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GEOLOGY OF THE HARRISONBURG AND BRIDGEWATER
QUADRANGLES, VIRGINIA

Thomas M. Gathright, II and Peter S. Frischmann

ABSTRACT

The Harrisonburg and Bridgewater quadrangles
comprise an area of approximately 117 square
miles in Rockingham County in northwestern Vir-
ginia. This area is in the western part of the
Shenandoah Valley, a portion of the Valley and
Ridge physiographic province, and contains parts
of three major geologic structures-the Staunton
and North Mountain thrust faults and the Mas-
sanutten synclinorium.

The roeks within the two quadrangles are folded
and faulted limestones, dolomites, shales, and sand-
stones of Paleozoic age. These rocks have been
divided into groups, formations, and members that
include the Elbrook and Conococheague formations
(Cambrian), the Stonehenge Formation, the Beek-
mantown Group, the New Market Limestone, and
the Lineolnshire, Edinburg, and Martinsburg for-
mations (Ordovieian), the Massanutten Sandstone
and the Bloomsburg Formation (Silurian), and
probably Upper Silurian and Iower and Middle
Devonian limestones and shales that are not ex-
posed but are judged to be on Massanutten Moun-
tain. Triassic diabase dikes and Eocene volcanic
pipes intrude the Paleozoic sequence locally. Much
of the sequenee is eovered by alluvium or talus of
Quaternary age.

Seleeted strata of the Cambrian and Ordovician
carbonate roek sequence are sources for road ag-
gregate, agricultural lime, concrete aggregate, di-
mension stone, tettazzo, portland cement, flux
stone, and pellet lime. Some of the carbonate rocks
may be potential sources of lead and zinc minerals.
Ordovician shale formations have potential for
structural clay products.

INTRODUCTION

The Harrisonburg and Bridgewater 7.5-minute
quadrangles are loeated in Rockingham County in
northwestern Virginia and include the city of Har-
risonburg and the towns of Dayton and Bridge-
water (Figure 1). They comprise 117 square miles
and are bounded by 78o45'and 79o00'west lon-
gitudes and 38o22'30"and 38o30' north latitudes.

The area is in the Valley and Ridge physiographic
provinee and entirely within Shenandoah Valley.
Maximum local relief is 1762 feet between Mas-
sanutten Peak(2922 feet) and Cub Run at the base
of Massanutten Mountain (1160 feet), less than 9000
feet to the south of Massanutten Peak (Harrison-
burg quadrangle). Generally, the area is a rolling
upland with local relief between 100 and 300 feet.
Important geomorphic features that are character-
istic of the Shenandoah Valley land surface include
linear hill systems developed on chert-and-sand-
bearing limestones and dolomites of the Conoeo-

cheague Formation, Beekmantown Group, and Lin-
colnshire Limestone. Local conical hills such as

Round Hill west of Bridgewater have developed
because of underlying eoncentrations of bedded
chert in the silieeous dolomites of the Beekmantown
Group. An exception is Mole Hill, a high conical
hill underlain by the basalt of an ancient voleanic
pipe. Dry River and North River flow across sand-
and-gravel-filled deposits in broad, shallow, steep-
sided valleys northwest of Bridgewater. Massanut-
ten Mountain, part of the Massanutten mountain
range lying along the southeast side of Shenandoah
Valley, is underlain by the Massanutten Sandstone
and dominates the landscape. Ridge slopes gener-

ally have less than 20 percent grades exeept on
Massanutten Mountain, Mole Hill, and in the bluffs
along North River and Dry River. More than 75
percent of the area has slopes with less than 10
percent grade and, except for urban areas, this
portion is almost entirely agricultural land. Deep

a-. ,'6t"o*ooon
/ '.

Figure 1. Index map showing the loeation of the
Harrisonburg (H) and Bridgewater (B) quadran-
gles.
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soils developed on many of the limestone and dol-
omite rock units and generations of good farming
practices in the Bridgewater and Harrisonburg
area have made some of the most produetive ag-
ricultural land in Virginia.

The regional geology of Shenandoah Valley and
Rockingham County is deseribed in Butts, 1988,
1940; Brent, 1960; and Haek, 1965. Geologie reports
containing regional data related to economic de-
posits in the area include: Parrott, 1954; Gooch and
others, 1960; Edmundson, Lg45: Herbert and
Young, 1956; and Calver and others, 1961.

Geologic factors affecting land modification are
related to general land units derived from bedrock
geology and/or surficial deposits. The land unit
characteristies and their suitability or sensitivity
to modification is evaluated with regard to slope
stability, erodibility, and response to excavation or
other influences. Karst lands are commonly poten-
tial areas for surface subsidence and ground-water
pollution.

The writers wish to acknowledge the encourage-
ment, concepts, and local information provided by
the entire staff of the Geology Department of James
Madison University.

Numbers preceded by "R" in parentheses (R-
7145) correspond to rock or mineral sample local-
ities; those preceded by "F" (F-1019) eorrespond
to fossil sample localities (Plate). These mineral and
fossil samples are on file in the repository of the
Virginia Division of Mineral Resourees where they
are available for examination.

STRATIGRAPHY

The Paleozoic-age formations present in the quad-
rangle have been described with respect to a facies
distribution diagram (Figure 2) lhat infers the
migration of laterally and vertieally contiguous
environments.

C.e,MsnlA.N Sysrorr,r
Elbrook Formation

The upper member of the Elbrook Formation
is the oldest rock unit present in the area of
investigation. It is well exposed southeast of the
Staunton fault at localities north of Keezletown
(REFERENCE LOCALITY 1), north of the junc-
tion of State Roads ?17 and ?18 (REFERENCE
LOCALITY 2), and southeast of the North Moun-
tain fault on the northeast side of State Road ?26
northwest of its intersection with State Road 6LB.
The lowest beds exposed are eommonly light-gray,
shaly dolomite that weathers to a light brown and
interbedded light- to medium-gray, fine-grained

Figure 2. Diagram of local lithofacies in Ordovi-
cian and Cambrian rocks in the Harrisonburg and
Bridgewater quadrangle areas.

dolomite. These rocks are overlain by reeurring
sequences of carbonate strata that comprise a 400-
to 450-foot thickness in the Staunton thrust sheet.
The characteristic lithologies of the upper Elbrook
Formation are laminated dolomite, thin-intraclast
flat-pebble limestone conglomerate, fine-grained
limestone with abundant algal laminations, burrow
traces, and local cryptozoan reefs (Figure 3). The
upward sequence of these recurring lithologies
found in 7- to l0-foot-thick intervals eonsists of a
progression of thin-intraclast limestone conglom-
eratn, algal laminated limestone, thin-burrowed
limestone, and waw-bedded limestone and dolo-
mite (Figure 4), which in turn grades up into
thicker algal laminated, platy dolomite (Figure 5,
photograph from Crimora quadrangle).

The upper partof the Elbrook Formation consists
of 400 to 600 feet of massively bedded, grayish-
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Figure 3. Limestone algal mounds in Elbrook do-
lomite 1.5 miles north of Keezletown (Photo location
no. 1).

orange weathering, light-gray, burrowed dolomite
and thick beds of laminated light-gray dolomite.
These beds are similar to dolomite beds in the
overlying Conococheague Formafion but do not
contain the interbedded sandstones characteristic
of the Conococheague. Approximately 800 feet of
the upper Elbrook is present in the North Mountain
thrust sheet compared to approximately 1200 feet
in the Staunton thrust sheet.

Conococheague Formation

The contact between the Elbrook Formation and
the overlying Conococheague Formation is placed
above the thick-bedded, massive-weathering, lam-
inated or burrowed dolomite and below the first
interbedded medium- to coarse-grained, cross-lam-
inated, qtartz sandstone of a thick dolomite se-
quence. The interbedded sandstones are as much
as 10 feet thick. This dolomite unit, the lower
member of the Conococheague Formation, is well
exposed about 0.3 mile west of the junction of State
Roads 722and 724 (REFERENCE LOCALITY 3).
The dolomite is approximately 850 feet thick. It
contains a variety of sedimentary structures such
as horizontal algal laminations and intraclastic
edgewise conglomerates. The lower member of the
Conococheague Formation is correlative with the
Big Springs Station Member in Pennsylvania (Wil-
son, 1952). The contact between the lower and upper
members of the Conococheague Formation is
placed at the first occurrence of limestone above
the dolomite and sandstone sequence.

The upper member of the Conococheague is well
exposed west of the intersection of State Roads 620
and 724 (REFERENCE LOCALITY 4). This
member is approximately 1500 feet thick and con-
sists of several lithologies (siliceous calcarenite,

Figure 4. Interbedded light-gray straticulate lime-
stone and yellowish-gray weathering dolomite with
argillaceous partings of the Elbrook Formation 1.0
mile north of Keezletown (Photo location no. 2).

Figure 5. Differentially dolomitized thrombolite in
laminated limestone and dolomite of the Elkbrook
Formation.
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Figure 3. Limestone algal mounds in Elbrook do-
lomite 1.5 miles north of Keezletown (Photo location
no. 1).

orange weathering, light-gray, burrowed dolomite
and thick beds of laminated light-gray dolomite.
These beds are similar to dolomite beds in the
overlying Conococheague Formation but do not
contain the interbedded sandstones characteristic
of the Conococheague. Approximately 800 feet of
the upper Elbrook is present in the North Mountain
thrust sheet compared to approximately'1200 feet
in the Staunton thrust sheet.

Conococheague Formation

The contact between the Elbrook Formation and
the overlying Conococheague Formation is placed
above the thick-bedded, massive-weathering, lam-
inated or burrowed dolomite and below the first
interbedded medium- to coarse-grained, cross-lam-
inated, quartz sandstone of a thick dolomite se-
quence. The interbedded sandstones are as much
as 10 feet thick. This dolomite unit, the lower
member of the Conococheague Formation, is well
exposed about 0.3 mile west of the junction of State
Roads 722and 724 (REFERENCE LOCALITY 3).
The dolomite is approximately 850 feet thick. It
contains a variety of sedimentary structures such
as horizontal algal laminations and intraclastic
edgewise conglomerates. The lower member of the
Conococheague Formation is correlative with the
Big Springs Station Member in Pennsylvania (Wil-
son, 1952). The contact between the lower and upper
members of the Conococheague Formation is
placed at the first occurrence of limestone above
the dolomite and sandstone sequence.

The upper member of the Conococheague is well
exposed west of the intersection of State Roads 620
and 724 (REFERENCE LOCALITY 4). This
member is approximately 1500 feet thick and con-
sists of several lithologies (siliceous calcarenite,

Figure 4. Interbedded light-gray straticulate lime-
stone and yellowish-gray weathering dolomite with
argillaceous partings of the Elbrook Formation 1.0
mile north of Keezletown (Photo location no. 2).

Figure 5. Differentially dolomitized thrombolite in
laminated limestone and dolomite of the Elkbrook
Formation.
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Figure 6. Ribbon-banded algal limestones of the
upper member of the Conococheague Formation
4.5 miles north of Keezletown and 500 feet north
of the intersection of State Roads 724and620(Photo
location no. 3).

intraclastic conglomerate, algal limestone, lami-
nated dolomite, and a few thin sandstone beds)
which commonly recur sequentially in 5- to 2l-foot
intervals (Figure 6).

The contact between the Conococheague Forma-
tion and the overlying Beekmantown Group is
placed at the top of the recurring sequences of
limestone and dolomite and below the chert-bear-
ing micrites of the Stonehenge Formation.

OnoovrcreN SYSTEM
Beekmantown Group

The Beekmantown Group consists of five distinct
lithologic units, the lowest unit being the Stone-
henge Formation (Chepultepec Formation of
Brent, 1960, and "lower limestone" unit of Gath-
right and others, 1978). The Stonehenge Formation
is successively overlain by a lower dolomite unit,
a middle limestone and dolomite unit, an upper
dolomite unit, and an upper limestone and dolomite
unit. The Beekmantown Group is approximately
3500 feet thick in both the Staunton and North
Mountain thrust sheets. The thicknesses of the five
individual lithologic units change westward with
a significant increase in the dolomite/limestone
ratio.

Stonehenge Formation

The Stonehenge Formation consists of medium-
to thick-bedded, medium- to dark-gray burrowed
micrite with zones of black, nodular chert and
thick, wavy-bedded, light- to medium-gray, coarse-
grained dolomite. It is present in the Pleasant
Valley area west of the Staunton fault and absent

in the westernmost Cambro-Ordovician belt of the
North Mountain thrust sheet. In the westernmost
belt the lower dolomite unit of the Beekmantown
Group lies on limestones and interbedded sand-
stones of the Conococheague Formation. Nodular
black- to dark-gray chert in the lower few feet of
the lower dolomite unit may be time equivalent
to similar chert in the Stonehenge to the east. The
contact between the Stonehenge and the lower
dolomite unit is placed at the top of the uppermost
limestone bed below the very thick section of thick-
bedded, siliceous dolomite. The unit is best exposed
downstream from Lake Shenandoah on Congers
Creek (REFERENCE LOCALITY 5).

Figure 7. Boulders of residual chert weathered
from the lower dolomite unit of the Beekmantown
Formation 3.4 miles north of Keezletown and 2000
feet west of State Road 717 (Photo location no. 4).

Lower Dolom,i,te Uni,t

The surface expressions of the lower dolomite
unit occurs as chert-covered knobs and linear
ridges. It is well exposed along the stream 1800
feet north of the intersection at Peales Crossroad
(REFERENCE LOCALITY 6) (Harrisonburg
quadrangle). This member consists of laminated
and massive-bedded, medium- and coarse-grained,
medium- to very dark-gray locally brecciated or
burrowed silieeous dolomite with bedded and nod-
ular chert (Figure 7). The unit is 1400 feet thick
east of the Staunton fault and may be as much as
2000 feet thick west of Mole Hill in the North
Mountain thrust sheet. This unit appears to thicken
westward at the expense of the Stonehenge For-
mation and the overlying middle limestone unit,
although accurate measurements could not be
made in the area of the North Mountain thrust
sheet. The contact between the lower dolomite unit
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Figure 6. Ribbon-banded algal limestones of the
upper member of the Conococheague Formation
4.5 miles north of Keezletown and 500 feet north
of the intersection of State Roads 724and620 (Photo
location no. 3).

intraclastic conglomerate, algal limestone, lami-
nated dolomite, and a few thin sandstone beds)
which commonly recur sequentially in 5- to 25-foot
intervals (Figure 6).

The contact between the Conococheague Forma-
tion and the overlying Beekmantown Group is
placed at the top of the recurring sequences of
limestone and dolomite and below the chert-bear-
ing micrites of the Stonehenge Formation.

OnlovrcnN SysrEM
Beekmantown Group

The Beekmantown Group consists of five distinct
lithologic units, the lowest unit being the Stone-
henge Formation (Chepultepec Formation of
Brent, 1960, and "lower limestone" unit of Gath-
right and others, 1978). The Stonehenge Formation
is successively overlain by a lower dolomite unit,
a middle limestone and dolomite unit, an upper
dolomite unit, and an upper limestone and dolomite
unit. The Beekmantown Group is approximately
3500 feet thick in both the Staunton and North
Mountain thrust sheets. The thicknesses of the five
individual lithologic units change westward with
a significant increase in the dolomite/limestone
ratio.

Stonehenge Formation

The Stonehenge Formation consists of medium-
to thick-bedded, medium- to dark-gray burrowed
micrite with zones of black, nodular chert and
thick, wavy-bedded, light- to medium-gray, coarse-
grained dolomite. It is present in the Pleasant
Valley area west of the Staunton fault and absent

in the westernmost Cambro-Ordovician belt of the
North Mountain thrust sheet. In the westernmost
belt the lower dolomite unit of the Beekmantown
Group lies on limestones and interbedded sand-
stones of the Conococheague Formation. Nodular
black- to dark-gray chert in the lower few feet of
the lower dolomite unit may be time equivalent
to similar chert in the Stonehenge to the east. The
contact between the Stonehenge and the lower
dolomite unit is placed at the top of the uppermost
limestone bed below the very thick section of thick-
bedded, siliceous dolomite. The unit is best exposed
downstream from Lake Shenandoah on Congers
Creek (REFERENCE LOCALITY 5).

Figure 7. Boulders of residual chert weathered
from the lower dolomite unit of the Beekmantown
Formation 3.4 miles north of Keezletown and 2000
feet west of State Road 717 (Photo location no. 4).

Lower Dolomite Unit

The surface expressions of the lower dolomite
unit occurs as chert-covered knobs and linear
ridges. It is well exposed along the stream 1800
feet north of the intersection at Peales Crossroad
(REFERENCE LOCALITY 6) (Harrisonburg
quadrangle). This member consists of laminated
and massive-bedded, medium- and coarse-grained,
medium- to very dark-gray locally brecciated or
burrowed siliceous dolomite with bedded and nod-
ular chert (Figure 7). The unit is 1400 feet thick
east of the Staunton fault and may be as much as
2000 feet thick west of Mole Hill in the North
Mountain thrust sheet. This unit appears to thicken
westward at the expense of the Stonehenge For-
mation and the overlying middle limestone unit,
although accurate measurements could not be
made in the area of the North Mountain thrust
sheet. The contact between the lower dolomite unit
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and the middle limestone and dolomite unit is
placed at the bottom of the first limestone above
the thick siliceous dolomite section.

Middle Limestone ond Dolomite Uni't

The middle limestone and dolomite unit consists
of calcarenite interbedded with minor intraclastic
flat-pebble limestone conglomerate, burrowed
dark-gray calcilutite, and laminated light- to me-
dium-gray dolomite. Beds are from 2 to 5 feet thick
and lithologic boundaries are sharp except between
calcilutites and overlying laminated dolomites
where gradational boundaries are common.

The middle limestone and dolomite unit is ap-
proximately 550 feet thick southeast of the Staun-
ton fault, where it is well exposed on the farm on
the east side of State Road 620 just south of its
intersection with State Road 718 (REFERENCE
LOCALITY 7). The unit thins and becomes more
dolomitic westward in Rockingham County. In the
westernmost belt the unit is exposed only between
Round Hill and Mole Hill. Northeast of Mole Hill
the unit boundaries are based on general topogra-
phic lows because the central portion of the Beek-
mantown Group is not adequately exposed. The
upper contact is placed at the top of the uppermost
limestone in the recurring limestone and dolomite
intervals and at the base of the overlying thick,
cherty dolomite sequence of the upper dolomite
unit.

Upper Dolomite Un'it

The upper dolomite is approximately 600 feet
thick east of the Staunton fault and is well exposed
on a farm on the east side of State Road 620 just
south of its intersection with State Road 718 (REF-
ERENCE LOCALITY 8). The unit is between 900
and 1000 feet thick along North River at Bridge-
water. As the thickness of the dolomite unit in-
creases westward, there is a corresponding, de-
crease in thickness of limestones in both the middle
limestone and dolomite and upper limestone and
dolomite units. This unit is similar to the lower
dolomite unit in both character and topographic
expression, but it is not as thick. It contains lam-
inated, horizontally burrowed, and massive to brec-
ciated dolomite with locally abundant, bedded and
nodular chert, and coarse-grained dolomite. Chert
beds range up to 4 feet in thickness and are locally
fossiliferous. This unit appears to thicken west-
ward, but because of incomplete exposure, no ac-
curate estimate of thickness could be made in the
area of the North Mountain thrust sheet. The
contact between the upper dolomite unit and the

upper limestone and dolomite unit is placed at the
base of the first limestone above the massive dol-
omite section.

[Jpper Limestone and Dolomite Un'it

The upper limestone and dolomite unit is well
exposed on a connecting road between State Roads
620 and 758 (REFERENCE LOCALITY 9). It is
approximately 400 feet thick and consists of fossil-
rich calcilutites, horizontally burrowed limestone,
and thin- to medium-bedded and laminated dolo-
mites (Figure 8). This unit is much like the middle
limestone and dolomite unit but with a higher
percentage of calcilutite and collapse breccia in the
dolomite (Figure 9). The unit thins westward to

Figure 8. Medium bedded, yellowish-gray weath-
ering, very light-gray dolomite of the upper lime-
stone and dolomite unit of the Beekmantown For-
mation 1.0 mile east of Melrose (Photo location
no. 5).

Figure 9. Collapse breccia with dolomite cement
filling interstices is common in the upper 100 feet
of the upper limestone and dolomite unit of the
Beekmantown Formation. This exposure is located
2.0 miles west of Park View (Photo location no.
6).
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and the middle limestone and dolomite unit is
placed at the bottom of the first limestone above
the thick siliceous dolomite section.

Midd,le Limestone and DoLomite Unit

The middle limestone and dolomite unit consists
of calcarenite interbedded with minor intraclastic
flat-pebble limestone conglomerate, burrowed
dark-gray calcilutite, and laminated light- to me-
dium-gray dolomite. Beds are from 2 to 5 feet thick
and lithologic boundaries are sharp except between
calcilutites and overlying laminated dolomites
where gradational boundaries are common.

The middle limestone and dolomite unit is ap-
proximately 550 feet thick southeast of the Staun-
ton fault, where it is well exposed on the farm on
the east side of State Road 620 just south of its
intersection with State Road 718 (REFERENCE
LOCALITY 7). The unit thins and becomes more
dolomitic westward in Rockingham County. In the
westernmost belt the unit is exposed only between
Round Hill and Mole Hill. Northeast of Mole Hill
the unit boundaries are based on general topogra-
phic lows because the central portion of the Beek-
mantown Group is not adequately exposed. The
upper contact is placed at the top of the uppermost
limestone in the recurring limestone and dolomite
intervals and at the base of the overlying thick,
cherty dolomite sequence of the upper dolomite
unit.

Upper Dolomite Uni,t

The upper dolomite is approximately 600 feet
thick east of the Staunton fault and is well exposed
on a farm on the east side of State Road 620 just
south of its intersection with State Road 718 (REF-
ERENCE LOCALITY 8). The unit is between 900
and 1000 feet thick along North River at Bridge-
water. As the thickness of the dolomite unit in-
creases westward, there is a corresponding, de-
crease in thickness of limestones in both the middle
limestone and dolomite and upper limestone and
dolomite units. This unit is similar to the lower
dolomite unit in both character and topographic
expression, but it is not as thick. It contains lam-
inated, horizontally burrowed, and massive to brec-
ciated dolomite with locally abundant, bedded and
nodular chert, and coarse-grained dolomite. Chert
beds range up to 4 feet in thickness and are locally
fossiliferous. This unit appears to thicken west-
ward, but because of incomplete exposure, no ac-
curate estimate of thickness could be made in the
area of the North Mountain thrust sheet. The
contact between the upper dolomite unit and the

upper limestone and dolomite unit is placed at the
base of the first limestone above the massive dol-
omite section.

Upper Limestone and Dolomite Unit

The upper limestone and dolomite unit is well
exposed on a connecting road between State Roads
620 and 758 (REFERENCE LOCALITY 9). It is
approximately 400 feet thick and consists of fossil-
rich calcilutites, horizontally burrowed limestone,
and thin- to medium-bedded and laminated dolo-
mites (Figure 8). This unit is much like the middle
limestone and dolomite unit but with a higher
percentage of calcilutite and collapse breccia in the
dolomite (Figure 9). The unit thins westward to

Figure 8. Medium bedded, yellowish-gray weath-
ering, very light-gray dolomite of the upper lime-
stone and dolomite unit of the Beekmantown For-
mation 1.0 mile east of Melrose (Photo location
no. 5).

Figure 9. Collapse breccia with dolomite cement
filling interstices is common in the upper 100 feet
of the upper limestone and dolomite unit of the
Beekmantown Formation. This exposure is located
2.0 miles west of Park View (Photo location no.
6).
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Figure 10. Micrite of the New Market Formation
with Maclarifes sp. left of hammer. Exposure is
1.5 miles north of Dayton (Photo location no. Z).

between 100 and 125 feet along the belt of outcrop
at Dayton (REFERENCE LOCALITY 10). The
upper limestone and dolomite unit unconformably
underlies the New Market Formation, and the base
of the New Market is placed at the top of the
uppermost dolomite bed.

New Market Limestone

The New Market Limestone, which is well ex-
posed in a belt from Cedar Grove Church (REF-
ERENCE LOCALITY 11) to the quarry 4b00 feet
to the northeast (REFERENCE LOCALITY t2),
consists of massive calcilutites (Figure 10) with
algal laminae and birds-eye structures. It ranges
from 150 to nearly 300 feet thick in the North
Mountain thrust sheet, where it is exposed on the
limbs of the Long Glade syncline and Linville Creek
anticline. The maximum thickness is in the belt
between the Betts Quarry immediately east of
Harrisonburg and State Road 724, 0.5 mile east
of Melrose. In this belt the lower one-third of the
calcilutite unit is argillaceous, and these argillace-
ous calcilutites continue below the uppermost dol-
omite bed that marks the top of the Beekmantown
Formation. Laterally along the belt, it appears that
the uppermost dolomite bed occurs higher in the
calcilutite sequence, and that the argillaceous cal-
cilutites thin laterally and interfinger with Beek-
mantown dolomites. This indicates that this abnor-
mal thickness of New Market calcilutites probably
results from a local facies change in the upper
limestone and dolomite unit of the Beekmantown
Formation. Maximum thickness of the New Market
Formation in the northwesternmost belt is approx-
imately 225 feet in the Bridgewater-Dayton area
and in the Parkview anticline (Edmundson, 1g4b).

In the Staunton thrust sheet the New Market
ranges between 80 and 125 feet in thickness along
the west flank of the Massanutten syncline (Ed-
mundson, 1945).

The contact between the Lincolnshire Formation
and the underlying New Market Formation is
placed at the base of the predominantly coarse-
grained, dark-gray limestone sequence. Black to
grayish-black nodular chert characteristic of the
Lincolnshire locally occurs below this boundary.
The boundary is gradational because of local in-
terfingering of calcilutite and calcarenite beds.

Lincolnshire Formation

The Lincolnshire Formation, as used in this
report, includes all limestones above the calcilutites
of the New Market Formation and below the dark-
gray calcareous shale that is the lowest member
of the overlying Edinburg Formation. The Lincoln-
shire is composed of cherty bioclastic calcarenite
and bryozoan boundstone (Figure 11) and is well
exposed above the New Market in the quarry
northeast of Cedar Grove Church (REFERENCE
LOCALITY 12). The formation ranges in thickness
from 15 feet to approximately 65 feet and tends
to form low linear sharp crested ridges because
of the chert content. The chert characteristic of the
Lincolnshire is generally black to grayish-black,
nodular, and follows bedding. Locally northwest
of Cedar Grove Church, a2- to 3-foot bed of dark-
gray, iron-oxide-stained chert, which was not seen
in other areas, lies near the top of the formation
and is exposed in a series of small anticlines.

Figure 11. Bryozoan boundstone with blaek chert
nodules of the Lincolnshire Formation exposed in
a quarry 2.2 miles northeast of Harrisonburg on
the east side of Interstate Highway 81 (Photo
location no. 8).
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Figure 10. Micrite of the New Market Formation
with Maclarites sp.left of hammer. Exposure is
1.5 miles north of Dayton (Photo location no. Z).

between 100 and 125 feet along the belt of outcrop
at Dayton (REFERENCE LOCALITY t0). The
upper limestone and dolomite unit unconformably
underlies the New Market Formation, and the base
of the New Market is placed at the top of the
uppermost dolomite bed.

New Market Limestone

The New Market Limestone, which is well ex-
posed in a belt from Cedar Grove Church (REF-
ERENCE LOCALITY 11) to the quarry 4b00 feet
to the northeast (REFERENCE LOCALITY 12),
consists of massive calcilutites (Figure l0) with
algal laminae and birds-eye structures. It ranges
from 150 to nearly 300 feet thick in the North
Mountain thrust sheet, where it is exposed on the
limbs of the Long Glade syncline and Linville Creek
anticline. The maximum thickness is in the belt
between the Betts Quarry immediately east of
Harrisonburg and State Road 724, 0.8 mile east
of Melrose. In this belt the lower one-third of the
calcilutite unit is argillaceous, and these argillace-
ous calcilutites continue below the uppermost dol-
omite bed that marks the top of the Beekmantown
Formation. Laterally along the belt, it appears that
the uppermost dolomite bed occurs higher in the
calcilutite sequence, and that the argillaceous cal-
cilutites thin laterally and interfinger with Beek-
mantown dolomites. This indicates that this abnor-
mal thickness of New Market calcilutites probably
results from a local facies change in the upper
limestone and dolomite unit of the Beekmantown
Formation. Maximum thickness of the New Market
Formation in the northwesternmost belt is approx-
imately 225 feet in the Bridgewater-Dayton area
and in the Parkview anticline (Edmundson, 194b).
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In the Staunton thrust sheet the New Market
ranges between 80 and 125 feet in thickness along
the west flank of the Massanutten syncline (Ed-
mundson, 1945).

The contact between the Lincolnshire Formation
and the underlying New Market Formation is
placed at the base of the predominantly coarse-
grained, dark-gray limestone sequence. Black to
grayish-black nodular chert characteristic of the
Lincolnshire locally occurs below this boundary.
The boundary is gradational because of local in-
terfingering of calcilutite and calcarenite beds.

Lincolnshire Formation

The Lincolnshire Formation, as used in this
report, includes all limestones above the calcilutites
of the New Market Formation and below the dark-
gray calcareous shale that is the lowest member
of the overlying Edinburg Formation. The Lincoln-
shire is composed of cherty bioclastic calcarenite
and bryozoan boundstone (Figure 11) and is well
exposed above the New Market in the quarry
northeast of Cedar Grove Church (REFERENCE
LOCALITY 12). The formation ranges in thickness
from 15 feet to approximately 65 feet and tends
to form low linear sharp crested ridges because
of the chert content. The chert characteristic of the
Lincolnshire is generally black to grayish-black,
nodular, and follows bedding. Locally northwest
of Cedar Grove Church, a2- to 3-foot bed of dark-
gray, iron-oxide-stained chert, which was not seen
in other areas, lies near the top of the formation
and is exposed in a series of small anticlines.

Figure 11. Bryozoan boundstone with black chert
nodules of the Lincolnshire Formation exposed in
a quarry 2.2 miles northeast of Harrisonburg on
the east side of Interstate Highway 81 (Photo
location no. 8).
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Figure 12. Black calcareous shale of the lower
member of the Edinburg Formation grading up-
ward into interbedded shale and limestone on the
Liberty Hall limestone member exposed in the
Chesapeake Western Railway cut 0.7 mile south-
west of Zirkle (Photo location no. 9).

Edinburg Formation

The Edinburg Formation has a lower thin cal-
careous shale member and a thick dark-gray cal-
cilutite member, herein referred to as the Liberty
Hall limestone member. The calcareous shale
member consists of very dark-gray, thin-bedded
calcareous shale with a few grayish-black, argil-
laceous thin to medium thick beds of limestone near
the top. It is 65 feet thick where it is exposed in
railway cuts southwest of Zirkle (Figure 12) (REF-
ERENCE LOCALITY 13). It is the lowest map-
pable Ordovician shale unit in the study area and
was deposited in a quiet-water environment at the
beginning of shelf subsidence in Middle Ordovician
time. The shales grade upward through inter-
bedded shales and dark-gray even-bedded lime-
stones into the grayish-black limestones of the
Liberty Hall. The upper contact of the calcareous
shale member is placed at the base of the lowest
massive calcilutite of the Liberty Hall limestone
member.

The Liberty Hall, which is best exposed west of
Interstate Highway 81, consists of thin to thick,
locally convolutely bedded dark-gray to grayish-
black calcilutites. It was deposited on a slope where
periodic slumping occurred. This is evidenced by
convolute bedding, chaotic intraclastic mud flow
conglomerates, massive beds devoid of bedding
features, and randomly oriented and unevenly dis-
tributed fossils and fossil fragments. A large part
of the formation consists of evenly bedded, fine-
grained, grayish-black limestone in which many
beds have graded bedding with laminated argil-
laceous tops. These features are well exposed in

Figure 13. Very dark-gray to black even-bedded
Liberty Hall limestone of the Edinburg Formation
in the Frazier Quarry west of Harrisonburg 2000
feet north of U.S. Highway (Photo location no. 10).

Figure 14. Zones of chaotic bedding and dispersed
and unsorted intraformational limestone clasts
within the even-bedded limestone of the Liberty
Hall indicate intermittent down-slope movement
of partially consolidated lime muds and now form
olistostromes within the Edinburg Formation. Ex-
posure is from east side of U.S. Highway 11, 2.0
miles southwest of Harrisonburg city limits (Photo
location no. 11).

the Frazier quarry immediately west of Harrison-
bure (Figure 13) (REFERENCE LOCALITY 14).
Locally, zones of soft-sediment deformation (Figure
14) can be traced for several hundred feet within
the predominantly planar bedded calcilutites of the
Liberty Hall. Accurate measurements of the Lib-
erty Hall are difficult to obtain because of the
presence of both tectonic and extensive soft sed-
iment deformation. The thickness of the unit ranges
between 1100 and 1400 feet. The Liberty Hall
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Figure 12. Black calcareous shale of the lower
member of the Edinburg Formation grading up-
ward into interbedded shale and limestone on the
Liberty Hall limestone member exposed in the
Chesapeake Western Railway cut 0.7 mile south-
west of Zirkle (Photo location no. 9).

Edinburg Formation

The Edinburg Formation has a lower thin cal-
careous shale member and a thick dark-gray cal-
cilutite member, herein referred to as the Liberty
Hall limestone member. The calcareous shale
member consists of very dark-gray, thin-bedded
calcareous shale with a few grayish-black, argil-
laceous thin to medium thick beds of limestone near
the top. It is 65 feet thick where it is exposed in
railway cuts southwest of Zirkle (Figure 12) (REF-
ERENCE LOCALITY 13). It is the lowest map-
pable Ordovician shale unit in the study area and
was deposited in a quiet-water environment at the
beginning of shelf subsidence in Middle Ordovician
time. The shales grade upward through inter-
bedded shales and dark-gray even-bedded lime-
stones into the grayish-black limestones of the
Liberty Hall. The upper contact of the calcareous
shale member is placed at the base of the lowest
massive calcilutite of the Liberty Hall limestone
member.

The Liberty Hall, which is best exposed west of
Interstate Highway 81, consists of thin to thick,
locally convolutely bedded dark-gray to grayish-
black calcilutites. It was deposited on a slope where
periodic slumping occurred. This is evidenced by
convolute bedding, chaotic intraclastic mud flow
conglomerates, massive beds devoid of bedding
features, and randomly oriented and unevenly dis-
tributed fossils and fossil fragments. A large part
of the formation consists of evenly bedded, fine-
grained, grayish-black limestone in which many
beds have graded bedding with laminated argil-
laceous tops. These features are well exposed in

Figure 13. Very dark-gray to black even-bedded
Liberty Hall limestone of the Edinburg Formation
in the Frazier Quarry west of Harrisonburg 2000
feet north of U.S. Highway (Photo location no. 10).

Figure 14. Zones ofchaotic bedding and dispersed
and unsorted intraformational limestone clasts
within the even-bedded limestone of the Liberty
Hall indicate intermittent down-slope movement
of partially consolidated lime muds and now form
olistostromes within the Edinburg Formation. Ex-
posure is from east side of U.S. Highway 11,2.0
miles southwest of Harrisonburg city limits (Photo
location no. 11).

the Frazier quarry immediately west of Harrison-
burg (Figure 13) (REFERENCE LOCALITY 14).
Locally, zones of soft-sediment deformation (Figure
14) can be traced for several hundred feet within
the predominantly planar bedded calcilutites of the
Liberty Hall. Accurate measurements of the Lib-
erty Hall are difficult to obtain because of the
presence of both tectonic and extensive soft sed-
iment deformation. The thickness of the unit ranges
between 1100 and 1400 feet. The Liberty Hall
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limestone member grades upward into the Oranda
Formation and the contact with the Oranda is
placed at the top of the uppermost calcilutite of
the Liberty Hall.

Oranda Formation

The Oranda Formation is a cobbly weathering,
medium-bedded, nodular grayish-black calcisiltite
with calcareous shale partings between beds and
around the lenticular or oblate limestone masses
that comprise the beds (Figure 15). This unit is
approximately 30 feet thick in Harrisonburg (REF-
ERENCE LOCALITY 15). The Oranda grades
abruptly upwards into the grayish-black slates of
the Martinsburg Formation. In the belts west of
Harrisonburg, this boundary is marked by a thin
metabentonite underlain by a 1- to 3-foot zone of
silicified, grayish-black limestone, one of several
metabentonites present in the Edinburg Forma-
tion.

Martinsburg Formation

The Martinsburg Formation is,intergradational,
having three mappable lithofacies, a calcareous
slate, an argillite, and a sandstone member. The
lowest unit, the calcareous slate member,,is well
exposed on U. S. Highway 33 west of Penn Laird,
where it is approximately 100 feet thick (REFER-
ENCE LOCALITY 16). It consists of a very fine-
grained, grayish-black, calcareous, graptolitic
slate. West of Harrisonburg, in the Long Glade
syncline, the calcareous slate member and the

Figure 15. Cobbly weathering, nodular bedded
Oranda limestone overlying the Edinburg Forma-
tion contains a silicified zone and metabentonite
bed near the top. Exposure is 2000 feet north of
the Pleasant Valley Interchange with Interstate
Highway 81 (Photo location no. 12).
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argillite member cannot be recognized. The basal
Martinsburg contains components of each, such as
calcareous slate, thin interbeds of very dark-gray
calcilutite and argillite and thin beds of dark-gray
calcarenite with abundant shell material. The cal-
careous slate member east of the Staunton fault
grades upward into the argillite member.

The argillite member is best exposed in hollows
on the west flank of Massanutten Mountain and
along Cub Run southeast of Penn Laird (REFER-
ENCE LOCALITY 17). The argillite member is
a sequence of laminated and thin-bedded, calcare-
ous argillite with graded bedding and convolute
folds, interbedded with grayish-black calcareous
slate. This deposit has been interpreted as flysch,
with influx of both calcareous and terrigenous
sediments deposited from turbidity flows. The sour-
ces were respectively on the northwest and south-
east sides of the basin (McBride, 1962). The argillite
member grades upward into the sandstone
member.

The sandstone member is best exposed in hollows
on the west flank of Massanutten Mountain and
along Cub Run east of Penn Laird (REFERENCE
LOCALITY 18). It contains thick- to thin-bedded
lithic sandstones, with graded bedding, flute casts,
groove casts, and load casts and is interbedded with
thin beds of calcareous argillite and black shale.
The complementary upward decrease in calcareous
beds indicates that the carbonate shelf niigrated
to the west as siliciclastic material from highland
areas to the south and east dominated basin sed-
imentation. Both the argillite and sandstone
members have been folded, and accurate thick-
nesses could not be obtained. Northeast of the
Harrisonburg quadrangle near Endless Caverns,
outside of the area of study (Tenth Legion quad-
rangle), there is a maximum thickness of between
2500 and 3000 feet of Martinsburg Formation, with
the sandstone member making up approximately
two-thirds of the thickness.

SrlunreN Sysrru
Massanutten Sandstone

The contact of the Martinsburg Formation with
the overlying Massanutten Sandstone (exposed in
Harshberger Gap in Elkton West quadrangle) is
gradational and is placed at the base of the first
thick-bedded, medium-gray, quartz sandstone. The
basal Massanutten Sandstone is a gray, cross-
laminated qttartz sandstone with local lenses of
polymictic (shale, chert, and quartz-pebble) con-
glomerate. The sandstone is stained yellowish
brown by ironoxide. The sandstone grades upward
into fine-to medium-grained, light-gray to white,



8 VIRGINIA DIVISION OF

limestone member grades upward into the Oranda
Formation and the contact with the Oranda is
placed at the top of the uppermost calcilutite of
the Liberty Hall.

Oranda Formation

The Oranda Formation is a cobbly weathering,
medium-bedded, nodular grayish-black calcisiltite
with calcareous shale partings between beds and
around the lenticular or oblate limestone masses
that comprise the beds (Figure 1b). This unit is
approximately 30 feet thick in Harrisonburg (REF-
ERENCE LOCALITY 1b). The Oranda grades
abruptly upwards into the grayish-black slates of
the Martinsburg Formation. In the belts west of
Harrisonburg, this boundary is marked by a thin
metabentonite underlain by a 1- to B-foot zone of
silicified, grayish-black limestone, one of several
metabentonites present in the EdinburE Forma-
tion.

Martinsburg Formation

The Martinsburg Formation is intergradational,
having three mappable lithofacies, a calcareous
slate, an argillite, and a sandstone member. The
lowest unit, the calcareous slate member,,is well
exposed on U. S. Highway 33 west of Penn Laird,
where it is approximately 100 feet thick (REFER-
ENCE LOCALITY 16). It consists of a very fine-
grained, grayish-black, calcareous, graptolitic
slate. West of Harrisonburg, in the Long Glade
syncline, the calcareous slate member and the

Figure 15. Cobbly weathering, nodular bedded
Oranda limestone overlying the Edinburg Forma-
tion contains a silicified zone and metabentonite
bed near the top. Exposure is 2000 feet north of
the Pleasant Valley Interchange with Interstate
Highway 81 (Photo location no. 12).
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argillite member cannot be recognized. The basal
Martinsburg contains components of each, such as
calcareous slate, thin interbeds of very dark-gray
calcilutite and argillite and thin beds of dark-gray
calcarenite with abundant shell material. The cal-
careous slate member east of the Staunton fault
grades upward into the argillite member.

The argillite member is best exposed in hollows
on the west flank of Massanutten Mountain and
along Cub Run southeast of Penn Laird (REFER-
ENCE LOCALITY 17). The argillite member is
a sequence of laminated and thin-bedded, calcare-
ous argillite with graded bedding and convolute
folds, interbedded with grayish-black calcareous
slate. This deposit has been interpreted as flysch,
with influx of both calcareous and terrigenous
sediments deposited from turbidity flows. The sour-
ces were respectively on the northwest and south-
east sides of the basin (McBride, 1962). The argillite
member grades upward into the sandstone
member.

The sandstone member is best exposed in hollows
on the west flank of Massanutten Mountain and
along Cub Run east of Penn Laird (REFERENCE
LOCALITY 18). It contains thick- to thin-bedded
lithic sandstones, with graded bedding, flute casts,
groove casts, and load casts and is interbedded with
thin beds of calcareous argillite and black shale.
The complementary upward decrease in calcareous
beds indicates that the carbonate shelf migrated
to the west as siliciclastic material from highland
areas to the south and east dominated basin sed-
imentation. Both the argillite and sandstone
members have been folded, and accurate thick-
nesses could not be obtained. Northeast of the
Harrisonburg quadrangle near Endless Caverns,
outside of the area of study (Tenth Legion quad-
rangle), there is a maximum thickness of between
2500 and 3000 feet of Martinsburg Formation, with
the sandstone member making up approximately
two-thirds of the thickness.

Srr,uRraN Sysrpu
Massanutten Sandstone

The contact of the Martinsburg Formation with
the overlying Massanutten Sandstone (exposed in
Harshberger Gap in Elkton West quadrangle) is
gradational and is placed at the base of the first
thick-bedded, medium-gray, quartz sandstone. The
basal Massanutten Sandstone is a gray, cross-
laminated quartz sandstone with local lenses of
polymictic (shale, chert, and quartz-pebble) con-
glomerate. The sandstone is stained yellowish
brown by ironoxide. The sandstone grades upward
into fine-to medium-grained, light-gray to white,



PUBLICATION 60

loeally porcelaneous orthoquartzite. There are one
or two thick beds of dusky-red, fine-grained, fer-
ruginous sandstone in the upper 100 feet of the
Massanutten. The Massanutten Sandstone is ap-
proximately 850 feet thick in Harshberger Gap,
which is on the east side of the Kettle and outside
the area of study. There is no completely exposed
section in the area mapped.

The basal conglomeratic sediments of the Mas-
sanutten sandstone probably were deposited in a
littoral environment that developed after the Mar-
tinsburg basin filled. The orthoquartzites represent
beach and bar deposits with minor intertonguing
of ferruginous sandstone deposited in a restricted
Iagoonal environmenl. These orthoquartzites are
thought to be laterally equivalent, in part, to near
shore bar and beach deposits of the Tuscarora and
Keefer formations to the west. The top of the
Massanutten Sandstone is placed at the base of the
first red and green shales of the Bloomsburg For-
mation.

Bloomsburg Formation

The red and green siltstones and minor interbeds
of fine-grained, white to yellowish-gray sandstone
of the Bloomsburg Formation are best exposed in
the Kettle (Massanutten Mountain) behind the
southeastern water tank of the condominium de-
velopment (REFERENCE LOCALITY 19). The
rock unit is not fully exposed in or near the map
atea.

Upper Silurian Through Middle
Devonian Rock Units (Undivided)

Rock units above the Bloomsburg Formation are
entirely covered by debris fans of Massanutten
Sandstone in the Massanutten Mountain area. They
may include 150 to 200 feet of limestone and
interbedded calcareous sandstone and chert of the
Wills Creek Formation, Keyser Formation, Helder-
berg Group, and/or Ridgeley Sandstone (upper
Silurian through lower Devonian limestones and
sandstones) that are present in the northern end
of the Massanutten synclinorium (Rader and Biggs,
1976). The presence of a concealed carbonate rock
unit above the Bloomsburg is strongly suggested
by a persistent covered interval between the
Bloomsburg and the Middle Devonian shales and
by quartzite ledges and blocks apparently chaot-
ically reoriented by slumping or collapse into so-
lution cavities. These slumped ledges and blocks
are adjacent to or overlie the stratigraphic interval
thought to include the Upper Silurian and Lower
Devonian carbonate units along the vertical west

limb of the synclinorium northeast of The Kettle.
Several hundred feet of grayish-black shale, dark-
green siltstone and sandy siltstone of the Needmore
Formation, Marcellus Shale, and the intervening
Tioga metabentonite are present in The Kettle just
northeast the area mapped.

In the extreme northwest part of the area the
North Mountain fault separates the Elbrook For-
mation (hanging wall) from grayish-black shales
(footwall) of the Middle Devonian Millboro Forma-
tion. The shales are exposed just northeast of the
area mapped.

Tnusstc Svsrnu
Diabase Dikes

Several near-vertical, diabase dikes transect the
Shenandoah Lake and Harrisonburg areas in a
north-northwest direction. The dikes occur near the
northern end of a regionally extensiye en echelon,
diabase dike swarm. This swarm is several'miles
wide and more than 75 miles long extending north-
ward atleastfrom theJames River near BentCreek
in Appomattox County to Little North Mountain
in Rockingham County. The dikes are generally
less than 20 feet wide in Rockingham County; dikes
are difficult to measure as exposures are rare and
usually incomplete. The diabase is medium to fine
grained, dark greenish gray to dark gray and
weathers to round, yellowish-brown boulders that
mark the trace of the dikes (Figure 16).

Figure 16. Very coarse-grained cystalline dolomite
vein-like mass that appears to be closely associated
with a diabase dike that is exposed beside the
Interstate Highway 81 bridge over State Road 9?4
at the eastern city limits of Harrisonburg (Photo
location no. 13).
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locally porcelaneous orthoquartzite. There are one
or two thick beds of dusky-red, fine-grained, fer-
ruginous sandstone in the upper 100 feet of the
Massanutten. The Massanutten Sandstone is ap-
proximately 850 feet thick in Harshberger Gap,
which is on the east side of the Kettle and outside
the area of study. There is no completely exposed
section in the area mapped.

The basal conglomeratic sediments of the Mas-
sanutten sandstone probably were deposited in a
littoral environment that developed after the Mar-
tinsburg basin filled. The orthoquartzites represent
beach and bar deposits with minor intertonguing
of ferruginous sandstone deposited in a restricted
Iagoonal environment. These orthoquartzites are
thought to be laterally equivalent, in part, to near
shore bar and beach deposits of the Tuscarora and
Keefer formations to the west. The top of the
Massanutten Sandstone is placed at the base of the
first red and green shales of the Bloomsburg For-
mation.

Bloomsburg Formation

The red and green siltstones and minor interbeds
of fine-grained, white to yellowish-gray sandstone
of the Bloomsburg Formation are best exposed in
the Kettle (Massanutten Mountain) behind the
southeastern water tank of the condominium de-
velopment (REFERENCE LOCALITY 19). The
rock unit is not fully exposed in or near the map
atea.

Upper Silurian Through Middle
Devonian Rock Units (Undivided)

Rock units above the Bloomsburg Formation are
entirely covered by debris fans of Massanutten
Sandstone in the Massanutten Mountain area. They
may include 150 to 200 feet of limestone and
interbedded calcareous sandstone and chert of the
Wills Creek Formation, Keyser Formation, Helder-
berg Group, and/or Ridgeley Sandstone (upper
Silurian through lower Devonian limestones and
sandstones) that are present in the northern end
of the Massanutten synclinorium (Rader and Biggs,
1976). The presence of a concealed carbonate rock
unit above the Bloomsburg is strongly suggested
by a persistent covered interval between the
Bloomsburg and the Middle Devonian shales and
by quartzite ledges and blocks apparently chaot-
ically reoriented by slumping or collapse into so-
lution cavities. These slumped ledges and blocks
are adjacent to or overlie the stratigraphic interval
thought to include the Upper Silurian and Lower
Devonian carbonate units along the vertical west

limb of the synclinorium northeast of The Kettle.
Several hundred feet of grayish-black shale, dark-
green siltstone and sandy siltstone of the Needmore
Formation, Marcellus Shale, and the intervening
Tioga metabentonite are present in The Kettle just
northeast the area mapped.

In the extreme northwest part of the area the
North Mountain fault separates the Elbrook For-
mation (hanging wall) from grayish-black shales
(footwall) of the Middle Devonian Millboro Forma-
tion. The shales are exposed just northeast of the
area mapped.

Tnrlssrc Svsrpvr
Diabase Dikes

Several near-vertical, diabase dikes transect the
Shenandoah Lake and Harrisonburg areas in a
north-northwest direction. The dikes occur near the
northern end of a regionally extensive en echelon,
diabase dike swarm. This swarm is several miles
wide and more than 75 miles long extending north-
ward at least from the James River near Bent Creek
in Appomattox County to Little North Mountain
in Rockingham County. The dikes are generally
less than 20 feet wide in Rockingham County; dikes
are difficult to measure as exposures are rare and
usually incomplete. The diabase is medium to fine
grained, dark greenish gray to dark gray and
weathers to round, yellowish-brown boulders that
mark the trace of the dikes (Figure 16).

Figure 16. Very coarse-grained cystalline dolomite
vein-like mass that appears to be closely associated
with a diabase dike that is exposed beside the
Interstate Highway 81 bridge over State Road 974
at the eastern city limits of Harrisonburg (Photo
location no. 13).
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The diabase is comprised of labradorite and
augite with minor amounts of olivine and biotite
and traces of chlorite. The dikes are considered to
be Late Triassie or Early Jurassic in age. They
clearly postdate Paleozoic deformation, because
they cut across Appalachian tectonic structures but
are not themselves deformed.

Tpnrnny Sysrnu
Volcanic Pipes

Mole Hill, a prominent conical hill about 5 miles
west of Harrisonburg, is composed of basalt. The
basalt occupies a volcanic pipe that is the largest
of four voleanic pipes in western Virginia. The crest
of Mole Hill is covered by a resistant cap of basalt
blocks and debris derived from the weathering of
the olivine basalt bedroek that was emplaced dur-
ing Eocene time (Wampler, 1975). The polygonally
shaped outline of many of the bloeks indicates that
the basalt has pervasive eolumnar jointing. The
contact between the basalt and the rocks of the
surrounding Beekmantown Group is not exposed
but probably lies along the major change in slope
near the 1,700-foot contour below whieh blocks of
Beekmantown chert are locally mixed with the
basalt debris. The basalt at Mole Hill is dark
greenish-gray to grayish-blaek, medium grained
and moderately porphyritic. It is an olivine-spinel
basalt with abundant large pale green pyroxene
and minor yellow-brown olivine phenocrysts; the
spinel has been identified as hercynite (Johnson and
others, 1971).

A second volcanic pipe (Eocene?) filled with a
breccia composed of limestone and dolomite frag-
ments in a matrix of unidentified porphyritic ig-
neous rock lies 3 miles north of Mole Hill and 0.75
mile southeast of Mount Clinton (Johnson and oth-
ers, 1971). Deep weathering and very poor exposure
preclude a detailed study of the breecia.

QuernnxaRY SYSTEM

The surficial deposits are grouped into five cate-
gories: (1) disseeted high-level terraee and alluvial-
fan deposits situated above present maximum flood
level; (2) sandstone/quartzite talus and slide blocks
on and at the base of steep slopes on Massanutten
Mountain; (3) upland alluvium in the floodplains
of steep gradient streams on the flanks of Massa-
nutten Mountain;(4) lowland alluvium in the flood-
plains of streams flowing aeross the valley floor;
and (5) soil-forming residual and colluvial material
developed from weathering of bedrock and which

have not been subjected to significant alluvial
processes. The residual and colluvial material is
not shown on the Plate but is present where there
are no alluvial or talus deposits or modified land.
The residual material is generally well developed
on limestones and dolomites having high silica
(chert or sand) content.

Terrace and Alluvial-fan Deposits

There are terrace deposits locally along North
River, Dry River, and War Branch in the western
part of the area. The deposits are relics of older
alluvial valley fill that have escaped erosion. They
are deeply weathered and dissected deposits of silt,
sand, gravel, and loeally, boulders. Commonly, a
boulder veneer is preserved at relict terrace sites
and on slopes below these sites.

Dissected alluvial fans, present on much of Mas-
sanutten Mountain, are largely deposits of sand-
stone and quartzite debris from the Massanutten
Sandstone. These deposits are present on inter-
fluves on the upper part of the mountain and
coalesce with upland alluvium near the base of the
mountain. The fan deposits probably were em-
placed by a combination of alluvial and colluvial
processes. They are composed largely of rounded
sandstone or quartzite cobbles, gravel, and sand
and are up to 6 feet thick, locally. Cobble and gravel
debris on slopes below the dissected edge of the
alluvial fans are difficult to separate from the fans
for mapping purposes and are included with the
fans on the Plate. These deposits are commonly less
than I foot thick and uneonsolidated. In effeet, the
deposits are talus deposits derived from the eroding
edge of the poorly eonsolidated alluvial fans.

Talus and Slide Bloeks

Talus, sheet-like deposits of angular quartzite
and sandstone blocks, oecurs below the outcrops
of the Massanutten Sandstone on the slopes of
Massanutten Mountain. The talus is unconsolidated
and loeally more than 15 feet thick in hollows;
generally the thickness is that of a single layer 0f
blocks on ridge slopes.

On the southeast slope of Massanutten Mountain,
a single block of Massanutten Sandstone (about 0.2
mile southeast of REFERENCE LOCALITY 19)
that is approximately 1,1,00 feet long, 200 feet wide
and up to 50 feet high has moved down-slope 700
feet from outcrop along the mountain crest. The
block is essentially unbroken and its long axis is
oriented parallel to the trend of the outcrop from
which it was derived. Large quartzite bloeks and
talus extend up-slope to the Massanutten outcrop
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from both ends of the block marking its trail on
the slope. There is a 60-foot depression in the
mountain crest that marks its original position.

Lowland Alluvium

Alluvial deposits along streams draining carbon-
ate rock terrane are categorized as lowland allu-
vium. These deposits are generally an upward
fining sequence that is less than 10 feet thick. They
are composed of unconsolidated fine sand, silt, and
minor clay, commonly with chert gravel at the base.
The coarser material may be absent along streams
draining only the rocks of the Edinburg Formation.

North River, Dry River, and War Branch lie on
Cambrian and Ordovician carbonate rocks north
and west of Bridgewater. The alluvial deposits
along these streams contain silt, sand, cobble, and
boulder material derived from the younger Silu-
rian, Devonian, and Mississippian elastic rocks.
Clastic roeks in the headwaters of Dry River and
North River are the source of the eoarse-grained
sediments in the two river valleys. The valley in
which Dry River flows is straight, steep walled and
filled from edge to edge with alluvium. The valley
floor is extensively farmed except where boulder
beds are at the surface. Abandoned stream chan-
nels in the alluvium may be seen on the topographie
map and on the aerial photographs. Water-well
drill euttings indicate that the lowland alluvial
material decreases in thickness from about 100 feet
in the extreme western part of the area to about
30 to 35 feet in the vicinity of Bridgewater.

Upland Alluvium

The stream valleys on the slopes of Massanutten
Mountain are partially filled with thin, unconsol-
idated deposits of sands, gravel, cobbles, and
boulders derived from the talus of the Massanutten
Sandstone. The alluvial deposits are wedge shaped
in eross section, thinning toward the valley walls
from a maximum thickness adjacentto the streams
of 3 feet or less. Locally, the upland alluvium
merges laterally with talus derived from alluvial
fan deposits on the interfluves.

Residual and Colluvial Soils

The residual and colluvial soils and underlying
residuum (weathered rock material) are not shown
on the geologic map but are althe surface through-
out the area except where removed by excavation
or erosion, where there is bedrock outcrop, or where
soils have not formed on talus deposits. Residual
soils and residuum vary locally in composition,

thickness, and stability. These factors are described
and considered under geologie and economic fac-
tors affeeting land modification (Appendix).

STRUCTURE

The Harrisonburg and Bridgewater quadrangle
areas lie within the Eastern Low-Angle Thrust
Structural Provinee of the Central Appalachians
(Milici, 1980) and mostly in the Staunton and North
Mountain thrust sheets. In the area mapped, the
Staunton thrust sheet is dominated by the Mas-
sanutten synclinorium and the North Mountain
thrust sheet is characterized by regionally exten-
sive anticlines, severat doubly plunging anticlines
of local extent and vertieal faults with small dis-
placements (Figure 17). .

MessaxulrEN SYNCLINoRIUM
Auo SteuNToN FAULT

In this area the Staunton fault outlines the north-
western edge of the Massanutten synclinorium,
which is structurally continuous eastward with the
Blue Ridge anticlinorium. The synclinorium
plunges northeastward at about 22 degrees in the
vicinity of Massanutten Peak; the plunge decreases
and reverses to the northeast and southwest of the
area. The synclinorium is compfi.sed of an unbroken
sequence of Cambrian (Elbrook Formation) to
lower middle Devonian. Small-scale folds having
amplitudes and wavelengths of a few tens to a few
hundred feet are visible in the argillite and the
sandstone members of the Martinsburg Folmation
on the west flank and along the axis of the structure.
Within the synelinorium, axial-plane cleavage is
well developed in shale and argillite beds of the
Edinburg and Martinsburg formations.

Rocks of the Elbrook and Conococheague forma-
tions of the Staunton thrust sheet (Massanutten
synclinorium and hangingwall) are separated from
the Beekmantown Group (North Mountain thrust
sheet and footwall) by the Staunton fault . Defor-
mation along the fault consists of minor zones of
breccia developed from the three rock units at or
within a few tens of feet of the fault trace. Locally,
north of Keezletown, a series of small-scale folds
have formed in the hanging wall. These folds trend
north 40" east and plunge at low angles and in-
tersect the north 30o east trending Staunton fault.
The folds may be drag folds developed normal to
the transport direction of the Staunton thrust sheet.
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Bridgewater quadrangle areas (central box) may have developed in response to space problems caused
by the simultaneous development of non-aligned, plunging anticlines northeast and southwest of the area.
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DRvroN Kltppott

The two Dayton klippen, which are part of the
Staunton thrust system, lie on the Martinsburg
Formation along the axis of the Long Glade syn-
cline, a major fold in the North Mountain thrust
sheet. The klippen consist of rocks from the Beek-
mantown Group and the New Market, Lincoln-
shire, and Edinburg formations. These rocks are
mostly overturned to the northwest and thinned
locally by faulting and tectonic attenuation. The
klippen may be remnants of the Staunton thrust
sheet or may be remnants of a horse block developed
in the Staunton fault zone, similar to the Burketown
horse block to the southwest (Gathright and others,
1978; Fara, 1971). The shales and interbedded
sandstones of the Martinsburg Formation imme-
diately west of the klippen are closely folded and
sheared as are the rocks west of the Burketown
horse block (Gathright and others, 1978). East of
the Dayton klippen very little deformation is ev-
ident in the footwall rocks, although cleavage is
better developed and tends to flatten upward
toward the base of the klippen. These relationships
suggest that the Staunton thrust system may have
had a "bulldozing" effect on the rocks of the Mar-
tinsburg Formation immediately west of the
klippen or the apparent leading edge of the fault
system, and that the deformed rocks of the Mar-
tinsburg may be partially detached from the less
deformed Martinsburg rocks in the footwall east
of and below the klippen.

Nonrs Mounutu Tsnusr Sunnr

The North Mountain thrust sheet is the leading
thrust sheet of the Eastern Low-Angle Thrust
Structural province. It extends from Pennsylvania
through central Virginia and appears to be related
to the Blue Ridge or Pulaski thrusts to the south-
west. This structure is bounded on the southeast
by the Staunton fault and on the northwest by the
North Mountain fault (Plate). The southeastern
portion of the thrust sheet contains a fault that is
generally subparallel to the Staunton fault. This
subparallel fault extends northeast to an area about
1 mile southwest of Interstate Highway 81, Inter-
change 65, where it overrides a smaller fault to
the west. Southwest of Massanetta Springs is a
doubly plunging anticline with the Stonehenge
Limestone exposed at its center. The anticline is
a fold in the slice or horse block that lies between
the two faults. The fold may be a segment of the
Middlebrook anticline (Rader, 1967) which appears
to be imbricated into an en echelon fold system
north of Mount Sidney.

The Elbrook Formation forms the hanging wall
of the North Mountain fault and is bedding parallel
to the fault. Rocks of the Lower Ordovician through
Lower Middle Devonian age lie in the footwall and
within the fault zone. They are present in slices
and horse blocks along the trace of the North
Mountain fault to the northeast and southwest of
the study area.

In the Harrisonburg area, the main portion of
the North Mountain thrust sheet is the site where
major folds from the northeast and southwest coa-
lesce within a series of minor north northeast and
east northeast trending folds and faults (Figure 17).
Regionally extensive anticlines plunge into major
synclines aligned along the same trend. For ex-
ample, the axis of the Iong Glade syneline is aligned
with the axis of Mayland anticline. This anticline
extends from near Bethany Church northeastward
beyond the study area.

Several doubly plunging arcuate folds of local
extent have developed adjacent to the coalesence
of the Long Glade syncline and the Mayland an-
ticline. These folds are either simple or complex.
Generally they have either more eastward or north-
ward trends than the regional folds. Near vertical
extension faults with small displacements, which
have the same trend as the northward trending
folds, are also present in the area of coalesence,
particularly northeast of Harrisonburg (Figure
18).

Regionally, the apparent progressive lateral
growth of two major fold systems toward one
another resulted in the development of small am-
plitude folds in the area of plunge overlap near
Harrisonburg. The structural shortening of large
amplitude folds to the northeast of Harrisonburg

Figure 18. Probable fault zone in Liberty Hall
limestone exposed in the Frazier Quarry just west
of the Harrisonburg city limits and 2000 feet north
of U.S. Highway 33 (Photo location no. 14).
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DlyroN KlrppoN
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a fold in the slice or horse block that lies between
the two faults. The fold may be a segment of the
Middlebrook anticline (Rader, 1967) which appears
to be imbricated into an en echelon fold system
north of Mount Sidney.

The Elbrook Formation forms the hanging wall
of the North Mountain fault and is bedding parallel
to the fault. Rocks of the Lower Ordovician through
Lower Middle Devonian age lie in the footwall and
within the fault zone. They are present in slices
and horse blocks along the trace of the North
Mountain fault to the northeast and southwest of
the study area.

In the Harrisonburg area, the main portion of
the North Mountain thrust sheet is the site where
major folds from the northeast and southwest coa-
lesce within a series of minor north northeast and
east northeast trending folds and faults (Figure 17).
Regionally extensive anticlines plunge into major
synclines aligned along the same trend. For ex-
ample, the axis of the Long Glade syncline is aligned
with the axis of Mayland anticline. This anticline
extends from near Bethany Church northeastward
beyond the study area.

Several doubly plunging arcuate folds of local
extent have developed adjacent to the coalesence
of the Long Glade syncline and the Mayland an-
ticline. These folds are either simple or complex.
Generally they have either more eastward or north-
ward trends than the regional folds. Near vertical
extension faults with small displacements, which
have the same trend as the northward trending
folds, are also present in the area of coalesence,
particularly northeast of Harrisonburg (Figure
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Regionally, the apparent progressive lateral
growth of two major fold systems toward one
another resulted in the development of small am-
plitude folds in the area of plunge overlap near
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amplitude folds to the northeast of Harrisonburg

Figure 18. Probable fault zone in Liberty Hall
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Figure 19. Conceptual structure section across Harrisonburg and Bridgewater quadrangles (Structure
Section A-A' extended westward, Plate ). The structure section depicts the authors' interpretation of
the struetures beneath the North Mountain thrust sheet and is based on exposures of the North Mountain
thrust foot-wall structures in Roekbridge, Augusta, Rockingham, and Shenandoah counties. These
exposures suggest that some folds were present in the footwall roek sequence prior to the emplacement
of the North Mountain sheet.
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(Mayland anticline flanked by two synclines) and
to the southwest (Long Glade syncline flanked by
two anticlines), is about the same as the shortening
created by the numerous small amplitude folds in
the area of coalesence. Areas adjacent to the North
Mountain sheet to the southeast and northwest lack
similar deformational characteristics which sug-
gests that the divergent fold and fault trends near
Harrisonburg are related to deformational stresses
confined to the North Mountain sheet.

The preservation of the Dayton Klippen in the
trough of the Iong Glade syncline is related to the
development of the Middlebrook anticline and as-
sociated structures after the emplacement of the
Staunton thrust sheet. This relationship is reflected
by similar structural eonditions to the southwest
(Rader, 1967; Gathright and others, 19?8). The
steep local dip of the Staunton fault can be ex-
plained by the eastward rotation of the fault plane
which occurred above the developing east limb of
the Middlebrook antieline after the emplacement
of the Staunton sheet (Figure 19).

ECONOMIC GEOLOGY

Limestone and dolomite underlie more than 80
percent of the Harrisonburg and Bridgewater quad-
rangles and comprise, or are associated with, the
major potential economic mineral deposits in the

area. Seleeted strata in the carbonate rock sequence
have provided the raw materials for road aggre-
gate, ag:ricultural lime, concrete aggregate, dimen-
sion stone, terrazzo, portland cement, flux stone,
and pellet lime. The carbonate rocks are potential
host rocks for lead and zinc mineralization. Lead
and zinc ores were mined northeast of the area
mapped in the Timberville Lead and Zinc District.
Residual elays developed from weathering of sil-
iceous dolomite have been used loeally for fill
material.

Shale and weathered shale in the Martinsburg
and Edinburg formations and residuum over the
Conococheague Formation have some potential for
structural clay products manufacture (Calver and
others, 1961; Sweet, in press). For a discussion of
limestone and dolomite uses and reserves, see Ed-
mundson, 1945.

LrmssroNn ANo Dolouttp

Interbedded, chert-free limestone and dolomite
from the Beekmantown Group were quarried at
three localities (abandoned quarry sites 4, 5, and
6) for road or conerete aggregate. The major pro-
duetion of aggregate was from the F. K. Betts, III
Quarry (inactive quarry site 6) on the eastern city
limits of Harrisonburg. Large reserves of chert-
free limestone and dolomite are recoverable north-
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east of the Betts quarry and in the belt of upper
Beekmantown limestone and dolomite east of Zir-
kle.

LrunstoNn

The major limestone aggregate production for
the Harrisonburg metropolitan area is eurrently
from The Frazier Quarry, Inc., Waterman Plant,
on the western city limits of Harrisonburg (active
quarry site 1) and from a newer quarry (North
Plant) site 6000 feet north of Zirkle. Both quarries
are in the Liberty Hall limestone member of the
Edinburg Formation, which is mainly medium,
even beds of grayish-black limestone with a few
zones of massive bedded, grayish-blaek limestone
that has well developed, soft sediment flow folds
and many calcite veins. There are extensive re-
serves of this rock unit in the area, but most are
in areas of future urban development. In the past,
the Jamison Blaek Marble Company (inaetive
quarry site 9) produced crushed stone and terrazzo
(Liberty Hall limestone) from their quarry at the
northern city limits of Harrisonburg.

At Zirkle, limestone from the New Market Lime-
stone and Beekmantown Group has been produced
from several quarries by the Mundy Lime and
Stone Company (inactive quarry site ll) for use as
agricultural lime and dimension stone. Nielson
Construction Co. Inc. also produced dimension
stone from a quarry in the New Market just east
of Zirkle (inactive quarry site 10). Dimension stone
has been produeed from a site in the Liberty Hall
limestone on Linville Creek northwest of Harrison-
burg (inaetive quarry site 2).

Htcu -C,tt cruM LIMESToNE

Limestone that contains more than 95 percent
ealcium carbonate is classified as high-calcium
limestone. High-calcium limestone is required for
many diverse industrial processes and is generally
in greater demand and of greater value than other
limestones or dolomites. The upper 50 feet of the
Beekmantown Group, the New Market Limestone,
and chert-free portions of the Lineolnshire Forma-
tion are locally high-calcium limestone. The thick-
est deposit of high-calcium limestone occurs north-
east of Betts quarry for a distance of about 2 miles
along the east slope of the first low ridge east of
Interstate Highway 81(Lowry, 195?). Road aggre-
gate for Interstate Highway 81 eonstruction was
taken from the New Market and Lincolnshire
formations in this ridge 4500 feet north of Cedar
Grove Chureh (inaetive quarry site 8).

The New Market Limestone to the north and west
of Harrisonburg approaehes 250 feet in thickness,
locally providing several potential quarry sites. It
has been quarried at Zirkle for dimension stone,
crushed stone, and lime. It has also been quarried
for road aggregate in eastern Harrisonburg (in-
active quarry site 7) and to the south at Pleasant
Valley (inactive quarry site 3).

Zrr.rc ANo Loen

The Harrisonburg and Bridgewater quadrangle
area lies along the southwest edge of the Timber-
ville mineral distriet where sphalerite, galena,
pyrite, ehalcopyrite, and greenockite mineraliza-
tion oceurs. This mineralization is confined mainly
to the upper 1000 feet of the Beekmantown Group
in the eoarse-grained dolomites, white dolomite
veins in limestone and dolomite, and white dolomite
cement in dolomite breccias. Zinc ore was produced
from mineralized dolomite breccias at the Timber-
ville and the Bowers-Campbell mines located ap-
proximately 16 miles north of Harrisonburg near
Timberville (Herbert and Young, 1956).

Zinc mineralization was found at several sites
on the north and east flanks of Mole Hill, on the
southwest side of the klippe at Oak Grove Chureh
fiust east of Dayton), and north west of Dayton along
Cooks Creek (Scherffius, 1969). Small sphalerite
crystals were found at Wiseland farm, about 1 mile
west of Zirkle. The prospects are in the middle
limestone and dolomite unit of the Beekmantown
Group, all less than 1000 feet below the base of
the New Market Limestone. Intermittentexplora-
tion for lead and zinc mineralization continues in
the area although no major discoveries have been
reported.

Ctlv MltnnIu,s

Shale from the argillite member of the Martins-
burg Formation southeast of Penn Laird was tested
and found to be a potential raw material for brick
and tile manufacture (Calver and Hamlin, 1961,
Sample R-377). Economic deposits of this material
may be present along Cub Run between Lairds
Knob and Massanutten Mountain and south of
Lairds Knob where alluvial fan deposits overlie the
argillite and calcareous shale members.

Testing of residual clay derived from the lower
member of the Conococheague near Trinity Church
in the northeastern part of the study area (Sample
R-8475, Sweet, in press) indicates marginal poten-
tial for structural clay products (e. g., building
brick at 1000'C). Significant tonnage of this ma-
terial is probably not available in the study area.
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SaNo Aul Gnavpl

Sand and gravel deposits occur in the flood plains
of Dry River and North River north of Bridgewater.
Floodplain deposits having economic potential
were not encountered during the field study.
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APPENDIX: GEOLOGIC FACTORS AFFECTING I"AND MODIFICATIONS.

t7

Land surfaees underlain by similar roek types
or having similar surficial deposits were evaluated
on the basis of bedroek lithology, residual over-
burden, slope stability, erodibility, response to ex-
cavation, and ground-water withdrawals. The lo-
cations of major sinkholes and areas of modified
land are shown on the Plate. Rock units or groups
of similar rock units coincide with land units in
which similar environmental and physical prop-
erties exist. However, as some of these rock units
vary laterally in lithology and structure and as
surficial deposits react differently to these varia-
tions, a DETAILED EVALUATION OF INDI-
VIDUAL SITES IS RECOMMENDED. The geo-
logic factors'iffecting land modification are shown

Table. Geologic formations of the Harrisonburg
economic factors affecting land modification.

in the Table with deseriptions of the geologic and
land units.

Data on forestry, regional planning, soils, and
water may be obtained from the following agencies
respectively: (l) Virginia Division of Forestry, P.
O. Box 3758, Charlottesville, Y A22903; (2) Central
Shenandoah Planning District Commission, P. O.
Box 1337, 119 West Frederiek Street, Staunton,
YA 24401; (3) Soil Conservation Service, U. S.
Department of Agrieulture, P. O. Box 10026, Rich-
mond, VA 23230; ( ) Sbte Water Control Board,
P. O. Box 268, Bridgewater, YA228l2;(5) Division
of Soil and Water Conservation, 203 Governor
Street Suite 206, Riehmond, VA232Lg.

and Bridgewater quadrangles and their geologic and

UNIT CHARACTERISTICS

Upland alluvium and talus deposits: Thin dis-
continuous deposits of sand, gravel, cobbles, and
boulders in narrow, steep-sided stream valleys and
deposits of angular quartzite bloeks on steep slopes.
Thickness generally less than 10 feet.

Lowland alluvium, terrace, and alluvial fan de-
posits: Flood plain deposits and dissected remnants
of higher level flood plain deposits comprised of
clay, silt, and sand with quartzite or chert gravel.
Thicknesses of up to 100 feet along major streams
over carbonate bedrock, generally less than 20 feet
along smaller streams. Well developed soils, locally
eobbly.

Basalt plug: Medium-gray weathering, very
dark-gray olivine basalt with large, pale-green
pyroxene phenocrysts; loose blocks suggest colum-
nar jointing.

Volcanic breecia pipe: Deeply weathered breccia
mass with fragments of porphyritic igneous roek
material mixed with weathered limestone and do-
lomite fragments.

GEOLOGIC AND ECONOMIC
FACTORS AFFECTING LAND

MODIFICATION

Rocky, steep land with little or no soil along high
gradient streams and below rock ledges. The sur-
ficial material is highly permeable and normally
wet along streams or drainageways. The upland
alluvium is subject to flash flooding and resulting
rapid erosion during heavy rain and is subject to
sloughing if excavated. Talus is generally under-
lain by clay-rieh, weathered sandstone and shale
residuum that is unstable and suseeptible to sliding
or down-slope creep if the deposits are exeavated.
These units are best suited for forest land.

Level land in the flood plain and level benches
or flats near streams but above flood level. Well
developed sandy to eobbly soils. Artificial cuts and
excavations are subjectto sloughing and creep, and
land is subject to subsidence or collapse where
deposits overlie cavernous limestone or dolomite.

Very steep roeky land, very difficult to excavate
and may be very sensitive to erosion if deforested.
Adjacent carbonate rock terrane is deeply wea-
thered because of protective cover of basalt
boulders on flanks of Mole Hill. Ground-water
potential is minimal and waste disposal could not
be safely accomplished.
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Diabase dikes: Dark greenish-gray to black di-
abase. Thickness: 1-30 feet.

Iower Middle Devonian rocks, undivided: May
include Ridgeley sandstone, Needmore Formation,
and Tioga metabentonite near base and does in-
clude Marcellus shale in upper part, not exposed
in map area (in cross section only).

Lower Devonian and Upper Silurian rocks, un-
divided: Probably ineluding limestones and eal-
careous sandstones of the Wills Creek, Tonoloway,
and Keyser formations and the Helderburg Group;
not exposed in or near map area. Thickness: less
than 200 feet (in cross section only).

Bloomsburg Formation: Red and green mottled
mudstone; red shale and, Skolithos-bearing, red
shaly sandstone. Thiekness: 400 feet.

Massanutten Sandstone: Massive white ortho-
quartzite; locally conglomeratic at base. Thiekness:
up to 850 feet.

Martinsburg Formation (Iong Glade and Lin-
ville Creek synclines): Dark-gray slate and inter-
bedded dark-gray, fine-grained, medium- to thin-
bedded, locally cobbly or nodular-bedded limestone
that is locally bioclastic and very fossiliferous.
Thickness: up to 1,000 feet.
.'Martinsburg Formation (Massanutten synclino-

rium): s, dark-green, fine- to medium-grained, me-
dium- to thick-bedded lithic sandstone with graded
bedding, flute casts, groove casts, load casts, and
rare chert and black-slate pebbles interbedded
with dark-gray, laminated, thin-bedded calcareous
argillite and black slate. Thickness: less than 2000
feet. a, dark-gray to grayish black, laminated to
thin-bedded calcareous argillite with graded bed-
ding and eonvolute folds interbedded with black
calcareous slate. Thickness: 500-1000 feet. c,
grayish black; very fine-grained, graptolitie, cal-
careous slate with a few beds of argillite. Thickness:

Dikes weather to large boulders and shallow red
clay soil and may be difficult to excavate.

Steep gravel and boulder covered forest land with
steep V-shaped valleys. Gravel and boulder ma-
terial very sensitive to sliding and sloughing where
excavations penetrate to bedroek on slopes. Build-
ing sites are good on gentle slopes away from
drainage ways. Locally shallow, gravelly soil im-
poses severe restrictions on type and loeation of
waste disposal sites. Water wells provide only small
yields from shallow to moderate depths. Springs
are eommon but ephemeral.

Very steep gravel and boulder covered forest land
with no bedrock exposures; probable extensive
boulder filled karst features. Unit presents severe
restrictions on any type of development because of
unstable bedrock conditions and probable high
solution permeability. Water-well data not avail-
able.

Very steep, largely gravel and boulder covered
forerst land. Gravel and boulder material very
sensitive to sliding and sloughing where excava-
tions penetrate to bedroek on steep slopes. Building
sites are good on gentle slopes but excavations
should not undercut dipping beds. Shallow, gra-
velly soil imposes severe restrictions on type and
location of waste disposal sites.

Very steep forest land with many cliffs and
ledges, locally boulder covered. Generally unsuited
for any development because of slope, very thin to
absent soil cover, poor ground-water potential and
slide or rock-fall potential.

s--gently rolling to very steep upland with steep,
V-shaped valleys along larger streams and rivers.
Relatively shallow, well-drained, sandy or shaly soil
on moderate to steep slopes. Erosion may be severe
on slopes greater than 10 percent because of thin
soil and rapid run-off of storm water. Artificial
cuts and excavations may be unstable where in-
clined bedding is undercut. Building sites are good
on gentle slopes. Construction restrictions are im-
posed on the type and location of waste-disposal
facilities in areas of shallow soil and rapid run-
off of storm water as on Massanutten Mountain.
Ground water for domestic or limited farm use is
generally available from wells less than 200 feet
deep in areas of rolling land. a and c--gently
rolling open land to steep forest land has shallow
soil and moderate to very steep slopes. Severe soil
erosion ean be expected on steep denuded slopes,
particularly where slate is predominant. Construc-
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100 feet. Total thickness of Martinsburg Formation
in Massanutten synelinorium may be as much as
3000 feet.

Edinburg and Oranda Formations: Oranda,
dark-gray to grayish black, fine.grained, nodular-
bedded limestone with shaly, undulatory bedding
partings; loeally fossiliferous. Thiekness: 30 feet.
(Liberty Hall), dark gray to grayish black, fine-
grained, thin to thick evenly bedded, turbiditic
limestone with local convolute bedding and a few
thin beds of blaek slate. Thickness: 400-1400 feet.
cs, black, very fine-grained, graptolitie calcareous
shale. Thickness: 65 feet.

Lineolnshire Formation: Dark-gray, medium- to
coarse-grained, bioclastic, fossiliferous, blaek
chert-bearing limestone with pink silty partings
and medium-gray, coarse-grained, bioelastic, fos-
siliferous, high-calcium limestone. Thickness: 15-
65 feet.

New Market Limestone: Lighl-gray- to light
olive-gray, thick-bedded, massive, micritic, high-
calcium limestone; loeally argillaeeous in lower
part. Thickness: 150-300 feet.

Beekmantown Group: (upper limestone and do-
lomite unit), light-gray, thin-bedded, ultrafine-
grained limestone interbedded with light-gray,
fine- to medium-grained, thick beds of laminated
dolomite and a few thin beds of medium-gray shale
and pink calcareous mudrock. Thickness: 100-400
feet. (upper dolomite unit), light-to dark-gray, fine-
to medium-grained, thick-bedded, laminated siliee-
ous dolomite interbedded with coarse-grained lo-
cally brecciated siliceous dolomite with beds and
nodules of grayish blaek to light-brown chert.
Thickness: 300-600 feet. (middle limestone and
dolomite unit), dark-gray, medium- to coarse-
grained, fossiliferous, bioelastic limestone with al-
gal structures, oolites, cross-lamination and flat-
pebble conglomerate interbedded with limestone
and dolomitic limestone with burrow structures,
silty ealcarenite, and laminated dolomite. Thick-
ness: 550 feet or less. (lower dolomite unit), massive,
dark-gray, coarse-grained, locally breceiated, si-
liceous dolomite with thin, dark-gray chert beds,
chert nodules, quartz veins and vugs lined with

tion restrictions are imposed on the type and lo-
cation of waste-disposal faeilities in areas of shallow
soil, rapid runoff of storrn water, clayey subsoil,
and solution ehannels in ealcareous rock. Shallow
excavations may require some blasting to remoye
resistant ledges. Artificial cuts and excavations
may be unstable where bedding or cleavage are
undercut. This land is suited for agriculture, par-
ticularly pasture. Water wells generally provide
small yields from depths less than 150 feet. Ground
water is moderatelyhard and maybe slightlfiacidic
or eontain excessive iron.

A low, gently rolling land surface with low,
discontinuous ridges has developed on limestone.
Chert-bearing limestones underlie higher linear
ridges. The soil is shallow, locally cobbly, and
subjeet to severe erosion as evidenced by large areas
of exposed limestone ledges. Construction restric-
tions are imposed on type and location of waste-
disposal facilities in areas of thin soil and solution
channels and caves in the bedrock. Occurrence of
bedrock pinnacles restricts all but very shallow
excavations. Ground-water availability is fair to'
poor, and the water may be very hard. :

Gently rolling land surface with a few low, round
hills and linear ridges formed over limestone and
dolomite and generally covered with deep, well-
drained soil. Appreciable soil creep and severe
erosion may oeeur in modified land areas on steep
slopes, whereas on gentle slopes the soils is gen-
erally stable. There is a great variation in thickness
of the soil over short distances; clay subsoil has a
moderately high shrink-swell potential. Back fil-
ling of foundation walls or barrier walls with soils
derived from carbonate rock terrain should be
avoided because of shrink-swell potential. Common
sinkhole and cave development, particularly in the
limestone units, necessitates restrietion of choice
in the type and location of waste-disposal faeilities
and other construction. Ground-water availability
is good to fair, and the water is generally hard.
The ground water in these carbonate rocks is
susceptible to eontamination from surfaee sources
where sinkholes are present or where the soil is
thin; contaminants introduced in to the sinkholes
may be transmitted for considerable distanees
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quartz crystals; interbedded with light- to dark-
gray, fine- to medium-grained, massive to lami-
nated siliceous dolomite. Thickness: 1400-2000 feet.
(Stonehenge Formation), dark-gray, fine-grained,
thick-bedded limestone interbedded with light-
gray, fine-grained, laminated dolomite in upper
part; dark-gray, ultrafine-grained limestone with
blaek chert nodules, undulose laminations, burrow
structures and flat pebble conglomerate in lower
part; and diseontinuous medium gray, coarse-
grained, thin wavy-bedded dolomite. Thickness: 0-
500 feet.

Conococheague Formation: (upper member),
dark-gray, fine-grained limestone with algal struc-
tures alternating with flat-pebble limestone con-
glomerate, thin-bedded limestone with siliceous
partingp, laminated limestone and thin to thick-
bedded, fine-grained, light-gray dolomite. Thin,
medium- to coarse-grained, (0 to 5 feet) yellowish
gray to pale yellowish brown, cross-laminated
quartz sandstone. Thiekness: 1500 feet. (lower
member), light- to medium-gray, fine- to medium-
grained, massive to laminated dolomite. Thiekness:
850 feet.

Elbrook Formation: (upper member), medium-
to dark-gray, grayish-orange on weathered surface,
fine- to medium-grained, medium- to thick-bedded,
massive or laminated dolomite locally interbedded
with thin, dark-gray, algal limestone conglomerate,
platy, light brown, dolomitic siltstone, and a few
thin sandstone beds. Thickness: 800-1050 feet.

through solution ehannels and fractures in the rock.
Roek ledges are exposed in most areas and locally
there is rockland (areas where ledges are less than
10 feet apart) on thick sequences of alternating
limestone and dolomite. Residual chert debris cov-
ers the rounded hills and lowlands underlain by
siliceous dolomite. The coarse chert debris limits
land use to forest land or to possible construction
sites where soils are deep. Deep residual, sandy
soil eommonly occurs on linear ridge crests and
slopes underlain by thin, calcareous sandstone beds.
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