DESCRIPTION OF THE STAUNTON SHEET.
GEOGRAPHY.
General relations. -The area included in the
Staunton atlas sheet is one-quarter of a square
degree, which lies between the parallels 38° and
38° 30' north latitude and the meridians 79° and
79° 30' west longitude.
This area measures
approximately 35 miles from north to south and
27J miles from east to west, and embraces a little
less than 938 square miles. It comprises the
greater part of Augusta County, the southwestern
corner of Rockingham County, the northern
corner of Rockbridge County, and the eastern
half of Highland County, Virginia, and the southern portion of Pendleton County, West Virginia.
Its southeastern corner is very near the foot of
the Blue Ridge, and it extends northwestward
across the Great Valley to within a few miles of
the front of the Alleghany Mountains.
In its geographic and geologic relations this
area forms a part of the Appalachian province,
which extends from the Atlantic coastal plain on
the east to the Mississippi lowlands on the west,
and from central Alabama to southern New York.
All parts of the region thus defined have a common history, recorded in its rocks, its geologic
structure, and its topographic features. Only a
part of this history can be read from an area so
small as that covered by a single atlas sheet;
hence it is necessary to consider the individual
sheet in its relations to the entire province.
Subdivisions of the Appalachian province.
The Appalachian province may be subdivided
into three well-marked physiographic divisions,
throughout each of which certain forces have produced similar results in sedimentation, in geologic
structure, and in topography. These divisions
extend the entire length of the province, from
northeast to southwest.
The central division is the Appalachian Valley.
It is the best defined and most uniform of the
three. In the southern part it coincides with the
belt of folded rocks which forms the Coosa Valley
of Georgia and Alabama and the Great Valley-of
East Tennessee and Virginia. Throughout the
central and northern portions the eastern side only
is marked by great valleys such as the Shenandoah Valley, of Virginia, the Cumberland Valley
of Maryland and Pennsylvania, and the Lebanon
Valley of northeastern Pennsylvania the western side being a succession of ridges alternating
with narrow valleys. This division varies in
width from 40 to 125 miles. It is sharply outlined on the southeast by the Appalachian Mountains and on the northwest by the Cumberland
Plateau and the Alleghany Mountains. Its rocks
are almost wholly sedimentary and in large measure calcareous. The strata, which must originally
have been nearly horizontal, now intersect the
surface at various angles and in narrow belts.
The surface differs with the outcrop of different
kinds of rock, so that sharp ridges and narrow
valleys of great length follow the narrow belts of
hard and soft rock. Owing to the large amount
of calcareous rock brought up on the steep folds
of this district its surface is more readily worn
down by streams and is lower and less broken
than the divisions on either side.
The eastern division of the province embraces
the Appalachian Mountains, a system which is
made up of many minor ranges and which, under
various local names, extends from southern New
York to central Alabama. Some of its prominent
parts are the South Mountain of Pennsylvania, the
Blue Ridge and Catoctin Mountain of Maryland
and Virginia, the Great Smoky Mountains of Tennessee and North Carolina, and the Cohutta Mountains of Georgia. Many of the rocks of this
division are more or less crystalline, being either
sediments which have been changed to slates and
schists by varying degrees of metamorphism, or
igneous rocks, such as granite and diabase, which
have solidified from a molten condition.
The western division of the Appalachian province embraces the Cumberland Plateau and the
Alleghany Mountains and the lowlands of Tennessee, Kentucky, and Ohio. Its northwestern
boundary is indefinite, but may be regarded as an
arbitrary line coinciding with the Mississippi River
as far up as Cairo, and then crossing the States of

Illinois and Indiana.
Its eastern boundary is
sharply defined along the Appalachian Valley by
the Alleghany front and the Cumberland escarpment. The rocks of this division are almost
entirely of sedimentary origin and remain very
nearly horizontal. The character of the surface,
which is dependent on the character and attitude
of the rocks, is that of a plateau more or less completely worn down. In the southern half of the
province the plateau is sometimes extensive and
perfectly flat, but it is oftener much divided by
streams into large or small areas with flat tops.
In West Virginia and portions of Pennsylvania
the plateau is sharply cut by streams, leaving
in relief irregularly rounded knobs and ridges
which bear but little resemblance to the original
surface. The western portion of the plateau has
been completely removed by erosion, and the surface is now comparatively low and level, or rolling.
Altitude of the Appalachian province. The
Appalachian province as a whole is broadly domeshaped, its surface rising from an altitude of about
500 feet along the eastern margin to the crest of
the Appalachian Mountains, and thence descending westward to about the same altitude on the
Ohio and Mississippi rivers.
Each division of the province shows one or
more culminating points. Thus the Appalachian
Mountains rise gradually from less than 1,000 feet
in Alabama to more than 6,600 feet in western
North Carolina. From this culminating point
they decrease to 4,000 or 3,000 feet in southern
Virginia, rise to 4,000 feet in central Virginia, and
descend to 2,000 or 1,500 feet on the MarylandPennsylvania line.
The Appalachian Valley shows a uniform increase
in altitude from 500 feet or less in Alabama to
900 feet in the vicinity of Chattanooga, 2,000 feet
at the Tennessee-Virginia line, and 2,600 or 2,700
feet at its culminating point, on the divide between
the New and Tennessee rivers. From this point it
descends to 2,200 feet in the valley of New River,
1,500 to 1,000 feet in the James River basin, and
1,000 to 500 feet in the Potomac basin, remaining
about the same through Pennsylvania. These
figures represent the average elevation of the
valley surface, below which the stream channels
are sunk from 50 to 250 feet, and above which
the valley ridges rise from 500 to 2,000 feet.
The plateau, or western, division increases in
altitude from 500 feet at the southern edge of the
province to 1,500 feet in northern Alabama, 2,000
feet in central Tennessee, and 3,500 feet in southeastern Kentucky. It is between 3,000 and 4,000
feet in West Virginia, and decreases to about 2,000
feet in Pennsylvania. From its greatest altitude,
along the eastern edge, the plateau slopes gradually westward, although it is generally separated
from the interior lowlands by an abrupt escarpment.
Drainage of the Appalachian province. The
drainage of the province is in part eastward into
the Atlantic, in part southward into the Gulf, and
in part westward into the Mississippi. All of
the western, or plateau, division of the province,
except a small portion in Pennsylvania and another
in Alabama, is drained by streams flowing westward to the Ohio. The northern portion of the
eastern, or Appalachian Mountain, division is
drained eastward to the Atlantic, while south of
the New River all except the eastern slope is
drained westward by tributaries of the Tennessee
or southward by tributaries of the Coosa.
The position of the streams in the Appalachian
Valley is dependent upon the geologic structure.
In general they flow in courses which for long
distances are parallel to the sides of the Great
Valley, following the lesser valleys along »the outcrops of the softer rocks. These longitudinal
streams empty into a number of larger, transverse
rivers, which cross one or the other of the barriers
limiting the valley. In the northern portion of the
province they form the Delaware, Susquehanna,
Potomac, James, and Roanoke rivers, each of which
passes through the Appalachian Mountains in a
narrow gap and flows eastward to the sea. In
the central portion of the province, in Kentucky
and Virginia, these longitudinal streams form the
New (or Kanawha) River, which flows westward
in a deep, narrow gorge through the Cumberland
Plateau into the Ohio River. From New River

southward to northern Georgia the Great Valley
is drained by tributaries of the Tennessee River,
which at Chattanooga leaves the broad valley and,
entering a gorge through the plateau, runs westward to the Ohio. South of Chattanooga the
streams flow directly to the Gulf of Mexico.
Geographic divisions of the Staunton area.
The area of the Staunton sheet is divided diagonally
into two parts which differ in topographic character. The southeastern lies in the valley of
Virginia; the northwestern includes a portion of
the Appalachian ranges.
The Great Valley region has, in greater part, a
gently undulating surface, consisting of rounded
hills separated by meandering valleys of moderate
depth. To the north, east, and southeast, the
high areas rise to an average altitude of 1,500
feet, but to the southwestward this gradually
increases to 2,000 feet. The very uniform altitudes of these higher lands define a general plain
which formerly extended over the entire valley
region. The minor drainage systems have cut
channels in this old plain, giving rise to the
present diversity of surface, but the former level
is widely preserved on the hilltops. There are a
few scattered knobs, such as Betsey Bell, Mary
Gray, and the Sugar Loaf, which rise above the
former level.
The Great Valley is bounded on the west by
the Little North Mountain and the foothills of
the Narrowback range. These generally present
an abrupt and almost continuous wall to the eastward. In the central part of the area the Little
North Mountain is low and is crossed by several
gaps, but southward it rises as a rough, rocky
range to a relatively level crest-line nearly 3,000
feet high. It is depressed at Pond Gap to about
2,700 feet, and at Buffalo Gap to 1,850 feet, or
almost to its base.
Narrowback Mountain
averages 2,500 feet in altitude, and is separated
from the low, northern range of Little North
Mountain by an offset in which there is a cross
valley having an altitude of 1,600 feet. It is
crossed by North River and Briery Branch gaps,
very nearly at the general level of the Great
Valley.
West of Little North Mountain lies a succession of high, more or less continuous ranges
extending from northeast to southwest. The first
is the Great North Mountain, which culminates
in Elliott Knob at 4,473 feet above sea-level, the
highest elevation in this portion of Virginia.
Crawford Mountain is the northern summit of
the range; it rises to slightly over 3,800 feet.
Between Elliott Knob and Crawford Mountain is
Dry Branch Gap, at 2,700 feet. Southwest of
Great North Mountain are Walker Mountain and
Sideling Hill, two level-topped ranges about 3,000
feet high, which terminate quite abruptly to the
northward. Next west is the Shenandoah range,
which extends diagonally across the area of the
sheet, and bears many summits over 4,000 feet in
altitude. It is crossed by two principal gaps at
about 3,000 feet. To the northward it is connected with the Narrowback range by long, high
spurs, which give rise to a very rough region of
high knobs and ridges in the northern corner of
Augusta County and the adjoining portion of
Rockingham. West of the Shenandoah Mountain there is a succession of long, narrow ridges
of moderate height, of which Shaws Ridge and
Bull Pasture Mountain are the most prominent.
Beyond them the high, even crest of Jack Mountain rises to an elevation of over 4,000 feet.
The area of the Staunton sheet is drained by
branches of the James and Potomac rivers, whose
watersheds are separated by relatively low
divides. The Potomac receives, from Augusta
County, through the Shenandoah, the waters of
Middle and North rivers, and its South Branch
heads in Pendleton County. Three branches of
the James Calf Pasture River, in Augusta
County, and Cow Pasture and Bull Pasture rivers,
in Highland County head within the area of the
sheet; and Walker and Moffat creeks flow into
the North Branch of the James.

of the Staunton atlas sheet are of sedimentary
origin that is, they were deposited by water.
They consist of sandstone, shale, and limestone,
all presenting great variety in composition and
appearance. The materials of which they are
composed were originally gravel, sand, and mud,
derived from the waste of older rocks, and the
remains of plants and animals which lived while
the strata were being laid down. Thus some of
the great beds of limestone were formed largely
from the shells of various sea animals, and the
beds of coal are the remains of a luxuriant vegetation, which probably covered low, swampy shores.

The rocks afford a record of sedimentation
from earliest Cambrian to Juratrias time. Their
composition and appearance indicate at what distance from shore and in what depth of water they
were deposited. Sandstones marked by ripples
and cross-bedded by currents, and shales cracked
by drying on mud flats, indicate shallow water;
while limestones, especially by the fossils they
contain, indicate greater depth of water and
scarcity of sediment. The character of the
adjacent land is shown by the character of the
sediments derived from its waste. Coarse sandstones and conglomerates, such as are found in the
Coal Measures, were derived from high land, on
which stream grades were steep, or they may have
resulted from wave action as the sea encroached
upon a sinking coast. Red sandstones and shales,
such as make up some of the Cambrian and
Silurian formations, result from the revival of
erosion on a land surface long exposed to rock
decay and oxidation, and hence covered by a deep
residual soil. Limestones, on the other hand, if
deposited near the shore, indicate that the land
was low and that its streams were too sluggish to
carry off coarse sediment, the sea receiving only
fine sediment and substances in solution.
The sea in which these sediments were laid
down covered most of the Appalachian province
and the Mississippi basin.
The area of the
Staunton sheet was near its eastern margin at
certain stages of sedimentation, and the materials
of which its rocks are composed were probably
derived largely from the land to the east. The
exact position of the eastern shore-line of this
ancient sea is not known, but it probably varied
from time to time within rather wide limits.
Three great cycles of sedimentation are recorded
in the rocks of this region. Beginning with the
first definite record, coarse sandstones and shales
were deposited in early Cambrian time along the
eastern border of the interior sea as it encroached
upon the land. As the land was worn down and
still further depressed, the sediment became finer,
until in the Shenandoah limestone of the CarnbroSilurian period very little trace of shore material
is seen. Following this long period of quiet was
a slight elevation, which led to the distribution
and deposition of the Silurian shales and sandstones, including the Rockwood formation. This
deposit closes the record of the first great cycle.
The land having been again worn down nearly to
baselevel, conditions were afforded for the accumulation of the Lewistown limestone, which was in
turn buried beneath the sands of a fluctuating
beach line, the Monterey sandstone. The deposition of this sandstone marks the passage from the
Silurian to the Devonian period and the close of
the second cycle. The land at the beginning of
the Devonian period was low, but a slight uplift
occurred, causing the erosion of the Monterey
sandstone, at least locally. The next succeeding
strata, the Romney black shales, record an epoch
of very gradual deposition off the coast of a still
baseleveled continent. They are followed, however, by coarser shales, and these by sandstones,
to a thickness of more than 7,000 feet, showing
that the adjacent land was raised to a considerable elevation and was vigorously eroded by swift
streams. This deposit culminated in coarse sandstone, the lowest formation of the Carboniferous
period, and the degradation of the continent,
which had in Devonian time ceased to rise,
resulted in the deposition of shales, followed by
limestones. Thin streaks of coal in the shales
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are evidence of the beginning of marshes with
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luxuriant
vegetation, which later produced the
The general sedimentary record. Most of the
rocks appearing at the surface within the limits coal beds of the Coal Measures.

The strata exposed in the area of the Statmton
sheet have a thickness of about 10,000 feet. The
order of succession of the limestones, shales, and
sandstones, and their general characters, are given
in the accompanying columnar section.
CAMBEIAN AND SILURIAN PEEIODS.

Shenandoah limestone. The eastern portion of
the Staunton-sheet area lies in the Great Valley
of Virginia, which is underlain by the Shenandoah limestone. This formation has a very great
thickness and comprises several members. The
lowest of these that comes to the surface is a
thick series of dark-gray magnesian limestones,
which are extensively exposed just west of Staunton. They grade upward into a series of lightercolored beds, through which nodules and layers of
chert are irregularly interspersed. The chert
beds are of variable thickness and extent; the
largest observed averages 30 feet thick and extends
4 miles. The chert gives rise to prominent ridges
or knolls, of which the most conspicuous are
Betsey Bell and Mary Gray, just southeast of
Staunton, Sugar Loaf, Chestnut Ridge, and a line
of knolls extending from Greenville through
Round Hill to beyond Barterbrook. The chert
is not always present in this member, and in many
areas the limestones are not clearly characterized.
The upper member of the Shenandoah limestone
is a purer, more thickly bedded formation, generally also of lighter color, and very fossiliferous.
Its thickness varies from 200 to 350 feet, and its
lower boundary is not everywhere distinct. It
extends along the foot of Little North Mountain
to North River, but is cut out by the fault for
several miles northward, is well developed on Dry
River, covers a belt of moderate width extending
around the slate area between Staunton and
Churchville, and borders the great slate area east
and south of Staunton nearly to Greenville, and
then northeast through Barterbrook. It is finely
exposed in the railroad cut 2 miles east of Staunton, where it is abundantly fossiliferous. Fossils
occur also in greater or less profusion throughout
its course. The fauna is that of the Trenton limestones of New York. Gasteropods of a slightly
greater age occur in the chert series, but they are
not abundant. No organic remains were found in
the lowest series, but it is believed from evidence
in other parts of the Great Valley region that a
considerable thickness of its lower beds are Cambrian in age.
Martinsburg shale. This formation occupies a
wide area in the great syncline east of Staunton;
a short, narrow strip in a syncline midway
between Staunton and Churchville; a long, narrow belt extending for many miles along the eastern flank of the Little North Mountain on the
western side of the Great Valley; and a small
area in the middle of the Jack Mountain anticline.
The formation consists mainly of shales of gray
and light-brown color, with occasional thin, sandy
layers. In the region south and east of Staunton
the sandy materials are conspicuous in the upper
members, where some thin, gray and buff sandstone beds are included. Thin layers of impure
limestone also occur in some localities, especially
in the lower beds. At some places, notably along
the railroad east of Staunton, the basal beds are
buff and red shales, containing graptolites. . The
upper members of the formation are alternating
shales and thin-bedded sandstones, which are beds
of passage to the Massanutten sandstone. Along
the western side of the Great Valley the shales
are fine-grained and gray in greater part. The
outcrop is continuous to North River, beyond
which the shales are cut out by the fault, along
which they reappear again for a short distance at
Dry River. On the eastern slope of Little North
Mountain the shales dip gently westward under
the Massanutten sandstones. Their outcrops in
the region are much obscured by sand and blocks
of quartzite derived from the mountain crest
above, but the road to Pond Gap affords an almost
continuous exposure across to the fault on the
west slope. Approaching Buffalo Gap, the beds
gradually become overturned, and thence northward the dips are steeply to the eastward. The
shales are finely exposed in this position east of
Stribling Springs on the east slope of Buck Hill,
and again along Dry River. The thickness of the
formation in this belt south of Buffalo Gap is
about 1,500 feet, at Stribling Springs 1,200 feet,
and on Dry River 1,000 feet. In the wide area

east of Staunton there is a thickness of at least
2,500 feet, but no precise determination was made.
West of the Little North Mountain the Martinsburg shales dip far beneath the surface, and
although they rise in some of the intermediate
anticlines, they 4o not present outcrops until Jack
Mountain is reached. Here, in the heart of the
mountain, a small stream cuts through the overlying Massanutten sandstone and exposes a few
feet of the shale, which presents all the usual
characteristics. The best exposures are along the
road from Doe Hill to Monterey, where they
occupy a narrow strip in the west slope of the
mountain. The Martinsburg shales are usually
sparingly fossiliferous. In the Jack Mountain
exposures fossils are abundant, and the species
are of Hudson age. Along the slopes of Little
North Mountain, at Buck Hill and at Dry River,
many of the beds afford casts or impressions of
similar forms. In the beds east of Churchville
and in the buff and red slates at the base of the
formation in cuts 2 miles east of Staunton, Utica
graptolites occur in considerable abundance.
Massanutten sandstone. This formation consists of hard sandstone and quartzite, which give
rise to Little North, Jack, and Walkers mountains, Sideling and Buck hills, and a short ridge
on Dry River. The most prominent member is a
hard, massive quartzite, usually white or gray in
color, which outcrops in high cliffs or steep slopes
at the crest of the mountains. This member is
underlain by a considerable thickness of red or
brown, thinner-bedded sandstone and quartzite,
which merge into sandy beds of Martinsburg
shale. The relative amounts of these two members are variable, and there are frequent local
varieties in color, hardness, and thickness of beds.
The thickness of the formation varies considerably ; but as there are in the region few exposures
where a reliable section could be measured,
there is some uncertainty as to the amount. In
Jack Mountain there is a fairly complete series
of exposures from the Martinsburg shale in the
center of the ridge to the Rockwood formation on
the west, and here the thickness is about 600 feet.
In Little North Mountain the amount is about
the same, or possibly slightly more. At Buffalo
Gap the exposure is not over 500 feet. Along
the fault northward from Buffalo Gap the beds
are generally cut out, but in Buck Hill, near
Stribling Springs, they are again exposed, with a
thickness of 450 feet. At North River and northward for 10 miles they are entirely cut out by
the fault, but in the outlying ridge, beginning at
Dry River, they come in again locally, with a
thickness of 700 feet.
Fossils are not abundant in the Massanutten
formation in the area of the Staunton sheet, but
a few impressions. of shells are found in dark,
shaly beds in Little North Mountain, about 200
feet above the Martinsburg shales.
Rockwood formation. The upper member of
the Massanutten sandstone merges upward into a
series of red to gray sandy shales and thin-bedded
sandstone, capped in part by a light-colored
quartzite, which have been delineated on the map
as the Rockwood formation. The strata extend
along both flanks of Jack and Walkers mountains, Sideling Hill, and Black Oak Ridge, and
along the western slope of Little North Mountain,
Buck Hill, and the ridge north of Dry River; and
they constitute Brown Ridge (the low anticlinal
ridge on the western slope of Little North Mountain) and several anticlinal ridges between Bull
Pasture and Jack mountains. They are cut out
by the fault a short distance north of Buffalo Gap
and for some distance in the vicinity of Pond
Gap. The thickness varies from 150 to 200 feet,
but averages about 150 feet in greater part.
The formation presents an unusual character in
the Staunton area, in containing relatively little
of the iron-bearing shales which are prominent in
other regions not far distant to the north and
south. The predominance of coarse, sandy beds
is nearly everywhere conspicuous, and but little
shale was observed. The cap of light-colored
quartzite is the most characteristic feature of the
formation, and it attains considerable thickness
south and west of Pond Gap. It is also well represented to the northwestward, but is much
darker-colored and often intermixed with softer
beds.
Lewistown limestone. The Lewistown limestone is exposed over a relatively large area in
the Bull Pasture Mountain and the hills between

the Bull Pasture River and Jack Mountain, and
it also occurs in narrow outcrops skirting Walkers
and Little North mountains and Brown and Black
Oak ridges. It attains its greatest development
in the Bull Pasture Mountain and westward,
where its thickness is uniformly about 550 feet,
and its outcrop constitutes high and somewhat
rugged hills, generally flanked by rough ridges of
Monterey sandstone and traversed by craggy
ridges of the upper member of the Rockwood
formation. In this region it is generally a pure,
thickly bedded, fossiliferous limestone, with cherty
members in its upper part, and containing occasional sandy beds and calcareous shales.
In the flanks of Walkers Mountain the thickness is about 350 feet, and the rocks consist of
thickly bedded, pure limestone below and from
75 to 100 feet of cherty limestone beds above.
In Brown and Black Oak ridges its outcrop is
prominent, and in a fine cross-section exposure on
the road to Bells Valley its thickness was found
to be 400 feet, of which the upper 30 feet are
cherty beds. It here lies directly on the white
quartzite of the Rockwood formation, from which
it is separated elsewhere by a few feet of transition members. Along the slopes of Little North
Mountain the limestone is seldom seen, but its
position is indicated by a debris-covered depression. It has also been exposed at one or two
points by excavations for iron ore. Near Ferrol
there is a complete cross-section opened, in which
200 feet of pure limestone was measured, and at
Buffalo Gap there are several partial exposures in
which about 150 feet of thickly bedded, pure
limestone is seen. Near Stribling Springs there
is a complete but somewhat indistinct cross-section
in which the thickness is not over 80 feet, but it
is probable that the fault traverses the limestone
in this section and cuts out a portion of its members. The limestone is nearly everywhere fossiliferous, especially in its middle beds.
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tion and its ores in this belt could not be satisfactorily determined. North from Buffalo Gap the
formation is cut out by the great fault, and its
only reappearance along the fault line is at Stribling Springs, where a small thickness is exposed.
Romney shales. Immediately overlying the
Monterey sandstone there is an extensive series of
dark shales in which valleys of greater or less
width are excavated. These shales extend along
the western side of Little North Mountain, around
the Black Oak and Brown ridges, Walkers Mountain, and Sideling Hill, up the headwaters of the
Cow Pasture, Bull Pasture, and Dry rivers, and
along the South Fork, White Thorn, and Black
Thorn; there are also several small outlying areas
in the Bull Pasture Mountain and westward. The
formation underlies the Great North and Shenandoah mountains, but is deeply buried beneath the
overlying strata.
The rocks consist of dark shales, black and
fissile below, but somewhat lighter and more compact above. Some of the basal beds are carbonaceous to a moderate degree, and they have been
worked at several points with the mistaken idea
that they might prove to be coal-bearing. The
formation includes occasional calcareous streaks
not far from its base, and the upper members contain alternations of thin, pale-brown or dark-buff
sandy beds, which constitute beds of passage into
the next succeeding formation. The vertical range
and stratigraphic position of these passage-beds
appear to be somewhat variable, so that there is
no definite line of demarcation between the two
formations. Owing to this fact, no precise thickness can be assigned for the Romney beds, but
they average from 700 to 1,000 feet in the slopes
of the Great North and Shenandoah mountains.
In the region west there remain only portions of
the lower members. These have a thickness of
about 500 feet in the Bull Pasture Valley.
Jenningsformation. The Romney shales grade
upward into the Jennings formation, which
extends far up the slopes of the Shenandoah and
Great North mountains and constitutes Shaws
Ridge and the line of hills extending along the
eastern side of Lookout and Narrowback mountains. The thickness of the formation is about
3,000 feet. The rocks are light-colored shales,
in which olive-gray and buff tints predominate,
with interbedded light-colored sandstones, some
of which are moderately thick-bedded. The local
sequence of beds is somewhat variable. The
medial members contain a predominance of the
arenaceous materials. Some of the heavier sandstone beds have strongly developed concretionary
structure, a feature which is well exhibited in
Jennings Gap, the locality from which the formation derives its name. The upper members are
predominantly shaly or of fine-grained, lightcolored, argillaceous deposits, which break up
into small, angular fragments on weathering. The
upper limits of the formation are not well defined,
for there is an extensive series of beds of passage
to the next succeeding formation. It is on account
of the indeimiteness of the limits of this formation that its boundary on the map is shown by a
zone in which the pattern is merged into those of
the adjoining formations.
Hampshire formation. The Hampshire formation occupies the upper slopes of .the Great North
and Shenandoah mountains, the eastern slope of
Narrowback Mountain, and the greater part of
the wild ridges at the headwaters of North River
and Briery Branch. Its average thickness is
about 1,300 feet. The rocks are largely thinbedded, hard, red, gray, or brown, micaceous,
slabby sandstones, with intercalated' masses of
ocherous shale which are in greater part of
dull-red, dark-gray, and brown color. Occasional
streaks of conglomerate also occur. There are
many local variations in the character of the beds,
but northward there is a general tendency to an
increase in hardness of the sandstones. Some of
the shales are in thick masses, and present brightred and rich-brown tints. The finest exposures
of the formation are on the two roads across the
Shenandoah Mountain and in Dry Branch and
North River gaps.
No fossils were found in the Hampshire formation, except a few plant fragments of indeterminate character.

Monterey sandstone. This sandstone is most
conspicuous in the Bull Pasture Mountain and
the region adjoining Jack Mountain, where it
flanks the high hills of Lewistown limestone. It
also constitutes a series of subordinate ridges
adjacent to Walkers Mountain and Sideling Hill,
and occurs less conspicuously in Black Oak and
Brown ridges and along the western slope of the
Little North Mountain.
The formation is usually represented by a buff,
fine-grained, massive sandstone, which often varies
from granular to vitreous or semi-vitreous texture.
Much of the rock is characterized by an abundance of casts and impressions of fossils. In the
Bull Pasture and Jack Mountain region the
thickness averages about 150 feet, but the formation thins rapidly to the southeastward, and
finally in some localities it is entirely absent,
owing to an unconformity by erosion. This
unconformity attains its maximum degree in the
northeastern corner of Rockbridge County, where
the Romney shales lie either on a small thickness
of the sandstones or directly on the more or less
deeply eroded surface of the underlying Lewistown limestone. In Highland and Pendleton
counties, where the formation is thick, it is
sharply separated from the shales, but there is no
direct evidence of unconformity.
Along the base of Black Oak and Brown ridges
the formation usually has a thickness of 25 to 30
feet, but east of Bells Valley the amount is less,
and it is in this vicinity that it has been entirely
removed at some points along the unconformity.
On the western slope of the Little North
Mountain the formation is in greater part represented by deposits of limonite iron ore, more or
less mixed with sand, but containing much ore of
excellent quality. These deposits have been
worked on the Esteline and Ferrol properties and
at Buffalo Gap.
The restriction of the occurrence of the iron ore
to the Little North Mountain area and the presence of the maximum amount of unconformity
just west, probably reveal an interesting item in
the geologic history. It is thought that the zone
of greatest unconformity indicates a land area,
which persisted so long that the Monterey formation was deeply eroded. To the east the land was
out of water in what is now the Little North
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Mountain region, and the iron ores accumulated as
Pocono sandstone. This sandstone caps the
bog deposits on the more or less completely bared
limestone surface. The thickness of the forma- highest summits of the Great North Mountain and

the Shenandoah Mountains near Briery Branch
Knob, and constitutes the crest and spurs of
Narrowback Mountain. There is also a small area
on the divide at the head of Ramsey's "draft."
The principal member is a heavily bedded
white or buff quartzite, which is sometimes
slightly conglomeratic. Its greatest thickness is
about 300 feet. In the depression behind Narrowback Mountain occurs an upper member of the
formation, consisting of a series of softer, coalbearing sandstones and shales. These coal beds
have attracted considerable attention locally and
produced small supplies of a semi-bituminous coal
of good quality, but they are very thin, irregular
in extent, and so badly crushed as to have no
wide economic importance. The coal is best
exposed in the workings at North River Gap, but
it occurs also at various points northward on the
western slope of the mountain. There are several
coal beds which vary from an inch to nearly 2
feet in thickness intercalated with thinner slaty
seams in the sandstones. The structure of this
region is a syncline with very gentle dips on the
east side, which carry the sandstone far westward on the spurs. The beds are squeezed in the
center of the flexure and sharply overturned on
its eastern side. The coal measures are involved
in the overturns and crumples, and for this reason
the coals are crushed.
The formation attains its greatest thickness in
the vicinity of North River Gap, where the total
amount is about 750 feet. On the summit of
Shenandoah Mountain the cap lies in a shallow
syncline and consists of 250 feet of white, quartzitic sandstones. The caps of white quartzite on
Elliotts Knob and Crawford Mountains are thin,
and lie in the axis of the same syncline which
extends along Narrowback Mountain.
The fossil remains so far observed consist only
of plants in the coal-bearing sandstone and overlying shale near North River Gap. They are of
Lower Carboniferous age.
IGNEOUS ROCKS.

Three small exposures of volcanic rocks have
been discovered in the Staunton area, and there
are a number of others in the region west. They
are dikes which, while in a molten condition
have been intruded into narrow cracks across the
beds of sedimentary rocks. The rock is black,
crystalline, and heavy, and weathers to a dull-red
color, strikingly in contrast with the formations
which it penetrates. The largest mass is threequarters of a mile^west-southwest of Doe Hill, in
a knoll a few yards north of the road to Jack
Mountain. It outcrops in a small cliff and
extends across the Monterey sandstone and Lewistown limestone. Its width is about 20 feet and
it could be traced only a few yards along its
course, which is from northwest to southeast.
There is an obscure exposure of the rock in the
road 2|- miles due north of Doe Hill, in Romney
shales, and another in Lewistown limestone the
same distance due northeast of Doe Hill, near the
road which extends northwest from Palo Alto.
They appear to be very small dikes. Possibly
there are others in the same region. The rocks
are of the holocrystalline, porphyritic type of
basalt, with some slight local differences in character. They have been mistaken for iron ore, but
contain no useful amount of the metal.
STRUCTURE.

Definition of terms. As the materials forming
the rocks of this region were deposited upon the
sea bottom, they must originally have extended in
nearly horizontal layers. At present, however,
the beds are usually not horizontal, but are
inclined at various angles, their edges appearing
at the surface. The angle at which they are
inclined is called the dip. A bed which dips
beneath the surface may elsewhere be found rising; the fold, or trough, between two such outcrops is called a syncline. A stratum rising from
"one syncline may often be found to bend over and
descend into another; the fold, or arch, between
two such outcrops is called an anticline. Synclines
and anticlines side by side form simple folded
structure. A synclinal adds is a line running
lengthwise in the synclinal trough, at every point
occupying its lowest part, toward which the rocks
dip on either side. An anticlinal axis is a line
which occupies at every point the highest portion
of the anticlinal arch, and away from which the
rocks dip on either side. The axis may be horiStaunton 3.

zontal or inclined. Its departure from the horizontal is called the pitch, and is usually but a few
degrees. In districts where strata are folded they
are also frequently broken across, and the arch is
thrust over upon the trough. Such a break is
called & fault. If the arch is worn and the syncline is buried beneath the overthrust mass, the
strata at the surface may all dip in one direction.
They then appear to have been deposited in a
continuous series. Folds and faults are often of
great magnitude, their dimensions being measured
by miles, but they also occur on a very small,
even a microscopic, scale. In folds and faults of
the ordinary type, rocks change their form mainly
by motion on the bedding planes. In the more
minute dislocations, however, the individual fragments of the rocks are bent, broken, and slipped
past each other, causing cleavage. Extreme development of these minute dislocations is attended
by the growth of new minerals out of the fragments of the old a process which is called metamorpJiism.
Struetwe of the Appalachian province. Three
distinct types of structure occur in the Appalachian province, each one prevailing in a separate
area corresponding to one of the three geographic
divisions. In the plateau region and westward
the rocks are generally flat and retain their
original composition. In the valley the rocks have
been steeply tilted, bent into folds, broken by
faults, and to some extent altered into slates. In
the mountain district faults and folds are important features of the structure, but cleavage and
metamorphism are equally conspicuous.
The folds and faults of the valley region are
parallel to one another and to the western shore of
the ancient continent. They extend from northeast to southwest, and single structures may be
very long. Faults 300 miles long are known, and
folds of even greater length occur. The crests of
most folds continue at the same height for great
distances, so that they present the same formations. Often adjacent folds are nearly equal in
height, and the same beds appear and reappear at
the surface. Most of the beds dip at angles greater
than 10°; frequently the sides of the folds are
compressed until they are parallel. Generally the
folds are smallest, most numerous, and most closely
squeezed in thin-bedded rocks, such as shale and
shaly limestone. Perhaps the most striking feature of the folding is the prevalence of southeastward dips. In some sections across the southern
portion of the Appalachian Valley scarcely a bed
can be found which dips toward the northwest.
Faults were developed in the northwestern
sides of synclines, varying in extent and frequency
with the changes in the strata. With very few
exceptions the fault planes dip toward the southeast, and are parallel to the bedding planes of the
adjacent rocks. The fractures extend across beds
many thousand feet thick, and sometimes the
upper strata are pushed over the lower as far as
6 or 8 miles. There is a progressive change in
character of deformation from northeast to southwest, resulting in different types in different
places. In southern New York folds and faults
are rare and small. Passing through Pennsylvania toward Virginia, folds become more numerous and steeper. In southern Virginia they are
closely compressed and often closed, while occasional faults appear. Passing through Virginia
into Tennessee, the folds are more -and more
broken by faults. In the central part of the
valley of Tennessee, folds are generally so
obscured by faults that the strata form a series of
narrow overlapping blocks, all dipping southeastward. Thence the structure remains nearly the
same southward into Alabama; the faults become
fewer in number, however, and their horizontal
displacement is much greater, while the remaining
folds are somewhat more open.
In the Appalachian Mountains the southeastward dips, close folds, and faults that characterize
the Great Valley are repeated. The strata are
also traversed by minute breaks of cleavage and
are metamorphosed by the growth of new minerals. The cleavage planes dip to the east at from
20° to 90°, usually about 60°. This form of alteration is somewhat developed in the valley as slaty
cleavage, but in the mountains it becomes important and frequently destroys all other structures.
All rocks were subjected to this process, and the
final products of the metamorphism of very different rocks are often indistinguishable from one
another. Throughout the eastern Appalachian

province there is a regular increase of metamorphism toward the southeast, so that a^bed quite
unaltered at the border of the Great Valley can
be traced through greater and greater changes
until it has lost every original character.
The structures above described are the result
chiefly of compression, which acted in a northwest-southeast direction, at right angles to the
trend of the folds and of the cleavage planes. The
force of compression became effective early in the
Paleozoic era, and reappeared at various epochs
up to its culmination soon after the close of the
Carboniferous period.
In addition to this force of compression, the
province has been affected by other forces which
acted in a vertical direction and repeatedly raised
or depressed its surface. The compressive forces
were limited in effect to a narrow zone. Broader
in its effect and less intense at any point, the
vertical force was felt throughout the province.
Three periods of high land near the sea and
three periods of low land are indicated by the
character of the Paleozoic sediments. In postPaleozoic time, also, there have been at least four
and probably more periods of decided oscillation
of the land, due to the action of vertical force.
In most cases the movements have resulted in the
warping of the surface, and the greatest uplift has
occurred nearly along the line of the Great Valley.
Structure sections. The sections on the structure sheet represent the strata as they would
appear in the sides of a deep trench cut across
the country. Their position with reference to the
map is on the line at the upper edge of the blank
space. The vertical and horizontal scales are the
same, so that the actual form and slope of the
land and the actual dips of the strata are shown.
These sections represent the structure as it is
inferred from the position of the strata observed
at the surface. On a map with this scale it is not
possible to show in the sections the minute details
of structure; they are therefore somewhat generalized from the dips observed in a belt a few miles
in width along the line of the section.
Faults are represented on the map by a heavy,
solid or broken line, and in the section by a line
whose inclination shows the probable dip of the
fault plane, the arrows indicating the direction in
which the strata have been moved on its opposite
sides.
The structure of the Staunton area. The principal features of this area are illustrated by the
three structure sections on the structure sheet.
There are four general structural provinces in
the region: the syncline east of Staunton, the
great anticline in the Shenandoah limestone belt,
the wide synclinal region of Great North and
Shenandoah mountains, and the anticlinal uplift
which culminates in Jack Mountain. These
general flexures bear subordinate corrugations of
various degrees, which give rise to features of
greater or less prominence. The axes of these
flexures are all northeast and southwest. There
is an overthrust fault extending along the western
side of the anticline of the Great Valley for many
miles, and there are other overthrusts to the eastward in the limestone.
The syncline east of Staunton is the southward
extension of the flexure in which the Massanutten
Mountain lies, and it holds a great mass of Martinsburg shales. The dips are moderately steep,
but they are variable in amount, and there are
many small crumples. The anticline of the Shenandoah limestone belt in the valley bears many
minor flexures and is traversed by several faults
of greater or less amount. East of Staunton
there is a low anticline, which gives place at
Staunton to steep easterly dips, which continue
over a wide zone to the westward. In this portion of the uplift the lowest beds of the series are
brought up. To the westward there is a syncline
of considerable extent, which contains a small area
of Martinsburg shale between Staunton and
Churchville, and a mass of chert in Sugar Loaf.
At the western edge of the Great Valley, to the
southward, the limestones dip gently to the west
and pass beneath the Martinsburg shales in the
eastern face of Little North Mountain. This
mountain is a gently west-dipping monocline of
the eastern side of the great central syncline. It
bears a number of small corrugations, which give
rise to the " Double of the Mountain," Black Oak
and Brown ridges, and some intermediate ridges.
At Pond Gap the arch 'of the first of these corrugations is broken by a fault, which extends for

a short distance along the western slope of the
mountain and brings the Massanutten and Romney shales in contact near the road to Pond Gap
station. Near Buffalo Gap the western dips
rapidly increase in steepness and the monocline is
finally overturned. The dips in the overturn are
steeply to the eastward, and these dips continue
northward all along the western side of the valley.
An overthrust fault develops in this overturn near
'Buffalo Gap, and it extends northward to and
through Rockingham County. The amount of its
throw varies considerably; for 12 miles the lower
portion of the Massanutten sandstone is overthrust on the Romney shale, except near Stribling
Springs, where the Monterey sandstone and the
Lewistown limestone come in for a short distance
along the west slope of Buck Hill. North of the
hill the Martinsburg shale lies against the Romney
shale, and then, with an increase in the amount
of throw, the Shenandoah limestone is brought
against the lower members of the Jennings formation. Near Dry River the amount of overthrust decreases, and Martinsburg shale and Massanutten sandstone come in successively east of
the fault, and the Romney shale west of it. From
North River northward, the overturning of the
beds deepens and extends westward to Narrowback Mountain, in which the Pocono sandstones
dip steeply eastward.
The great central synclinal belt is a region of
gentle dips, except along the overturned eastern
edge, as above described, and constitutes a very
deep basin containing a thickness of over 5,000
feet of Devonian sediments, with several areas of
Pocono sandstones. The general flexure bears an
anticline along its middle, which is flat and low
to the northward but rises and bifurcates to the
southward, bringing up the Massanutten sandstone in Walker Mountain and Sideling Hill.
The axis of the eastern subbasin is along the
Great North Mountain and the valleys just west
of Narrowback Mountain, and the western subbasin holds the great mass of sediments in Shenandoah Mountain.
The general anticline which lies west of Shenandoah Mountain bears a series of long, narrow,
parallel corrugations of greater or less amount.
The deepest of these is a syncline which holds a
belt of Romney shales along the valley of Bull
Pasture River, and the highest is Jack Mountain,
in which the Massanutten sandstones are brought
high above the surface and the top of the Martinsburg shale is exposed.
Bull Pasture Mountain is an anticlinal corrugation, and there is another similar flexure in the
next ridge west. Just east of McDowell there is
a local slip in one of the flexures which brings
Romney shales into contact with Lewistown limestone for a short distance.

MINERAL RESOURCES.
The mineral resources of the region are iron
ore, marble, lime, brick-clays, flux, and coal. At
present the production of these materials is very
small and many of the works are abandoned.
Iron ore. Iron ores were formerly worked to a
considerable extent at several points along the
western slope of Little North Mountain. There
were furnaces at Buffalo Gap and Ferrol and near
Pond Gap. The ore occurs at intervals along the
mountain slope, and it constitutes the greater part
of the Monterey sandstone formation in that
vicinity. Its beds are often of considerable thickness, and the ore is of excellent quality. It outcrops on the surface at several points, and has
been extensively explored by trial pits and
trenches. There are small showings of ore in the
Monterey sandstones west of Little North Mountain, but no large deposits have been discovered.
MarUe. The Shenandoah and Lewistown limestones are often suitable for marble, but the only
attempts at its production have been in the Lewistown limestone at Craigsville and Bells Valley.
The quarries at Craigsville were moderately
extensive, but the marble there was found to be
too soft and broken for profitable working.
Lime. The limestones are quarried and burnt
for lime for local use at many localities. The
largest quarries are at Swoope, where lime is produced for shipment.
Clays. Many areas of the Great Valley are
mantled with clays suitable for bricks and other
products, but they are not worked to any great
extent. Bricks are made in small amount near
Staunton and at various minor points for local

use, and at the Virginia Clay Works a variety of
products have been manufactured.
Flux. The iron ores of Little North Mountain are underlain by Lewistown limestone, and
at Ferrol and Buffalo Grap this was quarried for
flux. The supply of this material is very large
and its quality was found to be good.
Goal. A semi-anthracite coal has been mined
to a moderate extent in North River Gap, and
the supply is sufficient for local use. The beds
are thin and the coal is often much crushed, but
it is not difficult to obtain small supplies. Several
attempts to find thicker beds have been made by
excavations and deep diamond-drill borings, but
without success.

SOILS.
The soils of the region are closely related to
the underlying rocks, for they are in greater part
the residuary products of the rock decay. The
exceptions are on the flats along the streams,
where there are mixtures of various materials
derived from the higher lands, brought down
largely at times of freshet, and the wash and talus
on slopes. These exceptions are relatively unimportant, as such, soils occupy but small areas.
Soils are also affected by topography, for on steep
slopes they are thin and unusually sandy.
Limestones and the purer shales give rise to clay
soils; the sandstones and sandy shales, to sandy
soils; and the finer stream deposits are sands or
sandy loams. Owing to the frequent variations in
character of the rocks in nearly all the formations,
there are corresponding changes in the character

of the soils derived from them, but on the whole
the general relations of rock and soil are so intimate that the geological map of the region is also
a soil map for the principal types of soil. These
types are limestone soils, shale soils, and sandstone
soils; and there are also the alluvial soils.
Limestone soils. The soils of the Great Valley
belong to this class in greater part, for they are
the residual products of the decay of the rocks of
the Shenandoah Valley. In the Bull Pasture
Mountain and-the ridges westward also there are
limestone soils in the Lewistown limestone areas.
The soils of the Great Valley present considerable
variability, but on the whole the region is a veryfertile one. There are areas in which the residual
clays are rather too stiff for fertility; portions of
the cherty areas are too stony, and the rocks are
often bare; but these areas are not relatively large.
The Bull Pasture Mountain region is steep, and
consequently somewhat rocky, but the narrow
limestone areas are of great fertility. They are
used mainly for pasture lands and are natural
blue-grass districts. The limestone areas adjoining Walker Mountain, Sideling Hill, and Brown
and Black Oak ridges are very narrow and largely
overwashed with sandy detritus, but there are a
number of small fertile tracts along them.
Shale soils. The Martinsburg shale area east
of Staunton has shale soils in greater part, and
they are of considerable fertility. In the districts
in which there are limestones interbedded with
the shales the soils are of great fertility.
The Romney shale soils are not very fertile,
except at a few points where there are calcareous
beds included in the series. As the formation

occupies the valleys, it is often overlain by alluvial
deposits. There are many moderately fertile
tracts of this character, notably the Bull Pasture
Valley in the vicinity of McDowell.
The shales of the Jennings and Hampshire formations are very barren, and as they lie mainly on
the steep slopes of the mountains they are mostly
bare of soil.
/Sandstone soils. The Massanutten, Rockwood,
Monterey, Hampshire, and Pocono sandstones produce the thin, barren soils of the mountains, and
these soils characterize all the more elevated areas
of the western portion of the region. Much of
the land is steep and rocky and is not farmed to
any material extent.
Alluvial soils. Nearly every stream in the

Great Valley and among the mountains
deposited a greater or less amount of alluvium
along portions of its source, and these deposits
are usually very fertile. They are sandy loams
in large part, but present many local variations in
proportions of sand, clay, and gravel. Along the
smaller streams the deposits are often too narrow
and too pebbly to be of service to the farmer, but in
the larger valleys there are many moderately wide
areas. Those along the South River Valley and
adjacent to the North and Dry rivers are the
most extensive, and the Bull Pasture and Cow
Pasture valleys contain much land of this character. Nearly all the farms in the mountain
region are on alluvial soils in the shale valleys,
and many of these lands are notably fertile.
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NAMES WHICH HAVE BEEN USED BY
VARIOUS WRITERS.

NAMES USED BY H. D. ROGERS.

NUMBERS USED BY W. B.
ROGERS.

Cp

Pocono sandstone.

Pocono.

Vespertine.

X.

Dh

Hampshire formation.

Catskill.

Ponent.

IX.

Dj

Jennings formation.

Chemung.

Vergent.

Dr

Romney shale.

Hamilton.

Cadent.

m

Monterey sandstone.

Oriskany.

Meridian.

VII.

SI

Lewistown limestone.

Lower Helderberg.

Pre-meridian.

VI.

Sr

Rockwood formation.

Clinton.

Surgent.

V.

Sm

Massanutten sandstone.

Medina.

Levant.

IV.

Martinsburg shale.

Hudson River.

Matinal.

Shenandoah limestone.

Valley limestone.

Auroral.

III.
II.

VIII.

SILURIAN

Smb
Ss

N. H. DAKTON,
Geologist.

COLUMNAR SECTION.
GENERALIZED SECTION FOR THE STAUNTON SHEET.
SCALE: 1000 FEET

1 INCH.

CHARACTER OF ROCKS.

CHARACTER OF TOPOGRAPHY. AND
SOILS.

Coarse sandstone of light color, with
sandy shale and thin coal beds.

Sharp ridges, with thin, sandy, and
rocky soils.

Thinly bedded, gray and reddish
sandstone, with more-massive beds
of fine-grained sandstone, all interbedded with thin layers of shale.

High mountains, with thin, sandy
soils.

Shales, varying from olive color to
buff, interstratified with, massive,
mainly fine-grained sandstone.

Mountain slopes and moderately high
ridges, with thin, sandy soils.

Dark shale, black below.

Wide valleys and low, rounded ridges.
Thin soils, usually clayey. The
valleys usually contain alluvial deposits of varying width.

Sandstone, in part calcareous.

Knobs and ridges along the base of
higher hills.

Cherty limestone.
Pure limestone.
Gray quartzite.
Sandy shale.

Knobby ridges and elevated valleys.
Thin but rich soils.
Mountain slopes, overplaced by sandy
soils.

Reddish sandstone.
Gray quartzite.
Red and gray sandstones.

High rocky ridges, with thin, sandy
soils.

Gray shale, with sandy beds above
and calcareous beds below.

Low, rounded hills in the Appalachian Valley, and the eastern slope
of Little North Mountain. Thin,
sandy clay-soils.

Shale.

Massive fossiliferous limestone.
Cherty limestone.

Moderately steep ridges in the Appalachian Valley.

Dolomitic (magnesian) limestone,
varying from light gray to dark
gray.

The undulating surface of the Appalachian Valley, with clay-soils of
variable depth.
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