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FOREWORD

This collection of 46 short papers is one of a series to be released as chapters of Geological
Survey Research 1964. The papers report on scientific and economic results of current work
by members of the Geologic and Water Resources Divisions of the U.S. Geological Survey.
Some of the papers present results of completed parts of continuing investigations; others
announce new discoveries or preliminary results of investigations that will be discussed in
greater detail in reports to be published in the future. Still others are scientific notes of
limited scope, and short papers on techniques and instrumentation.

Chapter A of this series will be published later in the year, and will present a summary
of results of work done during the present fiscal year.

DBlwnnr A Nl

TaoMmas B. Noran,
Director.
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INTERPRETATION OF THE GARDEN SPRINGS AREA, TEXAS,
BY THE “DOWN-STRUCTURE” METHOD OF TECTONIC ANALYSIS

By PHILIP B. KING, Menlo Park, Calif.

Abstract.—Complex structures in Paleozoic rocks of the Gar-
den Springs area, west Texas, plunge to the southwest and are
capable of interpretation by the “down-structure” method of
tectonic analysis. When the map is oriented so that the geolo-
gist views it in the direction of plunge, the outcrop pattern
becomes a structure section, but in a near-horizontal plane
rather than the vertical plane of conventional structure sections.
This analysis demonstrates that the Garden Springs area con-
tains what was originally a low-angle thrust fault that was
subsequently steeply folded.

In 1937 Bailey and Mackin (1937, p. 189) called at-
tention to several “self-evident propositions in geologic
map reading, some of which are not found in ordinary
text books,” including :

If two boundaries of a formation, under the influence of
pitch, follow one another with rough parallelism across the
regional strike of fold axes, then the one boundary is (struc-
turally) at the top, and the other is (structurally) at the bot-
tom of the formation. . . .

If the observer orients the map so as to look along it in the
direction of pitch, he will see the formations disposed on the
flat surface of the map in much the same attitude as they
would present in a vertical cross-section, though, of course, with
different proportions.

Mackin (1950) later termed the use of these proposi-
tions in tectonic analysis “the down-structure method
of viewing geologic maps.” Knopf (1962, p. 42-45)
and Christensen (1963, p. 97-102) recently summarized
the use which has been made of this method in the anal-
ysis of structures in metamorphic terranes in the Alps
(where Lugeon applied it as early as 1901), the Scot-
tish Highlands, and elsewhere,® and they themselves
used it to interpret relations of the metamorphic rocks
of the Stissing Mountain area, New York, and the
Hoosac Mountain area, Massachusetts.

1The reference list by Christensen (1963, p. 107) provides the best
summary of previous uses of the ‘‘down-structure’” method.

U.S. GEOL. SURVEY PROF

The Garden Springs area in western Texas provides
an excellent example of the application of the “down-
structure” method to tectonic analysis. The area was
described about 25 years.ago (King, 1937, p. 124-128,
pl. 19B), but in a report that dealt so extensively with
other matters that the example has largely escaped the
notice of tectonic geologists. The features of the Gar-
den Springs area are here illustrated by a geologic map
(fig. 1), which is based on field surveys made in 1929
and 1930 and which presents more data than were in-
cluded in the small-scale map of the original report,
and by an aerial photograph of the area taken in 1954
(fig. 2). Use of the “down-structure” method to inter-
pret the relations shown on the map is demonstrated by
structure sections (fig. 1) and by the tectonic diagrams
(fig. 4). '

The Garden Springs area lies in the Marathon Basin
about 10 miles south of the town of Marathon, Brewster
County. The Marathon Basin exposes a sequence of
Paleozoic rocks of Cambrian to Pennsylvanian age,
which were deformed during late Pennsylvanian and
early Permian orogenies that produced structures of
the Appalachian type. The Paleozoic rocks are virtu-
ally unmetamorphosed, but their structural complex-
ity equals that of many metamorphic terranes.
General features of the Marathon Basin have been de-
scribed by King (1937), and the results of later investi-
gations have been summarized by Flawn (1961, p.
49-61). :

The Garden Springs area lies on the northwest flank
of the Dagger Flat anticlinorium, which is one of the
large uplifts of the Marathon Basin where older rocks
come to the surface. The anticlinorium as a whole has
many complex structures; the particular significance
of the Garden Springs area is that it contains a repre-
sentative sample of these structures within a relatively

. PAPER 501-B, PAGES B1-B8 . Bl
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EXPLANATION
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F1eure 1.—Geologic map and structure sections of the Garden Springs area.
1930 ; geologic mapping has not been adjusted to agree with the aerial photograph taken later (fig. 2).
location of area in the Marathon Basin, and in the State of Texas.

and vertical

——3800——

Elevation of land surface
In feet above mean sea level.
Contour interval 100 feet

KING

Covered

Northwest D

2 MILES
J

Geology mapped by P. B. King in 1929 and
Inset maps show
Rectangle ABCD outlines the area shown in the

structure sections on the opposite page, and projected in the tectonic diagrams of figure 4 as rectangles ABC’D’ and ARC’’
D’’. Sections are drawn at half-mile intervals and are oriented as though the geologist were looking southwestward down
Consequently, sections are seen in an order opposite to that indicated on the map. Alluvial
cover is thin in the area and is omitted in sections.

the plunge of the folds.
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F1cure 2.—Vertical aerial photograph of the area shown on figure 1, at approximately the same scale.
part of a photograph by U.S. Army Map Service taken in 1954 (photograph 2854, lot AM, western U.S. project 138;
‘ original scale 1:63,000).

small compass. As elsewhere in the Marathon Basin,
the sequence in the Garden Springs area consists of al-
ternating “hard” and “soft” units, each a few hundred
to more than a thousand feet thick; the “hard” and
“soft” units show contrasting competency under defor-
mation, and contrasting resistance to erosion. Within
the area, the most conspicuous “hard” unit is formed by
the Caballos Novaculite (Devonian and Mississippian)
and the Maravillas Chert (Upper Ordovician), which
together produced prominent ridges and outcrops; a

Enlarged from

lesser “hard” unit lower in the sequence is the Fort
Pefia Formation (Middle Ordovician), which forms
lower narrower ridges.

The map and photograph of the area (figs. 1 and 2)
indicate anomalous features. The ridge-making Ca-
ballos Novaculite and Maravillas Chert form two belts
of outcrop which end in hooks that face in opposite
directions, one at Ridge Spring on the north, the other
west of Garden Springs on the south. The hook on
the south defines an anticline, but the Caballos extends
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only a little past its crest, where it is bent back on itself.
The anticline is bordered on the southeast by a fault,
termed the Garden Springs overthrust in the original
report, which brings older Ordovician formations
against the Maravillas Chert on the anticlinal flank.
The northwestern flank of the anticline is also bordered
by a fault, which likewise brings older Ordovician for-
mations against the rocks of the anticline. Although
the connection between the two faults is partly con-
cealed by alluvium, they evidently join, as the older
Ordovician formations outside the two faults are con-
tinuous southwestward around the nose of the anti-
cline.

These relations are especially baffling because, where-
as the component formations are distinctive and easily
recognizable, lie in a known stratigraphic sequence, and
have a well-defined structure at any individual ex-
posure, these local structures cannot be rationalized
into any larger structure made up of the usual kinds
of folds and faults,

The essential clue to interpretation of the Garden
Springs area is the plunge of its structures. The out-
crop pattern of the anticline west of Garden Springs
suggests a plunge to the southwest, which is confirmed
by the dips of its component beds. The pattern of the
hook-shaped outcrop at Ridge Spring suggests an anti-
cline that plunges to the northeast, but the dip of its
component beds indicates that it, too, plunges to the
southwest—hence, that it is a synform, rather than an
anticline in the usual sense.

More specific data as to the plunge of the structures
can be obtained by plotting the poles of the 111 ob-
served strikes and dips on the lower hemisphere of an
equal-area projection (figs. 3 4, B, and (). This plot-
ting indicates a well-defined girdle that closely follows
a great circle whose plane dips 60° northeast (fig. 3D).
A line normal to this plane, with a dip of 30° south-
west, is approximately parallel to the plunge of the
folds.?

Tectonic analysis can now proceed by means of the
“down-structure” method. If the geologist turns the
map so that he faces southwestward down the plunge
of the folds, he will see that the map itself provides a
sort of structure section. In the present example, as
the topographic relief is slight, this section is in a
nearly horizontal plane, rather than in the vertical
plane of conventional structure sections, and hence is

3 Mackin (1950, p. 62—-85) and other authors have shown that in
asymmetrical plunging folds it is geometrically necessary that the di-
rection of the plunge of the folds should diverge down the plunge from
the surface traces of the folds. A disconcerting result of the present
nnalysis is that the direction of the plunge obtained from it is nearly
the same as the direction of the surface traces on the geologic map
(fig. 1). However, the margin of error. in determining the strike of

the plane of the great circle is probably somewhat greater than 10°,
and the divergence must lie within these limits.

B5

much distorted in one dimension. The gross structure
thus perceived can be verified by preparation of sections
showing the structure of the near-surface rocks along
closely spaced, parallel lines. No single section affords
much of an idea of the gross structure, yet if the sec-
tions are arranged in geographic order, with those
down the plunge above those up the plunge, a blurred
picture is produced that closely resembles the map pat-
tern (fig. 1).

Even more illuminating than the structure sections is
a tectonic diagram, in which the map pattern is pro-
jected down the plunge into a vertical plane, the plane
conventionally used in structure sections (fig. 44).
This projection can be made easily,? by compressing the
map. pattern by the desired amount in a northeast-
southwest direction. If all the structures exposed at
the surface were cylindrically persistent throughout the
area, such a diagram would perfectly express the gross
structure, which, at localities up the plunge is now
largely removed by erosion, and at localities down the
plunge lies beneath the surface. But complete per-
sistence of structures is unlikely in nature; therefore,
the tectonic diagram merely provides the geologist with
a picture of the style of the gross structure with which
he is dealing.

Although a tectonic diagram projected into a vertical
plane provides a picture of the gross structure as it
would appear in a conventional structure section, it is
nevertheless not a true representation of the deforma-
tion. A true representation in an area of plunging
folds is in a plane normal to the plunge, and this will
differ more or less from representation in a vertical
plane, depending on the steepness of the plunge. In
the present example, where the folds plunge 30° south-
west, true representation of the deformation is in a
plane dipping 60° northeast (fig. 4B); even in this
example where the plunge is low, note that representa-
tion is perceptibly less distorted in a plane normal to
the folds than in a vertical plane.

Interpretation of the features which are revealed by
the “down-structure” method in the Garden Springs
area, and elsewhere in the Dagger Flat anticlinorium,
have been set forth elsewhere (King, 1937, p. 124-128).
Suffice it to say that the Garden Springs area must con-
tain what was originally a low-angle thrust fault, the

3T prepare a tectonic diagram in the desired plane: Trace the gen-
eralized map pattern onto a rectangle made up of a grid ot squares;
the rectangle is so oriented that one dimension is parallel to, and the
other dimension at right angles to, the plunge of the folds. By means
of a grid of rectangular coordinates, transfer the pattern points onto a
second rectangle oriented similarly to the first. The sides of this sec-
ond rectangle and of the smaller rectangles subdividing it that lie at
right angles to the plunge have the same lengths as the similar elements
in the first rectangle. However, the sides parallel to the plunge have
the lengths to which the similar elements in the first rectangle would
be reduced if projected onto the desired plane.
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C D

Fieure 3.—Diagrams prepared to calculate plunge of folds in Garden Springs area, showing poles of observed strikes and
dips of bedding, plotted and contoured on lower hemisphere of an equal-area projection.

A. Right-side-up beds and vertical beds; poles of 69 observations, including 6 observations on inverted beds in synform
at Ridge Spring; contour interval 9 percent of 1 percent of area.

B. Inverted beds; poles of 42 observations; contour interval 20 percent of 1 percent of area.

C. All observations on bedding; poles of 111 observations; contour interval 10 percent of 1 percent of area.

D. Summary diagram : @, outer contour on right-side-up beds; b, outer contour on inverted beds. I, maximum of poles
of right-side-up beds on southeast flanks of folds; II, maxima of poles of right-side-up beds on northwest flanks of
folds; III, maximum of poles of vertical beds; IV, maxima of poles of inverted beds on northwest flanks of folds.
a—x’, great circle which approximates the girdle shown by the contours, whose plane dips 60° northeast. A line
normal to this plane dips 30° southwest, and is approximately parallel to the plunge of the folds.
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Garden Springs overthrust, which was subsequently
folded. The synform at Ridge Spring was produced
by drag of the Caballos Novaculite and Maravillas
Chert on the leading edge of the upper plate of the
thrust. Comparable drag on the lower plate of the
thrust occurs where the Caballos is bent back on itself
near the anticlinal crest west of Garden Springs. The
anticline near Garden Springs in the Caballos, Mara-
villas, and older formations of the lower plate is evi-
dently a younger feature, formed during folding of
the thrust. Perhaps at about the time of this folding,
the whole structure acquired its plunge to the south-
west.

One other significant structural item in the Garden
Springs area has not so far been mentioned—the host
of minor transverse faults. These were not considered
in the preceding analysis because they are probably
younger than the folding and thrust faulting, and be-
cause they merely blur, but do not obliterate the map
pattern of the earlier structures. Many transverse
faults were located during the field survey (fig. 1), and
more are evident on the aerial photograph (fig. 2).
As mapped, all of them are of short length, and all
lie in the “hard,” competent units, especially the Cabal-
los Novaculite and Maravillas Chert. Although it is
impossible to trace the transverse faults into the ad-

R
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jacent “soft,” incompetent units, the presumption is
great that they die out there. Gently dipping slicken-
sides on the surfaces of many of the transverse faults
indicate that they have a large component of strike-
slip displacement; in the Garden Springs area this dis-
placement is mainly left-lateral. Probably the trans-
verse faults originated during a late phase of the
Paleozoic deformation, and they may have resulted
from a greater northwestward surge of the central part
of the Dagger Flat anticlinorium than of its north-
eastern and southwestern ends.
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CRYPTOEXPLOSIVE STRUCTURE NEAR VERSAILLES, KENTUCKY

. By DOUGLAS F. B. BLACK, Lexington, Ky.

Work done in cooperation with the Kentucky Geological Survey

Abstract.—A circular structure nearly a mile in diameter was
mapped 8% miles northeast of Versailles, Ky. This structure,
of undetermined origin, consists of a brecciated central dome, a
marginal structural depression partly bounded by normal faults,
and, on the east, an outer semicircular anticline of low
amplitude.

A previously unreported cryptoexplosive structure
approximately 5,000 feet in diameter was discovered by
E. R. Cressman and the author 314 miles northeast of
Versailles, Woodford County, Ky. (fig. 1), in October
1962 and has since been mapped by the author at a scale
of 1:24,000. A. M. Miller (1924) mapped an elongate
graben that in part coincides with the arcuate graben
on the north side of the cryptoexplosive structure,
though his map does not show the circular nature of
this structure or its extent. The term “cryptoexplosive”
(Dietz, 1946) is used because it has little- genetic im-
plication.

Versailles is in the central Blue Grass region of
Kentucky. Topographic relief is gentle, soils are deep,
and outcrops generally sparse. The geologic map (fig.
2) is based on about 100 outcrops within and adjacent
to the structure. The nearly circular feature is ex-
pressed physiographically by an almost continuous
ring of small sinkholes.

Rocks exposed in the structure are Middle and Upper
Ordovician carbonates with some beds of shale and com-
prise the upper part of the Lexington Limestone, the
Cynthiana Formation, and the basal part of the Million
Shale of Nickles (1905). '

The cryptoexplosive structure consists of a central
uplift, a nearly circular marginal structural depression
bounded by arcuate normal faults, and on the east an
outer rim of gentle anticlinal folds which flank the
marginal depression.
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Freure 1.—Location of the Versailles cryptoexplosive structure’
and similar structures in Kentucky and the surrounding States.

The central uplift of the structure is shown as an
asymmetrical dome. This interpretation is borne out by
all observed outcrops, though much of the central area
is concealed. Numerous outcrops of coarsely brecci-
ated limestone containing large blocks derived from
beds of the Lexington Limestone and the lower part
of the Cynthiana Formation are exposed near the
center of the central uplift. This area, shown on the
map as undifferentiated Cynthiana Formation and
Lexington Limestone, may be intricately crosscut by
faults or possibly underlain by a lens of limestone
breccia. The crest of the dome is uplifted relative to
the marginal depression, but the rocks in the central
uplift have little stratigraphic throw compared with
undisturbed beds surrounding the structure.
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The marginal structural depression is bounded, at
least in part, by normal faults, many of which are
readily defined by well-developed zones of breccia and
in some cases by moderate to steeply dipping beds ad-
jacent to the faults. The faults are presumed to be
high-angle ones, but no accurate dip measurements
were obtained because of poor exposure and very low
topographic relief. The maximum downward dis-
placement of strata in the depression is slightly more
than 100 feet relative to undisturbed rocks surrounding
the structure.

An asymmetrical synclinal fold in the marginal de-
pression, having a steeper limb on the northeast, can
be seen in upper Cynthiana and basal Million rocks
exposed above the stock pond 1,000 feet northeast of
the junction of the Heddon and Big Sink Roads. This
folding may be the result of settling and readjustment
of faulted blocks subsequent to initial faulting.

The curved anticlinal folds outside the marginal de-
pression are apparently restricted to the eastern mar-
gins of the structure. These folds are generally of low
amplitude and are located in the field only by small
altitude differences on key beds. Folded strata with
measurable dip occur locally along the southern edge
of the structure.

The limestone breccias of this structure are believed
to be finer grained than those described by Eggleton and
Shoemaker (1961) from the Sierra Madera structure
in Texas, but they seem otherwise very similar. The
Versailles breccias consist of angular limestone blocks,
some of which are several feet across, enclosed in a
matrix of smaller fragments of more than one rock
type.

The youngest rocks known to have been involved in
this cryptoexplosive structure belong to the basal part
of the Million Shale of Nickles (1905), thus, the struc-
ture is of Late Ordovician or younger age.

The similarity of the Versailles structure to structures
of known and supposed meteorite-impact origin, and the
high degree of brecciation, otherwise rare in this region,
may indicate a similar origin for the Versailles struc-
ture. The possibility of volcanic origin as postulated
by Bucher (1933, 1936) for some structures of this type
cannot yet be abandoned here, although no evidence of
volcanism has been found. Previously described struc-
tures which seem especially similar to this include the
Crooked Creek structure, Missouri (Hendricks, 1954) ;
Jeptha Knob, Kentucky (Bucher, 1925) ; Middlesboro
Basin, Kentucky (Englund and Roen, 1963) ; the Flynn
Creek disturbance, Tennessee (Wilson and Born, 1936;
Conant and Swanson, 1961, p. 9-12) ; the Wells Creek
Basin, Tennessee (Bucher, 1936, p. 1066-1070); the
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Howell structure, Tennessee (Born and Wilson, 1939) ;
the Serpent Mound structure, Ohio (Bucher, 1936, p.
1061-1064; Heyl and Brock, 1962); and the Sierra
Madera structure, Texas (King, 1930).

Because of the small diameter of the Versailles struc-
ture, further detailed study to determine its nature and
origin might prove to be less costly than similar studies
of larger cryptoexplosive structures. Such a study
might include a closer search for shatter cones such as
those described by Dietz (1959), a coring program de-
signed to determine the subsurface structure, tests for
shock-induced thermoluminescence, both at the surface
and at depth (Angino, 1959; Roach and others, 1961,
1962), and tests for high-pressure minerals (Chao and
others, 1960, 1962).
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A LATE TERTIARY LOW-ANGLE FAULT IN WESTERN JUAB COUNTY, UTAH

By DANIEL R. SHAWE, Denver, Colo.

Abstract—A low-angle fault in western Juab County, Utah,
has moved Cambrian carbonate rocks at least 1 mile over late
Tertiary volcanic rocks. Tuff beneath the fault is probably
correlative with tuff that contains large beryllium deposits at
Spor Mountain; this or similar faults therefore may conceal
additional deposits.

A low-angle fault about 10 miles southeast of the
Spor Mountain beryllium deposits, in western Juab
County, Utah (fig. 1), has moved Cambrian carbonate
rocks at least 1 mile over volcanic rocks that are prob-
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Fieure 1.—Map showing location of low-angle fault and beryl-
lium deposits.
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ably Miocene and Pliocene in age. It is thus the
youngest low-angle fault of this magnitude now
known in the region. A tuff unit underlying the
fault may be correlative with tuff that contains large
beryllium deposits at Spor Mountain, and therefore
this fault or others like it may in places conceal addi-
tional beryllium deposits.

The fault, which is exposed on three sides of a group
of hills (fig. 2) about 2 miles east of the north end
of the Drum Mountains, was mapped in August 1963
by the author and Stanley Bernold during a study of
Tertiary volcanic rocks related to the beryllium de-
posits at Spor Mountain. .

The upper plate of the low-angle fault consists of at
least several hundred feet of carbonate rocks, mostly
dolomite, that are folded and brecciated. The carbon-
ate rocks are recrystallized and apparently unfossilif-
erous. They are dominantly thin- to thick-bedded gray
dolomite, but locally they contain layers of light-
pinkish-brown dolomite as much as several tens of
feet thick. Probably the upper plate consists of more
than one formation (M. H. Staatz, oral communication,
1963). On the State map of Utah the carbonate rocks
in this area are termed the Notch Peak Limestone of
Late Cambrian age (Stokes and Hintze, 1963).

The rocks beneath the low-angle fault consist of two
units of gently tilted rhyolitic welded tuff and one
of water-laid vitric-lithic tuff. The tuffs contain
moderate to abundant amounts of quartz, sanidine, and
biotite crystals, and lithic fragments.

The oldest unit is light-brown rhyolitic welded tuff
a few hundred feet thick. It is lithologically similar
to, and in the same stratigraphic position as, rhyolitic
welded tuff of probable Miocene age in-the Thomas
Range about 10 miles to the northwest. The tuff in
the Thomas Range is probably nearly the same age as
quartz-sanidine crystal tuff which M. H. Staatz (1963,
p. M12) reported as 20 million years old on the basis
of a Larsen-method age determination on zircon (Jaffe
and others, 1959, p. 71).
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F16URE 2.—Geologic map of area of low-angle fault. Location of area shown on figure 1.

Overlying the light-brown welded tuff is a sheet of
black to gray glassy welded tuff 50 to 100 feet thick.
The base of this unit is black vitrophyre that contains
moderate amounts of crystals and fragments of car-
bonate rocks and volcanic rocks. The welded tuff
above the basal vitrophyre contains abundant flattened
perlitic lapilli of black pumiceous vitrophyre, as well
as other fragments and crystals, all in a gray matrix.
This unit is correlated here with a welded tuff that
overlies the rhyolite of probable Miocene age 4 miles
to the north in the Thomas Range.

Above the black to gray welded tuff is a unit of
light-yellowish-brown and light-pinkish-brown water-
laid bedded tuff, 50 to 200 feet thick, which contains
numerous fragments of pumice, other volcanic rocks,
carbonate rocks, and other sedimentary rocks, and
crystals. This unit is correlated here with vitric tuff
in the Thomas Range considered by Staatz (1963, pl.
1) to be Pliocene(?).. Locally, near high-angle faults
(fig. 2) the water-laid tuff unit has been hydro-
thermally altered to a soft rock that contains abundant
montmorillonite showing ghostlike relics of original
texture. Such rock looks lithologically very similar to
the altered and mineralized tuff at Spor Mountain.

Southeast of the low-angle fault, topaz-bearing rhyo-
lite flows aggregating as much as several hundred feet
in thickness overlie these three tuff units unconform-
ably; elsewhere the flows mostly lie conformably on
the water-laid tuff. The topaz-bearing rhyolite is light
gray, flow layered, and contains sparse phenocrysts of

quartz and sanidine in an aphanitic groundmass.
Locally abundant lithophysae and vugs contain small
crystals of topaz and quartz. This rhyolite unit is also
assigned to the Pliocene (?) by Staatz (1963, pl. 1).

The low-angle fault is nearly horizontal at the north
end of the hills shown in figure 3 and dips about 15°
southwest at the south end of the hills. Locally the dip
of the fault surface may vary as much as 5°.

Beneath the fault, water-laid tuff is virtually undis-
turbed except in a zone of pulverized material within
a few inches of the fault surface (fig. 4). Bedding in
the tuff is virtually parallel to the fault. Decrease in
thickness of the water-laid tuff from north to south
(fig. 2) could be the result of slight truncation by the

Freure 3.—View of low-angle fault at northeast side of mapped

area. Black outcrop at foot of hills is part of basal vitro-
phyre of black to gray glassy welded tuff. White layer is
water-laid tuff; upper contact of tuff is low-angle fault.
Above the fault are Cambrian carbonate rocks.
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F1cure 4—Closeup view of low-angle fault at northwest side of

mapped area. Brecciated carbonate rock overlies water-laid
tuff along contact, near end of pick handle. Tuff is undis-
turbed except where pulverized within 2 inches of fault.

fault, although it also could be attributed to difference
in original thickness.

Above the low-angle fault, carbonate rocks are con-
siderably deformed. Strikes are variable, and beds
dip as much as 30° into the underlying fault plane.
Breccia cemented by carbonate and by dark-brown
silica (jasperoid) is common in many places close
to the fault and appears in some places 100 feet or more
above the fault. Breccia consisting of pieces of car-
bonate rock separated by thin gouge layers is wide-
spread within a few feet of the fault (fig. 4). Locally
the gouge and breccia are irregularly sheeted sub-
parallel to the low-angle fault. Folds with amplitudes

R
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of at least 100 feet are evident locally. The upper
plate contains several high-angle and low-angle faults
that do not extend into underlying rocks.

The low-angle fault cuts rocks as young as the water-
laid tuff of Pliocene(?) age, and as it is offset by a
normal fault older than the topaz-bearing rhyolite
flows also of Pliocene(?) age (fig. 2), it is dated as
Pliocene(?).

The high-angle faults that have displaced the low-
angle fault (fig. 2) are probably of basin-range type.
They bound a horst whose uplift accounts for a large
part of the relief shown by the hills in which the low-
angle fault is exposed.

The low-angle fault may mark the base of a regional
plate or a local plate. This distinction would become
important if beryllium deposits in water-laid tuff prove
to be widespread in the vicinity of Spor Mountain.
In other words, if the fault is local, the Cambrian rocks
of the upper plate may conceal tuft only within the
area of figure 2, but if regional, Cambrian rocks may
conceal beryllium-bearing voleanic rocks in other
places, making other carbonate-rock areas of potential
interest for beryllium exploration.
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STRUCTURE OF PART OF THE TIMBER MOUNTAIN DOME AND CALDERA,

NYE COUNTY, NEVADA

By W. J. CARR, Denver, Colo.

Work done in cooperation with the U.8. Atomic Energy Commission

Abstract.—The center of the Timber Mountain caldera north-
east of Beatty is a structural dome in a thick sequence of ash-
flow tuffs. Doming resulted in two episodes of faulting: an
arcuate system of faults that were intruded by possible ring
dikes, and graben faults that resulted in irregular collapsed
segments in the middle of the dome.

Timber Mountain, on the western edge of the Nevada
Test Site, is a domal uplift in the center of the Timber
Mountain caldera (fig. 1). The uplift is dissected by
a radial drainage system and culminates in 2 high
points more than 7,000 feet in altitude. A central topo-
graphic trough trending roughly east-west between
the high points contains Cat Canyon and its subordi-
nate valleys (fig. 2). The dome is elliptical in plan,
measuring about 10 by 8 miles; the long dimension
trends northwest. An arcuate, relatively low lying area
about 5 miles wide surrounds the dome on all but the
west side. This moatlike depression is drained by
Fortymile Canyon on the east and by Beatty Wash
on the south. In general the rocks on Timber Mountain
dip outward toward the moat.

The southeastern part of the dome, where erosion
has cut into the flanks of the uplift and has exposed the
underlying structure, is described in this preliminary
article. Also, abrief history of the center of the caldera
as interpreted from structural evidence in and around
Timber Mountain is presented.

STRATIGRAPHY

More than 3,000 feet of tuff is exposed within the
Timber Mountain dome. The tuffs of Timber Moun-
tain (fig. 2) are more than 2,500 feet thick and occupy
most of the area discussed here. They are probably
a composite ash-flow sheet as defined by Smith (1960,
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FI6URE 1.—Index map of the Timber Mountain caldera, show-
ing topographic outlines and area of figure 2 (shaded
outline).

p. 158). No air-fall tuffs are present between ash flows
in this sheet, and in some areas virtually the entire
section of tuff is welded. In many places, individual
ash flows can be distinguished only with difficulty, if
at all. Devitrification of originally glassy pyroclastic
material is complete nearly everywhere. In the fol-
lowing discussion the tuffs of Timber Mountain have
been divided into units 1, 2, and 3, from oldest to

U.S. GEOL. SURVEY PROF. PAPER 501-B, PAGES B16-B19



CARR

youngest (fig. 2). The base of the tuffs is not exposed,
but the top is well exposed at the eastern end of Cat
Canyon where the tuffs of Timber Mountain are un-
conformably overlain by bedded tuffs, tuffaceous sand-
stones, and ash-flow tuffs. These younger ash-flow
tuffs lap out onto the dome in this area.

In the same area, at the mouth of Cat Canyon, but
stratigraphically higher, are local silicic lava flows,
basalt of Fortymile Canyon, poorly welded tuff of the
Thirsty Canyon Tuff, basalt of Buckboard Mesa, and
much interbedded, locally tuffaceous conglomerate,
sandstone, and colluvium. These rocks fill the moat
and lap out onto the dome. .

No outcrops of the Piapi Canyon Formation, a thick
sequence of ash-flow tuffs that is older than the tuffs
of Timber Mountain, have been identified on the Tim-
ber Mountain dome. The Piapi Canyon is extensive
elsewhere on the test site, but is exposed mainly outside
the caldera.

STRUCTURE

Part of the structural history of the Timber Moun-
tain uplift can be interpreted from the structural re-
lations of the rocks exposed in the southeastern part of
the dome (figs. 1 and 2). Large faults of the dome
affect all rocks up to and including the tuffs and sand-
stones immediately overlying the tuffs of Timber Moun-
tain, but displacements in the younger rocks locally
are somewhat smaller than in the older rocks.

Minor faulting began in the Timber Mountain area
before deposition of the tuffs of Timber Mountain was
completed, but the oldest major structure of the south-
eastern part of the dome is an arcuate zone of fault-
ing, here called the inner ring fracture, that cuts the
tuffs of Timber Mountain near the edge of the moat
fill (fig. 2). The zone, which is about a mile wide, is
exposed for about 3 miles, and may extend farther in
areas covered by younger rocks.

In general the inner ring-fracture zone parallels the
strike of the tuffs and consists of branching normal
faults which individually have small displacements, but
which together have considerable displacement. The
main fault of the zone can be traced for several miles.
It probably dips toward the moat at about 45° to 65°
in places, and is thus nearly parallel to the dip of the
tuffs on the downthrown side (fig. 2, section). In most
places it occurs at about the same stratigraphic posi-
tion and results in the omission of several hundred
feet of unit 2 of the tuffs of Timber Mountain. Many
strike faults on the moat side of this main fault dip
more steeply and cause numerous repetitions of unit 3.
These faults are less persistent and some may dip in-
ward and end against the main fault.
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Along the main fault in the ring-fracture system is
a chain of small rhyolitic intrusions. These dikes, to-
gether with stratigraphic position, aid in tracing this
fault. Many of the intrusions are brecciated, but the
wallrocks are relatively undisturbed, indicating either
possible movement on the fault during emplacement of
the dike, or autobrecciation of the dike.

Along the south side of the dome, tuffs inside the
main fault of the inner ring-fracture zone generally
dip away from the dome at angles of less than 35°.
In the outer part of the zone, outside the main fault,
the same tuffs commonly dip outward at more than 35°,
and local dips as high as 65° are observed along the
south edges of the dome.

A second large structural feature of the map area
is a group of granite porphyry intrusions (fig. 2) con-
taining alkali feldspar, zoned plagioclase, and biotite
phenocrysts in a fine-grained matrix of quartz and
alkali feldspar. The largest exposure of this rock is
about 4,500 feet long and 1,500 feet wide. Although
the intrusions are irregular in shape they tend to be
elongated in a northeasterly direction, and they form
a group that trends about N. 45° E., which closely
parallels the ring-fracture zone. The mapped in-
trusions join at depth, as indicated by the downward
widening of individual bodies, and by the presence of a
roof pendant in one place. They are restricted to the
stratigraphically lowest part of unit 1, and contacts
with unit 2 are probably faults. In at least one place
the line of intrusions is displaced by a system of north-
westward-trending graben faults.

Horsts and grabens, which control the topography of
the central trough area of the Timber Mountain dome,
trend from nearly due west to about N. 50° W., and
intersect the inner ring-fracture zone at fairly large
angles in the southeastern part of the dome. Most of
the northwest-trending faults clearly offset the inner
ring-fracture system, and the faults bounding one
graben displace the granite porphyry intrusions. The
grabens appear to be the result of relative subsidence
of elongate irregular blocks on fairly steep normal
faults, perhaps as illustrated by Smith (1961, p. D148).

In the center of the graben zone of eastern Cat Can-
yon are several small, shallow rhyolitic intrusions (fig.
2) that tend to enlarge upward and probably reached
the surface in places. They cut the youngest ash flows
of unit 3, and in a few places overlie these tuffs, sepa-
rated from them by a thin tuff breccia. The age of these
intrusions with respect to faulting is uncertain, but
their distribution suggests that they are related to the
formation of the grabens.

Postgraben structural movement is not well recorded
within the area shown on figure 2. Some small faults
of northwesterly trend, parallel to the graben system,
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B19

may be later than the grabens. A few minor faults,
mostly of northerly trend, cut the younger rocks of the
moat area, including the ash-flow tuffs of the Thirsty -
Canyon. Gravels (fig. 2, section) in the Cat Canyon
area probably were not displaced significantly by move-
ment on the graben faults, but the Thirsty Canyon Tuff
exposures on the flanks of the dome in the Cat Canyon
area (fig. 2) are about 500 feet structurally higher than
in the moat to the east. Some post-Thirsty Canyon Tuff
uplift seems necessary to account for this difference in
altitude.
STRUCTURAL HISTORY

The foregoing evidence leads to a tentative inter-

‘pretation of the history of the Timber Mountain dome

and inner moat area.

Faulting began before deposition of the tuffs of Tim-
ber Mountain was completed, as some faults do not cut
the youngest of these tuffs. Shortly after deposition
of the tuffs, the Timber Mountain area was domed,
probably by upward magma pressure. The central
part of this “blister” failed along an inner ring-fracture
zone that may have been controlled by fractures de-
veloped during caldera collapse. This zone consisted
of a persistent outward-dipping fault with associated,
possibly antithetic, faults. Blocks were rotated and
dips steepened on the downthrown side of the main
fault. The relatively consistent stratigraphic position
of the main fault in the ring-fracture zone indicates
that the zone predates most of the other faults in the
area. Small silicic intrusions occurred along the main
fault of the ring fracture, and granite porphyry was
intruded into the lower part of the tuffs, coming nearest
the surface in the general area of the inner ring-
fracture zone to form a possible ring dike. Tuffs and
sandstones were deposited on the rising dome with
minor angular unconformity. In the later stages of
doming, grabens were formed. This faulting was fol-
lowed or accompanied by extrusion of rhyolite in the
moat and intrusion of shallow rhyolite plugs in the Cat
Canyon area. The moat rhyolites are cut by only a few
very small faults. The moat was partially filled with
sedimentary and volcanic rocks, including the ash-flow
tuffs of the Thirsty Canyon. Structural relief of these
tuffs on the dome indicates that minor uplift of Timber
Mountain recurred subsequent to their deposition.
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DIVERSE RECURREMT MOVEMENT ALONG SEGMENTS OF A MAJOR THRUST FAULT
IN THE SCHELL CREEK RANGE NEAR ELY, NEVADA

By HARALD DREWES, Denver, Colo.

1

Abstract.—Normal faulting, then low-angle gravity sliding,
and finally renewed normal faulting occurred along a segment
of an earlier thrust fault. Along this segment the later
faults appear to have followed virtually the same fault
plane, but the relative direction of movement was: reversed.

The Schell Creek Range extends north-south 100
miles in central-eastern Nevada. The part of the range
shown in figure 1 is underlain by Paleozoic sedimentary
rocks and Tertiary sedimentary and volcanic rocks.
Some large structural features of this part of the range
have been described briefly by Spurr (1903, p. 44-47),
Misch and Easton (1954), and Drewes (1960). Part of
the northern end of the range has been mapped by
Young® (1960). Current work in the central part of
the range indicates that there were at least four epi-
sodes of deformation: (1) Mesozoic or early Tertiary
low-angle faulting, thought to be chiefly thrust fault-
ing during which faults were formed and gently folded
during or after faulting; (2) middle Tertiary normal
faulting; (3) middle or late Tertiary low-angle fault-
ing, thought to be glide faulting in which faults were
formed solely by gravity and not pushed laterally ; and
(4) late Tertiary or Quaternary normal faulting,

Complicated relations between structures account for
some of the difficulties in dating the faults and explain-
ing their origin. Normal faults locally follow the plane
of weakness of older structures and are deflected along
parts of thrust faults, so that their strikes are changed
slightly and their dips are decreased. Glide plates have
moved on, or close to, stripped parts of earlier thrust
faults. Parts of thrust plates that moved eastward or
northeastward were later shifted westward along de-
flected normal faults, so that some blocks across the
thrust faults apparently moved in different directions.

1J. C. Young, 1960, Structure and stratigraphy in the north-central
Schell Creek Range, eastern Nevada: Princeton Univ., Ph. D. thesis.
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The relations between these structures are generalized
on figure 1. On the map the fault symbols overlap
where recurrent movement is inferred; in the structure
section ‘the sequence of fault movements is indicated
by numbers.

Low-angle, near-bedding-plane faults that cut the
Paleozoic rocks have reduced the normal stratigraphic
sequence from a thickness of about 5 miles to about 3%
miles. The Paleozoic rocks consist of marine limestone,
dolomite, quartzite, and interbedded shale. The low-
angle faults commonly lie along, or close to, the con-
tacts between units of markedly different competence.
In many places the faults parallel the bedding, al-
though in other places, beds above or on both sides of
such faults are inclined toward the faults at angles of
more than 30°; thus the low-angle faults are not strictly
bedding-plane faults.

The structures in the Paleozoic rocks differ from those
in the Tertiary rocks, suggesting that the older struc-
tures were formed in a structural environment different
from that of the younger ones. In the Paleozoic rocks,
beds along the faults are generally missing rather than
repeated, but locally some slices of rock are shingled.
The plates between adjacent low-angle faults are broken
into numerous large blocks that have been rotated along
horizontal axes, with respect to adjacent blocks, mainly
by normal faults but also by reverse faults and sub-
sidiary low-angle faults. Some small low-angle faults
die out along their strike, merge at low angles with
adjacent faults, or separate disharmonic plates; some
larger faults are truncated by others higher in the sec-
tion or end against tear faults.

SCHELL CREEK RANGE THRUST FAULT

The Schell Creek Range thrust fault has been
mapped for 18 miles along the range and may extend

U.S. GEOL. SURVEY PROF. PAPER 501-B, PAGES B20-B24
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30 miles farther. It is the only thrust fault shown on
figure 1. Where structural relations are simple along
the main trace, the fault dips 25° westward, but east
of the main trace and over the crest of the range the
fault is nearly horizontal. On the east flank of the
range, near Cleve Creek, it dips eastward beneath a
klippe. Asmuch as 15,000 feet of beds is missing along
the fault where Permian rocks have moved over Upper
Cambrian rocks. The other low-angle faults in the
area can be traced only a few miles, and along them
only a few hundred to a thousand feet of beds is miss-
ing. The Schell Creek Range thrust fault described
" here is not the décollement fault (not shown on fig. 1)
described by Misch and Hazzard (1962, p. 319) east
of Connors Pass.

The inclination of minor drag folds with respect to
the fault planes, and the offset of steeply inclined
beds along subsidiary low-angle faults in the area of
figure 1 indicate that the upper plates of the Schell
Creek Range thrust fault and the subsidiary thrust
faults moved eastward relative to the lower ones.
Locally the faults can be dated no closer than Mesozoic
or early Tertiary; the fault cuts rocks of Permian age
but not those of Eocene(?) or Oligocene( ?) age. How-
ever, the thrust faults probably are the same age as
similar faults in neighboring ranges, some of which
are probably Late Jurassic or Early Cretaceous
(Misch, 1960, p. 33).

Local evidence for the origin of the low-angle faults
in the Paleozoic rocks is indirect. Neither a satisfac-
tory root area for thrust faults nor a suitable high area
from which glide plates might have moved has been
identified. However, at least as late as Early Jurassic

~time the base of the Paleozoic section evidently was
covered by 614 to 7 miles of sedimentary rocks, includ-
ing Mesozoic rocks no longer present in the Schell
Creek Range. Beneath such a column of rock the pore
pressure may well have equaled the lithostatic pressure.
If such a pressure balance existed, it would give the
underlying Precambrian rocks great strength against
further load deformation and may help account for
their lack of deformation beneath much-faulted Paleo-
zoic rocks. It seems easier to picture the development
of thrust faults or squeezed-out plates in such a deep
structural environment and to picture the development
of glide faults in a shallower structural environment.
In the absence of a clear décollement surface beneath
widespread imbricate plates formed comparatively near
the surface, I provisionally favor a thrust-fault origin
for most of the low-angle faults in the Schell Creek
Range. The genesis of the low-angle faults is, how-
ever, less critical to the present thesis than establishing
the age of the low-angle faults, described above as

STRUCTURAL GEOLOGY

thrust faults, as older than certain normal faults, and
indicating that such low-angle faults were probably
formed in a much deeper structural environment than
other, younger low-angle faults described below as
glide faults.

During or after thrusting, the Paleozoic rocks and
the thrust faults were gently warped into broad south-
ward-plunging anticlines that follow the crest of the
Schell Creek Range and the crest of the topograph-
ically lower Duck Creek Range, northwest of Steptoe
Creek. Orie of these folds, along whose western flank
the beds and thrust fault were inclined moderately
steeply, played an important part in localizing younger
structures.

MIDDLE TERTIARY NORMAL FAULTS

Normal faults of probable middle Tertiary age cut
the Schell Creek Range thrust fault, subsidiary thrust
faults, and some rocks that lap across the older struc-
tures. The largest of these normal faults form a graben
that extends from the upper reach of Steptoe Creek
(fig. 1) 25 miles northward along Duck Creek Valley
to the vicinity of North Creek (Young,* and Young,
1960, pl. 1). The west border fault of the graben dips
steeply to the east, and the east border fault, actually
a fault zone, dips about 45° W. Along the border.
faults, rocks as young as the Ely Limestone of Pennsyl-
vanian age and limestone of Permian age in the upper
plate of the Schell Creek Range thrust fault are dis-
placed against rocks as old as the Pole Canyon Lime-
stone of Middle Cambrian age in the lower plate, giving
a false impression of the displacement along the normal
faults.

Southeast of Steptoe Creek, the east bounding fault
of the graben bends eastward and follows the zone of
weakness along the Schell Creek Range thrust fault.
At the present level of exposure the normal fault has
been deflected by the older structure, but presumably
these faults diverge at depth. Similarly, 3 to 4 miles
northeast of Connors Pass a normal fault follows a
moderately steeply inclined segment of the Schell Creek
Range thrust fault. Two units of Tertiary conglomer-
ate, which are separated from each other by an angular
unconformity at the base of marker bed 4 (fig. 1), are
tilted eastward at different angles along this normal
fault. As the younger conglomerate dips less than the
older, this segment of the normal fault appears to have
moved twice. The normal faults are younger than some
of the Tertiary rocks shown in figure 1, believed to be
of Eocene(?) age, but as some volcanic vents of about
this age are alined along the faults, the faults are prob-

2 Op. cit.
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ably not much younger. Provisionally they are as-
signed a middle Tertiary age. The later of the two
episodes of normal faulting northeast of Connors Pass
is considerably younger and probably is of late Tertiary
or Quaternary age, for the younger faults cut rocks of
Pliocene(?) age.

MIDDLE OR LATE TERTIARY GLIDE FAULTS

Low-angle faults believed to be glide faults underlie
two plates of rocks of Eocene(?) or Oligocene(?) age.
One plate is between Cooper Canyon and Cave Creek,
and the other is north of Cave Creek (fig. 1). Rocks
in these glide plates consist of a sequence, in ascending
order, of conglomerate, a rhyolite vitrophyre lava flow,
slightly welded rhyolite tuff, much unwelded tuff, and
dacite vitrophyre lava flows and tuff. In the larger
glide plate the sequence is about 1 mile thick, but in
the other it is much thinner. The Tertiary rocks in
these plates have been warped into open synclines that
plunge gently eastward, and the larger plate is broken
by several normal faults. The beds of the smaller
plate and of the eastern half of the larger plate dip
20° to 45° into clay-rich, slightly gypsiferous Chain-
man Shale of Mississippian age and locally also into
Ely Limestone (Pennsylvanian), both in the upper
plate of the Schell Creek Range thrust fault. Where
the eastern edge of the larger plate lies along or crosses
the thrust fault, the beds of the glide plate dip into
rocks of Cambrian or Ordovician age of the lower plate
of the thrust fault. The surface beneath the larger
plate ranges from saucer shaped to flat. - Along the
north and east sides, the basal contact dips about 40°
southward and westward; along the south side of the
block it is nearly horizontal; and along the west side
it dips gently eastward. In the northern part of the
Schell Creek Range, Young® reports that there, too,
the Tertiary rocks are structurally discordant on Pale-
ozoic rocks along low-angle faults.

The displaced Tertiary rocks in the glide plates are.

thought to have slid westward along glide faults from
the flank of a highland, formed by uplift of the rocks
east of the normal fault that farther north forms the
east border of the graben near Steptoe Creek, and into
a large valley underlain by Chainman Shale. A glide-
fault interpretation is favored here because the fault
surfaces are exposed all around the plates, because there
is a slope down which the plates could have moved,
and because the plates were formed under little cover.

The leading, western half of the larger glide plate
moved westward a minimum of 3,500 feet to accom-
modate the rotation of about 40° of the trailing, eastern
half of the plate. As the plate moved, drag along the

30p. cit, p. 128-125.
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flanks exceeding that beneath the center gently warped
the beds within the plate. Locally, blocks of
Ely Limestone that had been resting on the Chainman
Shale were dragged along the base of the Tertiary
rocks. A most significant point in this interpretation
of the origin of the glide plate of tilted Tertiary rocks
is that parts of the plate followed a part of the surface,
stripped along or close to the older Schell Creek Range
thrust fault and the normal fault of middle Tertiary
age, thereby acquiring a structural position of rocks
truly part of the upper plate of the thrust fault.
Movement of the glide plates postdates the deposition
of rocks of Eocene(?) or Oligocene(?) age in the
plates, and presumably it postdates the normal fault
along which the source area of the plates was raised.
The glide faulting, therefore, is dated as middle or
late Tertiary.

LATE TERTIARY OR QUATERNARY NORMAL FAULTS

Several normal faults cut the larger glide plate of
Tertiary rocks and the underlying glide fault. Near
Cave Creek the fault cutting across the center of the
plate has a stratigraphic displacement of several thou-
sand feet, for the marker beds @ and & (fig. 1) east of
the fault lie topographically and structurally far above
the same beds to the west of the fault. Because it has
large displacement near the north edge of the glide
plate, the normal fault probably extends northward
beyond the glide block. The only surface available for
the extension of this fault is the surface already utilized
by the Schell Creek Range thrust fault, by the normal
fault of middle Tertiary age bounding the east side of
the graben along Steptoe Creek, and possibly also by
the glide fault beneath the smaller of the glide plates.
Where the normal fault of middle Tertiary age diverges
from the thrust fault, the later normal fault probably
follows the plane of the older normal fault. Some move-
ment along this younger fault may also have been con-
temporaneous with gliding, as beds ¢ and b are offset
more than the glide-fault plane. This late normal fault -
is dated as late Tertiary or Quaternary, because north-
east of Connors Pass it cuts the unit above marker bed
d which is as young as Pliocene(?) (fig. 1), and similar
faults elsewhere in the area cut gravel of Pleistocene
age. Apparently, glide faulting occurred at a time of
active normal faulting and volcanism, during which
the source area was uplifted. The tectonic activity of
middle Tertiary age probably set the stage for glide
faulting, and the activity continued after the gliding.

SUMMARY

In much of the central part of the Schell Creek Range,
normal faults, thrust faults, and glide faults are
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abundant and form plainly decipherable map patterns.
Complexity of map pattern arises along segments of
the major thrust fault where younger faults have been
deflected, and the complexity increases where the direc-
tion of movement along later normal faults was different
from that along the thrust fault. As a result of post-
thrust normal faulting, in several places Tertiary rocks
younger than the thrust faults are faulted down into the
rocks of the upper plate of the major thrust fault and
against rocks of the lower plate. As a result, the map
pattern formed by these bodies of Tertiary rocks mimics
that formed by rocks that are actually part of the upper
plate of the thrust fault, although the direction of move-
ment of the hanging block of the normal faults that
were deflected along segments of the thrust fault was
opposite to that of the upper plate of the thrust fault.
Under such circumstances of recurrent and diverse
movement along some thrust faults, however local, de-
tailed mapping of relatively large areas around the
faults is essential to understanding the timing and
dynamics of the thrust faults.

STRUCTURAL GEOLOGY
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FACIES RELATIONS OF EXPOSED ROME FORMATION AND CONASAUGA GROUP
OF NORTHEASTERN TENNESSEE WITH EQUIVALENT ROCKS
IN THE SUBSURFACE OF KENTUCKY AND VIRGINIA

By LEONARD D. HARRIS, Knoxville, Tenn.

Abstract.—The Rome Formation, Conasauga Shale, and Cona-
sauga Group were deposited in a northwest transgressive phase
of the Early, Middle, and Late Cambrian seas. Sandstone of
the Rome in central Kentucky is by lateral gradation a facies
equivalent of approximately the lower half of the Conasauga
Group of northeastern Tennessee. The Rome probably ranges
in age from Early Cambrian in eastern Tennessee to Middle
Cambrian in central Kentucky.

In the Valley and Ridge province of extreme south-
west Virginia and the adjacent part of Tennessee the
oldest Cambrian formations exposed are the Rome For-
mation of Early Cambrian age and the Conasauga
Shale or Group of Middle and Late Cambrian age.
These formations plunge into the subsurface of Ken-
tucky and are not exposed in that State. In recent
years a series of deep test wells drilled to or near base-
ment rocks in central and eastern Kentucky has pro-
vided the link necessary to show facies relations
between the subsurface rocks of Kentucky and the sur-
face exposure of the Rome and Conasauga in Virginia
and Tennessee (fig.1). '

Early workers in Virginia and Tennessee (Campbell,
1894; and Keith, 1896) recognized that a facies relation
exists between the Conasauga Shale and the unit now
called the Conasauga Group (Rodgers, 1953, p. 47).
They found that the thick limestone units of the group
wedge out northward into a shale section. The name
Conasauga Shale was used for the shale facies on the
northwest, and to the east and south the equivalent se-
quence was divided in ascending order into four forma-
tions—the Rutledge Limestone, Rogersville Shale,
Maryville Limestone, and Nolichucky Shale.

Later stratigraphic studies in eastern Tennessee have
not altered the basic facies concept of the earlier
workers; however, some of the terminology has been
modified by restriction of the Rome Formation and
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recognition of additional formations considered to be
equivalent to the Conasauga Shale (Rodgers and Kent,
1948). These later nomenclatural developments were
summarized by Rodgers (1953, p. 43-53). Ina diagram
he (1953, p. 46) illustrated how the Conasauga Shale
on the northwest side of the Valley and Ridge province
is gradually supplanted to the southeast by six alternat-
ing units of shale and limestone, which he included in
his Conasauga Group. These formations from oldest
to youngest are the Pumpkin Valley Shale, Rutledge
Limestone, Rogersville Shale, Maryville Limestone,
Nolichucky Shale, and Maynardville Limestone. These
later studies have done much to standardize and clarify
the terminology and have established a firm base for
regional stratigraphic work in northeast Tennessee.
Consequently, I have used Rodgers’ terminology as the
basis for developing the subsurface nomenclature for
eastern Kentucky and extreme southwest Virginia.
This use of Tennessee surface nomenclature in the sub-
surface of southwest Virginia and central and eastern
Kentucky is not without precedent. Tennessee terms
have been used in most recent subsurface studies in
southwest Virginia (Miller and Fuller, 1954) and east-
ern Kentucky (Thomas, 1960; Woodward, 1961; and
Calvert, 1962), as shown on figure 2. One exception
to this was Freeman (1953) who used midcontinent
terms.

The rocks of the Valley and Ridge province in north-
east Tennessee and southwest Virginia are cut by a
series of northeast-trending thrust faults (fig. 1).
Northwestward movement along many of these faults
is probably measured in miles. This movement tends
to obscure regional facies changes by bringing rocks
deposited in different parts of the original basin of
deposition in close proximity. Within particular
fault belts the lithology of individual formations re-
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F1aUre 1.—Location of wells and measured sections referred to in text.

mains relatively constant, but across fault belts, facies
are markedly different. In order to remove the effect
of shortening of the depositional basin by thrusting, I
have attempted to restore the sections and wells in
figure 3 to their relative position before thrusting. At
present, only the amount of movement on the northern-
most fault—the Pine Mountain thrust—can be cal-
culated accurately. Miller and Fuller (1954, p. 260)
have shown that the displacement within the area dis-
cussed in this article along the Pine Mountain fault is
about 6 miles. In the present study, 6 miles was used
as a minimum displacement on the faults to the south-
east and was added to the present geographic distance
between sections in an attempt to restore them roughly
to near their original position. Thus, the distance be-
tween sections 5 and 6 (fig. 3) was increased by 6 miles,
and that between 4 and 5 by 12 miles. The distance
between wells 3 and 4 was increased by 6 miles, as
shown by the fact that well 4 was drilled through the
Rome Formation and Conasauga Shale above the Pine
Mountain thrust fault, whereas well 3 penetrated the
same section below the fault.

ROME FORMATION

Stratigraphic studies of the exposed Rome Forma-
tion in northeast Tennessee are complicated because
everywhere the “base” of the Rome is marked by a
major thrust fault. Therefore, until key beds or zones
were established in the formation, an estimate could
not be made of how much or what part of the Rome
was represented in any given section. Rodgers and
Kent (1948) simplified the problem by pointing out a
distinctive dolomite unit and a sandstone unit at the
top of their restricted Rome Formation. Detailed map-
ping and measurement of sections have established that
both these units can be used as key beds in regional
stratigraphic studies.

On the outcrop in Tennessee the Rome Formation is
a sequence of sandstone, siltstone, and shale containing
a few beds and one thick zone of dolomite (fig. 3).
Unweathered clastic rocks of the Rome are micaceous
and abundantly glauconitic. The proportion of sand-
stone to shale and siltstone gradually increases toward
the northwest. This relation holds true in the sub-
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surface of Virginia and Kentucky, where the Rome is
mainly a glauconitic micaceous sandstone with small
amounts of siltstone, shale, and limestone. The lower
dolomite unit of the Tennessee outcrop occurs in both
the Fordson and Brooks wells (secs. 2 and 4, fig. 3).
In each well the contact between the Conasauga Shale
and Rome is placed, as it is in surface sections, at the
first occurrence of abundant sandstone. Thus deline-
ated, the contact rises in the wells toward the northwest.

726-328 0—84——3

CONASAUGA SHALE OR GROUP.

The Conasauga Group of northeast Tennessee is com-
posed of six alternating units of shale and limestone
(fig. 3). The lowermost unit, the Pumpkin Valley

-Shale, is greenish gray to dark olive gray and usually

contains numerous paper-thin beds of glauconitic silt-
stone. Siltstone becomes more abundant toward the
northwest (sec. 5, fig. 3). The other shale units, the
Rogersville and Nolichucky Shale, are less silty but
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Location of sections is shown on figure 1. Datum is base of the Maynardville Dolomite Member.
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contain thin beds of limestone which are either oolitic
or contain intraformational conglomerate. The lime-
stone units, Rutledge and Maryville Limestones, thin
abruptly toward the northwest and are absent in the
subsurface of Virginia and Kentucky. In outcrop the
Maynardville Formation, the uppermost unit of the
group, is composed of a lower limestone member and
an upper dolomite member. Toward the northwest in
the subsurface, the limestone member wedges out ; how-
ever, the dolomite member persists and occurs in all
the Kentucky wells. Where the limestone member is
absent, the Maynardville is included in the Conasauga
Shale as the Maynardville Dolomite Member.

In the subsurface where the limestone units of the
Conasauga Group wedge out, there exists no good cri-
terion to separate individual shale units; consequently,
the entire sequence is termed the Conasauga Shale.
The Conasauga Shale, which is remarkably uniform
throughout, is characterized by grayish-red or medium-
dark-gray shale with interbeds of glauconitic siltstone
and numerous thin limestone beds, many of which are
clearly oolitic. The Conasauga thins toward the north-
west.

Age of at least the upper 300 feet of the Conasauga
Shale in Kentucky has been established as Late Cam-
brian by the identification of trilobite fragments by
Ulrich (Miller, 1921). The trilobite fragments were
found in cuttings from the William Hoover 1 well in
Jessamine County, about 30 miles north of the A. R.
Spears 1 well (sec. 1, fig. 8).

FACIES RELATIONS

A comparison of measured sections of the Rome For-
mation and Conasauga Group with equivalent rocks in
the subsurface shows two key units generally common
to all sections. These units are a thick zone of dolomite
near the base of the Rome, and the dolomitic part of
the Maynardville Formation at the top of the section.
Of the two, the Maynardville is the more persistent;
hence, it was used as the reference datum for this study
(fig. 3). With the sections and wells thus alined, it is
readily apparent that Campbell’s (1894) and Keith’s
(1896) concept of the intertonguing relation of the lime-
stone of the Conasauga Group with shale and siltstone
of the Conasauga Shale is but a part of a broader facies

n
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relationship involving the Rome and Conasauga. In
addition, there is the suggestion that the regional sedi-
mentary sequence overlaps the basement rocks from
northeastern Tennessee to central Kentucky. Because
of this overlap, it is assumed that the entire sedimentary
body was deposited in a transgressive stage of the Cam-
brian seas. Within this transgressive framework, the
regional facies pattern was developed by two funda-
mental processes—one a gradual change by lateral
gradation from sandstone to shale, and the other a more
abrupt change by intertonguing of clastic and carbonate
rocks. Sandstone of the Rome in central Kentucky is
by lateral gradation a facies equivalent of the siltstone
and shale of approximately the lower half of the Cona-
sauga in southeast Kentucky and southwest Virginia.
In turn, the Conasauga Shale intertongues to the south-
east with the limestone of the Conasauga Group. These
relations show that the Rome probably ranges in age
from Early Cambrian in northeast Tennessee to Middle
Cambrian in central Kentucky.
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STRATIGRAPHY OF THE LEE FORMATION
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Abstract.—Division of the Lee Formation into seven mapped
members in the type area is based on the lithologic contrast
between cliff-forming conglomeratic sandstone and intervening
beds of nonresistant sandstone, siltstone, shale, coal, and under-
clay. The Lee Formation has been regarded as basal Pennsyl-
vanian in age and as resting unconformably upon the Penning-
ton Formation of Mississippian age. 'This study has shown that
the contact between the two represents a time transition, the
lower beds of the Lee grading laterally into, and intertonguing
with, the upper beds of the Pennington.

The name Lee was originally assigned by Campbell
(1893, p. 36) to a section of massive conglomeratic
sandstone of Carboniferous age exposed along Cumber-
land Mountain on the northwest margin of Lee County,
Va. Lithologically similar sandstone in other outcrop
belts of Kentucky, Tennessee, and Virginia has been
correlated with the Lee, which is regarded as the basal
formation of Pennsylvanian age. The Lee generally
contains, or underlies, a sequence of economically im-
portant coal beds. In the Cumberland Mountain out-
crop belt the formation is also of particular interest
because of its transitional relation with underlying
rocks of Mississippian age.

Recent geologic mapping along Cumberland Moun-
tain has demonstrated that the Lee Formation contains
seven mappable subdivisions that coincide with litho-
logic changes in a repetitious sequence of massive con-
glomeratic sandstone and nonresistant intervals of
thin-bedded sandstone, siltstone, shale, coal, and under-
clay. The contrast in the topographic expression of
cliff- or ledge-forming members as opposed to inter-
vening members that underlie linear depressions pro-
vides a basis for the mapping of subdivisions both in
the field and on aerial photographs. Recognition of
these subdivisions has aided in the interpretation of
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structural and stratigraphic relations of the Lee For-
mation. In addition to a description of the contact
relations of the Lee in the type area, five previously
established informal members are herein named and
defined.

In naming the Lee Formation, Campbell (1893) fol-
lowed an early practice of designating a type area with-
out specifying a type section, and as a result there are
minor variations in references to type Lee. A “best
exposed” section that was described by Campbell in
Wise County, Va., is used as a type section in Virginia
(Eby, 1923, p. 65). Publications dealing with the Lee
Formation in Kentucky (Campbell, 1898, p. 2; Wan-
less, 1939, p. 89; and McFarlan, 1943, p. 99) tend to
define the formation with reference to Lee County,
Va., where the outcrop belt straddles the Kentucky-
Virginia State line. Although a suitable type section
was not available in Lee County, Va., at the time Camp-
bell assigned the term Lee, recent highway and park
road construction at Cumberland Gap (fig. 1) has un-
covered a well-exposed readily accessible section across
the outcrop belt of the type area. The members of the
Lee Formation are herein described with reference to
the section at Cumberland Gap, which is centrally
located in the tristate area where the formation is
recognized.

LOWER BOUNDARY OF THE LEE FORMATION

Regionally the criteria most commonly used to dif-
ferentiate the Lee Formation from the underlying Pen-
nington Formation is the predominance of massive
quartzose conglomeratic sandstone ‘with intervening coal
beds in the Lee and the presence of greenish-gray and
reddish-gray shale with thin limestone beds in the Pen-
nington. The contact between the two formations was
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FI6URE 1.—Composite section of the Lee Formation at Cumberland Gap in southeastern Kentucky and southwestern Virginia.

Partial sections A-F are located on index map.
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generally considered to be an unconformity which sup-
posedly corresponded to the Mississippian-Pennsylvan-
ian systemic boundary. Evidence used in support of
this interpretation includes: sharp scour-type contacts
at the base of the Lee sandstones; variations in the total
thickness of the Pennington ; and the marked differences
in the lithology and fossil content of the two formations.

Contrary to the interpretation of the contact as an
unconformity, geologic mapping along Cumberland
Mountain has demonstrated that the lower beds of
the Lee grade laterally into, and intertongue with, the
upper beds of the Pennington (Englund and Smith,
1960; Englund and Harris, 1961, fig. 5) to record a
lateral change from paludal and marginal marine to
marine deposition. In this transitional sequence the
Lee intertongues with successively younger rocks of the
Pennington, causing a gradual stratigraphic rise in the
base of the Lee which is largely responsible for the
increase in the thickness of the Pennington Formation
from 120 feet at Cumberland Gap to about 850 feet
at Pennington Gap, near the north end of the outcrop
belt. A relatively similar contact relation was reported
in the type area of Lower Pennsylvanian rocks in the
Anthracite region of Pennsylvania (Wood and others,
1962, p. 40). Because of its time-transitional char-
acter, the Lee-Pennington contact in the Cumberland
Mountain outcrop belt is not everywhere identical with
the Mississippian-Pennsylvanian systemic boundary.
As there is paleontological evidence to support a Mis-
sissippian age for the Pennington the part of the Lee
which intertongues with the Pennington in the Cumber-
land Mountain outcrop belt is considered to be Missis-
sippian in age.

LEE FORMATION

The Lee Formation crops out in a belt of north-
westward-dipping hogbacks and ridges delineated on
the southeast by a precipitous southeast-facing escarp-
ment at the crest of Cumberland Mountain and on the
northwest by the foot of Cumberland or Brush Moun-
tains (fig. 2). The Lee averages about 1,600 feet in
thickness in the Cumberland Mountain area, and it
thins northwestward by the tonguing out of lower beds.
The characteristic lithology is fine- to coarse-grained

subangular to subrounded white to very light gray con- -

glomeratic sandstone that is commonly composed of
more than 90 percent quartz. In contrast, nearly all
the sandstones of the underlying Pennington Forma-
tion and the overlying Hance Formation contain 50
to 75 percent quartz. The conglomerate consists
largely of well-rounded white quartz pebbles that gen-
erally range from 14 to 1 inch in diameter, although a
few are as much as 5 inches in diameter. In addition,
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the Lee contains lesser amounts of fine- to medium-
grained massive sandstone, very fine to fine-grained
thin-bedded sandstone, siltstone, shale, and several beds
of coal and underclay. Lithologically, the Lee is di-
vided into seven mapped members as follows: the Pin-
nacle Overlook, Chadwell, White Rocks Sandstone,
Dark Ridge, Middlesboro, Hensley, and Bee Rock
Sandstone Members.

Pinnacle Overlook Member

The name Pinnacle Overlook is herein applied to the
lowermost member of the Lee Formation (fig. 3) that
previously was referred to informally as the basal or
lower tongue (Englund and Harris, 1961, fig. 4; Eng-
lund, Landis, and Smith, 1963). It is named for the
Pinnacle, a scenic overlook formed by the member on
the northeast side of Cumberland Gap, where the fol-
lowing section is exposed :

Type section of the Pinnacle Overlook Member exposed at the
Pinnacle overlook

. . . Thickness
Pennington Formation (in part): 7 In

Shale, light-olive-gray; exposed on the north-
west side of the hill erest .. .. ... __________
Lee Formation:
Pinnacle Overlook Member (230 ft):
Sandstone, very light gray, fine-grained,
thick-bedded, moderately quartzose, cross-
bedded . - oo .. 20 0
Sandstone, white to very light gray, medium-
grained, massive, quartzose, crossbedded,
conglomeratic; forms upper part of cliff_ .. 75 0
Sandstone, white to very light gray, fine-
grained, crossbedded, well-sorted, thick-

5+ 0

bedded; forms lower part of cliff. .. __._. 120 0
Sandstone, very light gray, very fine to fine-
grained, partly ripple bedded, moderately .
QUATHZOSE . - oo oo eemmeeme 10 0
Sandstone, very light gray, fine-grained,
massive, moderately quartzose.._.__._--. 5 0
Pennington Formation (in part):
Shale, greenish-gray._ - - ccooooomeoaaoa- 15 0

The lithology of the Pinnacle Overlook Member is
typical of the Lee Formation and consists of thick-
bedded well-sorted fine- to medium-grained quartzose

. sandstone in the lower and upper parts and massive

conglomeratic quartzose sandstone in the middle part.
Crossbedding is conspicuously developed throughout.
The thickness increases from 230 feet at the Pinnacle
overlook to 360 feet approximately 2 miles northeast of
Cumberland Gap. From this point of maximum thick-
ness, the member thins in a broad arc to form a north-
westward-protruding lobe. Where the lobe is thickest
the basal contact is sharp and locally undulates as much
as 10 feet into the underlying varicolored shale. To-
ward the periphery of the lobe the contact is conform-
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able and the typical Lee lithology grades gradually into
partly argillaceous and ripple-bedded very fine to fine-
grained sandstone, about 20 feet or less in thickness, in
the upper part of the Pennington Formation. Along
most of the outcrop belt the top of the member grades
abruptly into greenish-gray or reddish-gray shale in an
upper tongue of the Pennington Formation which im-
mediately northwest of the outcrop area contains a thin
bed of fossiliferous limestone. At the southwest end
of the outcrop belt the Pinnacle Overlook Member is in
contact with the overlying member of the Lee
Formation.

Chadwell Member

The strata previously referred to as sandstone mem-
ber A (fig. 3) are here designated the Chadwell Mem-
ber for Chadwell Gap, a notch in Cumberland Moun-
tain, located approximately 10 miles northeast of
Cumberland Gap. The following section is exposed ap-
proximately 450 feet below the southeast side of the gap:

Type section of the Chadwell Member at Chadwell Gap

A Thickness
Lee Formation: Ft In

White Rocks Sandstone Member (in part):

Sandstone, white to very light gray, fine- to
medium-grained, massive, crossbedded, con-
glomeratic, quartzose; forms cliff; basesharp.. 5+ 0

Chadwell Member (182 ft 6 in.): .

Sandstone, white to very light gray, fine- to

medium-grained, massive, crossbedded, quartz-

088 e o o e e e 24 0
Sandstone, light-gray, fine-grained; bedding is

parallel and averages about 2 in.in thickness.. 4 0
Sandstone, light-gray, fine-grained; bedding is

uneven and averages about 6 in. in thickness.. 15 0
Sandstone, light-gray, fine-grained; bedding is

parallel and as much as 6 in. in thickness__._. 24 0

Sandstone, light-gray, fine-grained; bedding
ranges from parallel to wavy and from % to 3

in. in thickness._ _ ... ___.__.____ 2 0
Sandstone, light-gray, fine-grained; beds are as

thick as 7 in. and are parallel_______________ 8 0
Sandstone, very light gray, fine-grained; massive,

quartzose, base sharp______________________ 9 6
Sandstone, light-gray, fine-grained; bedding is

parallel and ¥{to 1 in.thick._.__________.___ 2 0

Sandstone, white to very light gray, fine- to
medium-grained, massive, conspicuously cross

bedded._ .- io_._ - 57 0

Sandstone, white to very gray, medium- to

coarse-grained, massive, crossbedded, quartz-

ose; sparsely conglomeratic with well-rounded

quartz pebbles as much as 34 in. in diameter;
basesharp. .o ... 37 0

Pennington Formation (in part): '
Shale, greenish-gray.._ .- . _._.______ 5+ O

STRATIGRAPHY AND PALEONTOLOGY

The member commonly crops out in two resistant
ledges of well-sorted quartzose sandstone which are
separated by an intervening tongue of greenish-gray
Pennington shale northeast of Chadwell Gap. Near
White Rocks the lower ledge wedges out and at its
extremity grades into argillaceous ripple-bedded sand-
stone of the Pennington Formation. The two ledges
are exposed in the Cumberland Gap section where they
total 150 feet in thickness, including an intervening
bed of carbonaceous shale with thin coal beds and as-
sociated underclay. Conglomerate is generally re-
stricted to a thin basal bed, but it thickens abruptly
southwest of Cumberland Gap and makes up most of
the member. The basal contact is normally conform-
able but may be marked by several feet of scour into
underlying beds, especially where the basal conglom-
erate is present.

White Rocks Sandstone Member

The White Rocks Sandstone Member (Englund,
Smith, Harris, and Stephens, 1963, p. 13) was named
for White Rocks, where its entire thickness of 300 feet
is exposed in a precipitous cliff at the crest of Cumber-
land Mountain. The lithology is typical of the Lee;
however, the main distinction of the member is an un-
usual abundance of large well-rounded vein-quartz
pebbles that constitute 75 percent or more of some out-
crops. The conglomerate is generally concentrated in
the lower part of the member, which has a sharp un-
dulatory contact with underlying beds. Southwestward
from the type locality the member thins and wedges out
about 2 miles southwest of Hensley Flats.

Dark Ridge Member

A section of thin-bedded sandstone and shale, previ-
ously referred to informally as sandstone and shale
member B (fig. 3) is included in a unit herein named
the Dark Ridge Member. The type locality is near the
south end of Dark Ridge, a northward-trending ridge
on the north side of Cumberland Gap, where the mem-
ber occupies a poorly exposed interval between massive
sandstones of the underlying and overlying members.
There on Skyland Road the member consists of 60 feet
of medium-dark-gray shale with a few thin beds of very

_fine to fine-grained sandstone (fig. 1) and includes at-

its top the Cumberland Gap coal bed (Ashley and
Glenn, 1906, p. 115). The coal commonly ranges from
3 to 4 feet in thickness and is the most persistent coal
bed of commercial thickness in this outcrop belt of the
Lee. Elsewhere along Cumberland Mountain the Dark
Ridge Member is rarely exposed, but its outcrop posi-
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Ficure 3.—Stratigraphic nomenclature of the Lee Formation in the Cumberland Mountain outcrop belt of
southeastern Kentucky. ‘

tion is marked by a linear depression or notch between Type section of the Middlesboro Member at Cumberland Gap

massive Lee sandstones, or by mines and prospects in  Lee Formation: Thickness

the Cumberland Gap coal bed. An argillaceous very Hensley Member (in part): TR I

fine to fine-grained partly ripple bedded sandstone in Sh&}te, medium-gray, silty, poorly bedded; base 6 6
sharp_ ..

the upper part of the member thickens.northeastward
to about 100 feet in the vicinity of White Rocks, where
it overlies 40 feet of medium-dark-gray shale in the
lower part of the member. There the basal contact of

Middlesboro Member (469 ft 10 in.)
Sandstone, white to very light gray, massive,
quartzose, crossbedded, sparsely conglom-
eratic_ . - ... 12 6
Sandstone, very light gray, very fine grained,

the Dark Ridge Member is gradational with the under-

lying White Rocks Sandstone Member, and where the Sal:ggs;teddfiyar%;:}?:eogx?;);--;i-n-e-ér-x;i'n-e-d_ v
. . . . t H )
White Rocks wedges out the base is gradational with quartzose; base Sharp- - — - - _____ 1 6
the Chadwell Member. Shale, medium-light-gray, clayey; base sharp. 6
Sandstone, white to very light gray, fine-
Middlesboro Member grained, massive, quartzose, crossbedded; .
A thick sequence of massive conglomeratic sandstone, base Sharp. --.o--oooooooooooooeoeos 16 0
riously included in sandstone member C (fig 3) . Shale, light-gray, clayey; base sharp_________ 7
prev _10“3‘3{ incluced 1 > stone mber ( B2/ 18 Sandstone. very light gray, fine-grained; base
herein designated the Middlesboro Member. Itisnamed ShATD - - - oo 2
after the city of Middlesboro, which is situated at the Shale, medium-gray, evenly bedded; base
northwest approach to Cumberland Gap. The type S sharp......... Tomsmemsoemeooeseooooe oo 8
section is exposed on Skyland Road on the north side agf::vo;’ef’ineflggrl;ti;li??’i)as:v:z:};;rs reddish 3
of the gap as follows: Shale, medium-light-gray . -« .o .. 6
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Type section of the Middlesboro Member at Cumberland Gap—
Continued

Lee Formation—Continued Thickness
Middlesboro Member—Continued T m
Sandstone, very light gray, fine- to coarse-
grained, massive, quartzose; very conglom-
eratic in basal 20 ft, sparsely conglomeratic

in upper part; base sharp__.____.__..____ 70 0
Shale, medium-dark-gray, evenly bedded; base

2)oF:D o o TN I 3 0
Sandstone, medium-light-gray, very fine

grained, lenticular; beds range from 1 to 3

in. in thickness__.______________________ 1 10
Shale, medium-gray, evenly bedded, clayey;

base sharp_ -« .o ... 5 5

Sandstone, very light gray, very fine to fine-

grained, modérately quartzose; in‘beds iip to-

1 ft 4 in. in thickness with a few ripple-

bedded surfaces; base sharp_________._____ 10 2
Siltstone, weathers reddish brown, evenly

bedded; very fine grained sandstone occurs

in some laminae; base sharp__.____.__._____ 1 1
Sandstone, very light gray, fine-grained,

quartzose; in beds as much as 1 ft in thick-

ness; base sharp. ... __.._._._._ 13 2
Shale, medium-dark-gray, evenly bedded;

base sharp. - ... 2 2
Sandstone, very light gray, fine-grained, quart-

zose; bedding ranges from 6 in. to 1 ft in

thickness with some ripple-bedded surfaces. 6
Sandstone, light-gray, very fine grained,

micaceous; ripple-bedded; some argillaceous

laminae; base sharp_ ... _.____________.. 9 . 0
Sandstone, white to very light gray, medium-

grained, subrounded, massive, quartzose,

crossbedded, conglomeratic; quartz pebbles

are well rounded and average % in. in di-

[«

ameter; base sharp______________________ 35 0
Shale, medium-dark-gray, evenly bedded;

abundant fossil plant fragments_ . ________ 4 0
Sandstone, white to very light gray, medium-

grained, quartzose, massive; base sharp._._ 5 0
Shale, medium-gray, bighly weathered____..__ 5 0

Sandstone, white to very light gray, medium-
grained, quartzose, subrounded, massive,
conglomeratic, crossbedded; base sharp.-..

Dark Ridge Member (in part):
Coal bloom (Cumberland Gap coal bed).____ 24+ 0

The Middlesboro Member ranges from 400 to 500 feet
in thickness and because of this great thickness of con-
glomeratic sandstone, it is the principal ridge- and
cliff-forming unit along ‘Cumberland Mountain and
along Pine Mountain on the northwest limb of the
Middlesboro syncline. The member also caps Rocky
Face Mountain, which is formed by a large upwarp in
the Middlesboro syncline about 5 miles north of Cum-
berland Gap. The member consists predominantly of
fine- to coarse-grained white to very light gray quartz-
ose sandstone with a abundance of well-rounded quartz
pebbles that commonly range from 14 to 1 inch in
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diameter. Conglomeratic sandstone generally occurs
in four beds that are locally separated by thin' beds
of shale, coal, underclay, and thin-bedded very fine to
fine-grained sandstone. Where these intervening non-
resistant beds are absent the member also tends to crop
out in a series of four ledges or hogbacks. The basal
contact is sharp and locally undulates several feet into
the underlying beds.

Hensley Member

The nonresistant beds of the Lee Formation that lie
between the top of the Middlesboro Member and the
base of the Bee Rock Sandstone Member have been re-
ferred to informally as sandstone and shale member D
(fig. 8). These beds are here designated the Hensley
Member from Hensley Flats, an upland area between
the crests of Brush and Cumberland Mountains, which
is underlain by the member. The type section is ex-
posed along Skyland Road and U.S. Highway 25E on
the northwest side of Cumberland Gap as follows:

Type section of the Hensley Member at Cumberland Gap

Thickness

" Lee Formation: Ft In

Bee Rock Sandstone Member (in part):
Sandstone, very light gray, fine- to medium-
grained, thick-bedded to massive; base sharp_. 12 0
Hensley Member (319 ft 6 in.):
Shale, very dark gray to black, evenly bedded;

few ironstone nodules_ . . __________________. 21 0
Coal (Tunnel coal bed).. _ _ . oo ... 2 0
Underclay, medium-light-gray; abundant fossil

rootlets; base gradational .. _________________ 4 6
Sandstone, light-gray, very fine grained, poorly

bedded, silty .- - - - oo 2 0
Coal - s 2
Underclay, medium-light-gray; rootlets; base

gradational”. _ _ - ___ . _____ 1 6
Sandstone, light-gray, very fine grained, poorly

bedded, silty - - -~ . 6 6
Sandstone, very light gray, fine- to medium-

grained, moderately quartzose, thick-bedded

to massive; base sharp____._________________ 33 0
Shale, medium-gray, silty, evenly bedded.....-_ 30 0
Shale, dark-gray, evenly bedded; ironstone

nodules and beds as much as 1 in. thick. _..__ 25 0
Ironstone, sideritic, nodular_ . _.__.__._______.____ 4
Shale, medium-gray, evenly bedded____________ 4 0
Shale, medium-gray, very silty_ . .. ____________ 15 0
Shale, medium-gray, evenly bedded - ___________ 4 6
Coal; few shale laminae__ ... _____________ 10
Underclay, medium-light-gray; rootlets; base

gradational . _ _ ____________________________ 2 0
Shale, medium-gray, silty, poorly bedded___.____ 8 0
Shale, medium-gray, evenly bedded; few very

fine grained sandstone lenses as much as 3 in.

thick; base sharp_ _ - .. oo a-_ 5 0
Sandstone, light-gray, very fine to fine-grained,

unevenly bedded. ... ____________. 1 8
Shale, medium-gray, poorly exposed; base sharp. 4 0
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Type section of the Hensley Member at Cumberland Gap—Con.

Lee Formation—Continued Thickness
Hensley Member—Continued Ft In
Sandstone, very light gray, very fine to fine-
grained, partly crossbedded; bedding ranges
from 2 in. to 3 ft in thickness; base sharp.._.. 28 0
Sandstone, very light gray, very fine grained;
bedding ranges from 1 to 6 in. in thickness;
interbedded with medium-gray silty shale;
base sharp. - oo o__._. 12 10
Sandstone, very light gray, very fine grained,
moderately quartzose; bedding is parallel and
ranges mostly from 6 in. to 1 ft in thickness;

partly crossbedded; base sharp________.__.____ 60 0
Shale, medium-gray, silty; fine mica flakes on :

bedding planes; evenly bedded. . _ ... ... _..__ 8 6
Shale, dark-gray, evenly bedded. . ... .. .__..__ 7 0
Coal oo 1 3
Shale, black, abundant coal laminae.__..___...__ 8
Underclay, medium-gray, rootlets._____.____..___ 1 10
Shale, medium-dark-gray, poorly bedded; abun-

dant fossil plant fragments________________.__ 6 0
Coal, few shale laminae._ .. ... .. _.._._... 5
Underclay, medium-gray, silty, rootlets; base

gradational . . - o ...__ 1 6
Shale, medium-gray, silty, poorly bedded____.__ 7 0
Sandstone, light-gray, very fine grained, silty;

in beds as much as 18 in. thick; base sharp.... 7 0
Shale, medium-gray, silty, poorly bedded; base

121 1¥: o o TIPS 6 6

Middlesboro Member (in part):
Sandstone, white to very light gray, massive,
quartzose, crosshedded, sparsely conglomeratic. 12 6

The Hensley Member ranges from about 320 to 400
feet in thickness and consists mostly of shale in the
lower, middle, and upper parts with two very fine to
medium-grained thin- to thick-bedded sandstones in
between. In contrast to the excellent exposures of ad-
jacent beds of conglomeratic sandstone, the outcrop belt
of the Hensley Member is commonly a concealed inter-
val with scattered outcrops of sandstone. The sand-
stones are persistent and resistant enough to form low
ridges in the outcrop belt. In addition to several thin
coal beds, the member contains near its top the Tunnel
coal (Ashley and Glenn, 1906, p. 115), which ranges
from 24 to about 50 inches in thickness and has been
mined at several localities. The basal contact is con-
formable and is placed where the conglomeratic quartz-
ose sandstone of the underlying Middlesboro Member
is succeeded by shale and thin-bedded nonconglomer-
atic sandstone.

Bee Rock Sandstone Member

The Bee Rock Sandstone Member (Campbell, 1893,
p. 17) is the uppermost conglomeratic sandstone in
the Lee Formation along Cumberland Mountain. The
name 1s well established in the Pennington Gap area
of the outcrop belt (Giles, 1925, p. 21; Wanless, 1946,
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p. 136), and it has been extended southwestward to the
Cumberland Gap area by tracing the member on aerial
photographs and by field mapping. The best develop-
ment and exposure of the Bee Rock Sandstone Mem-
ber, as mapped in the Cumberland Gap area, is at the
northeast end of Brush Mountain where the following
reference section crops out in a cliff overlooking Mar-
tins Fork:

Reference section of the Bee Rock Sandstone Member at the northeast
end of Brush Mountain

Thickness
Ft In
Hance Formation (in part):
Sandstone, light-gray, very fine to fine-grained,
argillaceous, partly ripple bedded; base grada-
tional . - _ .. _. 54+ 0
Lee Formation:
Bee Rock Sandstone Member (258 ft 6 in.):
Sandstone, white to very light gray, fine- to
medium-grained, quartzose, sparsely con-
glomeratic; base sharp__________________ 125 0

Shale, medium-gray, evenly bedded; base
gradational ._______________________.____ 3 6
Sandstone, white to very light gray, fine- to
medium-grained, quartzose, conglomeratic,

crossbedded; base sharp_ .. _..._._..___. 130 0
Hensley Member (in part):
Shale, dark-gray, evenly bedded.._........ 64 0

The Bee Rock Sandstone Member ranges generally
from 200 to 250 feet in thickness and consists of two
massive sparsely conglomeratic quartzose sandstone
beds of about equal thickness, separated by a thin shale
bed. Quartz pebbles decrease in size and number south-
westward along the outcrop belt and are absent south-
west of Cumberland Gap. In the section at Cumber-
land Gap (fig. 1) most of the sandstone in the upper
part of the member is very fine to fine-grained and
occurs as sedimentary breccia in several beds. The base
of the member is sharp and undulatory, and the top
is gradational with overlying beds.

UPPER BOUNDARY OF THE LEE FORMATION

In the Cumberland Mountain outcrop belt the upper
boundary of the Lee Formation was placed by Camp-
bell (1893, p. 36) at the top of the Bee Rock Sandstone
Member. The overlying rocks consist of relatively non-
resistant beds of shale, siltstone, sandstone, coal, and
underclay that make up the Hance Formation of the
Breathitt Group. In contrast to the sandstones of the
Lee Formation, those of the Hance Formation are non-
conglomeratic and are typically more micaceous and
less quartzose. In the nearby Pine Mountain outcrop
belt the top of the Lee Formation was placed by Ash-
ley and Glenn (1906, p. 35) at the top of the Naese
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Sandstone Member, which is lithologically similar to the
Lee sandstones but stratigraphically above the Bee Rock
Sandstone Member.

Recent geologic mapping and stratigraphic studies
have shown that the Naese Sandstone Member is a
southeastward protruding lobe of partly conglomeratic
and quartzose sandstone, as much as 250 feet in thick-
ness, that overlies a regional disconformity and tongues
out southeastward in the lower part of the Hance For-
mation. The southeastern edge of the Naese Sandstone
Member grades gradually into sandstone that is litho-
logically typical of sandstones in the Hance Formation.
Below the disconformity the sandstones in the Lee For-
mation tongue out to the northwest, whereas the Naese
and other sandstones above the disconformity tongue
out to the east or southeast. This reversal in the deposi-
tional trend is interpreted as a change from an eastern
or southeastern source to a local northwestern source
which may have originated from the uplift and rework-
ing along the erosional surface of previously deposited
Lee sediments. Such a reworking hypothesis would ac-
count for the deposition of lithologically similar sedi-
ments above the disconformity. In view of its diverse
depositional trend and higher stratigraphic position, the
Naese Sandstone Member could be excluded from the
Lee Formation. Its lithologic similarity to the Lee
Formation rather than to the Hance Formation, how-
ever, favors the previously established practice of rec-
ognizing the Naese Sandstone Member as a tongue of
the Lee Formation in the Pine Mountain outcrop belt.
Only the extremity of the Naese Sandstone Member is
present locally in the Cumberland Mountain outcrop
belt, where it is a thick-bedded to massive moderately
quartzose nonconglomeratic sandstone. Except for this
local occurrence of the Naese, which is mapped as a
tongue of the Lee that wedges out in the Hance Forma-
tion, the top of the Lee is placed as originally desig-

STRATIGRAPHY AND PALEONTOLOGY

nated by Campbell at the top of the Bee Rock Sandstone
Member in the Cumberland Mountain outcrop belt.
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THE LITTLE STONE GAP MEMBER OF THE HINTON FORMATION
(MISSISSIPPIAN) IN SOUTHWEST VIRGINIA

By RALPH L. MILLER, Washington, D.C.

Abstract.—A limestone member of the Hinton Formation has
been mapped at the surface and recognized in the subsurface
in southwest Virginia. Reger applied the name Avis to this
unit, but the name was preoccupied. The member is here re-
name the Little Stone Gap Member.

Various writers have described a limestone or cal-
careous shale 35 to 55 feet thick in the Hinton For-
mation of the Pennington Group of southwest Virginia
and in the Hinton Group, as used by the West Virginia
Geological Survey, in southern West Virginia. These
beds of late Chester (Mississippian) age, are persistent
at the surface and in the subsurface. They form a
highly fossiliferous unit in a relatively unfossiliferous
sequence.
to map this unit as a separate entity, but with the pub-
lication of topographic maps on the scale of 1:24,000
for parts of this region, it is now feasible to map these
calcareous strata separately on detailed geologic maps.
The writer, in mapping this calcareous shale unit in
Scott, Wise, and Lee Counties, Va. (fig. 1), has been
faced with the necessity of designating it only as an
informally named unit or else applying a new name.
Because these calcareous strata comprise such a dis-
tinctive and areally extensive unit, a formal name
seems more appropriate. Hence, the name Little Stone
Gap Member is here proposed. It is the uppermost of
three mapped members of the Hinton Formation in this
part of Virginia, of which the basal member is named
the Stony Gap Sandstone Member and the middle
member is called the middle red member (Wilpolt
and Marden, 1959).

Campbell and Mendenhall (1896, p. 487-489) first
applied the name Hinton Formation to a series of pre-
dominantly clastic sedimentary rocks about 1,100 feet
thick along the New River Gorge near Hinton, W. Va.
(fig. 1). They noted the presence of several fossilif-
erous limestone zones within the Hinton. Although
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Until recently no attempt has been made

83° 82° 81°
T T T

f-ﬁ‘p < <N N Hl:;'é D
e RALEIG IS
4’7‘0\"{0 <-wyoumc Y\‘“‘“ /
N\,
TN MERCER\Q/n
MCDOWEL; ). "IRG\"‘“‘J
,~<_ BUCHANAN /\_-?1 “G\NIA
\*‘} )7 D'c"’i‘wso'k\, /K
wxs}~
Y‘;{USSELL )

9~.« ad

SCOTT ’

37| /”

)' HARLAN r—

S

L VIRCGINIA o _
| TENNESSEE ) o

o 50 MILES
I VO S S W |

F1eURE 1.—Map showing the type localities of the Hinton For-
mation (1) and-the Little Stone Gap Member of the Hinton
Formation (2).

they did not map or measure detailed sections of the
sequence, apparently the most conspicuous of the lime-
stones that they mention is the one with which this
article is concerned.

Two names previously have been applied to this lime-
stone, both in southern West Virginia. Neither name
is, however, in good standing. Krebs (1916) in a re-
port on Raleigh County and parts of Mercer and Sum-
mers Counties, W. Va., seems to have been the first to
single out and name this limestone. Without describ-
ing it, he called it the Hinton Limestone in measured
sections in Raleigh County (1916, p. 76) and Sum-
mers County (1916, p. 88). Reger (1926) recognized
the same unit in his report on Mercer, Monroe, and
Summers Counties. Because the name Hinton Forma-
tion was originally proposed by Campbell and Men-
denhall (1896) for a much thicker heterogeneous
sequence of sedimentary rocks, Krebs’ restriction of the
name to one relatively thin limestone within the se-
quence was not followed by Reger. Instead, Reger
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Fieure 2.—Map showing the outcrop belt of the Little Stone Gap Member of the Hinton Formation and the type locality.

raised the Hinton Formation to group status, and pro-
posed 44 named units within the group, of which 5 were
named coals. Presumably the other 39 units were for-
mations. On the county geologic maps of his report,
scale 1:62,500, however, Reger lumped all these 44
named units as one mapped unit, the Hinton Group.
The limestone, with which this article is concerned, was
called by Reger the Avis Limestone (1926, p. 347-351).

However, the name Avis was preoccupied. Further-
more, Reger used the iame Lower Avis Shale for a shale
underlying his Avis Limestone, Upper Avis Shale for
a shale overlying his Avis Limestone, and Avis Sand-
stone for a unit overlying his Upper Avis Shale. Be-
cause the name Avis is preoccupied, and because of the
proliferation of uses of the name to cover four different
lithologic units in southern West Virginia, the strati-
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graphic name Avis is best dropped from West Virginia
and Virginia nomenclature.

Recent workers in Virginia, who have recognized and
mapped or measured sections of the unit that Reger
called the Avis Limestone in West Virginia have called
it the limestone member (Avis of Reger) of the Hinton
Formation (Wilpolt and Marden, 1949, 1959) or the
claystone member of the Hinton Formation (Harris
and Miller, 1958).

No complete surface section of this calcareous mem-
ber of the Hinton Formation is known to the writer in
southwest Virginia. The upper part of the member is,
however, well exposed at Little Stone Gap, near Norton
in Wise County (fig. 2). The member is here named
Little Stone 'Gap Member of the Hinton Formation
from this locality. The exposures are along the county
road at Little Stone Gap through Stone Mountain.
In Little Stone Gap the steeply dipping resistant ledges

at the highest point of the road consist of the basal or

Stony Gap Sandstone Member of the Hinton, the next
279 feet of beds of sandstone and shale cropping out
intermittently northeastward down the road is the in-
formally named middle red member of the Hinton
(Wilpolt and Marden, 1959, p. 639). At the top of the
middle red member is a covered interval of 47.5 feet
within which is concealed the contact with the overlying
Little Stone Gap Member. Only the upper 22 feet, or
approximately the upper half, of the Little Stone Gap
Member crops out. The exposed beds consist of deeply
weathered highly fossiliferous mudstone from which
the carbonate content has been leached. At the sharp
curve in the highway 800 feet northeast of the Gap, the
Princeton Sandstone forms resistant ledges that con-
formably overlie the Little Stone Gap Member.

The writer in association with others has recently
mapped this unit in the Duffield, Big Stone Gap, and
Keokee quadrangles of Scott, Wise, and Lee Counties,
Va. (fig. 2). It consists of about 45 feet of calcareous
mudstone and shale with thin interbeds of impure lime-
stone, some of which are nodular. Numerous beds are
highly fossiliferous, with bryozoa and brachiopods most
abundhnt. The member seems to be everywhere present
in the Big Stone Gap district, but it is deeply weathered,
and good outcrops are scarce. It is easily recognized in
well cuttings because of its high carbonate and fossil
content. Wilpolt and Marden (1959) have traced this
member by correlating between detailed measured sur-
face sections and deep wells from the vicinity of Big
Stone Gap northeastward into southern West Virginia,
where they believe it to be the same unit as Reger’s Avis
Limestone.

Although the Little Stone Gap Member is named for
this locality, a more complete section nearby is desig-
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nated as the type section. This is along the paved
county road from Norton southward to High Knob at
the hairpin turns shown near the 3,000-foot contour on
the topographic map. The section at this locality, des-
ignated the type section of the Little Stone Gap Mem-
ber, is given below :

Type section of the Little Stone Gap Member of the Hinton
Formation, along the county road from Norton to High
Knob, Wise County, Va. Section begins at 2,950 feet eleva-
tion at first sharp curve of hairpin-turn complew, proceeds up
small quarry face and through woods to top of hairpin-turn
complex, and ends with exposures in small ditch and low
roadcut along southeast stretch of road at top of turn complex.

Princeton Sandstone (45 feet) :

Thickness
(feet)
9. Sandstone, medium-grained, yellow-weathering;
almost in place__ +5

Hinton Formation :

Little Stone Gap Member (*44.5 feet) :
8. Shale, calcareous; in ditch at southwest side of

road e 1.2
7. Covered — e 5.6
6. Mudstone, calcareous, poorly bedded, medium-

light-gray; interbeds of nodular fossiliferous ,

impure limestone 1 to 2 inches thick__________ 22.5
5. Mudstone, calcareous, poorly bedded, medium-

light-gray ; weathers light gray and also grayish

OYANZe e 7.6
4. Mudstone, calcareous, weathered (found by

AiggING) oo 2.8
3. Limestone and shale; limestone, argillaceous,

light-olive-gray; weathers yellowish gray, in
beds up to 4 inches thick; shale, calcareous,
irregularly bedded. Unit very fossiliferous.. 44

2. Covered. Contact estimated to be about 4 feet be-

low top of this covered interval . ___________
Middle red member (420 feet) :

1. Mudstone, grayish-red; weathers to earthy chips
in roadcut. A sandstone bed in the roadbank
at the curve of the road near top of this unit
is either out of place or lenses out in 10 feet._ +20

In Wise and Scott Counties, Va., the Little Stone Gap
Member of the Hinton conformably overlies the middle
red member, which consists of red and gray shale and
siltstone and fine- to coarse-grained sandstone. Ac-
carding to Wilpolt and Marden (1959) both the Stony
Gap and middle red members continue northeastward
into southern West Virginia, the type region of the
Hinton Formation. The Little Stone Gap Member
in Wise and Scott Counties, Va., is disconformably
overlain by the Princeton Sandstone, a resistant cliff-
forming wunit about 50 feet thick. Northeastward,
however, rocks similar to those in the underlying middle
red member in places overlie the Little Stone Gap Mem-
ber and underlie the Princeton. Wilpolt and Marden
(1959, p. 601) have designated these beds as the upper

12.8
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red member of the Hinton Formation. Thus the
Little Stone Gap Member does not form the topmost
unit of the Hinton Formation at every place where
this formation is present in southwest Virginia.
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THE CHATTANOOGA SHALE (DEVONIAN AND MISSISSIPPIAN)
IN THE VICINITY OF BIG STONE GAP, VIRGINIA

By JOHN B. ROEN, RALPH L. MILLER, and JOHN W. HUDDLE, Washington, D.C.

Abstract.—Three lithologic subdivisions of the Mississippian-
Devonian black-shale sequence have been mapped in parts of
southwest Virginia by previous workers. These subdivisions
can be recognized in only part of the Big Stone Gap area. The
name Chattanooga Shale is reestablished for the sequence, and
the three lithologic subdivisions are designated as members.
The uppermost subdivision is the Big Stone Gap Member.

Recent mapping of an area in the vicinity of Big
Stone Gap in southwest Virginia has involved the
writers in “the black-shale problem.” This problem
concerns the nomenclature, correlation, and age of the
organic-rich fine-grained clastic sediments that were
deposited over much of the eastern and central United
States in Late Devonian time, and which in places con-
tinued to be deposited into early Mississippian time.
From New York to Alabama, the problems presented by
the “black shales” have been among the most difficult
and the most popular in Appalachian stratigraphy.
Hass (1956), and Conant and Swanson (1961) have
recently reviewed the abundant literature on the black
shales as it pertains to central Tennessee and adjacent
areas. For a broad preview of the problems, the reader
is referred to their publications.

In the Big Stone Gap area of southwest Virginia
(fig. 1), the black shales are nearly 1,000 feet thick, or
nearly 30 times as thick as in central Tennessee. A
threefold shbdivision of this sequence has been recog-
nized by some previous workers in southwest Virginia,
and Roen and Miller have been able to map these three
units separately in part but not all of the Big Stone
Gap area. The nomenclature and age of the black shale
as a whole in the Big Stone Gap area, and of its mapped
units where is has been subdivided, form the subject
matter of this article.

U.S. GEOL. SURVEY PROF. PAPER 501-B, PAGES B43-B48

725-328 0—64—4

- Campbell (1893, p. 88) first applied the name Chat-
tanooga black shale, as used in Tennessee and Georgia
to the black-shale sequence at Big Stone Gap in south-
west Virginia. He (Campbell, 1894) recognized three
lithologic units within the sequence, which were not,
however, mapped separately by him. These units were:
(1) a lower black carbonaceous shale, (2) a middle ash-
colored sandy or micaceous shale, and (3) an upper black
carbonaceous shale (see accompanying table). In the
Big Stone Gap area Stose (1923, p. 43, 45, 46) recog-
nized and mapped separately the three lithologic divi-
sions of Campbell. He abandoned Campbell’s usage
of the name Chattanooga, and treated each of the three
mapped units as a separate formation. Because of
faunal affinities, Stose assigned the New York names
Genesee and Portage to Campbell’s lower and middle
lithologic divisions, respectively. For Campbell’s
upper unit Stose proposed the name Big Stone Gap
Shale (see table). Ulrich (Stose, 1923, p. 47-53), who
measured a section and collected fossils in the Big Stone
Gap area, correlated the Big Stone Gap Shale with the
Huron-Cleveland-Sunbury sequence of Ohio, which he
believed to be of Mississippian age. Stose (1924, p.
315) regarded the Big Stone Gap Shale as equivalent to
the Chattanooga Shale in Tennessee, but was uncertain
about the age, as some paleontologists (Stose, 1923, p.
47, 48) considered it to be of Devonian age. Stose was
unable to resolve these opposing viewpoints, and hence
assigned a Devonian and Mississippian age to his Big
Stone Gap Shale. It is interesting to note that recent
intensive conodont studies by Hass (1956, and written
communications, 1953, 1954) and additional conodont
studies by Huddle indicate that the Devonian-Missis-
sippian boundary lies within the Big Stone Gap Shale
of Stose.
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Swartz (1926a,b; 1927; 1929a, b) made stratigraphic
studies consisting principally of measurement of de-
tailed sections at favorable places from the type
locality of the Chattanooga in southeast Tennessee
northeastward to southwest Virginia. In the Big
Stone Gap area, he restricted the name Chattanooga
Shale, which Campbell had used for the whole black-
shale sequence, to the uppermost part, which Stose had
named the Big Stone Gap Shale. He divided his re-
stricted Chattanooga into three members. Rather than
abandon completely the name Big Stone Gap, he ap-

text.

plied it to his new upper member of his redefined
Chattanooga. He named the middle member the
Olinger Member from a town southwest of Big Stone
Gap, and the lower member the Cumberland Gap
Member from exposures near this gap at the tristate
junction of Virginia, Kentucky, and Tennessee (fig. 1
and table). We have found Swartz’ subdivisions of
the Big Stone Gap Shale, based as they were on detailed
section measuring and paleontologic studies at the
most favorable exposures, impractical for field map-
ping in the Big Stone Gap area. This may be partly
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because of few and poor outcrops in the black shale
belts in the structurally complex region, but it is also
due in part to difficulty in recognizing Swartz’ divi-
sions by lithologic criteria alone, a difficulty which
Swartz himself also met in his studies.

In a report on an area southwest of Big Stone Gap,
Bates (1939) followed Swartz’ usage of the name
Chattanooga. To the lower and middle parts of the
black-shale sequence, he applied Stose’s names Genesee
and Portage. A year later, Butts (1940) extended
the name Brallier Shale from its type region
in south-central Pennsylvania to southwest Virginia,
applying it to the beds that Stose referred to as Portage
and Big Stone Gap Shales. At Big Stone Gap, Butts
(1940, p. 312, pl. 45) designated the beds underlying his
Brallier Shale as Genesee(?). He also suggested that
these beds may be equivalent to his Millboro Shale
(Butts, 1940, p. 308-312) in Bath County, Va., the
fossils of which he believed to range from as old as
Marcellus age to as young as Naples age. Butts’ intro-
duction of the name Brallier into the Big Stone Gap
region and his reference to Millboro seem to us only
to confuse an already complex picture, and his usage
does not conform to subdivisions of the black shale that
we have been able to map.

Harris (Harris and Miller, 1958) mapped a three-
fold division of the black-shale sequence in the Duffield
quadrangle, Virginia (fig. 1). These were the same
three major lithologic units originally recognized by
Campbell and subsequently termed Genesee, Portage,
and Big Stone Gap Shales by Stose (see table). Hass
(Harris and Miller, 1958), who studied the conodont
faunas from this area, has indicated that Stose’s lower
unit (Genesee) is of Genesee (of early New York
usage) and younger age (lower and middle Late
Devonian), and that Stose’s middle unit (Portage) is
of Late Devonian age, but younger than Portage of
early New York usage.! Hass assigned a Late Devo-
nian and Early Mississippian age to the Big Stone Gap
Shale (of Stose) in the Duffield quadrangle. Harris
therefore did not use the names Genesee and Portage,
but called the lower unit shale (unnamed), the middle
unit siltstone (unnamed), and the upper unit Big Stone
Gap Siltstone.

In mapping and measuring sections, the writers have
recognized and found it practicable to use the lithologic
divisions that correspond to those of Campbell (1893),

1 Current nomenclature for the Upper Devonian of central New York,
compared with early nomenclature, is given in a recent paper by de
Witt and Colton (1959).
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Stose (1923), and Harris and Miller (1958) in all of
the Big Stone Gap quadrangle and most of the Keokee
quadrangle. These lithologic divisions are: a lower
black-shale unit, a middle unit of gray siltstone with
interbedded black shale, and an upper unit of black
shale and silty shale. Accurate measurements of thick-
ness of these units are exceedingly rare because of few
exposures, intertonguing of the black and gray facies,
and the possibility of folds and faults in covered inter-
vals. The lower black-shale unit appears to be from
300 to 400 feet thick, the middle gray-siltstone unit
from 140 to 400 feet thick, and the upper black-shale
unit from 200 to 325 feet thick. In the Keokee quad-
rangle (fig. 1), mapping of these three units became
uncertain because the scarcity of good outcrops did not
permit accurate mapping of the apparently thinning
middle gray siltstone which divides the otherwise con-
tinuous black-shale sequence. In the Pennington Gap
quadrangle, which adjoins the Keokee quadrangle on
the west, the middle gray siltstone unit could not be
recognized, and the whole black-shale sequence was
mapped as an undivided unit. In logging deep wells
a few miles north of the Big Stone Gap area, Roen and
Miller also were unable to recognize the middle gray
siltstone unit. It thus appears that the threefold litho-
logic division is confined to a relatively small area in
southwest Virginia. Where the subdivision into thin-
ner mapped units fails, the most appropriate name for
the undivided sequence is Chattanooga Shale.

It seems better to treat the Chattanooga Shale in
southwest Virginia as a formation locally divisible into
three members that can be mapped separately, rather
than as three formations. We therefore propose that
the Big Stone Gap Shale be reduced in rank to the Big
Stone Gap Member of the Chattanooga Shale. The
two underlying mapped units, because of their limited
areal extent, do not merit new formal member names.
Rather, we propose that they be called the lower black-
shale member and the middle gray-siltstone member of
the Chattanooga Shale.

In the Big Stone Gap area the Chattanooga Shale is
overlain by the Price Siltstone of Early Mississippian
age. The contact is conformable. Locally the gray
siltstone of the Price and the black shale of the Chatta-
nooga are interbedded in a zone that may be as much
as 12 feet thick. In the vicinity of Big Stone Gap, the
Chattanooga disconformably overlies the Wildcat
Valley Sandstone of Early and Middle Devonian age
[Miller and others, 1964, p. B51 (this chap.)]. To the
northwest, west, and south of the Big Stone Gap area,
the Wildcat Valley Sandstone thins to extinction in a
few miles, and the Chattanooga lies on the next older
Hancock Dolomite (Limestone) of Late Silurian age.

STRATIGRAPHY AND PALEONTOLOGY

Stose (1923, p. 46, 47) gives two reconnaissance sec-
tions of his Big Stone Gap Shale in the Big Stone Gap

.area, one on the Powell River just north of the town

of Big Stone Gap, and the other at Little Stone Gap,
7 miles northeast of the town. He does not indicate,
however, which of these he intended for the type section
of the Big Stone Gap Shale. We have remeasured
both of these sections. The Powell River section,
given below, is the bet