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INTRODUCTION

Location and Accessibility

The area mapped by the writer (Fig. 1) is in central

Montgomery County, Virginia, and includes approximately the

· southern half of the 1965 U.S. Geological Survey 7.5-minute

Ironto, Virginia, and the northwest corner of the 1965

I 7.5-minute Pilot, Virginia, quadrangles. The area, which
comprises about 35 square miles, is bounded by meridians

80022'30" and 80Ol5'00" on the east and west respectively,

and approximately by the Salem fault trace on the north and

the Max Meadows fault trace on the south. The town of

Shawsville is along the eastern margin of the area, Mont-
_gomery Station is in the center, and the county seat of

Christiansburg is immediately west of the area.

Accessibility to the area is good to fair. The con-

. struction of the new Interstate Route 81 through the center
" of the area provides exposures of rocks in the relatively

inaccessible areas of the Pedlar Hills. U.S. Route ll has

a limited number of roadcuts, particularly between Shaws-

ville and Christiansburg. Of these the best exposures are
on Den Hill (Christiansburg Mountain). State roads 641,
603 and 637, along with the Norfolk and Western Railway

1
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right-of-way, various farm roads, power and_gas lines,

provide reasonable access to other areas.
l

‘Topography and Drainage

The map area lies within the Valley and Ridge physio-

pgraphic province. The highest elevation is 2,239 feet.

e Most ridge tops are above 2,000 feet. The lowest elevation,

1,300 feet, is along the North Fork of the Roanoke River.
( Maximum relief is nearly 1,000 feet. The topography of

the southern part of the area consists of linear ridges

developed on the Cambrian Rome shale with a typical local

relief of 300 feet. The northern half of the area has

steeper slopes with local relief typically 500 feet. The

maximum local relief is 800 feet at Mill Knob. Many of the

highest ridges are held up by Cambrian Copper Ridge Forma~ _

tion sandstones in the western part of the area, and Tus-

carora (?) Sandstone along the northern margin of the area.

The area is heavily wooded except where cleared for agri-

cultural and_grazing purposes. Karst topography is devel-

oped in the Cambrian dolomites in the north-central part

of the area. Drainage of the area is to either the North

or South Fork of the Roanoke River,

Previous Work

The area mapped by the writer is part of a larger area
' mapped by Campbell and Holden (1925), Woodward (1932) and
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by Butts (1933, 1940). Cooper (1961, 1963, 1964, 1968)

included parts of this area in maps accompanying his texts.
The southeastern end of the Salem synclinorium was mapped

by Eubank (1967); the northwest corner of the writer's

area overlaps Eubank's southern margin. The eastern margin

of the writer's area was mapped previously by Edwards

(1960). The Christiansburg area west of the writer's area

was mapped by Glass (1970), and the Blacksburg area to the

northwest, by Ritter (1969). Dietrich (1959) mapped the

leading edge of the Max Meadows thrust sheet along the
southern margin of the writer's area.



STRATIGRAPHY_

K ‘General Statement

The bedrock of the eastern Christiansburg window con-

sists of Paleozoic strata ranging in age from Early Cam-

brian to Devonian. North of the area are strata of Miss-
issippian age. Precambrian crystalline rocks lie south of

the area in the Blue Ridge Upland. The rocks of the

writer's area comprise several fault blocks. The Saltville
block is the structurally lowest member and is exposed in

the Christiansburg window through the Pulaski thrust sheet.

.Only Cambrian-Ordovician Knox formations, Cambrian Elbrook
· « Formation and Middle Ordovician limestones are exposed on

the Saltville block in the writer's area. To the west of
·the area, the Martinsburg Formation of the Saltville block

is exposed in smaller windows in the Pulaski thrust sheet

(Glass, 1970). The overlying Pulaski thrust sheet is pre-

dominantly Elbrook dolomite. Copper Ridge, Longview and

Chepultepec formations also occur on the Pulaski block.

· Locally, the Elbrook Formation has been heavily fractured

and brecciated. The stratigraphic bottom of the Elbrook

is not exposed on the Pulaski thrust sheet; the Max Meadows

thrust sheet overlaps it.

5
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The trace of the Salem fault separates the Middle and
Upper Paleozoic sediments of the Salem synclinorium
(Catawba block) from the Pulaski block to the south. The
southwestern margin of the exposed Salem synclinorium is
present in the writer's area north of the Salem fault,

Liberty Hall, Bays, Martinsburg, Tuscarora(?), Ridgeley,
Huntersville, Needmore and Millboro formations are exposed
in the writer's area. Younger Mississippian age strata are
exposed north of the writer's area, and older Knox forma-6

'tions are to the west. Previously the strata of the Salem

synclinorium have been interpreted structurally as either

parautochthonous Saltville block or as the frontal por-
tion of the Pulaski overthrust sheet.

The oldest formation of the mapped area is the Rome,

which forms the Max Meadows thrust block over the Pulaski

-block. Several Rome klippen are scattered over the

eastern half of the mapped area. The structural subdi-
visions of the map area are delineated in Figure 2.

Major disconfornities occur between the Lower Ordo-
_ vician Longview and Middle Ordovician limestones; between -

the Upper Ordovician Martinsburg and the Silurian Tusca-
rora(?); and between the Tuscarora(?) and the Lower

Devonian Ridgeley Sandstone, (Fig, 3),

The lithologies of the writer's area are predominant-
ly dolomitic carbonates with minor sandstones and shales.
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The Rome Formation is a red, green and yellow shale inter-

bedded with dolomite and minor limestone. The Elbrook

Formation is a dolomite with minor interbedded limestones
and cryptozoon structures. The Copper Ridge Formation

is a sandy and cherty dolomite, whereas the upper Knox
iormations are bedded cherts, silty dolomites and fossile
iferous limestones. The Middle Ordovician limestones are
a reefy facies characterized by abundant bryozoans. The
Liberty Hall Formation is a silty limestone that weathers
readily to tan colored,_shaly chips. The Martinsburg

Formation is an olive brown shale and siltstone with
minor fossiliferous limestone. The Silurian sandstones

are represented by a thin, clean orthoquartzite with
‘ eroded contacts at the base and top. It is probably

Tuscarora. The overlying Ridgeley is likewise a sand-
stone. The Huntersville Chert is below the brown shales
of the Needmore. The youngest formation of the writer's
area is the Millboro black shales. The exposed Paleozoic
stratigraphic section in the mapped area (Figure 2) is
about 8,500 feet thick.

The youngest deposits of the area are alluvium and
colluvium of Pleistocene—Recent age. Calcareous tufa is

currently being deposited in stream valleys cut in the
Cambrian carbonate strata.
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QAMQ§IAN_SYSTEM

Rome Formation

Introductigg
The Rome Formation is widely distributed in northwest

Georgia and northern Alabama, western North Carolina,

eastern Tennessee and southwestern Virginia. It is corre-
lated with the Watauga shale of Tennessee,_the Montevallo

and Choccoloccc shales of Alabama and the Waynesboro

Formation of the Central Appalachians. The earliest ref-

erences to the formation are by E. A. Smith (1890) for

exposures in the Cahaba Valley coal fields, and by C. W.

Hayes (1891) for exposures near Rome, Georgia. In south-

west Virginia the thickness of the Rome is about 2,000 feet

where complete exposures are known (Butts, 1940). Fossils '

from the Rome Formation in Virginia (McDowe1l, 1968) indi-

cate it to be uppermost Lower Cambrian, although Middle
_ Cambrian fossils have been reported (Butts, 1940).

Olenellus romensis is the trilobite diagnostic of the for-

mation. The Rome Formation underlies the Honaker Dolomite
V

in the middle belts of the Appalachian Valley, and under-

lies the Elbrook Formation along the southeast side of the

p Valley.
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Lithology

The Rome Formation is a heterogeneous assemblage of
siltstone, dolomite, limestonc and shale. The proportions

of these components differ_greatly from place to place.

The carbonates in the area mapped are dominantly light to

medium_gray, fine-grained, thin- to medium—bedded dolomite.
They appear to be less dolomitic than younger dolomites of m
the Pulaski block. Yellow, tan,_green and red shales and
siltstones are characteristic of the Rome Formation, but

the red shales appear to be diagnostic and distinguish the
Rome Formation from the younger shale-bearing carbonates.

6
The red shales, apparently, are relatively minor in volume
whai compared to the exposed quantity of carbonates south

”

° . of the Max Meadows fault trace. However, the klippen north
of the main trace are dominantly red shales. Consequ« tly,

‘
the defined areas of Rome klippen on the writer's map
(Pl, l) do not take into consideration possible unrecog-

nized Rome carbonates. The type section of the Elbrook

Formation (Stose, 1906) includes red as well as_green
shales. No carbonate formation other than Rome in the map

- area is recognized to have red shales (Lowry, 1970, personal

communication). Hence the writer has placed all carbonates
associated with red shale in the Rome Formation, but the

possibility remains that some, at least, may be younger
beds.
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Tectonic breccias of the Rome Formation occur along the
Max Meadows fault trace (Cooper and Haff,_l940). Their
structural relationships are discussed in detail later.
White chert seams and nodules are relatively common in the
carbonates south of the Max Meadows fault in the writer*s
area.

V

l Distribution
The Rome Formation occurs along the southern margin

of the area mapped, and constitutes the Max Meadows thrust

block. The formation is thrust onto the carbonates of the
Pulaski block, and in turn, is overridden on the south(east)
by the Lower Cambrian clastics and the crystalline rocks
of the Blue Ridge thrust sheet. .Consequently, the top and

bottom of the formation are not exposed because of the
fault contacts. In addition, the formation may be char-
acterized by beds repeated by folding and faulting. Widely
scattered, relatively small areas of Rome Formation are

concentrated in the eastern half of the mapped area.
These are interpreted either as klippen of the Max Meadows
block, or as masses in fault contact with the underside of
the Pulaski block. These structural relationships are
discussed in detail later.
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Elbrook Formation

Stose (1906) first designated the Elbrook Formation as
a middle member of his Shenandoah Group in the western
portion of South Mountain, Pennsylvania, and the adjacent
part of the Cumberland Valley. He noted the Elbrook For-

”
mation was above the Waynesboro Formation and below the
Knox Group, and assigned the formation a Middle-Upper Cam-
brian age. He described the unit as a massive, bluish-

_gray, magnesian limestone, with numerous thin layers and
nodules of chert and beds of shale. He noted that red and

_green shales are present in the middle of the formation
and that beds of sandy limestone occur higher in the sec-
tion. He_gives a possible thickness of 2,000 feet.
Resser (1938) corsidered the name Waynesboro invalid, as
it should correctly be called Rome. However, the name
Waynesboro is still used north of Roanoke, Virginia, where-
as Rome terminology is preferred to the south.

The Elbrook dolomite in southwestern Virginia and
northeastern Tennessee is somewhat different lithologically
from the type Elbrook. The use of the name, therefore,
may be inappropriate in this area. Historically (Butts,
1940 and Rodgers, 1953) applied the name Elbrook to the
dolomite sequence southeast of the Pulaski thrust fault
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that occupies the same stratigraphic position as the
Honaker and Nolichucky formations to the northwest. The
writer admits that the Elbrook of southwestern Virginia
does have subtle lithologic differences in the types of

shale, as well as relative amounts of limestone and dolo-
’ mite. However, these slight differences, in the writer's

opinion, do not constitute a mappable difference in con-

formity with the 1961 Code of Stratigraphic Nomenclature.

Facies Considerations 1

The Honaker Dolomite resembles the Elbrook Dolomite.
The Honaker is considered a facies equivalent of at least

the lower and also a larger part of the Elbrook (Butts,

1940). The.Honaker was restricted by Butts to the north-

west side of the Appalachian Valley, and the Elbrook to the

southeast. Similarly, the Honaker is easily recognized by
having overlying Nolichucky shale and limestone. The

Nolichucky pinches out to the southeast, and some Noli-

_ chucky equivalent horizons have been mapped with the upper
Elbrook (Butts, 1940 and Derby, 1966). The Elbrook can
locally be distinguished from the Honaker by having a con-

i

siderable amount of thin—bedded argillaceous limestone or

dolomite, as well as thin layers of nearly pure, light gray
‘ to white limestone. Similarly, the Copper Ridge Formationl

is on the northwestern side of the Appalachian Valley and
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_grades into its facies equivalent, the Conococheague, on
the southeast side. Typically, the Elbrook on the south-
east side of the Valley is overlain by Conococheague. The
Elbrook occupies the same stratigraphic position as the
Honaker and Nolichucky combined.

In the writer's area several belts of sandy and cherty
dolomites are defined as Copper Ridge on the basis of a
thick basal sandstone. According to B. N. Cooper (oral

_ communication, 1971) the Conococheague does not have a
similar thick sandstone at the base. The writer feels that
the Elbrook Formation of the area, considering even slight
lithologic Variations, is the same unit as those dolomites
conformably under the Copper Ridge Formation. The writer( _ cannot distinguish on a mappable basis the dolomites under
the Copper Ridge from those under the Conococheague ofr
Butts (1940).

Cooper (oral communication, 1971), Ritter (1969) and
Glass (1970) consider the Elbrook dolomite, as well as the
Honaker, to be defined on the basis of what units are above
and below. Therefore, based on external evidence, the

. Elbrook dolomite can occur only below the Conococheague
Formation.~ According to this view, those dolomites below
the Copper Ridge Formation cannot be Elbrook even though
they may be lithologically similar and equivalent in age.
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Possibly, the formation should be delineated on
internal lithologicygrounds,yregardless of future strati—

_graphic considerations. The same formation (i.e., Elbrook)
can therefore be conformably below different facies equiva-

lents. In accordance with this opinion, the writer uses

the name Elbrook Formation for those dolomites below the.
° basal Copper Ridge sandstone in his mapped area. He recog-

nizes the possibility that they may not be Elbrook in the
strictest sense, but they cannot be separated from such on

a mappable basis.

Lithology T
i

As is true in many places, the bottom of the Elbrook

Formation is not exposed within the area. The Elbrook is
in thrust fault contact with the Lower to Middle Cambrian
Rome Formation. The fault is the Max Meadows fault of

Cooper (1939). The upper boundary of the formation is de-
lineated at the base of the first thick sequence of Copper
Ridge sandstone. The Elbrook Formation consists of dark-
blue to light-gray, fine-grained, thin- to medium- and
minor thick-bedded dolomite. The dolomites predominate,

and most are dark gray. The minor limestones are fine-

_grained and dark blue. The Elbrook Formation contains some

beds of green and yellow—brown shales and siltstones, less

than 3 feet thick. The formation is not known to contain
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red shale characteristic of the type section of Stose
(1906). Red shales in the map area were considered Rome

Formation along fault contacts in view that the Elbrook

Formation in southwestern Virginia lacks red shales.
Locally in the area, however,_it is possible that some of

the smaller outcrops of red shale are in reality basal

Elbrook. Likewise, the sandy limestones of the type area

are not found in the area. Minor limonitic pink limestone
is present and associated with green shale. Nodular and

seam chert are very rare.

The Elbrook Formation of the area is a heterogeneous
assemblage of distinctive as well as nondescript dolomites.

Easily recognizable straticulate limestone—dolomite beds

associated with crytozoon algal colonies, as well as algal

structured limestones,_grade horizontally and vertically

into thicker bedded dolomites. Many of the thin-bedded
(

dolomites are laminated, and some are characterized by

penecontemporaneously formed intraformational clasts.
~

Locally, the dolomite shows mud cracks and ripple marks.

Calcite veins, usually set en echelon, are characteristic ·

of the formation within extensive shear zones in the eastern

half of the area.

The Elbrook exposed along Interstate 8l in the Pedlar
l Hills is characterized by intensive small—scale folding
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and faulting and associated localized breccias and crush
conglomerates. The writer notes that the eastern half of
the mapped area might be considered one large tectonic

breccia zone. He, however, limited the breccia symbols on

the geologic map (Pl, 1) to those areas where relatively
C small_granular fragments of dolomite were rotated within a

finergrained matrix. Many large blocks up to a couple of

hundred feet across may have been rotated, but are not

considered to be "breccia" per se, by the writer.-
Because of the locally faulted nature of the formation

no thickness can be measured. It, however, is recognized
to be about 1,000 feet thick.

_ Distribution
l The Elbrook covers about two-thirds of the area, and

_ constitutes the Pulaski and Pu1aski—Sa1em thrust blocks.
It is bounded on the north by the Salem fault, and on the

south by the Max Meadows fault. The formation surrounds
the Christiansburg window east of Christiansburg, Virginia.
It is in conformable contact with Copper Ridge beds north

of the window. The Elbrook dolomites constitute most of
~

the eastern half of the map area.

Copper Ridge Formation

The Copper Ridge Formation is the thickest and lower-
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most formation of the Knox Group. Stafford (1856) pro-

posed the name Copper Ridge for a sequence of limestone

and dolomite in Knox County, Tennessee. Ulrich (1911) pro-

posed the name Copper Ridge Chert for exposures on Copper

Ridge, Knox County. Ulrich uses the term Copper Ridge

dolomite, noting that little chert is shown in new road-”

· i cuts. Aronson extended the Copper Ridge Formation name

to similar carbonates in the Salem synclinorium, and Ritter
(1969) and Glass (1970) extended the usage of the name to

the Christiansburg area. In the map area the Copper Ridge

Formation is about 1,000 feet thick.
1 The age of the Copper Ridge Formation is Upper Cam-

brian (Butts, 1940). It is conformably below the Ordo-

vician Chepultepec and younger formations of the Knox Group.

It overlies the Elbrook Formation and equivalent facies
in the map area. The dolomitic Copper Ridge Formation and

the Conococheague Limestone are facies equivalents.

Fossils are rare, though cryptozoon algal colonies are

known. Ulrich (1911) reports the occurrence of the Cambrian

ä gtrilobiteä Syntrophia campbelli, as well as gastropods and
.cephalopods. _

Lithology

The Copper Ridge Formation is a light to medium_gray,

thin- to thick-bedded dolomite with sandstone and chert
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horizons. The basal unit of the Copper Ridge is a car-

bonate-cemented,_quartz—fe1dspar sandstone up to 30 feet

thick. The sandstone is locally silica cemented. Where

.unweathered, the sandstone is very competent, but most

outcrops show a friable, 1eached,'limonite-stained sand-
stone. The quartz content exceeds 90 per cent, with micro-

cline and orthoclase up to 7 per cent, and traces of

detrital chert, zircon, tourmaline and micas.— Sorting of

wel1—rounded, medium-grained sand is_generally moderate.

Cross-bedding is typical, and ripple marks occur locally.

A thinner, more competent sandstone horizon is

poorlyexposedat or near the top of the formation. Glass (1970)

mapped essentially basal and upper sandstone horizons in

the Copper Ridge. On the Saltville block, exposed in the

Christiansburg window, additional sandstone horizons „

appear to be evident in the section. Aronson(1966),Glass

(1970) and Derby (1966) recognized an oolitic strati-

_graphic horizon just above the basal sandstone. They note
‘ that this horizon is generally persistent in the Copper

Ridge elsewhere in Virginia. The writer accepts this as I
characteristic of the Copper Ridge Formation on the Pulaski

block in the map area, but has observed several oolite, as

well as sandstone, horizons throughout the entire section

in the Saltville block Copper Ridge exposed in the Chris-

tiansburg window. The oolite horizon in most places is
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silicified, The spherical oolites average one to two
millimeters in diameter,_and most have light interiors.

They may or may not have darker_gray rinds.

Glass (1970) and Aronson (1966) note horizons of

stromatolitic chert above the basal sandstone, but these
are not exposed, if present, in the map area. Aronson's

„“cauliflower" chert occurs near the middle and also in the
iupper parts of the formation.

Some of the dolomites of the Copper Ridge Formation

are arenaceous and locally silty. Silt layers form wavy

ribs on the weathered surface. The dolomites are typically

light to medium gray and thin to thickbedded.

. Distribution
l

The Copper Ridge Formation represents about two—thirds

. of the exposed Saltville block strata in the eastern margin

of the Christiansburg window. This strike belt is about

20,000 feet long and 3,000—4,000 feet wide in the map area.

The formation is bounded on the south and east by a narrow
margin of Elbrook dolomite, on the north by upper Knox

formations and on the east by the boundary of the map area.

Three belts of the Copper Ridge Formation extend roughly

east-west north of Interstate 81. They are bounded by the

Kettle Ridge, North Cambria, and Cambria faults (P1. l).

North of Den Creek, a fourth belt trends north and is
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terminated on the north end by the Salem fault. Copper
Ridge strata also form the crest of two ridges in the
eastern half of the map area. The first of these is a
2,000—foot diameter area of sandstone about 1,000 feet due

P east of Poplar Hollow, some 3,000 feet south of Route 11.
A small area of Copper Ridge sandstone also caps the peak ~

_ with the highest elevation in the northeast corner of the
map area (elev. 2,091 feet), 5,000 feet west of Clinkum
Hollow between the North Fork of the Roanoke Rive. and
Interstate 81.

Conococheague—1ike Facies of the Copper Ridge Formation

The Conococheague and Copper Ridge formations are
facies equivalents. The Upper Cambrian Conococheague ex-
tends from central—southern Pennsylvania and western Maryj
land to northwestern.Virginia and eastern Tennessee. It
was named for Conococheague Creek in Scotland, Franklin
County, Pennsylvania by Stose (1908). Cooper (1939) notes
that the formation unconformably overlies the Nolichucky
Formation and conformably underlies the Chepultepec For-
mation in the Marion, Virginia area. In eastern Tennessee,
it overlies the Maynardsville Limestone and underlies the
Chepultepec Formation (Oder, 1934). Cooper (1939)notesthat

the Conococheague underlies the Nittany Dolomite and
overlies the Elbrook Formation in the Draper Mountain area
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of southwestern Virginia. Butts (1940) states that in

Virginia the Conococheague Formation includes all strata

between the Elbrook dolomite or Nolichucky below and the

Chepultepec Formation above. Cooper (oral communication,

1970) stated that the Conococheague Formation does not

occur on the indigenous Saltville block as far southeast

as the Christiansburg window. This is because the Elbrook

or Nolichucky referred to by Butts as occurring below the

Conococheague Formation, is not the same facies as in the

type areas to the northwest.

The lithology in the map area is unlike that of typical

Copper Ridge Formation, and is closely similar to the

arenaceous Conocccheague. Therefore, the writer herein
refers to this outcrop zone as a Conococheague-like facies

of the Copper Ridge Formation. A petrographic study of

this facies is given in the Appendix.

Lithology

g In the type section, Stose (1906) characterized the

Conococheague as having thin sandy laminae and quartz

_grains, as well as two conglomeratic types. These are
(

conglomerates of well-rounded limestone pebbles and of ·

flat, tabular intraclasts comprising edgewise conglomerate.

The body of the formation in the type section is a closely
4

banded, dark blue limestone with bands from half an inch
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wide to paper-thin thicknesses. Stose gives a thickness

of about 1,600 feet,. Trilobites and trace fossils, as

well as cryptozoons, are noted near the base.

Butts (1940), Nicholas (1956), Cooper (1939) and

Aiken (1967) note that the Conococheague is characterized

by thin lenses of sandstone that are not laterally per-

sistent and instead grade in all directions into the
dolomite and limestone sequences. This is characteristic

( of the section in the writer's area and led Woodward (1932)

and Butts (1933) to map the section as Conococheague. The

edgewise conglomerates found in the type section are char-

acteristfc of this Conococheague-like facies in the map

area. The edgewise conglomerate is composed of elongate,
° _ tabular clastic fragments up to six inches across, but most

are two inches in diameter. They are oriented at various
‘

angles to the bedding, but overall are overlapped one upon

another. Cooper (1936) also describes these from the

Conococheague and notes that they are formed by the desic-

cation and mudcracking of the sediment on exposed tidal

flats. 7

. In the lower part of the section, as in the relations
described by Cooper (1939) and Stose (1908), there is a

3—foot thick horizon of oolitic limestone with associated

__fragments of trilobites. Butts (1933) describes the
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·tri1obite‘Tel1erina from this facies, but the writer's

specimens were too fragmental to distinguish the_genus.

"Distribution

The Conococheague-like facies of the Copper Ridge is
exposed for 4,000 feet in the steep_grade roadcut of U.S,

_ Route ll on Den Hill (Christiansburg Mountain). This sec-

tion belongs to the Saltville block exposed within the
eastern margin of the Christiansburg window. Due to poor

exposure, as well as facies changes, the horizontal extent

of this facies is not determinable, but is probably limited
to the Christiansburg anticlinorium.

6

. ORDOVICIAN SYSTEM

„Upper Knox Group Formations

On the Pulaski and Saltville blocks, the Knox forma-

tions above the Copper Ridge Formation were undifferen—
tiated. They were mapped as one unit because of very poor

exposure. Only Chepultepec and Longview strata were

recognized locally. Glass (1970) and Ritter (1969) mapped

the Mascot-Kingsport Formation west of the area.

Chepultepec Formation

The Chepultepec Formation conformably overlies the
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Copper Ridge.Formation and conformably underlios the Long-

.view.Formation. It was named by E. O. Ulrich (1911) for

exposures near Chepultepec, Blount County, Alabama. He

described it as a white to gray chert. The formation was

extended into Georgia, where it was_given formational

status. Thin layers of dark_gray dolomite and dark bluish

aphanitic limestone are typical in this well—bedded fairly

light gray dolomite. .Butts (1940) describes the Chepul-

tepec in the Appalachian Valley as a predominantly pure,
thick-bedded, blue, crystalline limestone. This is similar

to the Chepultepec Formation limestone exposed in the

writer's maparea-The

brachiopod Finkelnburgia of Lower Ordovician age
is diagnostic of the dark blue-gray Chepultepec Limestone
in the map area. Silicified specimens were collected from

a small exposure 1,000 feet south of Montgomery Station in
the Christiansburg window, This fossiliferous limestone

is recognized by the writer to be at the Chepultepec
e

Limestone—upper Copper Ridge sandstone contact. Small

amounts of b1ocky,.nodular chert within slightly sandy tan- .

_gray dolomite are characteristic, but are difficult to p
distinguish from the Longview dolomites.

Longview Formation
This Lower Ordovician formation was originally des-
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cribed by E..O, Ulrich (1924) for exposures near Longview,
Shelby County,.Alabama.. The formation has been extended
from northern Alabama, through eastern Tennessee into

southwestern Virginia,_ The Longview Formation overlies

the Chepultepec Formation in the Christiansburg window
area. Glass (1970) describes Longview underlying the
Mascot-Kingsport Formation of the Catawba block west of
the writer's area. In the writer's map area, the Longview

is recognized to be unconformable or in faulted relation-

ships with overlying strata.
The upper Knox of the Saltville block in the Chris-

tiansburg window is marked by a disconformity with the
Middle Ordovician limestones, and by the Willow Springs

· y fault which cuts across the group, Formations of the Knox
Group stratigraphically higher than the Longview Formation

‘ would not be exposed at the surface, but would underlie
the Pulaski block.

The Longview Formation is essentially a light gray,
J tan-weathering, in part silty dolomite containing light

_gray to white, blocky weathering chert. The chert prin-
_ cipally occurs as float blocks up to 4 feet across. The

writer did not find any fossils in the limited outcrop.
Glass (1970) notes that there are significant differences

in the lithology of the strata between the Pulaski-Salem
block and the Catawba block.
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Distribution
Undifferentiated upper Knox formations form two

east—west belts in the northern third of the Saltville

block north of the Christiausburg window. The first of
these forms the north slope of Kettle Ridge between the

Copper Ridge Form tion and the North Cambria fault

. Elbrook Formation contact. The second belt just north of

the first is between the Kettle Ridge fault and the
Copper Ridge beds of Iron Mine Hollow, south of Den Creek.

Both strike belts are about 11,000 feet long and less than

1,000 feet wide.

Lower-Middle Ordovician Disconformity

A widespread unconformity at the top of the Knox

Group occurs in the Southern Appalachians. Eubank (1967)

reports the topographic relief on the surface of discou-

formity between the upper Knox and the Middle Ordovician

limestones of the Catawba block (Salem synclinorium) to

_ be at least 300 feet. This is along a strike distance

of 3.3 miles at the southwestern corner of the Catawba

syncline. Cooper (1961) estimates about 450 feet in a y
distance of 3 miles near Draper, Virginia and 400 feet in

the Burkes Garden, Virginia area (Cooper, 1944). Hazlett

(1968) notes that this discouformity was probably related

to the widespread weathering and erosion which accompanied
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the inception of_gentle folding and eustatic lowering of
sea level in late Canadian time. Hazlett cites filled
paleo-karst features as evidence of a widespread karst
topography.

C Middle Ordovician Limestones

S The Middle Ordovician limestones of the Saltville
block are exposed in the Christiansburg window along the

V western edge of the area mapped. The limestones are dis-
. conformable on the upper Knox Group formations. The
highest exposed beds are terminated by the Willow Springs
fault which cuts obliquely across the Middle Ordovician
limestones into the upper Knox Group. The lizestones on ’

lthe Catawba block were divided by Gilbert (1953) into the
New Market Limestone, the Whistle Creek Formation, the
Lincolnshire Limestone and the Botetourt Limestone. On
the Saltville block in the Christiansburg area, the
writer's strike belt of Middle Ordovician limestones was_
mapped in the Radford, Virginia area as the Lenoir and
Fetzer limestones (Hergenroder, 1957). Because of poor ·
exposure and insufficient paleontological studies, no
attempt is made to assign formational names to these
limestones. The Middle Ordovician limestones are the

‘ youngest Saltville block strata exposed in the eastern
limits of the Christiansburg window. They constitute the
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steep overturned north limb of the Christiansburg anti-

clinorium.

Lithology

The Middle Ordovician limestones in the writer's area
are extremely fossiliferous reefy facies. Bryozoans
constitute the bulk of the fossils, but_gastropods, brach-
iopods and corals occur on the weathered surfaces. In

thin—section the dark blue-gray limestone is seen tocon-tain

finely disseminated pyrite and limonite.
A

‘Distribution ( '

The strike belt of the limestones crops out 1,500

feet east of the western margin of the map area. Less
1 ”

„ than 400 feet of overturned south—dipping and east-

striking beds are exposed. There is essentially only one
‘

limited outcrop area.
4

i Liberty Hall Formation

The Middle Ordovician Liberty Hall Formation was

first named the Lexington Limestone by J. L. Campbell

. (1879), but later renamed the Liberty Hall Formation to

avoid duplication of names in the literature (Campbell,

1905). The name was derived from a historic ruin built
of this limestone from this formation near Lexington, '

Rockbridge County, Virginia. The type area has a thick-
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ness of about 1,600 feet.

Lithology

Typically the Liberty Hall Formation is a succession
of rather evenly banded beds of dark blue, fineggrained

limestone and darker,_more argillaceous limestone, which

weathers shaly. As one ascends the formation, the cal;

careous shale predominates. Campbell (1905) cites the

thickness of the lower limestone as about 1,000 feet, and ’

the upper shale as about 600 feet. Eubank (1967) estimates

about 1,200 feet of Liberty Hall Formation south of

Ellett, Virginia, in the southwestern end of the Catawba

syncline.

The Liberty Hall Formation of the Catawba syncline
1 in the writer's area is composed of dark_gray to black

argillaceous limestone, and predominantly o1ive—tan,

weathered calcareous siltstone. Eubank (1967) reported ‘

_graphtolitic shales. Glass (1970) noted a small exposure
of graptolitic shale north of the christiansburg window

west of the writer's area. This lithology follows the
usage of the name Liberty Hall facies of the Edinburg

Formation established by Cooper and Cooper (1946). In

this usage the characteristic black shaly facies is

diagnostic without time-stratigraphic implications

(Eubank, 1967 and Cooper, 1961). In the writer's area on
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the Catawba block, the Liberty Hall Formation is a poorly

exposed, drab olive—brown weathered siltstone and shale.

Eubank (1967) notes the following three lithofacies for

the formation: 1) basal black graptolitic shale and

argillaceous limestone, 2) intermediate olive-tan, shaly

weathering, calcareous siltstone, and 3) upper light tan,

b1ocky—weathering siltstone locally containing scattered

sand_grains.The

Liberty Hall Formation is conformably overlain

by coarse Bays clastics. Locally, the contact may be

unconformable as shown by scour structures at the top of

the Liberty Hall Formation. In the writer's area the

Liberty Hall Formation is in contact with Bays Sandstone

in the roadcut on Den Creek just above the Salem fault

‘trace. Eubank (1967) collected tri1obites,_gastropods,

and calyptotomitids immediately north of the writer's

area,

_ Distribution ’

The Liberty Hall Formation is found only on the

Catawba block in the writer's area. It constitutes the
'

northwest corner of the map area north of the Salem fault

trace.

· Bays Sandstone

The Middle Ordovician Bays Sandstone was named by
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Keith (1895) for frequent exposures in the Bays Mountains

of Hawkins and Greene Counties, Tennessee. In the type

locality, it is a red calcareous and argillaceous sand-

stone which_grades in places to a feldspathic impure lime-

stone. Keith cites a thickness of 300 to 500 feet, and
( believed the formation to represent a shore deposit to

account for the variable thickness. Edwards (1959) first

- applied the Bays Sandstone terminology to that sandstone

above the Liberty Hall Formation and below the Martinsburg

I Formation in the Catawba syncline. He cites a thickness

of less than 100 feet south of Fort Lewis Mountain. In

the writer's area along Route 641 and Den Creek, near

where the Catawba syncline is overridden by the Salem
' y fault block, the Bays Sandstone is more than 200 feet

thick, Hergenroder (1966) wrote that this section near
· Ellett, Virginia is coarser and thicker than any other

strike belt, except the one exposed in the type area of

the Bays Mountain syncline.

Lithology

The Bays Sandstone is a drab_green-gray color in the
~

writer's area. The typical maroon sandstones of the type
‘ 4 area are exposed locally just north of the map area.

Bentonites also are known in the Bays section, but have

not been found along the southern margin of the Catawba
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syncline. No carbonates were observed in the Bays section

by the writer, The base of the Bays Sandstone is coarser

than higher units and contains small pebbles of white vein

quartz and black chert.

Distribution

The Bays Sandstone belt is exposed between the
·

Liberty Hall and Martinsburg formations in the northwest

corner of the map area. It also forms the axis of the

overturned anticline at Mill Knob. The western margins

of this strike belt are overlapped by the Salem fault.

Martinsburg Formation

The Middle and Late Ordovician Martinsburg Formation

was first described by Geiger and Keith (1891) for ex-

vposures near Martinsburg, Berkeley County, West Virginia.

The Martinsburg lies conformably above the Bays Sandstone,

and unconformably below the Silurian Tuscarora(?) Sand-

stone. Hazlett (1968) cites a maximum thickness of 1,000

feet in the Roanoke, Virginia area. About 1,300-1,500 has

been measured north of the writer's area by Eubank (1967)

but locally at Fagg north of the area the Silurian system

is represented by only 5.5 feet of conglomerate sandstone.

Lithology

No description is given for the Martinsburg Formation
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in the original reference (Geiger and Keith, 1891). The

Martinsburg Formation in the writer's area ie predominant-

ly a medium to dark grayish—tan, calcareous shale. The

weathered shale resembles the Liberty Hall Formation, but

is considerably more silty. Dark_gray, arenaceous lime-

stone and drab olive-green, fine-grained sandstone inter-

bedded with greenish tan shale is typical of the upper

parts of the formation. The arenaceous limestone exposed

in Resse Hollow near the Salem fault trace is fossilif-

erous with unidentified brachiopods. These limestones

are typically thin to medium bedded and rather slabby.

Hazlett (1968) describes Martinsburg basal sandstones and

siltstones near the Bays Sandstone contact in the Roanoke

area. In the writer's area these basal sandstones were

not observed in most places, mainly because of poorly
U

exposed contacts. Eubank (1967) notes extensive fau=a

in the Martinsburg along the southern edge of the Catawba

syncline against the Salem fault. Orthorhynchula (?)
e Byssonychia, Hebertella and Lingula were collected from

the top 50 feet of the Martinsburg along State Route 637 _

east of Mill Knob. Qryptolithus and Paucicrura were
collected along Den Creek, one mile east of Ellett, about

20 feet above the Bays—Martinsburg contact. The first

of these fossil localities is in the central part, and

the latter is in the northwestern end of the northern
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margin of the writer's map area. Eubank (1967) also

reports an eurypterid fragment from the northwest slope

of Mill Knob, as well as at Fagg. These fossils indi-

cate a shallow marine environment near the shore for the

Martinsburg.

Distribution
Within the map area, the Martinsburg Formation is

confined to the Catawba block north of the Salem fault,
between Den Creek and the North Fork of the Roanoke
River, as well as along the Salem fault at Resse Hollow.

The Martinsburg Formation constitutes the north and south

limbs of the Mill Knob anticline. It is also exposed in

„ small windows through the Pulaski thrust sheet northwest

of Christiansburg.
l Ordovician — Silurian Unconformity

Silurian sandstone unconformably overlies the

Ordovician Martinsburg Formation in the Catawba syncline.

Probably very little of the Martinsburg Formation was

eroded. However, scour channels may clearly be seen in
t

the top of the Martinsburg along State Route 603 near

Fagg, vigginia. The Late Ordovician Juniata Formation

is missing in the writer's area, as well as throughout

the Catawba syncline. The Juniata Formation is about
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200 feet thick in the New Castle, Virginia area north of
the syncline.

SILURIAN SYSTEM

Tuscarcra(?) Sandstone

The Silurian sandstone along the southern margin of
I

the Catawba sync7ine is unconformably above the Ordo-
.vician Martinsburg Formation, and unconformably below the

Devonian Ridgeley Sandstone. This unit was first mapped
by early workers in the area (Woodward, 1932; Butts, 1933
and Edwards, 1959) as the Clinch Sandstone. Because
Eubank (1967) noted this unit underlies the Rose Hill

near Bradshaw, Virginia, he preferred the name Tuscarora.

The writer adopts this facies name in this report. The p
_type section is on Tuscarora Mountain in central Penn-

sylvania (Darton, 1896).

About 5.5 feet of Tuscarora(?) conglomeratic sand-
stone is present at Fagg. It is as much as 50 feet thick

at the Ironto Sand Company Quarry two miles northwest of
Ironto. There is a progressive decrease in thickness of
the sandstone from the quarry on the northwestern limb of

the Catawba syncline to the trough at Fagg. Since an
unconformity marks the top horizon of the Silurian sand-
stones, this thickness change probably represents a
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difference in the amount of erosion. However, part of

the difference may be due to relief on the surface on

which the Silurian sand was deposited as all of the

Juniata was removed prior to deposition of the Silurian

bed, .

Lithology
l

In the writer's area, the Tuscarora(?) is a clean

_gray—white, coarseegrained orthoquartzite. Locally, it

is conglomeratic with pebbles up to two inches in diam-

eter. The conglomerate zones are typical of the basal

section. The unit is unfossiliferous, though Eubank
(1967) reports a few trace fossils north of the writer's

area.
(

‘Distribution

The Tuscarora(?) Sandstone is limited to the Salem

synclinorium in the writer's area. It forms thin belts

on the lower axial flanks of the Mill Knob anticline and
A

farther north along the North Fork of the Roanoke River

in the axial portion of the Catawba syncline, it crops _

out in numerous places.
l

The Silurian Tuscarora(?) Sandstone lies unconform-

ably beneath the Devonian Ridgeley Sandstone of Oriskany

age. The polygenetic extraformational conglomerate in
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the basal Ridgeley Sandstone is indicative of such a

disconformity (Tillman, 1963).

DEVONIAN SYSTEM

Ridgeley Sandstone

The Ridgeley Sandstone was named by Schuchert and
others (1913) for exposures near Ridgeley, West Virginia.

r Butts (1933) notes that the Oriskany in Virginia has
fauna and lithology that correspond exactly to the
Ridgeley Sandstone, the upper formation of the Oriskany
Group of Maryland West Virginia. The Ridgeley Sandstone
is 10-15 feet thick in the area mapped, but complete ex-
posure is rare. The sandstone is commonly recognized as
Oriskany, but Eubank (1967) first established the Ridgeley

~
Sandstone name for this formation in the Salem synclin-
orium.

Lithology

The lithology of the Ridgeley Sandstone is equiva-
lent to the Oriskany Sandstone. It is a dark brown,
coarse-grained, ferruginous cemented sandstone and con-

qglomerate. The basal Ridgeley Sandstone is characterized
locally by a polymictic conglomerate derived in part
from eroded Lower Devonian and Upper Silurian strata.
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Eubank (1967) indicates considerable transport by citing
Chilhowie or older sediments as sources. Source material
for the conglomerate probably includes the upper Tusca-
rora, Keyser, the Coeymans, New Scotland and Licking Creek

Formations. These sources would involve‘local reworking
of the sediment with only short transport. (

n
‘Distribution

The Ridgeley Sandstone is poorly exposed unconform-
ably above the Tuscarora(?) Sandstone and conformably
below the Huntersville Chert in the writer's area. The
formation is best exposed along State Route 603 north of

1 the North Fork of the Roanoke River. Its contacts with
the formations above and below are best observed on the

. lower f anks of Mill Knob, especially on State Route 637
.due east -E Mill Knob. Ridgeley Sandstone float was
traced by the writer at the extreme northeast corner of

the map area where it is associated with an extensive
zone of Needmore Shale and Huntersville Chert north of
the Salem fault trace. The formation is found only in
the Salem synclinorium in the writer's area.

Huntersville Chert

The Huntersville Chert was named by Price (1929) for
exposures near Huntersville, Pocohontas County, West
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Virginia. In the type area Price notes that the chert is

above the Ridgeley Sandstone and below the black Marcellus
shale that carries a sparse Onondaga fauna. Cooper (1944a)

correlates the Huntersville Chert with the Onondaga Chert
of Butts (1940). The thickness of the chert is difficult
to determine because of poor exposure. In the type area
it is 30 to 65 feet thick, but only 3 to 10 feet were
exposed along State Route 603 between Ironto and Fagg,

Virginia. The unit is at least 25 feet thick on the

overturned limb of the Catawba syncline. Dennison and

Woodward (1963) note that the Huntersville Chert thickens
to the northwest. Eubank (1967) and Dennison (1961) note

that the Huntersville Chert is interbedded at various
horizons with the Needmore Shale to the west in western
Virginia and eastern West Virginia. In the writer's area

the chert was found only below the base of the Needmore
Shale and above the Ridgeley Sandstone.

_ Lithology '

The Huntersville is a_grayish-black, convolute and
nodular chert. Associated with the chert are minor

·

amounts of dark oliveggreen, fineggrained glauconitic ”

lsandstone and siltstone. These_glauconitic sands are

U probably lensoidal and occur up to two feet in thickness

in the writer's area, A conularid, sponge spicules and
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two hystrichospherids (Verhachium sp. and Micrhystridium
sp.) were reported from the chert by Dennison (1961) and

Eubank (1967). Primary (Dennison, 1961), replacement

(Maxwell, 1963) and biochemical (Eubank, 1967) origins
have been postulated for the origin of the Huntersville

Chert.

Distribution

The Huntersville Chert is best exposed in contact
with Needmore Shale along State Route 637 due east of
Mill Knob; poor exposures occur on the lower northern and

southern flanks of Mill Knob. It is also exposed above
the Ridgeley Sandstone along the Norfolk and Western

1 _ Railway tracks above the North Fork of the Roanoke River.
h

Small exposures were uncovered during excavation for the
_ construction of Interstate Route 81 near the mouth of

Clinkum Hollow just north of the Salem fault trace.

Needmore Shale

The Middle Devonian Needmore Shale was named by

Willard (1939) for exposures in southern Fulton County,_
Pennsylvania, between Needmore and Warfordsburg. In the

type area the lower contact with the Oriskany is discon-

formable, and there it grades upward into the Selinsgrove
or Marcellus Shale. Tillman (1963) identified the tan
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shales of Onondaga age overlying the Huntersville Chert

on the south flank of Catawba Mountain as Needmore.

Eubank (1967) used Needmore in his study of part of the

southwestern end of the Catawba syncline, which includes

the writer's area. A total thickness of 57 feet is cited

by Eubank (1967). ·

Lithology

The Needmore is a_grayish-black, silty to clayey

shale and siltstone. The exposures are typically a

weathered, light olive-tan, friable shale. Metabenton-

ites have been identified by Dennison (1961) at the top

of the formation. Along State Route 603 near Fagg the
1 Needmore contains Huntersville_glauconite sandstone

. clasts, showing that at least locally, the underlying con-

.-tact is unconformable. The Tioga Bentonite Bed is attri-

buted by Dennison to be at least 6 feet thick in the

Catawba syncline. However, no more than a few inches was
observed immediately north of the area. The bentonite

below the Millboro Shale contact has been established by

Eubank (1967) as the top of the Needmore Shale.

Exposures of the Needmore Shale are extremely fos-

siliferous in the writer's area. The writer collected

several species of brachiopods, corals, as well as speci—
L

mens of trilobites, bryozoans, and crinoid stems.
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Eubank'S (1967) study of the Needmore fauna of the writer'S
area included the following genera: brachiopods (Elytha,
Eeptocoelia, Ambocoelia, Orbiculoidea, Lingula); pelecy-
pods (Buchiola, Grammysioidea); trilobite (Phacops gris;

‘tata); corals (Pleurodictyum, Striatopora?); ostracode
(Leperditia?); conularid (Mesoconularia) and pteropod
(Styliolina). -

Distributidn
The Needmore Shale has limited exposure on the north-

ern and Southern flanks of the Mill Knob anticline, as
well as in roadcuts along State Route 637 due east of
Mill Knob. An extensive area of Needmore Shale forms the
footwall of the Salem fault in the northeast corner of
the map area along Interstate 81 west of Clinkum Hollow.

~ Millboro Shale ° ‘

Butts (1940) proposed the name Millboro for Shale
_ exposures at Millboro Springs, Bath County, Virginia.

In this definition the Millboro is the Marcel1uS— and
Naples-age black shales of the Romney Formation of

·

Darton (1896). Lesure (1957) reduced the Millboro and
the Needmore to member rank by including both in the
Romney Shale. Tillman (1963), Eubank (1967) and Hazlett ‘

V
(1968) mapped the black Shale overlying the Needmore in
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the Catawba syncline as the Millboro Formation. It is

used in this context by the writer. The Millboro is the
youngest formation in the writer's area. The upper por-

tion of the formation does not occur in the map area, Its
thickness is uncertain, but probably at least 400 feet
is exposed in the valley of the North Fork of the Roanoke

River. Woodward (1932) estimates the thickness of the
Millboro in the Catawba syncline near Roanoke to be a
maximum of 500 feet. Hazlett (1968) cites a probable
thickness of 700 feet at the Carvins Cove Reservoir,
Roanoke, and up to 900 feet in the Read—Coyner Mountain

window.

1 Lithology .I The Millboro Shale is uniformly black and fissile.
_ In hand specimen the shale appears to be rich in organic

matter and locally may contain pyrite concentrations. A

search for microfossils was unproductive. The Millboro
"w"“‘Shale‘exposed along the Norfolk and Western Railway above

the North Fork of the Roanoke River has spheroidal con-

, cretions. They are up to three feet in diameter and
·

weather out of the black shale.

Distribution
The Millboro Shale is limited to the river basin area

around the North Fork of the Roanoke River in the writer's



p 46 _

area.

QUATERNARY SYSTEM

Surficial Deposits

The Quaternary System is represented by colluvium,·

~ alluvium and small amounts of lithified calcareous tufa.
Colluvial deposits are usually mainly eroded Paleozoic

sandstones with lesser amOuntS of shale fragments. The
Tuscarora(?) Formation forms poorly defined colluvial

fans along the base of the Pedlar Hills north of the

Salem fault, particularly just south of Ironto and around

the base of Mill Knob. The colluvium is essentially of

cobble size; but the Tuscarora(?) provides angular sand-

stone boulders from l-10 feet in diameter.
l

Thick alluvial deposits are limited to the former

terrace levels of the North and South Forks of the Roanoke
River. „Alluvial cobbles are deposited in sections up to

4 feet thick along the east and west banks of the South

u Fork, south of Shawsville.
The only lithified sediment younger than Paleozoic

in the area is a Recent calcareous tufa containing modernU
leaf prints. The tufa deposits are essentially formed

by chemical or biochemical precipitation of the calcium
carbonate with organic impurities. Thickness is under
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10 feet; mostly only one or two feet.
l

None of these surficial deposits were mapped.



STRUCTURAL GEOLOGY

Regional Setting

The area mapped comprises approximately 35 square

miles of the Appalachian miogeosyncline, which extends °

from the Blue Ridge to the Appalachian Plateau. Within

this 35-mile wide zone are numerous folds and associated

major longitudinal faults, which trend northeast.— From

the southeast to northwest the major folds are: the

Blue Ridge anticlinorium, the Riner synclinwrium, the

Christiansburg anticlinorium, the Salem synclinorium,

the Price Mountain anticline, the Blacksburg syncline of
l

Campbell and Holden (1925), the Poplar Hill anticline,

the Spruce Run syncline, the Clover Hollow anticline, the

dohns Creek syncline, the Bane anticline, the Butt Moun-

tain syncline and the Hurricane Ridge syncline. North-

west of the Blue Ridge anticlinorium is the Riner syn-

clinorium. In the area mapped the Christiansburg anti-
U

clinorium separates the Riner synclinorium to the south-

east from the Blacksburg snyclinorium (Cooper, 1961) to

the northwest. The structure of the mapped and adjacent

areas is imbricate with parautochthonous Saltville block
4 rocks forming the structurally lowest unit.

48
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From the Blue Ridge Upland on the southeast to the
Appalachian Plateau on the northwest, the faults are: the
Fries thrust, the Blue Ridge overthurst, the Max Meadows
overthrust, the Salem thrust, the Pulaski overthrust, the
high—angle Saltville fault, the Narrows fault and the
Saint Clair fault, (Fig. 4). The mapped area, which is_
in the overthrust belt, extends from the Max Meadows fault
northwest to the Sa‘;m fault, which is an imbrication of
the Pulaski thrust sheet. The Pulaski thrust sheet in-
cludes seven major fensters: Kent, Christiansburg,
Ingles—Barringer Mountain, East Radford, Price Mountain,
Blackshurg and Read—Coyner Mountain (Fig. 4).

Within the mapped area (Pl, l) is the eastern ex-
tremity of the Christiansburg window in the Pulaski

. thrust sheet. Saltville block carbonates are exposed in
this window. The Max Meadows thrust sheet overlaps the
Pulaski block along the southern margin of the mapped
area. Several klippen of the Max Meadows sheet occur in
the eastern half of the area (Pl. l), The southwestern
margin of the Salem synclinorium, delineated by the Salem
fault trace, forms the northern boundary of the map area.
The Salem fault is a relatively minor, yet important,
splay off the Pulaski thrust. About two miles south of
the southeastern corner of the area is the Blue Ridge
thrust sheet (Fig. 4), which overlaps the Max Meadows
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sheet.

Christiansburg‘Anticlinorium of the Parautochthonous

·The Saltville block (Fig. 4) forms the lowest struc-

tural unit within the area. The essentially autochthon-
ous rock of this block are exposed largely in the Chris-

tiansburg window (P1. 1). The window is about 10 miles

long and extends westward from the map area to west of

Christiansburg, Virginia. The overall length of the

wind w complex (Fig. 4) is 17 miles between Christians-

burg and Radford, Virginia. The Christiansburg window

is separated on the south from the Max Meadows thrust

sheet by a narrow strip of Elbrook dolomite of the Pulaski

block. The Christiansburg window extends 4.3 miles east-

ward from the western boundary of the map area to its

eastern limit near Montgomery Station. The width of the

window within the area is approximately one mile.

Prior to Pulaski thrusting, a major northeast-trend-
‘ ing synclinorium, referred to as the Montgomery basin by

Sears (oral communication, 1971) extended from the Sinking

Creek anticlinorium on the northwest to the upwelling Blue

Ridge anticlinorium on the southeast. The Christiansburg
V

anticlinorium divided the Montgomery basin into the

Blacksburg synclinorium (Cooper, 1961) on the northwest

and the Riner synclinorium on the southeast. Whether
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this Christiansburg anticlinorium existed prior to Pulaski
thrusting is not clear, but it certainly appears that a
substantial part of its development occurred after thrust—
ing.

Ä

The Saltville block exposed in the map area belongs
to the nappe—like overturned northwestern limb of the
Christiansburg anticlinorium. West of the area the anti-
cline is less asymmetric and both limbs are exposed
(Glass, 1970). Along the western margin of the map area,
the overtuvned northwest limb dips less than 40 degrees
south, and on Den Hill, still farther east, the limb is
recumbent with dips as low as 0-10 degrees south.

The Christiansburg anticlinorium is exposed in the
Christiansburg, Ingles—Barringer and East Radford win-
dows. Of these, only the Christiansburg window is present
in the writer's area. These windows are due largely to
the Christiansburg anticlinorium, which extends from east
of Christiansburg, where its easterly plunge helps ex-‘
plain the steep grade of Den Hill (Christiansburg Moun-
tain), to more than 17 miles to the west, where it plunges ·
to the west near Radford, Virginia,

1

Strata Exposed in the Christiansburg Window
The strata of the Saltville block exposed within thei

map area are, from south to north, a thin margin of
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Elbrook dolomite, the Knox carbonates of late Cambrian

and Early Ordovician age, and undifferentiated Middle

Ordovician limestones. The distribution of sandstones of

the Copper Ridge Formation largely defines the overall

structure of this block. .

The sandy dolomites and limestones exposed on the

steep_grade of U,S. Route ll on Den Hill (Christiansburg

Mountain) represent a Conococheague-like facies of the

Knox Group. Within the area this facies is found only on

the Saltville block. Ordovician Chepultepec and Longview

formations are poorly exposed along the northern margin

of the window. Middle Ordovician limestones disconform-

ably overlie the Knox Group. The Copper Ridge Formation,

the lowest and thickest unit of the Group, constitutes

the middle and part of the southern portions of the

window. The narrow belt of Middle Ordovician limestones

are cut off obliquely on the north by the Willow Springs

fault about 1,000 feet east of the western boundary of
‘

the area. Farther east, Knox carbonates of the Saltville

block are in fault contact with Cambrian Elbrook dolomite .

of the Pulaski-Salem thrust block north of the Willow l
Springs fault.

As already noted, the exposures of the Saltville

block in the writer's area include only Cambrian and

Ordovician strata. However, west of the area the
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Mountain window include Ordovician Martinsburg strata
bounded on the northwest by Silurian and Devonian strata,all of which lie on the northwest limb of the Christians-
burg anticlinorium. The Price Mountain window, 5 miles
northwest of the Christiansburg window of the map area,
represents an anticlinal flexure in the trough of the

Blacksburg synclinorium. Mississippian—age Price and
Stroubles formations of the Saltville block are exposedin the Price Mountain window.

The northern margin of the writer's map area lies
within the Catawba syncline, which contains formations
ranging in age from Cambrian to Mississippian. Some
(Ritter, 1969; Cooper, 1961) think that this syncline is

a parautochthonous part of the Saltville block. Thismatter is discussed later. A
The sandstone at the base of the Copper Ridge For-

mation near the southern boundary of the window is over-
~ turned and dolomite of the underlying Elbrook is cut off

by the Pulaski thrust.

Pulaski Thrust 1 _

The Pulaski thrust fault was named by Campbell andHolden (1925) after the town of Pulaski, Virginia through
which·it passes. It was thought by them to extend from
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Greene County, Tennessee to the vicinity of Eagle Rock

on the James River, Botetourt County, Virginia. Butts

(1933, 1940) traced the Pulaski fault northeaet from Eagle

Rock to Greenville, Augusta County, Virginia. As outlined

above, the Pulaski fault is about 200 miles long. Cooper

(1946) recognized the Staunton fault between Greenville

and Staunton, Virginia as a northern extension of this

major structure. Cooper (1960) noted that the Pulaski

fault trace can be recognized in the vicinity of Newport,

Tennessee, where it passes beneath the Blue Ridge fault.

Consequently, the length of the fault may be more than

350 miles. The Pulaski thrust sheet is one of the major

thrust blocks of the Southern Appalachians.

· The leading edge of the Pulaski thrust sheet lies

along the southeast base of Brush Mountain, 7 miles

northwest of the map area. Classicially, the Pulaski

fault is believed to mark the northwest margin of the
exposed Catawba syncline. The Catawba syncline would

(
thus be considered to be part of the Pulaski block

(Campbell and Helden, 1925), Cooper (1961) believed that .

the Catawba syncline is part of the Saltville block, and

thus the trace of the Pulaski fault would curve southeast

through Blacksburg along Ritter's (1969) Yellow Sulphur
E fault trace (Fig. 6). Cooper thought the trace of the

Salem fault of Eubank (1967) along the northern margin
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iof the writer's map area might be the Pulaski fault.

According_to Cooper's interpretation the fault trace

curves back to the HOItH, northwest of Roanoke (Fig. 5).

The Salem synclinorium would thus be considered a major

reentrant of Pulaski thrusting. .Cooper first postulated

that the fault along the northwest margin of the Catawba

syncline was an extension of the Tract Mountain fault,

though later he (Ritter, 1969) considered it to be the

trace of a fault which.Ritter named the Catawba fault.

Structure of the Pulaski Thrust Sheet

The essentially horizontal nature of the Pulaski

fault is emphasized by the existence of several windows

in this part of southwestern Virginia. The Pulaski fault
4

is a low—angle thrust which is not far under the surface

within much of the writer's area (Pl. 2). The fault

comes to the surface in the western half of the area and

forms the southern margin of the Christiansburg window.
North of the Christiansburg window is the Price Mountain

window, and to the west is the Ing1es—Barringer Mountain
window. As already noted, the overridden Saltville block °

is exposed in these windows.

North of the Christiansburg window are several east-

trending, high- to low-ahgle faults. These, the Cambria,
i

North Cambria and Kettle Ridge faults, are discussed



57 V

later with the Salem block. The Willow Springs fault,

which cuts both Saltville block and Pulaski block strata,

forms the northern margin of the Christiansb cg window.

The Willow Springs fault north of Christiansburg extends

eastward into the map area from a point about 1,000 feet

south of the Norfolk and Western railroad. This fault
throws a reefy facies of the Middle Ordovician limestone

of the Saltville block against Elbrook strata of the dis-

placed Pulaski block on the northwest. As already pointed

out, the fault cuts across the Middle Ordovician limestone

and terminates that belt about 1,000 feet east of the
western margin of the map area. Farther east, Knox car-

bonates of the Saltville block abut the Elbrook of the

Pulaski block. The Willow Springs fault joins the low-

angle Pulaski thru t fault at the east end of the Chris-

tiansburg window at a point about 3,000 feet south of

Montgomery Station. The high—angle Willow Springs fault

probably resulted from the release of stresses from the
A

rising Christiansburg anticlinorium, under the Pulaski

thrust sheet. The rising anticline, as well as displaced _

strata from Willow Springs faulting, promoted window

erosion down to the present surface level.
i

4 ’Movement of the Pulaski Thrust Sheet

Estimates of the horizontal displacement of the
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Pulaski thrust sheet between Pulaski and Buchanan, Vir-
_ginia, range from 9 to 20 miles. Campbell and Holden

(1935) note that the horizontal movement in the vicinity

of Pulaski, Virginia is not less than 9 miles, and prob-
ably much more. Butts (1940) believes there may have been

as much as 20 miles of northwest movement, whereas Wood-
ward (1936) postulates at least 11 miles. Cooper (1939)
notes at least 11 miles of movement in the Draper Moun-

tain area to the southwest. A minimum of 9 miles is

required in the Christiansburg area. This is the dis-
tance from the leading edge of the Pulaski fault along
the southeast base of Brush Mountain to the southernmost

t edge of exposed Saltville block strata in the Christians-
burg window. This, of course, is a minimum value; the
movement is probably of the order of 10-12 miles. „

Exposed Strata of the Pulaski Thrust Sheet

As previously noted, the Pulaski thrust sheet and
· overlapping but probably less important higher thrust

sheets cover the majority of the writer's map area. The _
Salem synclinorium forms the northern margin of the area,

and it is separated from the Pulaski block proper by the
4

Salem fault, which dies out westward towards the Chris-

. tiansburg window. Thus the rocks which frame the south
side of the western part of the Christiansburg window are



actually part of the Pulaski thrust sheet, whereas those

north of the window in the map area are, strictly speak-

ing, part of the Salem block. As already noted, the Salem

synclinorium may either be part of the Pulaski block, or

it may be (Cooper, 1961) a parautochthonous part of the

Saltville block. Within the map area the Pulaski fault

block is bounded on the south by the overlapping Max

Meadows §hIUSt sheet.
The Max Meadows fault throws the Rome Formation over

the Elbrook Formation of the Pulaski-Salem block. The

Pulaski-Salem block is very narrow and thir locally. The

width of the Elbrook between the southern edge of the

Christiansburg window and the leading edge of the Max

Meadows thrust is as little as 2,000 feet (Glass, 1970).

The thickness of the Pulaski thrust sheet is believed to

be thin both on the basis of the low dip of the Elbrook
icarbonates and the apparent low dip of the fault surface.

p The Pulaski block, exclusive of the Salem synclinor-

ium, is dominantly Elbrook dolomite. However, in the map

area north of the Christiansburg window, several belts ·

of Knox strata of the Pulaski-Salem block are repeated

by faulting. Copper Ridge, Chepultepec, Longview and

possibly younger formations have been mapped (Pl. l).
2

Extensive areas of Rome Formation in the eastern half of
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the area, and a few smaller areas north of the window are

interpreted by the writer as klippen of the Max Meadows

thrust sheet. However, some of the smaller, lowereeleva-

tion Rome outcrop areas could have been clipped off the

underlying Rome Formation and carried forward by the

advancing Pulaski thrust sheet. _

‘Sa1em Thrust Sheet

W. B. Rogers (1884) first recognized the existence

of the fault later named the Salem fault by Campbell and

Holden (1925). They traced the fault from Salem, Vir-

_ginia,_southwest along the southern margin of the Salem

synclinorium to the area of the Ingles—Barringer Mountain

window. Butts (1933) extended the Salem fault northeast

of Roanoke to near Cloverdale, Botetourt County, Virginia.

West of the writer's area, Glass (1970) believes that the

Salem fault curves southward away from the southern margin

of the Salem synclinorium and dies out at the edge of the

. Christiansburg window. (

The western end of the southern margin of the Salem

synclinorium was named the Ellett Road fault by Glass.
”

Northeast of Roanoke the Salem fault trace was extended ·

to Read Mountain by Woodward (1932), and Hazlett (1968)

A shows it bounding the Read-Coyner Mountain window on the

southeast from which point it swings to the northwest.
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In the writer's area, the Salem fault has a dip of

about l5 degrees in the northeast corner of the map at

Clinkum Hollow. To the west it steepens to 30-40 degrees.

Salem Fault j
The Salem block constitutes the hanging wall of the

Salem fault; it is a relatively major structure super-

imposed upon the Pulaski block. The writer's area is

. essentially Pulaski block, but more correctly it is

Pulaski—Salem block. It is postulated that the Salem

fault surface merges with the essentially horizontal

Pulaski fault surface at a relatively shallow depth

(Pl, l and 2). Thus, the Salem fault is considered to be

a low-angle splay of the Pulaski fault, as previously

pointed out. The wide zone of fracturing and brecciation

exposed along Den Creek east of the Salem faults appears

too_great for the displacement along that fault alone and

may be better explained as phenomena associated with

— Pulaski overthrusting which the Salem fault brought

surfaceward.

The southern margin of the Salem block is difficult
l

to determine. Even though Cambrian has been thrust upon

Devonian strata along the northern margin of the map area,

_ the throw is relatively insignificant near the latitude

of the Christiansburg window.‘ Movement along the Salem



62faultprobably overlaps Pulaski faulting, and the southern
margin of the Christiansburg window probably should be

termed the Pulaski—Salem fault.
The Salem fault offers a mechanism for removing the

post—Knox section south of its leading edge. Strata of
Vupper Knox to Mississippian are missing from the Salem
block, It is postulated by the writer that the Salem

fault is relatively near the surface in the eastern half
of the area where it has significant stratigraphic throw.
However, at the western margin of the block, the fault

6
may lie at greater depth and have less stratigraphic

throw. This is supported by the wide shear zones in the
eastern half of the area. It provides a reasonable ex-
planation for the presence of both Cambrian and Lower
Ordovician (Knox Group) section in the western half and
their absence in the eastern half. The eastern half of

the area contains only Elbrook because the fault raised
the post—Elbrook section above the present ground surface.

° It is admitted by the writer that all of this post—Knox
strata has to be removel somehow before Max Meadows _
thrusting, and that the mechanism cannot be applied west

6

of the map area.
6

Structural Elements of the Salem Block

The Salem fault is proposed to be relatively steeply
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dipping but to lose displacement southwestward and thus

to die out near the Christiansburg window. Movement
along the Salem fault may actually dissipate just north

of the present northern margin of the window (Willow

Springs fault). A weak, counter-clockwise rotational

movement would produce greater stratigraphic throw and

horizontal displacement at a lower angle near the surface

at the northeastern corner of the map (Lowry, personal

communication, 1971). The rotational character of the

fault may provide an explnnation for the relatively short,

east-trending Ellett Road fault, and also the Kettle
Ridge, Cambria and North Cambria faults, and the shear
and breccia zones in the eastern map area.

i
The Kettle Ridge fault extends from the Salem fault

at the northwest corner of the map area to the eastern

margin of the Christiansburg window. The fault throws
Elbrook dolomite over upper Knox strata. In a few local-

ities the Elbrook forms both the hanging and footwalls
— of the fault, and its position is interpretive. The fault

may die out just west of the northeastern margin of the

window but was extended by the writer to terminate against
i

the northern boundary of the window.

Glass (1970) named the Cambria fault after large

_ quantities of tectonic breccia and crush conglomerate
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that trend northeast from its abutment with the Willow

Springs fault west of the map area. The Cambria fault

_general1y follows the Norfolk and Western railroad west

of the map area; it enters the writer's map area 1,000

feet south of the railroad right+of—way (Pl. 1). The

trace of the Cambria fault in general parallels both the

· railroad and the Willow Springs fault. Possibly the

Cambria fault merges with the Kettle Ridge fault and con-

tinues until termination against the northeastern margin

of the Christiansburg window, or it may die out. The
breccia locally contains limestone and dolomite cobbles
as much as two feet in diameter. In places competent

blocks of strata are interbedded with the tectonic breccia

and crush conglomerate. The fault is generally marked

by a breccia zone up to 200 feet wide, rather than by a

distinct contact. In the map area, the Cambria fault

places overturned upper Knox carbonates of the hanging

wall on the suuth against overturned Elbrook dolomite and
l

limestone of the footwall. The fault is a reverse fault

which dips southeast. Younger rocks are thrust over older „

because the Knox carbonates constitute the axial part of

a syncline (P1. 2).
The heavy concentrations of tectonic breccia that

° „characterize the Cambria fault west of the map area,
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extend only 1,500 feet eastward into the map area. East
of this, the fault is extended on stratigraphic consid-
erations. Along the western boundary of the map area,
the Cambria fault splits into two branches. The southern
branch is the trace described above. The northern branch
swings northeast for about 3,000 feet, turns due east and
then southeast again to merge with the Cambria fault.
The trace of this splay is herein called the North Cam-
bria fault. It results in a small structural block about
9,000 feet long and 2,000 feet wide. Overturned Copper
Ridge carbonates and Elbrook dolomite constitute the
slice. The abrupt termination of the lower Copper Ridge
sandstone on both ends sharply delineate the trace of this
fault.

Pu1aski‘Breccia

In most places in or adjacent to the map area, the
Elbrook dolomite of the Pulaski block is tightly folded
and characteristically cut by low-displacement faults. x
Associated with these structures are tectonic breccias
and conglomerates similar to that described by Cooper and ·

Haff (1940) and Cooper (1946, 1961). Dolomite and lime-
stone clasts in the crush conglomerate, which predom-

inates, range from half an inch to 6 inches or more in
diameter. Typically the matrix is finely ground dolomite
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of rock-flour consistency. The breccia is irregular in

thickness, as exposed along the Norfolk and Western

Railway cuts in the map area. In places, this crush con-

. pglomerate marks the trace of the Cambria fault (Pl. l).

Typically, the position of the breccia between competent

beds of dolomite or limestone indicates the breccia was

formed by slippage along bedding planes. The breccia

weathers to a characteristic limonitic buff—yellow, and

[is marked with holes resulting from the differential
leacging of clasts.

t

6
New cuts along Interstat 8l in the Pedlar Hills

expose numerous zones of tectonic breccia in the Elbrook

_ dolomite. The breccia zones_grade into shear zones

characterized by calcite veins. The veins average one-

eighth to one-quarter inch wide and one inch to two feet

long. Such veins commonly exhibit an en echelon pattern

and are characteristic of the Elbrook. The breccia

ranges from more than 60 per cent clasts to a rock flour
° with no clasts. Where the breccia has a significant per-

centage of Rome shale fragments, the area was mapped as

Rome Formation. '

The chaotic nature of the Elbrook dolomite in many

places in the area supports the idea that the Pulaski-

. Salem fault is not very far below the present surface.

Minor deformation might also be expected from the emplace-
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ment of the overriding Max Meadows thrust sheet.

Outliers of the Pulaski Block
Two outcrop areas of Copper Ridge sandstone were

mapped in the eastern half of the area. Both cap ridges
and do not extend to lower elevations.

The first of these is 1,000 feet east of Poplar Hol-
low at an elevation of 2,040 feet. The sandstones, which

v cover an area approximately 1,500 by 1,300 feet, are
jumbles of randomly oriented white blocks ranging from
3-10 feet across. The rock, which is silica—cemented,
resists weathering extremely well, even though some blocks
are brecciated. One block of siliceous oolite, character-
istic of the Copper Ridge Formation, was found. No bed-
ding is clearly observable, but the blocks are interpreted
by the writer as remnants of strata that were once at a
slightly higher elevation, and let down to their present
position as underlying carbonates were dissolved. Three

_ sinkholes are present in the central portion of the out-
crop area. The host carbonate is mapped by the writer as
the lower part of the Copper Ridge Formation. He inter-

4

prets them as resting depositionally on Elbrook carbon-

ates. Lowry (personal communication, 1971) suggests that
the siliceous masses represent a slice of the Copper Ridge
Formation brought to the surface by Max Meadows thrusting.
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Numerous siliceous erratics occur on the Elbrook carbon-

ates along the Max Meadows thrust fault to the west and

in the Christiansburg window area. These were observed

in the writer's area south of the eastern margin of the
window, as well as to the west (Glass, 1970). A third
origin suggested by Edwards (1959) is that the sandstoues
represent a small window within the Pulaski thrust sheet.

The writer prefers the lowered outlier mechanism

and discounts the window origin because of the jumbled

"let-down" appearance of the outcrop blocks and because
the sandstone is found only at a relatively high eleva-

tion. In order for it to be a window exposing Saltville

block rocks, a small relatively high amplitude anticline
Iwould have to be present at this location. No evidence

of such wasseen.The

second Copper Ridge sandstone "outlier" caps a

2,090-foot high ridge in the Pedlar Hills. The hill is

1,500 feet east of the Salem fault trace and 3,500 feet
‘ west of Clinkum Hollow. The sandstone, which is typical

of Copper Ridge lithology, is medium grained, slightly U
feldspathic, and carbonate—cemented. The weathered

sandstone is limonite-stained and relatively friable--
(

typical of weathered Copper Ridge sandstone. On the
. crest of the hill, the sandstone, which is relatively

unweathered, is a clean, fine-grained, silica-cemented
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gr orthoquartzite. The exposed sandstone section is up to 8

feet thick and is traceable along strike for about 400
feet. Dips are steep to the south, though variable.

Across Interstate 81 to the east is an extensive klippe

of Rom shale of the Max Meadows_thrust sheet. Sandy

dolomites, probably Copper Ridge, are traceable to a point
.500 feet south of the northwest-trending sandstone belt.
The writer postulates on the basis of the paramount ele-

„vation that this section of Knox is an outlier resting

directly on thin-bedded, Elbrook dolomite. However, the
possibility that this is a slice of Copper Ridge sandstone
carried along the base of the Max Meadows thrust sheet
and subsequently freed of its Rome cover cannot be elim-
inated, '

‘Origin of Pulaski Thrusting

The origin of the Pulaski thrust sheet has been

attributed by Cooper (personal communication, 1971) to

_ the_gravity sliding of the southeast limb of the Appal-

achian miogeosyncline. Subsequent deformation by vertical
displacement involved both overridden and overriding

d

blocks. '

Lowry (1964) emphasized the genetic relationships
between Pulaski thrusting and the Blue Ridge anticlinor-

ium, and proposed that the Pulaski, Salem, Max Meadows
4
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and Blue Ridge faults are all genetically related. He

referred to these faults collectively as the Pusabrc

imbricate mass. Hazlett (1968) postulated a master fault

(proto—Pu1aski) that developed in the basement of the

rising Blue Ridge anticlinorium, and extended upward along

the base of the incompetent Rome shale beneath the then

still-rooted Salem synclinorium. He showed that as the

syncline was detached and moved northwestward, the struc-

turally incompetent Rome became detached from the thrust

mass. The Elbrook, Knox and younger beds continued

northwestward, permitting Precambrian crystalline and

Lower Cambrian Chilhowie rocks to be thrust directly onto

the Rome. Then as the "Pusabre" mass continued forward,

relatively incompetent lover Elbrook carbonates were

dropped off. The thrust mass, now with a sole of com-

petent upper Elbrook moved northwestward to its present

position. Lowry (oral communication, l97l) thinks the

imbricate mass overrode the rising Christiansburg anti-

‘ clinorium on its way to the trough of the Blacksburg

syncline. The mass is postulated to have ridden up the

northwest limb of the developing Blacksburg synclinorium,
I

which is the southeast flank of the Poplar Hill-Sinking (

Creek anticline. This postulated impediment, plus the

. increased friction from the increase in size of the sur-

face area being overridden, caused the frontal portion
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of the Pulaski thrust sheet to advance atua slower rate

than the rear portion. The build—up of stresses eventual-

ly caused an extensive low—angle splay, the Salem fault,

to develop upward from the Pulaski fault surface. How-

ever, it failed to cut the Pulaski block into two dis-

tinct segments, Presumably the splay brought the sole of

the Pulaski block to its present elevation in the area
southeast of the Salem fault trace.

Lowry (1971) believes that the Pulaski and Blue

Ridge thrust; represent the same master fault. He postu-

lates that the original detachment occurred above most of
i

the Rome shale. The Max Meadows thrust picked up the

previc sly overridden and still-rooted but deformed Rome

and thrust it over the Elbrook of the Pulaski sheet.
Thus, the Blue Ridge thrust on the southeast was elevated

by the Max Meadows thrusting in respect to its former

northwest extension, the Pulaski thrust.
The above theories have their merits. Cooper's

_gravity—slide origin of the Pulaski fault is indeed the

simplest way of generating the Pulaski fault. The ideas .

of Lowry (1964, 1971) and Hazlett (1968) are complicated,-

However, this latter_genetic interpretation does attempt

to relate the stratigraphic sections of several obviously
' parallel thrust faults, as well as coordinate them within



.72 R

a regional picture. lt is therefore favored by the writer,

though he acknowledges the possibility that there may not

be a_genetic relationship.

Thé Missing Post-Cambrian Section

Neither of the above two theories provides a good

explanation of the missing post-Knox strata over most of

the writer's map area, and much of the area of the Pulaski

thrust sheet to the west. Perhaps as much as 8,000 to

10,000 feet of stratigraphic section, at least up to the

Middle Devonian Millboro, has to be explained if the

Salem synclinorium is considered part of the Pulaski

block, The Salem fault would thrust hanging-wall, post-

Knox strata of the writer's area above the present surface.

It is difficult to propose that no trace of this section

would remain today. The fact that Rome shale of the Max

Meadows block overrides directly onto Elbrook dolomite of

the Pulaski block indicates that the section was removed

_ prior to Max Meadows thrusting. »

Salem Synclinorium

The northern boundary of the map area includes the

southern margin of the Salem synclinorium, the north-
i

y

easternmost large syncline of the Southern Appalachians.

‘ Recently when the Salem synclinorium has been discussed

in a tectonic framework, it has been referred to as the
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Catawba block (Ritter, 1969 and Glass, 1970). The largest
fold of the synclinorium is the Catawba syncline, whose
axis lies about 6 miles northwest of the Precambrian
crystalline rocks of the Blue Ridge anticlinorium. The
Catawba syncline is asymmetric and doubly plunging with
its depression and recess north of the map area. The
synclinorium includes the Slate Lick Run anticline and the
Fagg syncline. Lowry (personal communication, 1971)

thinks that in the southwestern part of the Salem synclin-
orium the major axis is the Fagg syncline rather than the
Catawba syncline as mapped by Eubank (1967). According

to Eubank, the Slate Lick Run anticline and Fagg syncline
are complementary structures south of the Catawba syn-
cline. He notes that the Catawba and Fagg synclines were
a major structure with the intervening Slate Lick Run
anticline developing later. These structures are over-
ridden by Elbrook dolomites of the Salem block.

i

The Catawba syncline was named by Campbell and
. Holden (1925) for the major synclinal structure that

comprises a major part of the northwest or footwall side
of the northeast-trending Salem fault (P1. 1). The axial

n

traces of the Catawba, as mapped by Eubank, and Fagg
synclines are parallel to the northeastward regional

U trend. The southeast flank of the Salem synclinorium
steepens and then overturns immedÜately east of Ironto.

U
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Eubank (1967) proposed the name Mill Knob anticline
‘ for a tight anticline complementary to the Fagg syncline

on the northwest. The anticline is overturned and over-

ridden by the Salem fault at the north end of Coffee

Valley. It lies due east of Fagg along the northern mar-

_gin of the map area. The overturned northwest flank of

the Mill Knob anticline is repeated by a fault which

loses displacement to the northeast and dies out near

Coffee Valley (Seneca Hollow), The overturning of the

southeast flank of the Fagg syncline and the folding of

the Mill Knob anticline probably were conaemporaneous and

prior to the thrusting along the Salem fault. The “alem

fault trace closcly parallels these structures.

‘Catawba Block ·

The strata of the Salem synclinorium range from the

Cambrian Copper Ridge Formation up to the coal—bearing

Mississippian Price Formation (Campbell and Holden, 1925),

e Thick Ordovician, Silurian and Devonian sequences are

present, Yet unconformities exist between the upper part

of the Knox Group (Lower Ordovician) and the Middle ‘

Ordovician "Ellett red beds" (Eubank, 1967), and between h

the Silurian and Devonian systems.

The structural interpretation of the Catawba block
l

follows two schools of thought (Fig. 5), The writer
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distingdishes these as the Catawba—Saltville block inter-

pretation as advocated by Cooper (1961), Ritter (1969)

and Glass (1970) and the Catawba-Pulaski block inter-

‘pretation as advocated by Campbell and Holden (1925),

Butts (1940), Lowry (1965), Eubank (1967), Tillman and

Lowry (1968), Amato (1968) and Hazlett (1968). Cooper

(1961) believes the Catawba block is parautochthonous with

the Saltville block which, according to all workers, is

exposed in the various windows of the Pulaski thrust sheet.

The followers of Campbell and Holden (1925) believe that

the Catawba block is allochthonous, the structurally low-
est part of the Pulaski thrust sheet.

"Catawba-Pulaski*Block Interpretation
l

Under this interpretation the Salem synclinorium is

part of the leading edge of the northwest-displaced

Pulaski structural mass. At least 10 miles of horizontal

movement is postulated. The root zone of the Catawba

_ block would be the Riner syncline northwest of the ad-
jacent Blue Ridge anticlinorium. The time of this dis-
placement would be Mississippian or later, as Mississip—

I

pian beds are the youngest strata of the block. ·

Critical to this interpretation is the location of
the Pulaski fault trace (Fig. 5, top). The proponentsi
of this original interpretation follow Campbell and
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Holden who mapped the Pulaski fault trace on the northwest

side of the Catawba syncline at the southeast foot of

Brush Mountain. This interpretation requires that the

Pulaski fault in the writer's area continue essentially

horizontally under the present land surface north of the

Christiansburg window. Its trace would not come to the

surface on the south side of the Catawba block but would

continue under the block. It is the writer's contention

that the Salem block of his mapped area represents a

structurally raised southeastern flank of the Salem

synclinorium.

Catawba—Saltvil1e Block Interpretation

As noted, Cooper (1961) and Ritter (1969) are the

main proponents of this interpretation (Fig. 5, bottom).

They propose that the Catawba block is parautochthonous

with window rocks to the southwest. Cooper postulated

that the Pulaski fault instead of continuing northwest-

_ ward along the base of Brush Mountain swings southward

through Blacksburg and then turns eastward to join or ,

underlie the Salem fault along the southern margin of the '

exposed Salem synclinorium.

Ritter (1969) proposes that his Catawba fault

(Campbell and Holden's Pulaski fault) along the northwest

.edge displaced the Catawba block west—northwestward,
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riding over what is now the Saltville block of the Price
Mountain window. Subsequently, the Pulaski fault block
overrode both the strata now exposed in the Price Moun-
tain window and the postulated overlapping Catawba block.
Ritter (1969) gives an estimate of 10,000 feet of strati-

_graphic displacement to the eastward-dipping Catawba
fault on the basis that Cambrian rocks of the Catawba
block overlie Mississippian strata of the Price Mountain

anticline. Ritter further postulated that the high—angle
‘reverse Yellow Sulphur fault finally cut the older

Catawba and Pulaski faults. The surface expression of
the Catawba fault, as proposed by Ritter (1969), is the
fault trace along the base of Brush Mountain, which

· Campbell and Holden (1925) termed the Pulaski fault. After
- all the above thrusting, the entire Pulaski thrust sheet

which had overridden the Salem synclinorium east of the
_Yellow Sulphur fault trace was eroded, according to
Ritter (1969).

Max Meadows Thrust Sheet

The Max Meadows block constitutes the southernmarginof
the writer's map area. Like the Elbrook of the Pulaski

block to the north, the Rome Formation, which comprises

essentially the entire block, is complexly folded andV
faulted on a small scale. Strikes of the Rome Formation
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are_generally east-northeast and parallel the leading

edge of the fault.

The Max Meadows thrust fault was named by Cooper

(1939) after the town of Max Meadows in the Draper Moun-

tain area of southwestern Virginia. The Max Meadows fault

has been traced from near Pulaski northeast to the Roanoke
area. In and adjacent to the map area the fault approxi-

mately parallels the traces of the Salem fault to the

northwest and the Blue Ridge fault to the southeast, In

the Christiansburg area, Dietrich (1954) originally called

the Max Meadows fault the Christiansburg thrust. Hergen—

roder (1957) demonstrated near Radford that the Chris-

tiansburg thrust is equivalent to the Max Meadows thrust.

The trace of the Max Meadows fault in the chxistiansburg

region closely parallels the southern margin of the

Christiansburg window to nearly the eastern edge of the

writer's area. Along this eastern edge (Pl, 1) the fault

trace turns north, approximately following the course of
· the South Fork of the Roanoke River. The Max Meadows

fault trace continues east of the writer's map area, .
northward to the Pedlar Hills.

l
I

The writer mapped about 30 discrete or isolated

areas of Rome Formation spread over the eastern half of

the area. These include three small patches, less than

20 feet across, of breccia composed of red Rome shale and
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Elbrook carbonate. The first of these breccia zones is
along the railroad tracks at Montgomery Station, southwest

of the railroad tunnel. It is a coarse facies of tectonic

conglomerate (Cooper, 1944b, 1946, 1959). Blocks as much

as 20 feet in diameter are enclosed in a chaotic mixture

of red Rome shales and Elbrook dolomite. Another tectonic

'mixture of Rome and Elbrook also occurs along the Norfolk

and Western Railway tracks at the north end of Poplar

Hollow. A third is 3,700 feet east of the latter, exposed

in a roadcut along U.S. Route ll, 1.7 miles west of

Shawsville (Cooper, 1968). As the Pulaski-Salem fault is

not far below the surface, these three examples may

represent breccia_generated during emplacement, and

brought to the present surface along fractures and faults

in the lower part of the Pulaski block.}

As Cooper and Haff (1940) pointed out, the base of

the Max Meadows overthrust sheet has been dynamically

metamorphosed to a phyllite. They denote three zones of

. Max Meadows brecciation. The zone of crush conglomerate

ygrades into autoclastic breccia zones above and below,

and is formed by fthe mingling, crushing and rolling out"
Y

of the parts of the autoclastic breccia. The crush

conglomerates are well exposed along the Max Meadows

4 fault trace in the southwestern portion of the map area.
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Typically,_individual„clasts of dolomite average between

one and two inches in diameter in a matrix of darkggray

to 1eached,_limonitic yellow, finely granulated dolomite,

and soft crumbly, macerated phyllite. The surfaces of

the outcrop are usually pock-marked as a result of large

lclasts weathering out, similar to the Pulaski block fault

breccias.

The Max Meadows fault is younger than Salem faulting

and probably represents later movement at or near the

trailing edge of the Pulaski block, as the leading edge
became impeded (Tillman and Lowry, 1968; Lowry, 1965).

The Max Meadows thrust probably extends downward and A

intersects the Pulaski fault. According to Lowry (1971)

the fault cuts across and extends beneath the Pulaski

thrust, Regardless of the interpretation, Max Meadows

thrusting throws Rome beds of the Riner synclinorium over

post—Rome carbonates of the Pulaski block proper.

Several interpretations of the origin of the 30 bodies_
of Rome shale on the Pulaski—Salem block are possible.

As pointed out, the writer attributes the small, low- .

elevation, macerated Rome phyllitic breccias to the p

squeezing upward from a lower level of the Pulaski block

during its emplacement. Larger, more coherent bodies may
l

be attributed to irregularities in the lower surface of
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the Pulaski block. With this interpretation, the upper
portions of the Rome Formation would have been trapped
and held in depressions of the sole of the Pulaski block
and carried along as the whole block advanced. Salem and
associated faulting would bring up these masses. The
writer would attribute the presence of Rome beds north of
Den Creek, and perhaps those in Wells Hollow and Falling
Springs Hollow to this mechanism. These outcrop areas
characteristically occur in the lowest valleys of_the map
area. Presumably, the Pulaski-Salem fault is near the
surface at these points.

Remaining outcrops of Rome are interpreted by the
writer as erosional remnants (klippen) of the Max Meadows
thrust sheet. Most of these Rome exposures cap ridge
crests but some are also found at intermediate elevations
on lower slopes. These klippen are recognized as part
of the Rome Formation by the presence of red shales.
Significant areas of Rome Formation klippen may have gone

· unrecognized because of poor exposure of rocks of this
formation. Several areas of the Rome Formation mapped as V
distinct klippen may actually interconnect and comprise
larger and more extensive masses. The largest Max
Meadows klippe recognized in the writer's area is that

_ at Clinkum Hollow. The klippe is 8,000 feet long and
approximately 3,500 feet wide (Fig. 6; Pl. l).
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The writer believes that the Max Meadows thrust sheet
originally extended at least as far northwest as the north
side of Interstate 8l in the map area (Pl. 1), If so,
the fault has a minimum of l2,000—l5,000 feet of horizontal
displacement, Cooper (1939) attributes 7 or 8 miles of
horizontal displacement to the Max Meadows fault. Ritter
(1969) considers the Rome shale exposed in the Blacksburg
area to be erosional remnants of the Max Meadows block;
this implies a horizontal movement of about 10 or ll miles.

Hergenroder (1957) notes that the Max Meadows fault
originally extended to the southern margin of the Ingles-
Barringer Mountain window, but was later eroded back to
its present position south of Saltville block rocks now

ü termed the western end of the Christiansburg window com-4
plex. The present writer contends that the Max Meadows

_ fault originally extended as far north as a line from the
south side of the Ingles-Barringer Mountain window to the( trace of the Salem fault along the southern margin of the
Salem synclinorium at Clinkum Hollow. This implies that
more than two—thirds of the writer‘s area was once covered
by the Max Meadows block.

Max Meadovs Block Erratics
As previously mentioned, an alternative explanation

i i

for the origin of the Copper Ridge sandstone "outlier"
east of Poplar Hollow is that it was carried northwest-
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ward by the Max Meadows thrust sheet. This concentration
of sandstone blocks would constitute a section of Knox
clipped off by the fault from the south limb of the Chris-8
tiansburg anticlinorium (Glass and Lowry, 1970). Lowry
(l97l) envisions the Max Meadows fault as originating
below the Pulaski fault surface and cutting upward through
Rome to intersect locally,_such as south of the Chris-
tiansbu g window, the older Pulaski thrust before contin-

ouing surfaceward. _
Numerous siliceous erratics were observed by the

writer along the Max Meadows fault trace at the southern
margin of the map area. Most are white to grayish—white

y chert and granular chert boulders 6 to 8 inches in diam-
T eter. Sandstone boulders of typical Copper Ridge lithol-i

ogy were not observed. It should be noted that if the
— Copper Ridge rocks at Poplar Hollow belong to the Max

Meadows block, then Elbrook and Knox sections should also
be found along the trace, although they might be dis-
solved or pulverized.

Sequence of Thrusting
‘ The youngest beds exposed in the map area are Devon-

ian black shales (Millboro) of the Salem synclinorium.
Younger Mississippian beds of the Price Formation are
exposed in the trough of this syncline northeast of the
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area. Northwest of the map area and southwest of Blacks—

~ burg,_the Price Mountain window exposes the Mississippian

Stroubles Formation, which overlies the Price Formation.

The Price Mountain anticline of the parautochthonous

Saltville block is partially covered by the Pulaski block.

It is assumed that Pulaski thrusting occurred soon after

the deposition of the Stroubles Formation and thus is late

Mississippian in age.

The Pulaski fault is believed to be the oldest fault

of the map area if the Salem synclinorium is considered

part of the Pulaski block. If the synclinorium is con—·

sidered parautochthonous Saltville block, then the Catawba

fault predates Pulaski faulting. As the Salem fault is
T considered by the writer to be a complication of Pulaski

thrusting, it would be younger than the Pulaski, but older
‘ than the Max Meadows fault to the south. The Cambria,

North Cumbria and Kettle Ridge faults, it is proposed,

were developed in connection with Salem thrusting. The

Willow Springs fault is believed to be associated with

the continued rise of the Christiansburg anticlinorium

· and thus postdates the emplacement of the Pulaski—Salem

thrust sheet.



‘SUMMARY_
i

The following points were established by the writer
as the result of his detailed mapping of the area:

l. Of the major blocks recognized in the area, the
structurally lowest to highest are: Saltville, Pulaski,
Salem and Max Meadows.

2. The Saltville block is exposed in the Christians-
burg window of the Pulaski—Salem thrust sheet.

3. The Christiansburg window in the writer's areal
contains only Elbrook Knox Group formations unc<aformably
overlain by undifferentiated Middle Ordovician limestones.

‘ From south to north, successively younger Saltville block x
strata are exposed in the windows of the Pulaski thrust

' sheet.
i i

4. The Saltville block in the Christiansburg window
in the writer's area constitutes the overturned north limb
of the Christiansburg anticlinorium; Traced eastward from
Christiansburg, the anticlinorium becomes recumbent in the

_ writer's area.
5. The north side of the Christiansburg window is

bounded by the high-angle reverse Willow Springs fault,
which cuts both the Saltville and Pulaski-Salem blocks.

87 ·
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6. The south side of the Christiansburg window is

bounded by the Pulaski thrust, which is, in turn, over-

lapped by the Max Meadows thrust sheet.

~7. In the map area the Pulaski-Salem block has over-

ridden the southwestern margin (Salem fault trace) of the

Salem synclinorium.

8. At least l2,000—l5,000 feet of horizontal north-

west displacoment characterizes the Max Meadows fault in

the writer's area.

The writer tentatively proposes the following points:

l. The Max Meadows thrust sheet advanced over
at.

least two-thirds of the map area. It may have covered

the entire map area, and been subsequently eroded back
i

2 to its present position.

2. The very brecciated, faulted and sheared nature
·

of the eastern half of the map area suggests that the

Pulaski—Salem fault is not far below the surface,

3. The Salem fault trace may extend as far south as

the northern margin of the Christiansburg window.

4. Evidence from within the writer's map area does
‘ not confirm either the Catawba - Saltville block or the

Catawba - Pulaski block interpretation. The writer tends

to consider the Salem synclinorium to belong to the same

structural block as the map area.
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,5. The Knox Group north of the Willow Springs fault

are elements of the Pulaski-Salem thrust block.
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‘Appendix

DIAGENESIS OF THE LOWER KNOX GROUP IN THE CHRISTIANSBURG
FENSTER, SOUTHWESTERN VIRGINIA

Paul L. Broughton, Department of Geolo9Y, Virginia ·
Polytechnic Institute and State University, Blacksburg,
Virginia 24060

Abstract

p The overturned northwest limb of the Christiansburg
anticlinorium is exposed in the eastern margin of the
Christiansburg fenster, through the overlapping Pulaski
thrust sheet. The Knox Group of this parautochthonous
Saltville block was deposited in the shallow marine waters
of the Appalachian miogeosyncline in Cambro-Ordovician
time. A cyclic dolomitization-silicification diagenesis
is apparent. The dolomitization is first interrupted byE silicification that promoted quartz_grain overgrowths.
Later, carbonate cement was replaced by silica, now micro-
crystalline chert. These relations are clearly demonstrated K
by zoned dolomite rhombs enveloped by authigenic overgrowths
and chert nodules.

_
Introduction

The Knox Group of formations, an Upper Cambrian to

Lower Ordovician succession of dolomites, limestones and

sandstones, is exposed in the Christiansburg fenster of

the Pulaski thrust sheet in Montgomery County, Virginia

(Broughton, l97l). The basal Copper Ridge Formation, over-

lain by the Chepultepec and Longview formations, is a

facies equivalent of the Conococheague Limestone. The Knox

Group exposed in the study area has a total thickness of

about 3,000 feet. The Knox Group conformably overlies the
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Cambrian dolomites of the Elbrook Formation. The presence
of sandstone at the base of the Copper Ridge is the basis

for separating Elbrook dolomites from those of the Copper

· Ridge. Disconformably on Knox strata are undifferentiated

Middle Ordovician liwestones. Dolomitization of Middle
Ordovician limestones is largely restricted to the lower,

_ part of the sequence, which occurs only in valleys cut in

the coastal plain prior to reinvasion of the sea in Middle

Ordovician time. The persistent rise of sea level in
Middle Ordovician time plus more rapid subsidence of the

sea floor may explain the general absence of dolomite in

Middle Ordovician and younger Paleozoic strata of this part

of the Appalachian_geosyncline. Regardless of the explan-
ation, the shoal conditions which favored dolomitization

of Knox carbonates came to an end in early Middle Ordo-

vician time. ·
The study of the eastern margin of the Christiansburg

fenster is part of a larger analysis of the Pulaski thrust
sheet. The window rocks represent the Saltville fault

block, and they represent the overturned northwest limb of

the Christiansburg anticlinorium. Only the Knox carbonates
within the Salem synclinorium of the Pulaski thrust sheet
represent a more southeasterly facies of the miogeosyncline

in this part of southwestern Virginia (Fig. 7).' The dif-

ference between the dominantly dolomitic facies of the



A anx00.1¤-.1

2 g §
::1 1:

g1,' 1,. . 1* V 1,>_ {* u
.’ •- .1 " E V'

.£
,_ Ih J Z; l-

C E
rf ' s'

‘. 1 V=° ‘7• „ 1%+ · .1 ,,1 z
1. *-__‘ ~ V 3111; xß ( 3 hl

5 ..1 ä
_: '1‘V_p. J5: . J z Q Q

{ Äh
O °.,1

•_ f gg ölI

x 1:
•- ä :> E Q •- {5 Q •-

O
"’ wg Q
·~ 3 ··· s ·· 9 2 2 5 2

1
O ,,, 5 ,·: J, “ v1 ° Q •-

5;%
*6 S = .5 *· ¤ 2 ··* 1. ··· ä

I
öl

,1 _~ 1
v- ;_

•f
X o 5 E

E, J

.,1 I M1'; l* "" >< 8 8 ,*2 · . . . ä °‘
l‘ 1 I U |-1 ( E 0 O 1J

BÄ ml; °'
"’

°
I ‘ MV

1 < 2
5‘

Q
· -1* ·.1,,1
<»4;Q,lb ’* *-151- ··""“§>;·;· ‘—

0
4 4;,. 9

2 E Q
"'

¤: 4
In

*‘; 16~··.·.Six-•=Z‘·—*c... ° 1;; :;.1 ;0 9‘~ 'Q; **5111:
\ 70 2; Q- lßäxx
\ %>

‘.
lb ·¥ z

F ·~ o
‘ X

"‘ 3
v i T 1"Ü *5-

Ä- x 0
l (E1. Ö I ‘ 1n

*1 *1
11

‘¢ LI

Q
•|‘ 0

«’ I

*1 *1 Ä-. .1
1 12 Y

Ö 1.

=) \ ll"iQ
1+

‘:.12.*.11
,6.I {7 ·_ '

"
,1, ”

0
9 Q

·" ..1
·‘-

°°
X S;.‘.

1fiin
XQ‘„ ***:3 <»

v ·~ VQ =** ’.' ‘·ul-x\) 5,; .5;},,: Q.
1

·„

Ä 1 ·:1
Y s' ·°·—}§ Ä Ä

_‘ 1*<«

:2 E
O

[\

GJ·$-1
giE



h
98

Salem synclinorium (Aronson, l966) and the Conococheague—
like facies of the equivalent section on the Christiansburg
anticlinorium may be due either to difference in geograph-
ical setting or to structural position at a time of_gentle
folding. va

This study was undertaken to provide stratigraphic and
petrologic description of parautochthonous Knox strata in
the eastern margin of the Christiansburg fenster. The
paragenesis of 47 thin sections was studied. Petrographic
analyses are based on 250 grain counts per slide. Ali-
zarin-S red staining of the thin sections and acetate peels
was used to distinguish dolomite from calcite. Insolublel
residues of several sandy dolomites were examined.

i
Structural Setting

W

As already noted, the strata studied (Fig. 8) are part
of the parautochthonous Saltville block. The exposed sec-
tion of the Saltville block is about l7 miles long and two

y miles wide and trends northeast from Radford to east of
Christiansburg, Montgomery County, southwestern Virginia.
Elbrook strata of the essentially horizontal Pulaski thrust
sheet has been displaced about lO miles northwestward.

(

The study area (Figs. 7 & 8) is framed on the south and
east by the Elbrook dolomite of the Pulaski overthrust
sheet. The northern margin of the fenster is the high-
angle, reverse Willow Springs fault, which cuts both the
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Saltville and Pulaski blocks. In the study area (Fig. 8)

the strata within the fenster are overturned with south-

eastern dips. Dips of 30 to 40 degrees along the western

edge become nearly recumbent at the eastern end.

"Depositional Environment and its
‘Control on Lithology

The thick allochthonous Cambrian Elbrook dolomite

sequence older than the Knox Group represents shallow

marine deposits. Mud cracks and algal structures charac-

terize the allochthonous Elbrook Strata along the Norfolk
and Western Railway track north of the window. The Upper

Cambrian arenaceous carbonates of the Knox Group also
represent do1omite—forming conditions. In Early Ordovician

W I time transgressive marine Seas were characteristic of the

Rppalachian miogeosyncline (Eardley, 1962), The Copper
u

Ridge, and its facies equivalent, the Conococheague, prob-

ably accumulated in very shallow marine waters, tidal

flats and supratidal zones. Source of the clastic sediments

is believed to be the craton to the northwest (Nicholas,
A

1956); Eardley, 1951), The writer accepts this, but notes

· the possibility of a relatively minor or local Secondary

source from the southeast (Hazlett, 1968).

Copper Ridge Formation

The generally recognized basal unit of the Copper
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Ridge Formation in this area (Cooper, 1961; Aronson, 1966;

Glass, 1970) is a dolomite-cemented·orthoquartzite, which

in most places ranges from 10-30 feet in thickness. Though

very hard where unweathered, most sandstone outcrops are

friable and 1imonite—stained from the leaching of carbonate

.cement, Aronson (1966), Derby (1966) and Glass (1970)

recognized a zone of oolitic chert, or siliceous oolite,

a short interval above the basal sandstone, and note that

this horizon is generally persistent in the Copper Ridge

elsewhere in Virginia. These workers have also recognized
one or more thinner sandstones at or near the stratigraphic

top of the Copper Ridge, below the Chepultepec Formation.

Cross—bedding is common in the basal sandstone, but also
I „ may be.diatinguished in lam-11ar dolomitic layers locally,

Ripple marks were found only in the well exposed sandstone
I

sequences. I

Within the study area (Fig. 8) the grains of the basal

sandstone are well rounded and very poorly sorted (mean

_grain size, 2.li .3 phi; variance between 3.8-4.6). Silt

and clay are essentially absent in the basal sandstone as

- well as the overlying oolite, probably as the result of

winnowing in a shoa1—barrier, high-energy environment. The

upper Copper Ridge sandstone is thinner bedded, less than

5 feet thick. This unit is generally characterized by the
_ absence of iron oxide stains and the predominance of
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silica cement.
An essentially pure dolomite of interlocking spar is

characteristic of the lower Copper Ridge carbonates ex-

posed in the study area. Two chemical analyses of the

basal Copper Ridge dolomite at Quarry Locality no. 23

(Cooper, l944b) are given below:
dark gray dolomite light gray dolomite

CaCO3 49.83 64.31
MgCO3 43.03 29.00
Si02 4.61 3-81

Al203 1.22 2.07 ‘

Fe203 l.O6„ 0.62

- Dolomitized, mechanically—formed limestones occur

locally throughout the area. The common type is edgewise

~ conglomerate, which consists of angular, tabular dolomitized

slabs roughly parallel to each other but with overlapping

edges in a limy mud matrix. Typically, these intraclasts
l are 8 to 15 cm. long and less than 2 cm. thick. They are

intraformational and intertidal. These conglomerates are

exposed in the lower Copper Ridge dolomite, but are more

stratigraphically higher abundant in a Conococheague—like

facies exposed on Den Hill (Christiansburg Mountain) at

the eastern end of the study area.

The genesis of these edgewise conglomerates was 1)



103

deposition of a limy mud in shallow, relatively quiet

marine water, 2) lithification of the mud upon exposure

during fluctuation in sea level (formation of dessication
cracks), 3) re—flooding of the mud flats and fragmentation

of the upper lithified mud by storm or surf activity, and
4) renewed deposition of limy mud filling in the voids be-
tween the tabular clasts. Aronson (1966) notes that these

restricted waters were probably less than 6 feet in depth,

and more likely about 2 feet.

Silicified algal structures and cryptozoon colonies
occur locally within the thick dark gray dolomite sequence,
particularly near locality No. 23, (Fig. 8). Growth of
cryptozoon structures would also have been favored by a

· U restricted environment characterized by higher salt and
nutrient concentrations, as well as probable higher tem-

‘ peraturos (Aronson, 1966). · ·
"Cauliflower" chert is associated with the thick dolo-

mite sections in the upper Copper Ridge. These are best

exposed on the north slope of Den Hill near locality No.
29 (Fig. 8). Aronson (1966) notes these white chert knobs

_ represent small, 1-5 cm. diameter algal colonies. The
chert is enclosed in, and in sharp contact with gray dolo-
mite. Locally, the dolomite strata contain laminae of
silt-sized detrital quartz and feldspar. Upon weathering,
these silty layers form a series of low linear ridges.
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Aronson (1966) attributes such detritus to a relatively

stable source area which was undergoing chemical weather-

ing.
The writer mapped several strike belts of Copper Ridge

sandstone (Fig, 8) in the eastern end of the Christiansburg

window; Outcrop exposure is very poor, and concentrations

of float define these contacts. It is possible that these

represent several distinct horizons in addition to the

basal sandstone. However, considering the essentially

recumbent nature of the Christiansburg anticlinorium in

this area, as well as probable undefined faulting, the .

sandstone strike belts probably represent the basal hori-

zon. The associated oolite above several of the sandstone

· U belts is similarly interpreted, with the exception of the

p oolitic limestone horizon of the Conococheague—1ike facies.
‘ It is believed to be relatively high in the Knox section.

A Conococheague;like Facies

The limestones of the Conococheague are believed to

have been deposited in shallow, but somewhat deeper water

than that of the dolomites. The section exposed on the
i steep grade of U.S. Route ll at Den Hill (Christiansburg

Mountain) has sandy units unlike that of the nearby Copper

Ridge Formation, as well as sporadic limestone horizons

interbedded with thoroughly dolomitized strata. Descrip-
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tion of the measured section followsz

‘Measured section of the Conococheague-like facies

Geologic section measured on the east side of Den Hill along
U.S. Route 11 from elevation 1,800 to 2,140 feet. The
overturned stratigraphic base is to the west at ele-

.vation 2,140 feet, and the stratigraphic top is to the
east at 1,800 feet of elevation. Location of measured
section shown on Fig. 8.

Stratigraphic top Feet Inches
Dolomite, buff-gray and sandy with inter-

bedded 1-inch quartz arenite......... 2 1

Dolomite, buff-gray with about 40 percent
quartz sand randomly distributed..... 0 6

Quartz arenite, limonite yellow-brown
i

Dolomite, bluish gray with about 10 per-

1
- Quartz arenite, browwish_gray, medium-

. Dolomite, buff-gray, locally with limonite
pseudomorphs after pyrite............ 6 5

Dolomite, 1ight_gray with 20-40 percent
irregular quartz sand concentrations. 3 1

Dolomite, medium_gray, sandy.............. 4 1 Sample 3

Chert, dark brownish gray, nodular, hori-
· zontally discontinuous............... 0 3

- Dolomite, bluish gray, thick—bedded,
pyritiferous......................... 4 8

Dolomite, bluish gray with about 10 percent
quartz sand and trace of edgewise

Edgewise conglomerate in a sandy dolomite
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Stratigraphic top Feet Inches
Dolomite, with about 20 percent quartz

sand and a trace of intraclasts,
bluish gray.......................... 1 3

Dolomite, bluish gray, medium-bedded...... 2 17

Edgewise conglomerate in a sandy dolomite
matrix, bluish gray to brownish gray. 1 0

Dolomite, bluish gray with irregularly
distributed quartz sand, 30-60
percent sand,........................ 0 10

Dolomite, dark_gray with minor sandy
zones................................ 9 l

Covered................................... 60 —

Dolomite, bluish gray, thick-bedded....... 12 2 Sample 5
Quartz arenite, cream white, medium- to

fine-grained......................... 1 6 Sample 6

4 Dolomite, dark bluish gray with traces of
intraclasts and sandy zones.......... 8 3

Edgewise conglomerate in a sandy dolomite_ matrix, bluish gray, locally _
la.miI1at€d•••••••••••••••••••••••••••• 3 6

Limestonc, buff_gray to bluish gray,
locally laminated.................... 12 10 Sample 7

Chert, medium_gray, nodular............... 0 1
Dolomite, bluish gray.,................... 0 3
Quartz arenite, buff gray, fine-grained... 0 4l
Dolomite, brownish gray, locally sandy.... 4 9
Dolomite, dark_gray, laminated and cut by

Dolomite, dark_gray, very coarse_grained.. 0 6
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4Stratigraphic‘top Feet Inches

Dolomite, buff-gray, silty; interbedded
sandy layers..............;.......... 1 2 Sample 9

Dolomite, bluish gray with minor quartz
arenite layers....................... l9 3 Sample 10

COV€I€d••••••••••••••••••••••••••••••••••• 5
—

Edgewise conglomerate, bluish gray........ 0 5

Dolomite, dark gray, thin- to thick-
bQdded•••••••••••••••••••••••••••••••Dolomite,

limonite-stained with about 10
percent quartz sand....•............. 2 0

CI.€d0IOQQOIOOOOOIIOOOIOOOOOOIOIIOOIIOOI 6 O

Dolomite, bluish gray, medium-grained

withCOVd•O|•I|•I•O|IO••O•IIOO||OOlII•OIO•·O• 3 2-

. Dolomite, 1ight_grayd thick-bedded, locally
' lami¤at€d•••••••••••••••••••••••••••••7‘

Dolomite, sandy with quartz_grain concen-
. trations between 30 and 75 percent,p

out by calcite veins................. -4 8 Sample 11

Dolomite, thick-bedded,pbluish_gray....... -5 0

Dolomite, sandy with quartz grain content
about 40 percent..................... 0 - 5

Dolomite, dark gray with silty ribs, cut
by calcite veins...•................. 4 4

· Dolomite, dark gray, interbedded with
sandy dolomite and silty ribs, and
laminated dolomite and limestone..... 4 0 Sample 12

Dolomite, light_gray, medium—bedded....... 6 3

Dolomite, buff-gray, thick—bedded, silty., 1 3 Sample 14
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Stratigraphic t0p Feet ‘Inches

Dolomite, dark b1uish_gray, medium-
tO thnj-C]{-b€dd·€d••QQQOQQIOOOOQOOOIIOOO 5 8

Intraformational breccia: limestone clasts
in a dolomite matrix, bluish gray.... 3 2 Sample 13

Dclomite, light gray, very fine grained,

COV€I•€d••••••••••••••••••••••••••••••••••• 3
.—

Dolomite, light dove-gray, laminated...... 10, 8

Chert, light_gray to white, sandy and
pelletiferous........................ 0 1 Sample 15

Quartz arenite, buff white................ 0 8

Limestone: intrapelsparite, slate gray, '
laminated to massive................. ,7 5 Sample 16

Dolomite, dark gray, thick—bedded......... 6 8

Quartz arenite, medium- to thick—bedded,
lim0nite—stained, feldspathic........ 10 6 Sample 17

~
CÜVGIGÖ-•••••••••••••••••••••••••••••••;••• —

Quartz arenite, medium-bedded, limonitic,
feldspathic.......................... l 2

1

Limestone, bluish gray oopelsparite with
stylolites; oolites replaced by
dolomite............................. 2 O Sample 18

Limestone, dark bluish gray intraeopel-
sparite with asseciated trilobite

Covered................................... l —
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Stratigraphic;ggg {get Inches

Dolomite, light dove-gray, medium- to
thick-bedded;..‘..................... 2 0

Covered.................................. 17 -

Dolomite, 1ight_gray, thick-bedded....... 12 0

Covered.................................. 57 -

Chert, white, thick-bedded to massive,
microcrystalline, relict dolomite
rhombs and oolites.................. 2+ ‘ —

‘Stratigraphic bottom
‘

Total thickness 390 feet 2 inches

· In most other places the Copper Ridge is characterized

by sandstone 5-30 feet thick, whereas this Conococheague—
· ‘ like facies is predominantly a sandy dolomite with thin

sandstone beds less than one foot thick, This lithology

is typical of the sandy facies of the Conococheague as

described by Butts (1940). The stratigraphic section shows

other similarities with Butts' description. Similarities

include a very small amount of black nodular chert; silty

layers that stand out on the weathered surface as thin,

wavy ribs; sandstone lenses irregularly distributed ver-

tically and horizontally throughout the section, and

scattered limestone beds with trilobites, pellets and

oolites. The trilobites are fragmental. This outcrop

area was mapped as Conococheague by Woodward (1932) and
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Butts (1933). Whether or not this is truly equivalent to

the type Conococheague in Franklin County, Pennsylvania,

is still problematical.

Some of the detrital quartz_grains of the Conococheague—

like facies are very loosely packed and grouped in hori-

.zontally and vertically discontinuous lenses. Cyclic

fluctuations in water depth are indicated by somewhat

deeper water limestones with shallow water interbedded

_ dolomites.
The overall bulk lithology of the sandy dolomites of

the Conococheague—like facies constitute a textural in--

.version. Moderately sorted (8 = .46-.83 phi), well rounded,

apparently spherical grains of quartz in carbonate ooze
« indica+ a mixing of the products of two energy levels,

In particular, these probably represent sand_grains from

· high-energy beaches, dunes or offshore bars that are
sporadically deposited in restricted waters of a carbonate

basin. A plot of mean size vs. variance was used to study

the sorting characteristics (Fig. 9). The sandstones of

_ the basal Copper Ridge (locality nos. 1, 21, and 24, Fig.

y 8) are relatively poorly sorted. However, those of the

Conococheague—like facies show cyclic, moderate—sorting

patterns. Average standard error was calculated at 0.003.

At least four cycles of regression—transgression were

delineated based on increasing and decreasing sorting
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Figure 9. Study of sorting characteristics of quartz sand ‘
grains based on statistical plet of grain size mean vs.
variance.
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values in Fig. 9. Taken into consideration are the several

horizons of edgewise conglomerate, the supposition that
thoroughly dolomitized strata is shallower than limestone

strata, and the presence of detritus-free carbonate.

4 Chepultepec and Longview Formations: Upper Knox
)

The Chepultepec and Longview formations were collece
l

tively mapped as undifferentiated Upper Knox because of

insufficient outcrop. Formations of the upper Knox higher

_ than Longview are not exposed in the study area because of

erosion, as well as possible cover of the overriding

Pulaski thrust sheet, and Willow Springs faulting. The

Chepultepec in the study area is a thin to medium—bedded,

predominantly finergrained, gray to blue-black limestone.

Silicified remains of the brachiopcd Finkelnburgia were
found immediately west of locality 27, Fig. 8. The Long-
view Formation overlying the Chepultepec in the study area

is predominantly a 1ight_gray, medium-bedded dolomite

with numerous block-weathering cherts. The_gastropod

MLecanospira is preserved in the chert immediately west of

the study area (Glass, 1970). Numerous thick beds of chert

are exposed throughout the 260 feet of section in a deep

cut on U,S. Route 460 Bypass north of Christiansburg,

Virginia, Dolomite is exposed in the roadcut above the

cherty section and disconformably below the Middle Ordo—
vician limestone.
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Middle Ordovician Limestones

A disconformity exists between the Knox Group and the

Middle Ordovician limestones exposed along the western

edge of the study area. Limestones of the Middle Ordo-

vician belt in the study area are a bryozoan-rich, reef

facies. Brachiopods and corals, as well as a few rare
·

trilobite fragments, may be recognized in thin section and

on the weathered surface. This reef complex traced south-

west towards Radford, Virginia, contains a relatively high

percentage of micrite in the basal portion.

‘Mineralogy
l

Silicification increased as a diagenetic process from

pre—Knox (Elbrook) time into the Upper Knox. By upper

Chepultepec time, limestone beds with implied slightly

less shallow origin, became increasingly prevalent. By

Middle Ordovician time dolomitigation as a process had
virtually ceased in the study area.

All lithologies measured and studied were classified

according to the scheme of Folk (1968). Sandstones (quartz

arenites), sandy dolomites and dolomites are the dominant

lithologies of the Conococheague-like measured section.

Bedded cherts and limestones occur locally. Nonundulatory

monocrystalline quartz is the chief framework component of

the quartz arenites and sandy dolomites (average 93 percent,
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range 87-98 percent) of the Conococheague-like section
(Samples l-l9,_Fig. 8 and measured section). Generally

weak strain shadows, when present, are probably due to

post—depositional strain, as shown by vacuole trains that

cross grain boundaries. Fracturing of the_grains is rare.

About one-quarter of the Conococheague—like facies quartz
‘ _grains contain inclusions of zircon, apatite, rutile,

tourmaline or biotite. The sphericity and roundness of the

_grains is difficult to estimate because of post-depositional

alteration by authigenic overgrowths and pressure welding.

Where the original_grain boundaries are visible, the quartz

_grains are well rounded, but_generally slightly oblate,

Composite quartz grains are relatively rare in the Conoco-

p 7 cheague-like‘section, but up to 2 percent may be found in

quartz arenites from the basal Copper Ridge Formation.
i

Feldspar is the next most abundant framework constitu-

ent of the sandstones of the basal Copper Ridge and the

Conococheague-like facies. It averages 4 percent; range,

trace to 7 percent, A microcline:orthoclase ratio of 5:3

is typical of the Conococheague-like facies (samples l-l7,

Fig. 8), Locally, the thick basal sandstone (quartz

arenites) of the Copper Ridge is a subarkose with 5-7 per-

cent feldspar (samples 24 and 26, Fig. 8). Slight alter-

ation is restricted to the orthoclase_grains. Typically,

authigenic overgrowths are clear even though the detrital
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core may be severely altered. The.overgrowth rims may,
however, enclose detrital clay, iron oxide, heavy mineral

_grains and dolomite rhombs. The microcline and orthoclase
_grains are well rounded, spherical to oblate. Fully de-
eveloped, idiomorphic feldspar overgrowths predominate.
Authigenic overgrowths are associated with more than 80 2

‘ percent of the feldspar grains in the Copper Ridge and
Conococheague-like facies of the study area. The feldspar
is believed by the writer to indicate a relatively
closescrystallinesource. Detrital chert clasts, as well as
pressure (metamorphic?) quartz clasts, were observed in a
few cases, associated with arenites of relatively high
feldspar percentages (samples 3 and 4 of the Conococheague-
like facies, and samples 24 and 26 of the Copper Ridge,
Figs. 8 and 10).

”Heavy‘Minera1 äuite
The suite of heavy minerals in the Copper Ridge and

Conococheague—like facies consists of zircon, apatite,
tourmaline, biotite, muscovite, rutile, pyrite, limonite/

_goethite, hematite, kyanite and topaz(?). Zircon and
tourmaline are the most abundant allogenic heavy minerals
97-100 percent) in all of the Copper Ridge and Conoco-

cheague—like thin sections studied. Most grains are well
rounded, but oblate in shape. The color of the zircon and
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tourmaline varies only slightly: zircon is clear and

tourmaline, an olive-brown in plain light. Rutile was

found only as inclusions in the detrital quartz (samples

2, 6, 9 and ll, Fig. 8) of the Conococheague-like facies.

Kyanite and topaz(?) were identified in one slide (sample

14) from the detrital fraction of a silty dolomite from °

i
the Conococheague-like facies. The heavy mineral grains,

’most1y zircon, are sometimes erveloped by the authigenic

overgrowths of the quar#z_grains.

Pyrite and iron oxide stains occur in bedding-plane

seams, and also as secondary crystalline aggregates along

stylolitic traces. Pyrite cubes up to 3mm. in size were

observed from the Conococheague-like facies. Samples ll

and 19 each have about 1 percent pyrite. Abraded over-

_growths of detrital tourmalines were observed locally in

the Copper Ridge and Conococheague-like facies (samples 17

and 24). Authigenic muscovite was observed (sample 14)

in the siltj fraction of the sandy dolomites. It is prob-

ably related to the deterioration of the orthoclase.

Carbonate Mineralogy

The ratio of detrital quartz_grains to cement ranges

from 0 to 100. Most of the thick quartz arenite units

delineated on the accompanying geologic index map have

quartz_grains in contact with each other, The dolomite
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cement is less than 20 percent. The dolomites of the

Conococheague—like facies. however, are.characterized by

widely scattered "f1oating" detrital quartz_grains. In

thin sections of the Conococheague-like facies, quartz

arenite beds up to foot thick, as well as one bed about
10 feet thick, contain densely packed_grains.

6

1
Most of the Conococheague-like facies is thoroughly

dolomitized except a 3-foot bed of limestone occurs near
the base of the section. Oopelmicrite (samples 18 and 19)

has the following average composition: 25 percent pellets,

20 percent oolites, 18 percent intraclasts, 1 percent

detrital quartz_grains, 10 percent shell fragments (tri-

lobites?) and 26 percent microcrystalline calcite cement.

The intraclasts are densely packed pellets with up to 10

percent trilobite fragments and oolites. Folk (1968)

classifies these as Type II limestones·(microcrystal1ine

allochemical rock). The biochems in the lower limestone

zone are a reworked trilobite hash. Their fragmental

nature prevented determination of genus.

Dolomitization

The dominant lithology of the Knox Group of the eastern

Christiansburg fenster is dolomite. From the study of

specimens collected (Fig. 8) the Copper Ridge Formation is

essentially completely dolomitized, and is indicative of
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formation in a shallow water environment. Dietrich et al.
(1963) note that the carbonates of the Knox Group accumu-

lated in shallow oxygenated marine waters which were com-

monly hypersaline, and probably abnormally alkaline. This

environment favored the formation of oolites and pellets,

which were considerably reworked in the Conococheague .

1 facies.
The introduction of magnesium ions into the calcium

a carbonate sediments is believed to have taken place either

at the sea water—sediment interface or within several feet

below it (Hobbs, 1957). The diffusion of magnesium ions

through pore wate„ is believed by the writer to have caused

a complete transformation of the calcium carbonate to cal-

cium, magnesium carbonate in the study area, As previously

noted, several undolomitized and partially dolomitized

limestone beds are in the Conococheague-like facies section

(samples 3, 7, 12, 16, 18 and 19) of the study area. In

limestone beds (samples 7, 12 and 13) the formation of

dolomite stringers appears to have been enhanced by move-

ment of water along bedding planes, where dissolution of

calcium carbonate took place.

In the Conococheague-like facies, stylolitic seams are

characterized by traces of pyrite aggregates and iron

oxides, mostly limonite (samples 18 and 19). Both low-

and high-amplitude stylolites are observed. Hobbs (1957)
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Plate 3

‘
Photographs l, 2, 4, 5 and 6, which show dolomite rhombs
within authigenic overgrowths on detrital quartz_grains, l

-all test to the interruption of dolomitization hy silici-
fication, Photograph 3 shows the envelopment of larger
dolomite rhombs by chert. Crossed nichols.
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notes that high—amp1itude columns may be indicative of

formation soon after lithification, whereas low-amplitude
types may be indicative of formation near the time of

nearly complete loss of permeability, The writer observed

that the presence of oolites, and to a lesser degree

pellets, promoted overall increases in amplitude (samples

16 and 19). Stylolites were not observed in the thoroughly

dolomitized strata of the Copper Ridge Formation.

The stylolites of the study area are predominantly

bedding plane features. Rigby (1953) notes that bedding-

plane stylolites were formed after lithification and be-

fore nearly complete loss of permeability. Migrating

solutions are believed to pass along adjacent carbonate

laminae. Infrequently (sample 18) oolites are selectively

dolomitized in a limestone matric. It is possible that
these represent dolomitization prior to final deposition.

Silicification

_ Two periods of silicification interrupted the dolomit-

ization process. The first of these occurred very early

after the commencement of dolomitization. Introdaced ‘

silica promoted authigenic overgrowths on the detrital

quartz grains. These overgrowths envelop (Pl. 3) previ-

ously formed dolomite rhombs. After silicification ceased,

dolomitization resumed. Silicification was again resumed
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with the replacement of calcium carbonate by chert and

microcrystalline silica (P1. 3). Chert-enveloped dolomite

rhombs are distinctly larger than those enveloped by authi—

_genic overgrowths. In thin section this chert is essen-

tially microcrystalline and rarely cryptocrystalline.

Relict structures are observed within the cherts. The

Copper Ridge siliceous oolites and cherts envelop dolomite

rhombs, pellets, oolites, oolites with detrital neuclei

of tourmaline, zircon and quartz_grains, as well as detri-

tal quartz grains with authigenic overgrowths (sample 29),

Faint traces of pellets were the only relict structures ob-

served in the Longview cherts (samples 32, 33 and 34). *

After chert emplacement, dolomitization resumed and went to

completion. Where no silica was introduced, dolomitization

may have been nearly continuous.

' Paragenesis

The following detailed paragenic sequence of the

r measured section of the Conococheague—like facies is based

on the interpretation of 20 thin sections. It should be

noted, as was pointed out by Dietrich, Hobbs and Lowry °

(1963), that these processes are probably not operative
i

at the same time throughout the section:

I 1. Deposition of calcareous, probably in part aragon-
itic, sediment. Formation of oolites, pellets and other
primary features, as well as the deposition of detrital
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F
quartz grains. Corrosion of the quartz_grains at this time
may have been slight. 6

2. Formation of small euhedral dolomite rhombs in the
calcareous sediment.

h « 3. Silicification interrupts dolomitization: authi-
_genic overgrowths develop on quartz and feldspar. Replace-
ment of calcium carbonate, but not dolomite, by silica.

4. Partial lithification of sediment in a tidal flat.
Formation of edgewise conglomerates,·intraclasts, mud and
shrinkage cracks.

5. Renewed deposition of carbonate sediments which
fill mud cracks and other voids.

6. Renewed dolomitization and corrosion of quartz and
feldspar_grains.

7. Replacement of calcite, and to a lesser degree
the dolomite, by si1ica_gel: both crypto— and microcrystal-
line chert.

8. Localized cracking and slumping of the sediment.
Pressure solution between quartz grains, and formation of
veinlets of microcrystalline silica cutting the chert and
sandy dolomite. .

9. Renewed dolomitization with minor corrosion of
chert and locally severe corrosion of quartz grains. Re-
placement of calcite by dolomite carried to completion.
Partial lithification and associated stylolite formation.

10. Burial with completion of stylolite formation and
_ lithification, associated with recrystallization of dolomite

spar.
ll. Tectonic effects including overturning of strata,

formation of joints, cleavage, straining of the quartz and
dolomite spar and minor folds and faulting. These may be
accompanied by minor hydrothermal alterations, mainly the
formation of pyrite-bearing calcite veins.

°

12. Leaching of soluble carbonates, sulfates, as well
° as oxidation of sulfides by weathering.



SiliCification is a distinctive feature of the miogeo-
synclinal carbonates that constitute the study area. The

relations demonstrate the chert to be of replacement

origin. —The Knox formations exposed in the Christiansburg

fenster demonstrate a cyclic dolomitization and silicifi-
cation. Dolomitization was first followed by silicifi-

cation with authigenic overgrowth formation. Dolomitiza-
tion resumed but was later interrupted by silicification

with replacement by chert. Subsequently, dolomitization

was carried to completion. It is observed in the study area

of the Christiansburg anticlinorium that the overall silica
,c ntent increases from pre—Knox Elbrook Formation time up

the section to nearly the end of the Knox. Dolomitization
is no longer evident in strata younger than upper Knox in

the Christiansburg anticlinorium.
4
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STRUCTURAL GEOLOGY_OF THE PULASKI—SALEM THRUST SHEET

AND THE EASTERN END OF THE CHRISTIANSBURG WINDOW,
5

SOUTHWESTERN VIRGINIA

I Paul L. Broughton

l Abstract

The map area comprises about 35 square miles in Mont-

_gomery County, Virginia. The bedrock ranges in age from

Cambrian to Devonian and belongs to five fault blocks.

From north to south they are Catawba, Salem, Pulaski, Salt-

ville and Max Meadows.

The structurally lowest block is the parautochthonous

Saltville block which is exposed in the Christiansburg

window of the Pulaski overthrust sheet. Exposed are the

upper Elbrook Formation, the Cambro-Ordovician Knox Group

of carbonates and Middle Ordovician limestones. The strata

within the window represent the essentially recumbent north

limb of the Christiansburg anticlinorium. The Pulaski-Salem
blocks contain folded and highly-fractured and brecciated ”

Elbrook and Knox formations. Structural complications of

the Salem block include the high—angle Willow Springs,

Cambria, North Cambria and Kettle Ridge faults. The Salem

thrust is interpreted as a relatively minor, yet important,

l



Y
2 .

splay off the Mississippian-age Pulaski thrust. The

Pulaski overthrust has a minimum of 9 miles of northwest-

ward displacement. Rocks of the Catawba block along the

northern margin of the area range from Middle cambxian to

Mississippian in age. The Max Meadows block is the highest

structural block in the area. Cambrian Rome Formation and
possibly some lower Knox Copper Ridge Formation comprise

this thrust sheet. Klippen of the Max Meadows thrust indi-

cwte a minimum northwestward movement of 15,000 feet for

this thrust sheet.






