessee, where the
stratigraphy of many areas has been studied in detail,
there is considerable variation, so relations are actually
more complicated than indicated on the diagram. In
Virginia, where fewer areas have been studied in detail,
a similar degree of complexity no doubt exists but
remains to be discovered.

As has been indicated above, the top of the Chil-
howee group is probably of about the same age every-
where, so the correlation line at the top of the group
may be regarded as a time boundary. Correlations be-
neath have a less definite basis, but are capable of solu-
tion by detailed work. On the basis of such work, the
relations between the rocks of Chilhowee Mountain,
Tennessee, and Glade Mountain, Virginia, seem fairly
certain; and also those of the Vesuvius area, Virginia,
and of the South Mountain-Catoctin Mountain area,
Maryland. On the relations in the intervening area,
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little information is available. As the formations in
the southern and northern areas resemble each otherin a
broad way, the Erwin has commonly been correlated
with the Antietam, the Hampton with the Harpers, and
the Unicoi with the Loudoun and Weverton. How-
ever, differences also exist, and there is no assurance
that the boundaries of the formations actually agree.
It therefore seems undesirable ever to extend the north-
eastern Tennessee names into northern Virginia (Stose
and others, 1919, pp. 13-22), or to follow the rules of
priority and apply the name Antietam to the Erwin
(Resser, 1938, pp. 4-5, 20).

Base of Cambrian.—In this report, as in most others
on this general region, the Chilhowee group is classed as
of Early Cambrian age, and the base of its lowest for-
mation is considered to be the base of the Cambrian
system. However, alternative interpretations have been
made by some authors,

Resser and Howell (1938, pp. 199, 206; see also Res-
ser, 1938, p. 20; Howell and others, 1944) place the base
of the Cambrian at the base of the Antietam and Erwin
quartzites, because these formations contain the lowest
diagnostic Cambrian fossils. They assign the underly-
ing Harpers, Weverton, and Loudoun formations of
the northern area and the Hampton and Unicoi forma-
tions of the southern area to the “Beltian” or pre-Cam-
brian. A similar practice is recommended by Snyder
(1947, pp. 146-152), who advocates placing the base of
the Cambrian at the base of the lowest fossiliferous for-
mations. Wheeler (1947, pp. 157-159) restricts the base
of the Cambrian still further, and would place it im-
mediately beneath the lowest occurrence of diagnostic
Cambrian fossils.

By contrast, Bloomer and Bloomer (1947, pp. 94—
106) suggest that the Catoctin greenstone beneath the
Chilhowee group is closely related to the lower part of
the Chilhowee group and is probably of early Cambrian
age.

These proposals in regard to the base of the Cambrian
involve fundamental problems of stratigraphic pro-
cedure on which there is as yet no general agreement.
The writer has discussed the problem insofar as it re-
lates to the southern Appalachians in another paper
(1949b) and the details need not be repeated here.

It is sufficient to say that in the Elkton area and
elsewhere in northern Virginia the lowest diagnostic
Cambrian fossils occur at the top of the Antietam
quartzite, at the top of the Chilhowee group, and that
beneath are two unconformities, one at the base of the
Chilhowee group and the other at the base of the Catoc-
tin greenstone and Swift Run formation. The rocks of
the Chilhowee group, down to the first unconformity
below the lowest diagnostic fossils, seem to form a nat-

ural depositional unit, no part of which is greatly differ-
ent in age from any other part. The rocks of the Catoc-
tin greenstone and Swift Run formation, between the
base of the Chilhowee group and the second uncon-
formity, are different in lithologic character and were
formed under different conditions.

It appears, therefore, that the most logical position at
which to place the base of the Cambrian is at the base
of the Chilhowee group, and the unconformity beneath
it thus separates early Cambrian from late pre-Cam-
brian rocks. The still lower unconformity, between the
Swift Run formation and the injection complex, lies
within the pre-Cambrian and divides late pre-Cambrian
from early pre-Cambrian rocks.

TOMSTOWN DOLOMITE
NAME

The Tomstown limestone was named by Stose (1906,
p. 208; 1909, p. 5) for outcrops near Tomstown, in the
Mercersburg-Chambersburg area, Pennsylvania. In
Virginia, the unit is ordinarily referred to as the Toms-
town dolomite.

The Tomstown closely resembles in character and
stratigraphic position the Shady dolomite, whose type
area is in northeastern Tennessee (Keith, 1903, p. 5).
The name Tomstown dolomite is now used in Virginia
as far south as Roanoke, beyond which the name Shady
dolomite is used for the same unit. Unlike the forma-
tions of the Chilhowee group, whose identity across the
entire region is uncertain, the Tomstown and Shady are
probably the same formation. At some future time, the
name Tomstown may well be dropped as a synonym,
and the name Shady substituted for it.

OUTCROP

In the Elkton area, the Tomstown dolomite is poorly
exposed, being greatly leached by weathering, and
hence blanketed thickly by residual clay. In many
places it is, moreover, heavily covered by gravel washed
out from the Blue Ridge foothills immediately adja-
cent. Similar conditions exist throughout a long belt
of country from the headwaters of the Shenandoah on
the south to Front Royal on the north, in all of which
the Tomstown is scarcely exposed (Butts, 1940, p. 53).
It has even been suggested that the Tomstown is largely
missing in this region, from faulting of other causes.
The nearest extensive exposures of the Tomstown are
in Clarke County, about 60 miles northeast of the Elk-
ton area (Edmundson, 1945, pp. 179-183).

The present investigation has demonstrated that the
Tomstown is probably present across the entire Elkton
area. Exposures of the dolomite have been found in
two localities, near Fultz Run and Crooked Run, in a
deeply dissected district in the north part of the area
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(pl. 1). The dolomite has also been identified in test
holes drilled by the U. S. Bureau of Mines in 1941 on
the Watson tract five miles northeast of Elkton, and on
a tract south of Giants Grave three miles south of Elk-
ton (fig. 15). Elsewhere, the unit can be recognized by
its characteristic residuum. These features suggest that
the Tomstown occupies a belt 1,000 to 2,000 feet wide
along the southeast margin of the Shenandoah Valley,
between the Antietam quartzite of the foothills of the
Blue Ridge, and the outcrops of the Waynesboro shale
farther out in the valley.

GENERAL FEATURES

The apparent width of outcrop of the Tomstown
dolomite and the structure of adjacent and better-ex-
posed formations suggest that it is about 1,000 feet thick
in the Elkton area, which agrees with the estimate of
1,000 to 1,500 feet made for it in Clarke County (Ed-
mundson, 1945, p. 180). Information on the character
of the Tomstown is fragmentary. Localities where
fresh rock of the formation has been observed are wide-
1y scattered geographically, and the rock at these places
represents small sections of different parts of the forma-
tion. Elsewhere, however, deductions as to the original
character of the formation can be made from the nature
of the residuum.

The formation apparently consists principally of
fine-grained light-gray to dark-gray dolomite, with
some coarser-grained, more saccharoidal dolomite.
Layers of limestone are also present. Much of the dolo-
mite appears to be impure and argillaceous, the insol-
uble component constituting 3 to 25 percent of the rock.
There may also be many interbedded layers of calcare-
ous shale in the Elkton area, although none have been
reported in the more extensive outcrops in Clarke
County (Edmundson, 1945, pp. 179-183). The large
argillaceous content of the dolomite and the presence
of shale layers explain the great volume of residual clay
that is produced by the weathering of the formation.
The formation contains many chalcedonic chert nodules
and concretions, and the basal 50 feet includes inter-
bedded sandy layers. The cherts and sands are pre-
served in the residual clays after the enclosing dolomites
have been leached.

AGE

In the Elkton area, a single reefy mass was observed
in the Tomstown which may be a Cryptozoon, but other-
wise no fossils were found. Fossils are not abundant in

the Tomstown and Shady of other areas, except at cer-
tain localities. Those fossils that have been collected
are of Early Cambrian age (Butts, 1940, pp. 54-56 ; 1941,
pls. 64-65).

TOMSTOWN DOLOMITE IN OUTCROPS

One of the outcrops referred to (p. 24) is on the
west side of the valley of Fultz Run, or Steam Hollow,
a mile and a half south of the South Fork of the Shen-
andoah River (pl. 1). The largest exposure is at the
foot of the valley wall on the west, but ledges also occur
in the bed of the run nearby. On the valley wall, about
100 feet of rock is exposed; in the run, about 30 feet.
These outcrops seemingly represent the top of the
formation, as shale of the Waynesboro formation lies
adjacent to them toward the northwest. However, the
structure is complicated by folds or faults, so part of
the beds dip away from the Waynesboro, at angles of
30° or less.

The outcrops on the valley wall consist of light-gray
to buff, finely and evenly crystalline dolomite in 6-inch
to 1-foot beds, with some thicker beds of dark blue-gray
dolomite, and thin interbedded layers of shaly, earthy
dolomite. Most of the dolomite is characterized by thin
laminae, which project on weathered surfaces and evi-
dently contain considerable amounts of insoluble mate-
rial. Some of the beds contain nodules of white, chal-
cedonic chert.

In the stream bottom, the lower part of the exposure
is gray, fine-grained limestone, in part laminated and
platy, and the upper part is thick-bedded dolomite
(fig. 7). Near the base of the exposure is a very hum-
mocky, knobby layer, which projects a foot or more into
the overlying strata. This may be a Oryptozoon reef.

The other exposure referred to is half a mile to the
south, near the head of the valley of Crooked Run, 2
miles from the South Fork of the Shenandoah River
and a quarter of a mile east of Comertown (pl. 1).
Here again, only the topmost beds are exposed, and
are overlain by shales of the Waynesboro formation,
but the strata are vertical and the structure is simpler.
However, the rocks in Crooked Run do not resemble
those in Fultz Run, and include considerable bodies of
shale similar to that in the Waynesboro formation.
These rocks may represent a lower unit of the Waynes-
boro, but as the beds of the Waynesboro formation above
have a thickness normal for that formation, this expo-
sure is more probably a part of the Tomstown dolomite.
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FIGURE T.—Sketches showing stratigraphic details of Tomstown and

Elbrook dolomites.

Upper figure: section of outcrop of Tomstown

dolomite in bed of Fultz Run a mile and a half south of South Fork

of Shenandoah River.

Lower figure: plan of outcrop in nearly ver-

tical beds of lower part of Elbrook dolomite in valley of Crooked Run
a mile and a quarter south of South Fork of Shenandoah River.

At this locality, a total of 742 feet of beds was
measured, as indicated in the table below.

Stratigraphic section of upper part of Tomstown dolomite near
head of valley of Crooked Run

Shale of Waynesboro formation at top of section (see table,

p. 31).
Tomstown dolomite : Thickness
in Feet

5. Dark-gray, finely crystalline dolomite, full of cavi-
ties, weathers to rounded boulders. Much of
rock is massive, but some contains argillaceous
seams that weather to ribs on surface__________ 47
4. Shale, in part poorly exposed, with thin inter-
bedded sandstones in upper part and a poorly ex-
posed bed of dolomite in middle_______________ 170
3. Rotten, thinly laminated buff dolomite, and blue-
gray, compact, brittle limestone. Some chalce-
donic chert on weathered surface. Some inter-

bedded shale 2690
2. Fine-grained, dark-gray dolomite, mottled and
lumpy, forming reticulated ridges on weathered
surface. Forms massive beds 5 to 10 feet thick_ . 5
1. Hard, dull-brown or gray siliceous shale.________ 190
Total thickness of measured section__________ T42

Base concealed by terrace gravel.

Several small outcrops of Tomstown are also shown
on the geologic map east and northeast of Ingham
(pl. 1). These are ledges of brown or reddish shale,
identical in appearance with the shales of the Waynes-
boro formation. They lie, however, within 700 feet of

outcrops of the Antietam quartzite, and if they are
Waynesboro, the Tomstown is very thin in this vicinity.
More probably they represent shale members in the
Tomstown, similar to those found on outcrops or in
drill holes in other places, where the interbedded dolo-
mite has been destroyed at the surface by weathering.
The presence of carbonate beds above these shales is
indicated by a sink hole on the ridge top a mile north-
east of Ingham.

SUBSURFACE TOMSTOWN DOLOMITE

On the Watson tract, 5 miles northeast of Elkton,
unweathered dolomite was encountered in U. S. Bureau
of Mines test hole No. 2 (section R-R’, fig. 15). The
drill hole was put down near the axis of a shallow syn-
cline that plunges southwestward away from the out-
crops of Antietam quartzite toward the head of the first
ravine southeast of Mudhole Run, at an altitude of 1,460
feet (pl. 1). The base of the Tomstown dolomite was
not reached in the drill hole, but from the nearby struc-
tural relations the rocks are obviously in the lower part
of the formation. Other test holes and shafts on the
northwest flank of the syncline encountered only resid-
ual clay above the Antietam quartzite, the clay in these
holes commonly extending much deeper than the top of
the dolomite in hole No. 2.

In hole No. 2 superficial gravel extends to a depth of
32 feet, and residual clay from 32 feet to 144 <feet.
Between 144 feet and 178 feet the rock is fine-grained
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gray dolomite, in part laminated, in part breaking into
hackly fragments, with many beds of argillaceous dolo-
mite and dolomitic shale. Here and there bodies of
brown, waxy residual clay are encountered, which sug-
gests that the surface of the dolomite is pinnacled and
honeycombed. Between 178 feet and 201 feet, the total
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The table below shows the results of tests made by
J. M. Axelrod on cable-tool cuttings from hole No. 1.

Results of tests on dolomite from U. S. Bureau of Mines drill hole
No. 1 on tract south of Giants Grave

Chemical analyses (in percent)

On the tract south of Giants Grave, 3 miles south of
Elkton, three test holes were drilled on an approximate
east-west line near the first run southwest of Giants
Grave. Unweathered dolomite was encountered in
each test hole (section T-T, fig. 15). There is no evi-
dence as to what parts of the Tomstown dolomite were
penetrated, but hole No. 3 is nearest the Antietam
quartzite, and the section penetrated is thus probably
lower in the formation than the sections penetrated in
holes No. 2 and No. 1. ,

Hole No. 1 is at an altitude of 1,140 feet, and encoun-
tered only quartzite gravel and sandy wash to a depth
of 260 feet. Unweathered dolomite lies directly be-
neath, and no residual clay is present. Dolomite ex-
tends to 290 feet, the total depth of the hole. The dolo-
mite is drab gray, fine-grained, in part laminated, in
part highly argillaceous. There are also many beds of
buff or brown, dolomitic shale.

891160—50——3

depth of the hole, the rock is fine-grained, light-gray, Depth ' Inorganic

. . . foot CaO MgO Fe Mn insolubl
laminated dolomite, that grades down into coarsely (feet) Insoluble
crystalline or saccharoidal gray dolomite.

The table below shows the results of tests made by 2?8 _______ gi. gg %g. gg 8. g% 8 8% %g gi
J. M. Axelrod on two samples of dolomite broken from 375:::: 17.37 | 12 03 124 | 0 044 40, 20
cores from hole No. 2. 280 ... 15.33 | 10.41 1.37 | 0.050 46. 60

285 ... 23. 96 16. 24 1. 00 0. 045 20. 23
290_ . _____ 22. 04 15. 07 1. 21 0. 053 22. 04
Results of tests on dolomite from U. 8. Bureau of Mines drilt 275-2901__| 30.17 | 20.29 0.42 | 0.030 3. 14
hole No. 2 on Watson Tract
Chemical analyses (in percent) Composition of insoluble residues (in percent)
. 3 o it
]()figﬁ? Ca0 MgO Fe Mn Iiggglgl?&? I(ng}g%h g ¥ | €2 ] 3 Minor constituents
& | O |o®°| A
178-18215__| 30. 93 19. 45 0. 36 0. 039 3. 33 . ;
265_______ 59 40 ) I P Leucoxene, magnetite,
182%-188__| 30.71 21. 53 0. 19 0. 054 0. 09 chromite.
270 ____ 78 20 P2 Brown garnet, leucox~
et s . ene, tourmaline.
Composition of residues (in percent) 275 . 48| 48| 2| 1| Plagioclase, chromite,
leucoxene, garnet,
Depth Ortho- : - opal.
(feety | Quartz | Clay | " " | Minor constituents  ggp 30| 65 Y Plagioclase, chromite,
leucoxene. .
285_______ 30 50 20 |.-_.__ Dark-green garnet,
178-1821%4__ 25 65 5| Chromite, garnet, chromite, micro-
tourmaline, tremo- 1011119; tourmaline,
lite, leucoxene. eucoxene.
182%-188__| Some | Mostly | Some | Opal, leucoxene, mag- 290 __.___ 32 55 5 7 | Cbromite, leucoxene.
. netite, brown gar- 275-2901__ 35 60 2 | _-_ Zeolite, chromite,
net, brown horn- tourmaline.
blende.
! Large fragments broken off when setting casing; exact depth unknown.

Hole No. 2 was put down about 500 feet east-north-
east of hole No. 1, at an altitude of 1,170 feet. In this
hole, surface sand and gravel are penetrated to 95 feet,
and residual clay from 95 to 143 feet. Dolomite is en-
countered from 143 feet to 165 feet, the total depth of
the hole. This rock is fine-grained, light-gray dolomite,
and somewhat coarser dark-gray dolomite, with some
beds of soft, gray, calcareous shale. The table below
shows the results of tests made by J. M. Axelrod on a
cable-tool sample from hole No. 2.

Results of tests on dolomite from U. 8. Bureau of Mines drill hole
No. 2 on tract south of Giants Grave

Chemical analysis (in percent)

Depth Inorganic
(feet) Ca0 | MgO | Fe Mn | hsoluble
143% ... 2817 19. 33 0. 44 0. 014 7. 60
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Composition of insoluble residue (in percent)

5 29| os
]()f?é‘tj? E 2 ﬁé SE | Minor constituents
& | O |o )
143%. . 7 55 45 2 | Magnetite, leucoxene,
tourmaline, garnet,
augite, opal.

Hole No. 8 was put down about 300 feet east of hole
No. 2, near the National Park boundary, at an altitude
of about 1,200 feet. In this hole, surface sand and
gravel are penetrated to a depth of 145 feet, and resid-
ual clay from 145 to 177 feet. Dolomite is encountered
from 177 to 190 feet, the total depth of the hole. This
rock is fine- to coarse-grained, dark-gray dolomite, with
some slightly argillaceous beds in the lower part. The
table below, shows the results of tests made by J. M.
Axelrod on cable-tool samples from hole No. 3.

Resulis of tests on dolomite from U. S. Bureau of Mines drill hole
No. 3 on tract south of Giants Grave

Chemical analyses (in percent)

Depth Inorganic
(feet) Ca0 MgO Fe Mn insoluble
177—182__, 22. 37 19. 03 0. 83 0. 210 9. 31
182-187_.__| 29.00 20. 05 0. 53 0. 085 3. 84
187-190_ 5. 87 5.17 2. 39 0. 048 69. 34
Composition of insoluble residue (in percent)

]()fzgg Quartz| Clay Oclig};g’ c({‘f;;e Minor constituents

177-182___| 10| 78 ’ 10 1 | Opal, magnetite.

BASAL BEDS OF TOMSTOWN DOLOMITE

No fresh outcrops of the basal part of the Tomstown
dolomite are exposed in the Elkton area, although out-
crops of decomposed beds next above the Antietam
quartzite are rather common.

Such material was encountered in the U. S. Bureau
of Mines incline on the Watson tract (pl. 8), and in ad-
jacent test holes. In the Bureau of Mines incline, the
basal 50 feet of residuum above the Antietam quartzite
includes clay, silty clay, and sand. These form lenticu-
lar beds and show much disturbance, in part at least
because of compaction during leaching and weathering.
Some lenses of brecciated quartzite are present in the
clay. On the South Branch of Naked Creek a mile and
a half southeast of Furnace, the following section is ex-
posed above the Antietam quartzite. The quartzite beds
and the laminae in the interbedded clay are vertical.

Section of leached basal beds of Tomstown dolomite on east bank
of South Branch of Naked Creek, 1% mile southeast of Furnace

Top not exposed
Residuum of Tomstown dolomite:

6. Residual clay,

Feet

brown and waxy, with vertical

laminae. Contains streaks of wad_.____________ 7
5. Clay with fragments of brecciated quartzite; some

wad_ - 10
4. Massive, brown quartzitic sandstone_______________ 6
3. Breccia of quartzite fragments in elay matrix______ 5
2. Friable brown sand, with clay partings, passing up

into silty gray and yellowelay— . _____ 20

Antietam quartzite (top ledge) :
1. Brown quartzitic sandstone in 6-inch to 1-foot beds,
containing ScolithuS— . ______________________ 30

Beds of the type described at these two localities evi-
dently represent a heterogeneous deposit, perhaps trans-
itional from the sandy beds of the Antietam to the car-
bonate beds of the Tomstown. Probably they originally
consisted of interbedded dolomite, shaly dolomite, shale,
and sandstone. A small thickness of such transition
beds has been observed in unweathered outcrops of the
contact zone in southwestern Virginia and northeastern
Tennessee (Miller, 1944, pp. 19-20; King and others,
1944, pp. 18-19, 30-31).

RESIDUUM OF TOMSTOWN DOLOMITE

Residuum of the Tomstown dolomite is much more
widely distributed at or near the surface than the un-
altered rock, and is shown by a separate pattern on the
geologic map (pl. 1). Natural outerops occur in creek
banks, in fields, and elsewhere. In many of them, the .
attitude of the laminae is sufficiently consistent to
warrant placing a strike and dip symbol on the geologic
map. The residuum has also been revealed artificially
in mining operations, which cut through the overlying
gravel deposits. At the mines, residuum is seen at the
surface in open-cuts (fig. 8), and is known beneath the
surface in mine shafts and drill holes. Considerable
areas are thus proved to be underlain by residuum,
although its actual surface outcrop may be rather
small, and most of the surface is covered by gravel. In
the mining areas the known extent of the residuum has
been indicated schematically on the geologic map.

During the investigation, the writer studied the resi-
duum of the Tomstown dolomite in detail in the under-
ground workings and drill holes put down by the
U. S. Bureau of Mines on the Watson tract. In older
mine workings, much of the residual clay has slumped,
but reasonably fresh exposures may be seen in the open-
cut of the Stanley mine in the north part of the area.
Natural outcrops are abundant along Naked Creek and
the South Branch of Naked Creek east of Furnace.
In test holes on the Watson tract, the clay attains thick-
nesses of 50 to nearly 150 feet, and lies either on An-
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FiGURE 8.—Clay residual from Tomstown dolomite exposed in open-cut of abandoned iron mine.

east of town of Shenandoah, looking southeast.
lying dolomite.

tietam quartzite or on unweathered dolomite (fig. 16).
Similar great thicknesses undoubtedly exist elsewhere.

The residual clay is exceedingly varied in texture
and color. The most common variety is tough, waxy,
and dark brown, and is known to local miners as
“buckfat.” It is commonly interbedded with other
waxy clays of red, orange, buff, pearl-gray, or white
~color. Itincludes dark gray or black streaks and seams,
stained by wad or other manganese oxides. Other clay
is silty and has a perceptible granularity to the touch.
Such clay is commonly more fissile than the waxy clay,
and is buff or light yellow. In the basal beds, sandy
clay is present, and even lenses of unconsolidated sand.
The waxy or “buckfat” clay was probably derived from
the weathering of dolomite beds, and the silty clay was
probably derived from weathering of shale or shaly
dolomite.

The different varieties of clay are intermixed in a
most complicated manner (pl. 3). Most of the clay is

A
.

l/—‘f

v

)iy

A 5

Y RS O

27 7 s,
/J

T /// A y
o z= ~ ,I/ //

7 .. \ sy

(ARl Ad N 2/, 7

View of open-cut of Smith bank, 214 miles north-

The cut exposes a thickness of more than 75 feet of residual clay and does not reach the under-
Top of Antietam quartzite is near left end of view.

thinly laminated in light and dark colors, the laminae
being uneven and contorted. Here and there are masses
5 or 10 feet thick, of uniform character and without
laminae. Some clay is brecciated, with angular clay
fragments of one texture or color embedded in clay of
different character. As may be seen in larger outcrops,
the clay laminae are sharply and irregularly folded,
and broken by small faults. Layers pinch and swell,
and are traceable for only short distances. Some of
these features may have been inherited from original
structure in the dolomite, but most of them were
probably formed by slumping and compaction during
leaching, and by creep during later periods of erosion.
Embedded in the residual clay are fragments of var-
ious insoluble substances. White or gray chalcedonic
chert is common, and was derived from nodules and
concretions in the original dolomite. Some chert frag-
ments retain the rounded surfaces of the original nod-
ules, but others are broken and angular. At the
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Stanley mine and a few other places are fragments
of jasperoid, a siliceous rock of dull luster and finely
granular texture, believed to have been formed by
replacement of dolomite during weathering (King and
others, 1944, pp. 23-24). The sands in the basal resid-
ual clays have already been noted (p. 28).

The residual clay of the Tomstown dolomite also con-
tains iron and manganese oxides, either as disseminated
streaks, or as narrow veins, nodules, or irregular, mas-
sive lenses. These oxides were introduced after the
formation of the clay, by processes of mineralization
and replacement, but were probably derived from the
weathering and concentration of iron and manganese
minerals disseminated in the original dolomite. In
places, the iron and manganese oxides are sufliciently
concentrated in the residual clays of the Tomstown
dolomite to produce workable ore bodies. These con-
centrations have been the principal source of the iron
and manganese that have been produced in the Elkton
area.

STRATIGRAPHIC RELATIONS

The Tomstown dolomite is overlain by the Waynes-
boro formation, also of Early Cambrian age. The
Tomstown is mainly dolomite, but contains much shale;
the Waynesboro is mainly shale, but contains limestone
and dolomite. The two units are apparently con-
formable, and are parts of a single depositional
sequence.

WAYNESBORO FORMATION

NAME

The Waynesboro formation was named by Stose
(1906, p. 209; 1909, p. 5) for outcrops near Waynesboro,
in the Mercersburg-Chambersberg area, Pennsylvania.
The Waynesboro formation of the Elkton area was
termed the Watauga shale in the report by Stose and
others (1919, pp. 25-27), but this name has now been
abandoned.

The Waynesboro formation closely resembles in char-
acter and stratigraphic position the Rome formation
of the southern Appalachians (Hayes, 1891, p. 142).
The name Waynesboro is now used in Virginia as far
south as Roanoke, beyond which the name Rome is used
for the same unit. At some future time, the name
Waynesboro may well be dropped as a synonym, and
the name Rome substituted for it.

OUTCROP

The Waynesboro is one of the formations of the Shen-
andoah Valley, and underlies the valley floor half a

mile or more out from the foothills of the Blue Ridge
(pl. 1). Its belt of outcrop enters the Elkton area from
the northeast near Marksville, but south of Marksville
it is offset about 2 miles to the west by the Stanley fault,
so its next exposures are along Stony Run, a mile beyond
Stanley. From Stony Run, its belt of outcrop is con-
tinuous to the southwest edge of the area, near Island
Ford. Between Stony Run and Island Ford, the belt
of outcrop is about 1,500 feet wide, but in the Elkton
Embayment, between Naked Creek and Swift Run, it
widens to 2 miles, probably as a result of local folding.

The Waynesboro, like the Tomstown, throughout
most of its belt of outcrop is extensively masked by
gravel washed from the mountains, and by its own re-
siduum. Outcrops of fresh rock are few, and generally
consist of small ledges of hard shale. The most exten-
sive outcrops are in the vicinity of Ingham, where the
South Fork of the Shenandoah River swings close to
the foothills of the Blue Ridge, and valleys tributary
to it from the southeast are deeply incised. The bottoms
of these valleys extend below the zone of deep weather-
ing, and contain many outcrops of unweathered rock.
A complete section of the formation is exposed in the
valley of Crooked Run, southwest of Ingham. East and
southeast of Shenandoah are several patches of weath-
ered shale, which have been exposed during iron-mining
operations. Of these, the most extensive are at the Gar-
rison bank of the Fox Mountain mine.

CHARACTER

The Waynesboro is dominantly a shaly formation.
Some of the shale is maroon red or reddish brown, but
red colors are less common than in the equivalent Rome
formation of the southern Appalachians. Most of the
shale is brown or tan, and some is greenish gray. Much
of the shale is silty, and in places there are thicker inter-
bedded layers of siltstone. As seen in the exposures
near Ingham, the shales of the upper part of the forma-
tion are more calcareous than those below. Near In-
gham, the formation contains interbedded limestone
layers that range from a few feet to more than a hun-
dred feet thick. Elsewhere, these have generally dis-
appeared from surface outcrops, as a result of weather-
ing and leaching.

A section of the Waynesboro formation was measured
on Crooked Run southwest of Ingham, between 1 and 2
miles south of the South Fork of the Shenandoah River.
The beds stand nearly vertically and are all exposed,
except for some layers near the base. The measured
thickness in Crooked Run is 1,685 feet. Judging from
the width of outcrop elsewhere, this is close to an aver-
age for the thickness of the formation in the Elkton
area.
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Section of Waynesboro formation in valley of Crooked Run

Elbrook dolomite at top.
‘Waynesboro formation:

6. Dolomitic shale and thin beds of blue limestone.
Shale is steel gray when fresh, but surfaces of
ledges are brown and earthy, with argillaceous
seams projecting as ribs. Residuum is soft,
punky, and ferruginous. 90

5. Blue limestone, interbedded in middle with shaly
limestone and calcareous or dolomitic shale.
Part of limestone forms massive beds as much
as 3 feet thick; part is ribboned, and consists of
1-inch layers of blue limestone, separated by
seams of argillaceous brown limestone that pro-
ject as ribs on weathered surfaces. The shale
is thinly laminated and weathers buff or tan____

4. Buff or light-brown calcareous shale; some inter-
bedded siliceous shale and thinly laminated
shaly limestone ; residuum is soft and punky__-

3. Dark-gray or blue-gray limestone in 6-inch to 1-
foot beds. Consists of lenses and lumps of com-
pact limestone, separated by seams of argilla-
ceous limestone that form ribs on weathered
surfaces S,

2. Brown, buff, or maroon-red shale, in part hard and
flaggy, in part soft, thin-bedded, and perhaps cal-
careous; some bedding surfaces micaceous.
Interbedded layers of massive brown or red
giltstone -

1. Shale in scattered ledges, with float-covered inter-
vals; a few ledges of fine-grained, pale-buff
sandstone ._._

Feet

265

(=11
AN
[=

100

290

Total thickness of Waynesboro formation_________ 1, 685
Tomstown dolomite at base (see table, p. 26).

AGE

No fossils were collected in the Waynesboro forma-
tion in the Elkton area. In the type area in Pennsyl-
vania it has likewise yielded no diagnostic fossils, but
it is there classed as of Early Cambrian age on the
basis of general stratigraphic position (Stose and
Jonas, 1939, pp. 72-73). The similar Rome formation
of Tennessee and southwest Virginia contains trilobites
and a few other fossils, and has been classed as partly of
Early Cambrian and partly of Middle Cambrian age
(Butts, 1940, pp. 63-67; 1941, pl. 65). Recently, the
Middle Cambrian part of the Rome in Tennessee, or the
top few hundred feet, has been separated as the Pump-
kin Valley shale (Rodgers and Kent, 1948, pp. 7-8).
Tlhie Rome formation as now defined is thus all of Early
Cambrian age. In the Elkton area the equivalent of
the Pumpkin Valley may lie in the Elbrook dolomite.

RESIDUUM OF WAYNESBORO FORMATION

Like the adjacent limestone and dolomite formations,
the Waynesboro is extensively broken down by weather-
ing. In weathered outcrops, all trace of the limestone

beds disappears, and the shales change to clay. As
with the adjacent formations, the residuum of the
Waynesboro is thickest and most widely distributed on
the uplands, whereas unweathered rock is likely to be
exposed in the intervening valleys.

The residuum of the Waynesboro formation, being
largely derived from shale, tends to be more silty than
the residuum of the adjacent carbonate formations.
Moreover, as the volume changes on weathering is
smaller than in the adjacent formation, the clay tends
to retain the bedding and other original structural fea-
tures of the parent rock. Waxy clay, resembling the
residuum of the adjacent formations, is present in
places, and was probably derived from interbedded
limestone or dolomite.

Silty clay, probably derived from shale, is well ex-
posed at the Garrison bank east of Shenandoah, and
along Stony Run southwest of Stanley. Here, the clay
is brown or buff, with closely spaced red, white, or gray
laminae that extend evenly across the exposures. These
laminae evidently closely approximate the original bed-
ding in the shale. The clay contains clean-cut joints,
and is traversed in places by breccia zones. At the Fox
Mountain mine, southeast of Shenandoah, waxy clays
occur in greater volume and the laminae are much more
chaotic and contorted. Much limestone was no doubt
present in the parent rock of this area. At this locality
there are also layers and lenses of sandy clay and fine
sand.

The contact between the residuum of the Waynesboro
formation and the unweathered shale beneath was ob-
served in the valley of Crooked Run along the road
from Crooked Run to Fultz Run, and in the south open-
cut of the Garrison Bank. Here, the contact between
shale and clay is sharp and abrupt, and pinnacles of
shale project into the clay. Unweathered shale was also
encountered beneath the clay in the shafts and tunnels
of the Boyer mine east of Shenandoah, but no record is
available as to the relations. In the Neisswaner shaft
south of Elkton, hard red shale was penetrated beneath
the residuum at a depth of 270 feet (sec. S-S; fig. 15). -
Here, in contrast to the outcrops just described, the
contact between the shale and the clay is not abrupt,
and the two are separated by a zone of partly de-
composed shale 60 to 90 feet thick (Hewett, 1916,
pp- 63-64).

Part of the residuum of the Waynesboro formation
is produced by the leaching of limestone, dolomite, and
calcareous shale. However, the poorly calcareous and
noncalcareous shales also have decomposed into clay
upon weathering. Observations made by Hewett (1916,
p. 66) in the Neisswaner shaft suggest that this change
results from decomposition of the sericite of the un-
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weathered shale into kaolin in the clay, probably with
little change in volume. Decomposition of this sort
would seem to account for many of the observed fea-
tures in the residual clay of the Waynesboro formation.
Like the residuum of the Tomstown dolomite, the
residuum of the Waynesboro formation contains iron
and manganese oxides, which in places form workable
ore bodies. At the Fox Mountain mine, large quantities
of iron ore have been removed from the open-cuts, but
little of the limonite that was originally present is now
visible (p. 73). At the Garrison bank, manganese
oxide forms seams and films along the bedding of the
clay and also partly replaces the breccia zones (pp. 71-
72). The residuum of the Waynesboro along Stony
Run southwest of Stanley was at one time extensively
mined for ocher (pp. 76-77) (Watson, 1947, p. 228).

STRATIGRAPHIC RELATIONS

The Waynesboro formation is overlain by the El-
brook dolomite, of Middle Cambrian age. The Waynes-
boro consists mainly of shale, and the Elbrook mainly
of thin-bedded dolomite and limestone, but the Waynes-
boro contains thin beds of limestone in the upper part,
and the Elbrook contains thin partings of calcareous
shale similar to the shales in the Waynesboro. Where
exposed in the valley of Crooked Run, the contact be-
tween the two formations is gradational and apparently
conformable.

ELBROOK DOLOMITE

NAME

The Elbrook dolomite was named by Stose (1906,
p. 209; 1909, p. 5) for outcrops near Elbrook, in the
Mercersburg-Chambersburg area, Pennsylvania. In
the Elkton area, the Elbrook dolomite has lithologic
features similar to those in the type area, has a similar
thickness, and occupies a similar stratigraphic position.

OUTCROP

~ The Elbrcok dolomite is one of the formations of the

Shenandoah Valley and underlies the valley floor in a
belt of outcrop a mile or two out from the foothills of
the Blue Ridge (pl. 1). The northeasternmost outcrops
are niear Marksville, north of the Stanley fault. South
of the Stanley fault, the formation reappears 5 miles
to the southwest, near Ingham, and from there forms a
continuous belt to the southwest edge of the area, near
Elkton.

The Elbrook dolomite, like the Tomstown and
Waynesboro formations, is widely mantled by gravel
washed from the mountains. It is exposed at more
places than these formations, as it crops out along
nearly every large stream or deep valley that crosses

the gravel area. The most extensive outcrops are near
Ingham and near Elkton, where the belt of outcrop of
the Elbrook dolomite is crossed by the South Fork of
the Shenandoah River. The most complete section of
the formation is in the valley of Crooked Run, south-
west of Ingham. There is a smaller outcrop along
Naked Creek east of Verbena.

CHARACTER

The Elbrook is rather uniform consisting mostly of
thin-bedded dolomite. The dolomite is light-gray and
fine-grained, and contains laminae and partings a few
inches apart. These persist within the rock, even where
it stands in thicker ledges. Some blue-gray limestone is
interbedded with the dolomite, especially in the upper
half. Most of the limestone contains argillaceous seams
that project as ribs on weathered surfaces. Some dolo-
mitic buff or pink shale forms partings between the dolo-
mite or limestone beds. These are well exposed at the
Chesapeake and Western Railroad bridge over the
South Fork of the Shenandoah River near Elkton. At
some localities the formation contains small lenses and
nodules of gray and brown chert.

In most outcrops of the Elbrook, dips are varied and
the formation is crossed by so many small folds that
continuous sections are difficult to measure. In the val-
ley of Crooked Run southwest of Ingham, the structure
is less complex and the outcrops are reasonably com-
plete. The belt of outcrop here is about 3,500 feet wide,
and the beds stand nearly vertical, except for some local
folds near the top. No section was measured, but the
formation is estimated to have a thickness here of about
3,000 feet. This is approximately the same as the thick-
ness in the type area in Pennsylvania (Stose, 1909, p. 5),
but it is greater than thicknesses reported farther south-
west in Virginia (Butts, 1940, p. 78).

AGE

Near the base of the Elbrook in the valley of Crooked
Run, the thin-bedded dolomite contains projecting
heads of Oryptozoon a foot or more in diameter, com-
posed of limestone with crinkled, argillaceous laminae
(fig. 6). Cryptozoon is also common in the Elbrook
elsewhere in Virginia. No other fossils were observed in
the Elbrook dolomite in the Elkton area, and the forma-
tion is apparently very sparingly fossiliferous else-
where. In the type area in Pennsylvania it has yielded
a few trilobites of Middle Cambrian age (Stose and
Jonas, 1939, pp. 73-74). At localities in Virginia, the
lower part of the formation has yielded fossils of Mid-
dle Cambrian age, and the upper part has yielded fossils
of Late Cambrian age, similar to those in the Noli-
chucky shale (Butts, 1940, pp. 78-79).

The Elbrook dolomite is apparently equivalent to
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interbedded shales and limestones in Tennessee and
southwest Virginia that are known as the Rutledge
limestone, the Rogersville shale, the Maryville lime-
stone, and the Nolichucky shale, the first three contain-
ing Middle Cambrian fossils and the last Late Cam-
brian fossils. An intermediate facies also exists in
that area in which the Nolichucky shale overlies dolo-
mites similar to the Elbrook, known as the Honaker
dolomite.

RESIDUUM OF ELBROOK DOLOMITE

The Elbrook dolomite, like the Tomstown dolomite
and Waynesboro formation, forms residual clay on
weathering. However, this is neither as thick nor as
extensive as that formed on the older formations and
in places is absent entirely. The Elbrook lies beneath
terrace surfaces that are lower and younger than those
overlying the older formations, and if thick masses of
residuum ever accumulated on the formation, they have
subsequently been removed by erosion. In the bluffs
along the east side of the South Fork of the Shenan-
doah River at Elkton, no residual clay is present above
the dolomite, which is overlain directly by the younger
gravel deposits. Residuum of the Elbrook is well
exposed in a cut on the Norfolk and Western Railway
immediately west of Fultz Run. The base of the cut is
in dolomite and dolomitic shale. This is overlain by
10 feet or more of punky, silty, ocher-brown clay which
still retains the bedding of the rock from which it was
derived.

STRATIGRAPHIC RELATIONS

The thin-bedded dolomite of the Elbrook is overlain
by the thicker-bedded limestone of the Conococheague,
but this lithologic change is not sharp, for limestones
occur in the Elbrook and dolomites in the Conoco-
cheague. Apparently the contact between the two for-
mations is conformable, and it may have been somewhat
arbitrarily placed during field work. However, at two
places where the contact is well exposed—west of the
lower end of Crooked Run and on the west bank of the
South Fork of the Shenandoah River south of Mill-
bank—the change from one rock type to another is well
marked and takes place within a few feet of beds.

CONOCOCHEAGUE LIMESTONE
NAME

The Conococheague limestone was named by Stese
(1908, p. 701; 1909, p. 6) for outcrops along Conoco-
cheague Creek in the Mercersburg-Chambersburg area,
Pennsylvania. In the Elkton area the Conococheaguie
limestone has lithologic features similar to those in the
tvpe area, and occupies a similar stratigraphic position.

OUTCROP

The Conococheague limestone crops out near the
center of the Shenandoah Valley (pl. 1). North of the
Stanley fault it probably underlies some of the country
near Stanley. It is not exposed here, but limestone has
been penetrated in water wells at depths of 175 to 235
feet (Cady, 1936, pp. 80-81). South of the Stanley
fault it crops out near Grove Hill and extends to the
southwest in a belt 2,000 to 3,000 feet wide, which passes
out of the Elkton area southwest of Millbank. Most of
it lies near the South Fork of the Shenandoah River, so
it is extensively masked by river flood-plain deposits
and by terrace deposits. Excellent outcrops may be
seen along the slopes of the river valley near Grove Hill,
at the old flux quarry near State Highway 12 in the
southeast part of Shenandoah, along the Norfolk &
Western Railway immediately south of Shenandoah,
on the north side of Naked Creek at Verbena, and along
U. S. Highway 33 west of Millbank.

CHARACTER

The Conococheague is much more varied than the
Elbrook dolomite below or the Beekmantown dolomite
above, and in contrast to these two formations, it con-
tains much more limestone. The limestone of the for-
mation is fine-grained or dense, and light blue-gray. It
weathers mouse gray, ashen, or buff. It forms beds sev-
eral feet in thickness, but the beds commonly contain
closely to widely spaced, crinkled, argillaceous seams,
that project as ribs on weathered surfaces. Much of the
limestone contains light-gray chert nodules and lenses.
These are more abundant in the Conococheague than
in either the Elbrook or the Beekmantown. The beds
of sandy limestone and sandstone that are said to be a
characteristic feature of the formation elsewhere in
Virginia (Butts, 1940, p. 87) are not conspicuous in the
Elkton area. However, scattered sand grains project
here and there on the weathered surfaces of some of the
limestone beds. Beds of very sandy limestone crop out
in a few places, and disintegrate into small bodies of
sand on weathered surfaces. Interbedded with the lime-
stone in nearly all exposures are beds of dolomite a foot
or two thick. The dolomite is finely and evenly tex-
tured, and more uniform than the limestones. Some
beds are marked by straight, dark laminae.

The Conococheague limestone shows more local dis-
turbance than either the underlying Elbrook or over-
lying Beekmantown, and nearly every outcrop is crossed
by minor folds and crumples. Many of the limestone
beds show evidence of flowage. The interbedded dolo-
mite layers are more competent than the limestone,
and where the limestone is folded and squeezed, the
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dolomite is broken by coarse fracture cleavage, or is
cut by gash veins of quartz (fig. 9).

No complete sections of the Conococheague limestone
are exposed in the Elkton area. Thicknesses are diffi-
cult to estimate because the exposures are discontinuous
and individual outcrops are complicated by local folds.
To judge from the width of outcrop and the broader
structure, the formation is about 2,000 feet thick in the
Elkton area. This agrees with the average thickness
of the formation elsewhere in Virginia as given by Butts

WEST

EAST

27

Dolomite
With fracture
cleavage
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FicuRE 9.—Sketch section of outcrop of Conococheague limestone along
South Fork of Shenandoah River in south part of town of Shenandoah,
showing interbedding of limestone and dolomite. Folding has pro-
duced flowage in limestone and fracturing in dolomite.

(1940, p. 89), but is somewhat greater than the thickness
in the type area of southern Pennsylvania.

AGE

No fossils were observed in the Conococheague lime-
stone of the Elkton area. Elsewhere, the formation con-
tains trilobites, brachiopods, and gastropods of Late
Cambrian age (Butts, 1940, pp. 89-90; 1941, pl. 67;
Stose and Jonas, 1939, p. 74). The Conococheague is
equivalent to the Copper Ridge dolomite of Tennessee
and southwest Virginia.

RESIDUUM OF CONOCOCHEAGUE LIMESTONE

The Conococheague limestone seems to be unusually
susceptible to leaching on weathering, and must be re-
latively impure, as there is much residual clay over the
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bedrock in nearly every exposure. The areal extent of
the residual clay at the surface is too small in most
places to indicate separately on the geologic map.

The best exposures of the residuum of the Conoco-
cheague limestone are in the old flux quarry east of
State Highway 12 in the southeast part of the town of
Shenandoah, and in cuts on the Norfolk and Western
Railway three-quarters of a mile south of the railroad
station in Shenandoah (fig. 10). At these localities,
most of the limestone beds are nearly vertical, but in
places they are folded. The upper surface of the lime-
stone is very irregular, with many projecting pillars and
pinnacles. Overlying the limestone, and extending into
deep pockets, hollows, and crevices, is buff or reddish,
silty, punky clay. The clay is 10 to 25 feet thick, and is
overlain unconformably by younger gravel deposits.
The contact between clay and limestone is mostly sharp,
although in places they are separated by a zone of rotten,
earthy limestone a few inches thick. The clay was de-
rived from the limestone, for it shows well-marked bed-
ding that is accordant to that in the limestone, and con-
tains calcite veins that are continuations of veins in the
limestone. The absence in the clay of features resulting
from slumping, and their punky, porous texture, sug-
gest that during leaching there was little compaction or
loss of volume, but only a reduction in mass by removal
of soluble constituents.

STRATIGRAPHIC RELATIONS

During field work, the Conococheague limestone was
distinguished from the Beekmantown dolomite above
on the basis of a change from dominant limestone be-
low to dominant dolomite above, a change that appears
to be fairly constant and well marked. The boundary
was so placed without the guidance of fossils and on
the assumption that the Chepultepec zone of earliest Or-
dovician age probably formed a part of the lowest dolo-
mites. Edmundson (1945, p. 144) has, however, tenta-
tively assigned limestones to the Chepultepec near
Shenandoah that were mapped by the writer as belong-
ing to the upper part of the Conococheague. Until fur-
ther work is done on this contact, the relations remain in
doubt.

Conococheague Iimestone/
50 [}

\Residual clay |

200 Feet
1 1 i

FIGURE 10.—Sketch section of cut on Norfolk and Western Railway, three-fourths of a mile southeast of

railroad station in Shenandoah.
limestone, and to overlying gravel deposits.

Shows relation of residual clay to underlying Conococheague
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ORDOVICIAN SYSTEM

BEEKMANTOWN DOLOMITE
(INCLUDING CHEPULTEPEC LIMESTONE)

NAME

The Beekmantown is named for outcrops in Clinton
County, N. Y., and has been widely used to denote beds
of Early Ordovician age. The term Beekmantown
group was used in Virginia by Butts (1940, p. 102), but
he recognized the constituent parts of the group as zones,
rather than as mappable formations. In the Elkton
area, where the unit appears to be of rather uniform
charucter, and where no subdivisions were recognized, it
can appropriately be termed the Beekmantown dolomite.

Below the Beekmantown dolomite, and between it and
the Conococheague, Butts (1940, pp. 95-96) mapped
throughout Virginia a thin formation, the Chepultepec
limestone. Edmundson (1945, p. 143) reports that
diagnostic Chepultepec fossils have been collected 300
feet below the base of the Beekmantown dolomite along
Dry Run near Luray, north of the Elkton area, and he
gives a section farther north in which the unit is
assigned a thickness of 321 feet. During field work the
writer assumed that the unit was distinguished from
the Beekmantown mainly on the basis of its contained
faunas, and that it formed the basal part of the dolo-
mites mapped as Beekmantown. However, its strati-
graphic position in the Elkton area will remain in doubt
until further work is done.

OUTCROP

In the Elkton area, the Beekmantown dolomite crops
out near the axis or lowest part of the Shenandoah
Valley (pl. 1). North of the Stanley fault, between
Alma and Grove Hill, the formation spreads out over
an area 2 miles or more wide, in which it shows rela-
tively low dips in various directions. South of Grove
Hill and south of the Stanley fault, the formation stands
nearly vertical and strikes north-northeast. Here, it
forms a belt about 4,000 feet wide, which can be traced
to the west edge of the Elkton area in the vicinity of
East Point.

The Beekmantown dolomite is the most extensively
exposed formation of the Shenandoah Valley. Like
the formations already discussed it is partly covered by
gravels washed out from the mountains, but these lie
principally on terrace surfaces on the uplands. In the
intervening lowlands and valleys, the dolomite crops
out widely. Tt forms prominent lines of cliffs along the
South Fork of the Shenandoah River between Grove
Hill and Alma. Its ledges are conspicuous at many
places in and near the town of Shenandoah. The upper
part of the formation is also well exposed in the Elkton
Lime & Stone Co. quarry on Humes Run 214 miles
southwest of the town of Shenandoah.

891160—50——4

CHARACTER

The Beekmantown is a rather monotonous sequence
of thick-bedded dolomite. The typical rock is light-
gray, fine-grained dolomite, weathering ashen gray.
This forms prominent ledges 2 to 5 feet thick, commonly
marked by faint to strong laminae within the beds.
Some of the dolomite is more coarsely crystalline than
the rest and has a saccharoidal appearance. When this
rock weathers, the individual crystals tend to separate
from each other, which gives the rock a falsely sandy
appearance. Other dolomite beds are mottled, and are
made up of purer nodules in a slightly argillaceous
matrix. On weathering, the matrix projects faintly as
reticulated ridges. Rarely, the dolomite contains lenses
of black chert.

Limestone beds form a minor constituent of the Beek-
mantown. Much of the limestone resembles that in the
underlying Conococheague, and is banded by argillace-
ous seams that project as ribs on weathered surfaces.
Other limestone is faintly mottled. In some places, the
limestone forms domical, reeflike bodies, perhaps of
Cryptozoon. The largest of these are 10 feet across and
6 feet thick. Others are smaller and form chains of
knobs rising from limestone beds and overlain by dolo-
mite beds that were deposited on their irregular sur-
faces.

The upper part of the Beekmantown dolomite is ex-
posed at the Elkton Lime & Stone Co. quarry (mss. pp.
303-304) (fig. 11). The top of the formation is at the
west end of the quarry, where it is overlain by lime-
stones of Middle Ordovician age. A detailed section of
1,196 feet of beds has been measured in the quarry and
to the east by R. S. Edmundson (1945, pp. 131-134).
Of the exposed beds in the section, 247 feet are classed
as limestone, 276 as magnesian limestone, and 576 feet
as dolomite. Limestone and magnesian limestone pre-
dominate above, and dolomite beds are increasingly
thicker and more numerous downward.

Another section of the upper part of the Beekman-
town dolomite was measured by Edmundson (1945, pp.
149-150) on the northeast side of the river bend a mile
and a quarter north-northeast of Shenandoah. This
showed a thickness of 1,083 feet, below the limestones
of Middle Ordovician age, of which 795 feet are dolo-
mite, 175 feet are limestone, and 63 feet are covered.

No complete sections of the Beekmantown dolomite
were measured in the Elkton area. However, between
Shenandoah and Grove Hill, several valleys cross al-
most the entire thickness of the formation and contain
numerous outcrops. In this vicinity the beds stand
nearly vertical and the belt of outcrop is 3,000 to 4,000
feet wide. The formation in this vicinity is doubtless
3,000 feet thick. At Rileyville, Page County, 14 miles
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Ti6URE 11,—Upper beds of Beekmantown dolomite exposed in face of Hlkton Lime & Stone Co. quarry, 215 miles
southwest of town of Shenandoah. View is southward and shows face as it appeared in 1940. Exposure consists
of interbedded layers of dolomite, magnesian limestone, and limestone, which dip steeply to west (right).

north of the Elkton area and in the same belt of outcrop,
Edmundson (1945, pp. 147-148) has measured a thick-
ness of 3,360 feet. Elsewhere in Virginia the formation
is reported to be 2,500 to 8,000 feet thick (Butts, 1940,
p- 116).

FOSSILS

The Beekmantown dolomite is more abundantly fos-
siliferous than any of the older formations. No fos-
sils were, however, collected during the present inves-
tigation. In addition to the Cryptozoon reefs already
noted, cross sections of gastropods and occasional ceph-
alopods may be observed at many places in the lime-
stone and dolomite. Gastropods and cephalopods are
also preserved in many of the blocks of residual chert
that strew the outcrop areas of the formation.

According to Butts (1940, p. 116; 1941, pls. 68-72),
the fossils permit division of the Beekmantown into a
lower and an upper zone, in addition to the Chepultepec
zone at the base of the Beekmantown as here mapped.
The lower is characterized particularly by Lecanospira,
and by other gastropods such as Ophileta and Hormo-
toma. In the Elkton area, this zone was identified by
Butts, when in company with the writer, in residual
chert 500 feet southeast of the Shenandoah River bridge
at Grove Hill, and perhaps 500 to 1,000 feet above the
base of the formation as mapped. The upper zone is
characterized by Ceratopea and various distinctive gas-
tropods and cephalopods. This was not identified with

certainty in the Elkton area, although numerous gastro-
pods were seen near the top of the formation in the
Elkton Lime & Stone Co. quarry.

WEATHERING FEATURES OF BEEKMANTOWN DOLOMITE

The Beekmantown dolomite weathers into a clay
that is not conspicuous, and probably forms a relatively
thin and discontinuous blanket over the formation.

The most conspicuous weathering feature of the
Beekmantown is a widespread silicification. Chert no-
dules are not common in the outcrops of the formation,
but mixed in the soil and spreading over the surface
of the outcrop areas are numerous, small to large,
angular blocks of dense to spongy brown chert. This
is a replacement of the dolomite, for many of the chert
fragments contain fossils. The chert has evidently
formed during weathing by solution and concentration
of the original silica content of the dolomite.

In places, the more deeply weathered ledges of dolo-
mite have been entirely silicified. This is well illus-
trated on State Highway 12 about 2 miles north of
Shenandoah. Highway cuts low on the hill slope to the
south have exposed thick-bedded dolomite and inter-
bedded limestone, without conspicuous chert bodies. At
the crest of the hill to the north are ragged ledges of
porous, slaggy, silicified rock, evidently an altered dolo-
mite, still preserving the original bedding, joints, and
slickensided surfaces of the original rock.



ORDOVICIAN SYSTEM

STRATIGRAPHIC RELATIONS

The Beekmantown dolomite is overlain with abrupt
contact by the limestones of Middle Ordovician age.
No detailed observations were made on the contact dur-
ing the present investigation, but Cooper and Cooper
(1946, p. 90) and others interpret it as unconformable,
because of the absence of typical Chazy fossils in the
succeeding beds, because of variations in thickness of
the succeeding unit, and because of the presence of a
basal conglomerate on the Beekmantown at many
places. Near Leaksville in Page Valley, not far north
of the Elkton area, they (Cooper and Cooper 1946, p. 98)
describe a boulder and cobble conglomerate at the base
of the Middle Ordovician succession that lies on the
Beekmantown. This reaches 175 feet in thickness in
places, but is of very small extent.

LIMESTONES OF MIDDLE ORDOVICIAN AGE
OUTCROP
Overlying the Beekmantown dolomite is a thin unit

of limestones of Middle Ordovician age. The lime-
stones crop out as a band 200 to 400 feet wide along the
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northwest edge of the Elkton area (p. 1). The lime-
stones extend from Alma, at the north, through New-
port, to the west of Grove Hill and Shenandoah,
through Greenwood, to the west margin of the map area
northwest of East Point. Throughout most of its
extent the unit is poorly exposed and forms a sag on
the slopes between the outcrops of the Beekmantown
dolomite and the Martinsburg shale. The best expo-
sures are at various places where it outcrop belt lies
near the South Fork of the Shenandoah River.

CLASSIFICATION

As the limestones of Middle Ordovician age were
incompletely studied during the prevent investigation,
only their general character was ascertained. The
description of the unit has been amplified from publica-
tions of Butts (1933, and 1940, pp. 119-201), Cooper
and Cooper (1946, pp. 35-114), and Edmundson (1945,
pp- 128-150). Interpretations that have been made of
the limestones of Middle Ordovician age by these
authors are varied and have resulted in two different
classifications of the beds, as indicated in the table
below.

Classifications of limestones of Middle Ordovician age

Stratigraphic names

Age

Lithologic character
Butts, 1940, and
Edmundson, 1945 (1948)

(Cooper and Cooper)
Cooper and Cooper, 1946 )

Shale

Martinsburg shale

Upper Ordovician

Argillaceous limestone Chambersburg limestone

Oranda formation Trenton

Cobbly limestone; black

limestone and shale Athens formation

Lantz Mills facies
(cobbly limestone)

Liberty Hall facies
(black limestone)

Edinburg
formation

Black River and possibly
early Trenton

Granular cherty limestone Lenoir limestone

Lincolnshire limestone Post-Chazy (Black River ?)

Compact gray limestone Mosheim limestone

New Market limestone Chazy

Dolomite

Beekmantown dolomite

Beekmantown

These differences have resulted from differences in
viewpoint. Butts believed that the stratigraphic units
of Middle Ordovician age, although thin, are widely
traceable through the Appalachians, maintaining about
the same lithologic character throughout, and that they
represent time-stratigraphic units formed during sepa-

rate incursions of the sea. He accordingly introduced
into Virginia the names “Lenoir,” “Mosheim,” “Athens,”
and others from Tennessee, and the name “Chambers-
burg” and others from Pennsylvania.

On the other hand, Cooper and Cooper conclude that
“the generally accepted interpretation of the lower
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Middle Ordovician in the Appalachian region confused
time-stratigraphic divisions with purely lithogenic
divisions, transcending faunal zones” (Cooper and
Cooper, 1946, p. 37). Local names for units are there-
fore preferred to names introduced from other areas,
and many lithologic units are believed to be lateral
facies of other units.

CHARACTER

As a unit, the limestones of Middle Ordovician age
are readily separable from the Beekmantown dolomite
by their darker color, thinner bedding, and finer texture.
They also contrast markedly with the Martinsburg
shale, which overlies them with sharp contact.

The northernmost exposure of the unit in the Elkton
area is on the west bank of the South Fork of the Shen-
andoah River and north of the bridge of State Highway
12. The rock here is black limestone, in part shaly,
which is overturned and dips to the south, and shows
evidence of considerable small scale deformation.
These beds evidently belong to the Athens of Butts, or
Liberty Hall facies of the Edinburg formation of
Cooper and Cooper. The nature of the strata which
are between them and the Beekmantown dolomite was
not ascertained.

To the southwest, sections were studied by Edmund-
son (1945, p. 141, localities 164, 165) at Newport and
Cub Run, and by the writer on the north and south sides
of the South Fork of the Shenandoah River west of
Grove Hill. Here, thin- to thick-bedded, dark, cherty
limestone lies directly on the Beekmantown. This is
probably the Lenoir of Butts or Lincolnshire of Cooper
and Cooper, thus suggesting that the Mosheim or New
Market of these authors is missing. At the localities
cited, the cherty limestone is overlain by thin-bedded
limestone without chert, probably the Athens or Edin-
burg of these authors.

Between Grove Hill and Shenandoah, according to
Edmundson (pp. 141-142, localities 166, 167, and 168)
compact, dove-gray limestone wedges in between the
dark cherty limestone above and the Beekmantown
dolomite below. This presumably represents the Mos-
heim of Butts or the New Market of Cooper and Cooper.
On the north side of the river bend a mile and a half
north of Shenandoah the compact limestone is 2 feet
thick, but in the vicinity of Shenandoah it thickens to
about 50 feet.

Southwest of Shenandoah, the uppermost beds of the
unit were studied by the writer near Greenwood, where
they are thin-bedded dark limestones, probably belong-
ing to the Athens of Butts or the Edinburg of Cooper
and Cooper. These are overlain directly by the Mar-
tinsburg shale. Regarding the lower beds in the same

vicinity, Edmundson (pp. 128-129) reports that “North
of the latitude of Elkton the rocks between the Beek-
mantown and the Athens are commonly thin and large-
ly covered. At a few localities the Mosheim is missing,
whereas at other places along the belt it is present but
commonly shows considerable variations in thickness
along the strike.” Both Edmundson (pp. 129-130) and
Cooper and Cooper (p. 99) give sections of the lower
part of the unit near Montevideo, not far west of the
Elkton area. ‘

In the Elkton area, the belt of outcrop of the lime-
stones of Middle Ordovician age is so narrow that evi-
dently the unit is not much more than 200 feet in thick-
ness. According to Cooper and Cooper (p. 38) the unit
reaches a thickness of 400 to 1,000 feet elsewhere along
the southeast flank of the Massanutten syncline. For
Page County, in the same general area, Edmundson
(1945, pp. 135-136) gives a thickness of 0 to 35 feet
for the Mosheim, of 40 to 135 feet for the Lenoir, and
of 400 to 600 feet for the Athens and Chambersburg.

STRATIGRAPHIC RELATIONS

The limestones of Middle Ordovician age are overlain
by the Martinsburg shale, which is also of Middle Or-
dovician age in the lower part. In the Elkton area the
contact is sharp, but the relations are somewhat prob-
lematical. According to Cooper and Cooper (1946, pp.
88-89) their Edinburg formation is overlain in places
by the Oranda formation, of Trenton age. This is miss-
ing in the Elkton area, but it is uncertain whether this is
owing to unconformity, or to gradation of the Oranda
formation into the basal beds of the Martinsburg shale.
If an unconformity is present, the time hiatus is small,
for the top of the Edinburg is interpreted as Black
River or younger age (Cooper and Cooper, 1946, p. 86)
and the lower part of the Martinsburg is of Trenton
age (Butts, 1940, p. 212).

MARTINSBURG SHALE

The Martinsburg shale was named for Martinsburg,
W. Va. (Geiger and Keith, 1891, p. 161). The forma-
tion crops out in a belt 1 or 2 miles wide on the southeast
slopes of Massanutten Mountain, northwest of the for-
mations mapped in the Elkton area (pl.1). Neither the
Mariinsburg shale nor the overlying sandstones of Silu-
rian age were studied during the present investigation,
but & few notes on them from other sources are included
to complete the stratigraphic record.

The Martinsburg shale on the flanks of Massanutten
Mountain has been described by Spencer (1897, pp.
8-9). The lower part is drab, argillaceous or calcareous
shale, in part micaceous and ripple-marked. Higher up
are bands of olive-green, ledge-making sandstone, com-
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posed of angular grains of quartz and other minerals.
Above the sandy beds are fine-grained, carbonaceous
shales, which near the top of the formation contain
thin interbedded layers of earthy limestone.

According to Spencer, the Martinsburg shale is about
2,800 feet thick near Massanutten Mountain, but Butts
(1940, p. 209) suggests that it may reach a thickness of
4,000 feet in this area.

According to Butts (p. 212) the Martinsburg is of
Trenton, Eden, and Maysville age, or partly of Middle
Ordovician and partly of Late Ordovician age. Butts
(p. 202) believes that beds corresponding to the Oswego
and Juniata sandstones, of Late Ordovician age,
are absent in the Massanutten Mountain area, and that
there is a hiatus between the Martinsburg shale from
the overlying sandstone.

SILURIAN SYSTEM

SANDSTONES OF SILURIAN AGE

The crests of Massanutten Mountain are formed by
sandstones of Silurian age, which were termed the
Massanutten sandstone by Geiger and Keith (1891, pp.
156-163, pl. 4), but which Butts (1940, pp. 202, 237)
has shown to correspond to the Tuscarora sandstone
and Clinton formation of other areas. Beds of the
formation project as massive ledges on sharp-crested
ridges that rise above the slopes of the surrounding
Martinsburg shale (pl. 1). Blocks derived from the
sandstone are strewn over the shale slopes below, and
obscure the outcrops of the underlying formation.

According to Spencer (1897, pp. 9-10), the sand-
stones of Silurian age are 700 to 1,000 feet thick, and
consist of two members, a lower thin-bedded and fossil-
iferous sandstone, separated by a shale parting from an
upper quartzite. According to Butts, the sandstones
are overlain by the Silurian Bloomsburg formation,
which forms parts of the valleys within Massanutten
Mountain, along the axes of the synclinorium.

TRIASSIC (?) SYSTEM

INTRUSIVE IGNEOUS ROCKS

At three localities the rocks of the Elkton area are
cut by small bodies of intrusive igneous rock. One lo-
cality is on the west bank of the South Fork of the
Shenandoah River, 1,000 feet south of the bridge of
U. S. Highway 33 at Millbank (pl. 1). Here a sill-like
body and a dike cut the Elbrook dolomite and the Cono-
cocheague limestone. At the second locality at the east
end of Chapman Mountain a mile west of St. Luke Mis-
sion, a dike a mile long cuts the Catoctin greenstone and
the Loudoun formation. At both localities the intru-
sive rocks are finely crystalline, dark, and basic, and

show none of the effects of deformation displayed by the
invaded rocks. A third locality has been reported by
Edmundson (1945, p. 134) 214, miles southeast of Shen-
andoah on the south bank of Humes Run. This expo-
sure was not seen during the present investigation.

These intrusives are probably of the same character,
origin, and age as other small, basic intrusive bodies
that cut the Paleozoic rocks elsewhere in the Valley of
Virginia. The most abundant of these are near Mon-
terey in western Virginia, but Butts (1940, p. 345) men-
tions two occurrences near Harrisonburg, not far west
of the Elkton area. As Butts suggests, these intrusive
igneous rocks are probably younger than the Paleozorc,
and are perhaps of Triassic age.

TECTONICS
STRUCTURAL FEATURES OF PRE-CAMBRIAN AGE

The Elkton area lies within the Appalachian Moun-
tains, and most of its structural features are charac-
teristic of that region and are probably of late Paleo-
zoic age. However, additional structural features are
present in the pre-Cambrian rocks that are probably
of pre-Cambrian age.

The injection complex, or oldest formation of the
Blue Ridge, contains a gneissic structure that dips at
low angles in various directions. This is evidently of
pre-Swift Run age, as it is seen to be truncated by the
unconformity at the base of the Swift Run formation.
No systematic observations were made on this or other
structural features in the injection complex.

RELATIONS OF PRE-CAMBRIAN ROCKS TO CHILHOWEE
GROUP

Throughout most of the Blue Ridge province the
contact between the Lower Cambrian Chilhowee group
and the underlying pre-Cambrian rocks is exposed only
along single bands of outcrop, so relations between the
two groups of rocks are difficult to determine. In the
Shenandoah Salient, in the north part of the Elkton
area, the contact between the Chilhowee group and the
pre-Cambrian can be observed at many exposures
throughout an area 8 miles long and 4 miles wide. In
this district it is possible to reconstruct the relatfons of
the pre-Cambrian rocks to the Chilhowee group, and
to infer the structure possessed by the pre-Cambrian
rocks at the time when the Chilhowee group was de-
posited over them.

In the Shenandoah Salient the Catoctin greenstone
wedges out northwestward as a result of the uncon-
formity at the base of the Chilhowee group, the rela-
tions being particularly well exposed on the west side
of Harris Cove west of Weaver School (p. 13).
Northwest of the feather edge of the Catoctin the Chil-
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howee group lies on the Swift Run formation, and,
finally, in the northwest part of the Shenandoah
Salient, on the injection complex.

These relations are illustrated on figure 12. The
paleogeology of the surface on which the Chilhowee
group was deposited is indicated by two boundaries, oue
of which shows the northwest limit of the Swift Run
formation and the other the northwest limit of the
Catoctin greenstone. The thickening of the Catoctin
greenstone southeast of its northwest limit is indicated
by isopach lines.

INTERPRETATION OF STRUCTURAL FEATURES OF
PRE-CAMBRIAN AGE

The northwestward truncation of the Catoctin
greenstone and Swift Run formation, and the south-
eastward thickening of the Catoctin are interpreted as
being due largely to tilting before Cambrian time and
to erosion before the Chilhowee group was deposited.
As indicated earlier (pp. 13-14) the northwestward
truncation of these formations is part of a wide-
spread feature that extends along the northwest flank
of the Blue Ridge-Catoctin Mountain anticlinorium
and may have resulted from local tilting and flexing
on the margins of the original basin in which the
Catoctin and Swift Run accumulated.

It is unlikely that any metamorphism resulted from
this tilting and flexing. Furcron and Woodward
(1936, p. 48) state that the slate of the Loudoun for-
mation of the Chilhowee group is less metamorphosed
than the Catoctin greenstone, but this appearance is
probably illucory, and due to difference in competency
of the beds during much later regional deformation.
It is true that the Catoctin of the main Blue Ridge area
shows more strongly developed slaty cleavage than do
the rocks of the Shenandoah Valley to the northwest.
However, in the Shenandoah Salient there is no major
difference in degree of metamorphism between the
Catoctin and the rocks of the overlying Chilhowee
group. In fact, the writer’s observations indicate that
the more massive phases of the Catoctin show less cleav-
age and development of metamorphic minerals than do
the tuffaceous slates of the Loudoun or the phyllitic
shales of higher members of the Chilhowee group. The
metamorphism of the Catoctin was therefore probably
accomplished during the Appalachian Revolution.

‘To what extent the pre-Cambrian structural features
of the area influenced or guided the development of the
late Paleozoic, or Appalachian, structural features is
a matter of conjecture. Paleogeologic and isopach lines
drawn on the pre-Cambrian rocks have the same north-
east trend as the fold axes and slaty cleavage of the
Lower Cambrian rocks. This may be coincidental, as
the northeast trend of the later structural features char-
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acterizes the whole of the Appalachian province, and
thus extends far beyond the limits of the particular pre-
Cambrian rocks and structures under discussion.

There is a possibility that the Shenandoah Salient
owes its existence to the absence of the Swift Run for-
mation and Catoctin greenstone in its northwest part,
and the presence of the more competent injection com-
plex directly beneath the Chilhowee group. This
cannot be proved because the relations of the pre-
Cambrian rocks cannot be observed in nearby and dif-
ferent structural units. It is 