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INTRODUCTION

Roadcuts along US Highway Alternate 58/23 between Big Stone
Gap and Norton in Wise County, Virginia provide an almost complete
and accessible exposure of the Lower Devonian Wildcat Valley Sand-
stone, Upper Devonian and Lower Mississippian Chattanooga Shale,
and Lower Mississippian Price and Maccrady Formations in south-
western Virginia. In particular, the Chattanooga Shale is very poorly
exposed regionally, and for this reason, Filer and others (1992) pro-
posed that this section serve as a supplementary reference section for
the Chattanooga Shale. Roadcuts are at low angle to strike along the
north-northwest limb of the Powell Valley anticline, and individual
beds are commonly exposed for over a hundred meters along strike. In
these roadcuts, at least 80 percent of the Wildcat Valley Sandstone, 85
percent of the Chattanooga Shale, and 100 percent of the Price Forma-
tion are exposed. Figure 1 is a general location map. A more detailed
location map of the exposures is Figure 2. Figure 3 is an outcrop map
prepared by plane table methods at a scale of 1:2400 and reduced for
publication to a scale of 1:7200. Indicated on this map are the forma-
tions present in a series of outcrops numbered from one at the base of
the section to 31 at the top.

In order to develop a nearly complete Devonian composite sec-
tion for the region, supplemental sections were measured and de-
scribed in two nearby locations. At Jasper in Lee County, about 9
miles to the southwest (Figure 2), a nearly complete section of the
lower 30 meters (100 ft) of the Chattanooga Shale was measured.
Much of this interval was covered in the main series of outcrops. A
detailed plane table map of this locality is presented in Figure 4.
Also missing in exposures along US Highway Alternate 58/23 are
portions of the upper Chattanooga Shale (equivalents of the upper
Huron Member and Three Lick Bed in Ohio and Kentucky, as well
as of the subsurface in southwestern Virginia, see discussion of
stratigraphy ). These units were previously described along the bank
of the Powell River in the nearby town of Big Stone Gap (Figure 2)
by Kepferle and others (1981) as part of a nearly complete (but not
very accessible) exposure of the upper two-thirds of the Chattanooga
Shale. The Upper Huron-Three Lick portion of that section was
redescribed to complete our composite section. An outcrop map of
the Big Stone Gap exposure is shown in Figure 5.

The composite section is 398 meters (1305 ft) thick and includes
15 meters (50 ft) of Wildcat Valley Sandstone, 285 meters (934 ft)
of Chattanooga Shale, 82 meters (270 ft) of Price Formation, and 16
meters (52 ft) of Maccrady Formation. A correlation of these units
with stratigraphic nomenclature used in other portions of the Appa-
lachian basin is presented in Figure 6.

Because natural gas fields producing from both the Chattanooga
Shale and Price Formation lie within a few miles to the north of
these exposures, a second purpose of this study was to correlate the
outcrop exposures with the significantly different stratigraphic no-
menclature used in the subsurface in southwestern Virginia. Corre-
lation with the subsurface is based on lithologic descriptions as well
as comparison of an outcrop gamma ray log prepared in the course
of this study with gamma ray logs from nearby wells. A stratigraphic
column, lithologic description, and the outcrop gamma ray log of
the outcrop section are shown in Figure 7(Sheet 2). Also shown are
the gamma ray logs of two natural gas wells located within a few
miles of the main exposures (see Figure 2 for location of wells) and
the correlation between the outcrop and the more detailed internal
stratigraphy used in the subsurface. These new exposures provide
an excellent opportunity to study the reservoir zones in the outcrop.
The documentation of stratigraphic boundaries in this work will fa-
cilitate such studies.

PROCEDURES

Initially, the outcrops and roads in the main section along US
Highway Alternate 58/23 were mapped by plane table at a scale of
1:2400. The stratigraphic position of each exposure and total thick-
ness of exposed strata were determined from these data. Subse-
quently, a subset of the exposures was selected for detailed mea-
surement, description, and outcrop gamma ray logging. The subset
was selected to provide as complete a section as possible as well as
to emphasize, at the time of description, the cleanest, least vegetated,
and laterally most extensive exposures. The composite stratigraphic
column and outcrop gamma ray log (Figure 7) were constructed from
these data. Major stratigraphic contacts are obvious lithologic bound-
aries such as the black basal Chattanooga Shale overlying weath-
ered coral-rich sandstone of the upper Wildcat Valley. More subtle
stratigraphic contacts of both outcrop and subsurface nomenclatures
within the Chattanooga Shale were based on shale color, lamina-
tion, fissility, and weathering characteristics. The precise determi-
nation of stratigraphic position of outcrops within the stratigraphic
column was aided by correlation of individual outcrop gamma ray
log segments with subsurface gamma ray logs of the Wise-204 and
Wise-209 wells (Figure 2). The stratigraphic positions of outcrops
determined by plane table data and gamma ray log correlation were
in good agreement.

Levels of natural gamma ray emissions were recorded with a
SCINTREX GIS-5 portable spectrometer. The instrument was op-
erated on a setting which recorded emissions at energy levels greater
than 1.4mEV. This allowed for capture of signal from potassium-
41, uranium-238, and thorium-232 simultaneously, while effectively
filtering out low level background radiation (Doig, 1968). These
three radioisotopes account for most naturally occurring rock radia-
tion (Doig, 1968). At intervals of 0.6 meter (2 ft), the detecting end
of the instrument was placed in direct contact with the outcrop and
gamma radiation was counted for thirty seconds. Occasionally, read-
ings were recorded at more closely spaced intervals, especially when
thin bands of black organic rich shale were encountered within rela-
tively lighter colored units.

The outcrop gamma ray log was constructed with a radiation
scale designed to match the typical deflection range for silty shale.
The scale selected is linear, as is the case with subsurface data, and
matches well in formations with low natural radioactivity. The out-
crop log shows relatively less elevated counts in black, radioactive
shales when compared with subsurface levels. This most likely is
caused by loss of uranium as a result of oxidation and leaching of
uranium at the outcrop due to weathering as well as uranium series
disequilibrium due to loss of mobile daughter products such as ra-
don gas. Relative gamma ray intensity variations still enable pre-
cise correlations in spite of this loss of signal.

STRATIGRAPHY

The Lower Devonian Wildcat Valley Sandstone (Miller and oth-
ers, 1964) is about 15 to 20 meters (50 to 65 ft) thick locally and
thins westward due to erosive beveling beneath an unconformity at
the top of the unit. An unconformity within the Wildcat Valley sepa-
rates beds equivalent to late Helderberg from overlying beds equiva-
lent to early Onondaga.

The Upper Devonian and basal Lower Mississippian Chattanooga
unconformably overlies the Wildcat Valley Sandstone in southwest-
ern Virginia. The Chattanooga Shale (Hayes, 1891) was named from
relatively thin (less than 15 m. 45 ft) exposures of black and gray
marine shale in central Tennessee. Campbell (1894) applied the name
Chattanooga to much thicker deposits in southwestern Virginia. Stose
(1923) recognized a three-part internal subdivision of the Chatta-
nooga in Wise County, Virginia and extended the Genesee Shale
from New York into the lower approximately 120 meters (400 feet)
of dominantly black or very dark gray shale. He defined a middle
unit of typically somewhat lighter colored, frequently distinctly lami-
nated siltstone and shale, also about 120 meters (400 ft) thick, and
correlated this with the Portage Shale. Finally, he recognized an
upper unit he named the Big Stone Gap Shale which was about 60
meters (200 ft) thick and which was also dominantly black to dark
gray in color. Harris and Miller (1958) and Miller (1965) used the
same three fold subdivision of the Chattanooga for mapping in south-
western Virginia, but dropped the names Genesee and Portage in
favor of informal lower black shale and middle gray siltstone mem-
bers. Based on unpublished conodont studies by W. H. Hass cited in
Harris and Miller (1958), these workers felt that the New York names
extended by Stose (1923) to the lower units of the Chattanooga were
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chronostratigraphically incorrect. Stose’s Big Stone Gap Shale
Member was retained as it was locally derived. Nolde and others
(1986) and Henika (1988) used this three fold subdivision in more
recent published geologic mapping in the area.

During the 1970s, the U.S. Department of Energy (DOE) funded
studies of Devonian shales in the Appalachian as well as other ba-
sins because of their long history of natural gas production and po-
tential for increased yields. One of the results of these studies, based
on the contributions of numerous workers, was a much refined re-
gional correlation of Middle and Upper Devonian units based largely
on subsurface data. Roen and Kepferle (1993) provide the most
complete single summary and bibliography of this work. In south-
western Virginia, the subsurface Chattanooga Shale proved to be
easily subdivided into eleven units representing equivalents of for-
mal outcrop subdivisions of Ohio and New York. In particular, the
lower black shale member was recognized as the equivalent of the
Rhinestreet and Angola Members of the West Fall Formation and
the Java Formation of New York as well as the lower Huron Mem-
ber of the Ohio Shale. The middle gray siltstone member was shown
to contain correlatives of the middle and upper parts of the Huron
Member as well as the Three Lick Bed, a thin distal tongue of Cha-
grin Shale. The Big Stone Gap Member was found to be comprised
of equivalents of the Cleveland Member of the Ohio Shale, the
Bedford and Berea Formations, and the Sunbury Shale.

Work was also conducted during this DOE funded project on the
outcrop stratigraphy of the Chattanooga Shale of southwestern Vir-
ginia, where good exposures are rare. As a result of that work, two
significant outcrop section descriptions were published. One sec-
tion was at Duffield, Scott County (Kepferle and Roen, 1981) while
the other was along the bank of the Powell River in the town of Big
Stone Gap, Wise County (Kepferle and others, 1981). In both lo-
calities, the detailed internal stratigraphy recognized in the subsur-
face within the middle gray siltstone member and the Big Stone Gap
Shale Member were identified, but in both cases most of the lower
black shale member was not exposed.

Siltstones of the Lower Mississippian Price Formation conform-
ably overlie the Chattanooga Shale, and are in turn conformably
overlain by red and green siltstones and shales of the Maccrady For-
mation. An unconformity separates the Maccrady from overlying
Upper Mississippian Newman Limestone.

KEY BEDS

Several key beds which have been shown to have widespread
applicability in studies of the Middle and Upper Devonian within
the Appalachian basin are pertinent to stratigraphic correlation in
southwestern Virginia. Three ash beds have been identified and
named within Middle and Upper Devonian clastics of the Appala-
chian basin. The Middle Devonian Tioga Ash is the oldest and is
missing by unconformity in southwestern Virginia. Its absence is
important in dating the unconformity. The oldest of two Upper De-
vonian ashes, the Belpre Ash, was apparently first reported in the
area by Harris and Miller (1958) in the Duffield quadrangle, although
not named until later by Collins (1979) from subsurface occurrences
in Ohio. Dennison and Boucot (1974) previously identified ashbeds
at this stratigraphic position at Little War Gap on Clinch Mountain
about 62 miles to the southeast, but incorrecily correlated these with
the Tioga Ash. These beds were later correlated with the by-then
identified Belpre Ash based on unpublished conodont studies of Anita
Harris, who identified elements of Frasnian age in the enclosing black
shales (as reported in Roen, 1980). The younger Center Hill Ash
(Hass, 1948) has long been well known in thin exposures of distal
Chattanooga Shale around the Nashville dome in Tennessee, and
has been identified in the subsurface throughout much of the west-
ern half of the Appalachian basin in cores and by geophysical log
signatures (Roen and Kepferle, 1993).

One additional unique stratigraphic marker has proved to be of
regional significance in correlation of Upper Devonian rocks both
within the Appalachian basin as well as throughout much of eastern
North America. The enigmatic Foerstia (Protoslavania) is a
stratigraphically restricted and widespread index fossil which has been
identified in exposures in the Michigan, Illinois, and Appalachian
basins (Roen and Kepferle, 1993). It has been interpreted to be of
either marine algal (Schopf and Schwietering, 1970) or of terrestrial
plant origin (Gray and Boucot, 1979). It is preserved as a heart shaped
carbonaceous residue typically a few millimeters in diameter. In the
Appalachian basin, Foerstia occurs consistently within a zone no more
than a few meters thick within the middle Huron Member of the Ohio
Shale, and was identified along the Powell River in the town of Big
Stone Gap within the middle gray siltstone member of the Chatta-
nooga Shale. (Kepferle and others, 1981).

RESULTS

As illustrated in Figure 3, the main series of exposures consists
of a series of 31 outcrops extending over 4.2 miles, primarily along
the northwest side of US Highway Alternate 58/23 between East
Stone Gap and Norton. At the base of the section, the upper 15
meters (50 ft) of Lower Devonian Wildcat Valley Sandstone is ex-
posed. The abrupt and unconformable contact between weathered
chert and coral-rich calcitic sandstone of the upper Wildcat Valley
Sandstone and black shales of the Rhinestreet Shale equivalent por-
tion of the lower black shale member of the Chattanooga Shale is
easily recognized both at exposures 4 and 5 in the main series of
outcrops as well as at the base of the supplemental section at Jasper.

The entire Chattanooga Shale along US Highway Alternate 58/
23 is 285 meters (935 ft) thick, and the following internal stratigra-
phy is recognized:

Recognized surface units: Recognized internal units used in subsurface:

Big Stone Gap Member
(73 m, 240 ft)

Sunbury Shale - (40 m, 131 ft)

Berea Sandstone/Bedford Shale - (14 m. 46 ft)

Cleveland Member of the Ohio Shale - (19 m, 62 ft)

Three Lick Bed - (185 m, 6160
upper Huron Member of the Ohio Shale - (11 m, 36 ft)

middle Huron Member of the Ohio Shale - (74.5 m, 244 ft)

lower Huron Member of the Ohio Shale - (50 m,164 ft)

middle gray siltstone member
(104 m, 341 ft)

lower black shale member
(108m, 354 ft) Java Formation - (19 m, 63 ft)

Angola Member of the West Falls Formation - (20 m (65 ft)

Rhinestreet Member of the West Falls Formation - (19 m, 63 ft)

The position of all the units within the various exposures is indi-
cated in Figure 3. Figure 7 gives more detail concerning the litholo-
gies of all the units. Comparison of the composite lithologic section
and outcrop gamma ray log with the gamma ray logs of nearby natu-
ral gas wells, shows good agreement between the outcrop and sub-
surface thicknesses of the various units.

This is the first exposure in the southern Appalachian basin in
which the complete internal stratigraphy of the lower black shale
member has been identified, measured, and described. Particularly
prominent in the exposures along US Highway Alternate 58/23 are
the dark gray shales of the Java Formation, its contact with the over-
lying lower Huron Member of the Ohio Shale, and the massive highly
organic and radioactive lower Huron Member grayish black shales.
These can be seen in exposures 7-15 (Figure 3). The Rhinestreet
and Angola Members of the West Falls Formation are best observed
in the supplemental section described at Jasper, where they are nearly
complete.

All three Upper Devonian key beds discussed above were rec-
ognized. Identified within the basal 6.4 meters (21 ft) of the Chatta-
nooga, within the Rhinestreet equivalent, are six soft yellowish gray
weathered clays representing apparent ash beds correlated with the
Belpre Ash (see details on Figure 7). These were identified both in
the main series of exposures and in the supplemental section at Jas-
per.

A second, younger yellowish gray ash occurs in a single zone in
a low road cut along the southeast side of the main section (expo-
sure 6). Based on correlation between the outcrop and the subsur-
face, the ash occurs within a 0.6 meter (2 ft) black shale band at the
base of the Java Formation. This is the equivalent of the Pipe Creek

Member of the Java in New York. The Center Hill Ash was identi-
fied at this stratigraphic position in a core from the Mason County,
West Virginia-146 well (Hoosterman and Whitlow, 1983). Region-
ally, a low bulk-density marker bed has been noted at this position in
subsurface data (Dowse, 1980; Neal, 1979). This low density marker
associated with the Center Hill Ash has been utilized in regional
stratigraphic studies and is a consistent and reliable marker bed
throughout the basin (Filer, 1992). A gamma ray/bulk density log
cross-section extending from Erie County, Pennsylvania to Wash-
ington County, Virginia illustrating the low density marker bed is
presented in Figure 8. The section includes the log of the Mason
County, West Virginia-146 well, where the Center Hill was recog-
nized in core, as well as the Wise County, Virginia-209 well. The
correlation of the outcrop gamma ray curve with the subsurface curves
confirms that the clay zone interpreted to represent the Center Hill
in outcrop occurs at the same position as the Mason County core
occurrence. This is the first reported outcrop occurrence of the Cen-
ter Hill Ash outside of the Nashville Dome.

The Foerstia (Protoslavania) zone was identified within the
middle Huron Member of the Ohio Shale equivalent within the middle
gray shale member in exposure 17. This is in the same stratigraphic
position as it has been recorded both locally along the Powell River
in Big Stone Gap as well as throughout the Appalachian basin
(Kepferle and others, 1981). The identification of this index fossil
helps to confirm the lithologic and gamma ray correlations within
the middle part of the section.

The upper part of the middle gray shale (equivalents of the up-
per Huron Member of the Ohio Shale and the Three Lick Bed) are
covered between exposures 23 and 24 along US Alternate 58/23.
To complete the composite section this interval was redescribed and
gamma ray logged along the Powell River in Big Stone Gap in a
poorly accessible section previously described by Kepferle and oth-
ers (1981). The location of this section is shown in Figure 5. Both
the radioactive grayish black shale of the upper Huron Member and
the overlying medium gray silty shale of the Three Lick Bed are
readily identified there.

The Big Stone Gap Shale Member is prominently exposed in
high cuts in exposures 25 to 27. All the internal subsurface subdivi-
sions are easily recognized, as is the contact with the overlying Price
Formation in exposure 27. This contact was placed at the position
of the stratigraphically lowest bedded siltstone. Exposures 25 and
26 contain the complete sequence of basal grayish black Cleveland
Shale: medium and light gray Bedford Shale included in a single
unit with 1.3 meters (4 ft) of Berea Sandstone (actually mostly a
siltstone with a basal bed of medium sandstone with floating gran-
ules, 2.5-10 cm, 1-4 in, thick); and grayish black and dark gray
Sunbury Shale.

Overlying the Chattanooga Shale in exposures 27 to 29 is 82
meters (270 ft) of Lower Mississippian Price Formation. The Price
here is composed primarily of thin- to thick-bedded, light- to me-
dium-gray siltstone, very fine- to medium-grained, thin- to very thick-
bedded, light- to medium-gray sandstone. Common structures in-
clude cross-bedding, horizontal internal lamination, and hummocky
cross-stratification. Trace fossils are abundant in places. Bedding
in these sandstones tends to be planar and laterally continuous across
these extensive exposures. These sandstones are interbedded with
lesser amounts of thin- to thickly-laminated, medium-gray, chippy-
weathering shale.

Overlying the Price is 16 meters (52 ft) of very heterogeneous
Lower Mississippian Maccrady Formation. This unit includes sand-
stone, siltstone, and shale, all of varying colors including medium
gray, moderate red, and light greenish gray. The Maccrady is par-
ticularly shaly, weathered and poorly exposed below its upper,
regionally unconformable contact with the Upper Mississippian
Newman Limestone.

REGIONAL SIGNIFICANCE

The Lower Devonian through Lower Mississippian composite
section described from the vicinity of Norton, Virginia is regionally
significant for several reasons. It is the most complete and acces-
sible set of exposures of the Chattanooga Shale in southwestern Vir-
ginia and is recommended that it serve as a supplementary reference
section for the Chattanooga Shale. The Chattanooga Shale in south-
western Virginia is significantly thicker and lithologically different
than in its type area in Tennessee. Importantly this composite sec-
tion is the first outcrop in the southern Appalachian basin in which
equivalents of the Rhinestreet and Angola Members of the West Falls
Formation and the Java Formation of New York have been recog-
nized. In fact, isopachs of the Upper Devonian in the Appalachian
basin indicate that the outcrop of these units within an equivalent
facies position in the northern Appalachian basin would occur be-
neath Lake Erie.

The identifications of both the Belpre and Center Hill Ashes are
significant. Both confirm the stratigraphic correlations presented.
The Belpre has been previously identified in only a single surface
exposure (Roen, 1980). The occurrence of the Center Hill Ash along
US Highway Alternate 58/23 is its first known exposure outside of
the outcrop belt surrounding the Nashville Dome.

The Norton composite section is also of significance to ongoing
stratigraphic studies of the Upper Devonian sediments of the central
and southern Appalachian basin as reported by Dennison and others
(1994). These authors are developing a regional, detailed
chronostratigraphic synthesis between nearshore, intermediate, and
distal facies of the Acadian clastic wedge. The correlation between
the Norton section and the stratigraphy to the northeast is illustrated
in a stratigraphic cross-section (Figure 9). Importantly, the addi-
tional correlation of the Norton section via gamma ray logs with the
subsurface further correlates this entire outcrop stratigraphy with
the rest of the Appalachian basin through the regional subsurface
synthesis as summarized in Roen and Kepferle (1993).

LOCAL SIGNIFICANCE

The Chattanooga Shale, Berea Sandstone, and Price Formation
(Weir Sand of drillers) are all important natural gas producing zones
in the Appalachian Plateaus province of southwestern Virginia. These
zones have been the most important exploration targets of the hy-
drocarbon industry within Virginia in recent years. In fact, pro-
duction from some of these zones occurs within a few miles of the
main exposures along the flank of the Powell Valley anticline. To
the north of this structure these units occur at depths in excess of
1200 meters (4000 ft) and produce in the Roaring Fork Field (Figure
2). This report makes available to the natural gas exploration and
production industry of southwestern Virginia a complete and thor-
oughly documented outcrop analogue of their subsurface producing
zones. Both the increased understanding of the lithologic nature of
these gas reservoirs, as well as the availability of the documented
exposures for future study, should be beneficial to the industry.
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Figure 4. Outcrop map of the Jasper supplemental section.
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Figure 6. Devonian and Mississippian stratigraphic nomenclature for different portions of the Appalachian basin.
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Figure 3. Outcrop map of the main series of exposures along US Highway Alternate 58/23.
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Figure 7. Composite outcrop section and outcrop gamma ray log with correlation to gamma ray logs of the Wise-204 and Wise-209 wells.





