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A BRIEF HISTORY OF THE CUMBERLAND GAP
S. O. Moshier!

The Cumberland Gap made valuable hunting
grounds and a new frontier beyond the Appalachians
accessible to the American colonists. Although Dr.
Thomas Walker and Daniel Boone are associated
with this “opening of the West” through the gap,
buffalo were the first to realize the benefits of this
special passage as they migrated to the green pas-
tures of Kentucky. The Shawnee and Cherokee peo-
ples followed the buffalo, and the gap became a link
in the warriors’ path between the region of the
Potomac River and the “dark and bloody ground” of
Kentucky. Generations of raiding parties haunted the
path that was first worn by the buffalo, littering it with
the bleached bones of slain enemises.

After the French and Indian Wars, and the cessa-
tion of hostilities between the Indians and Colonists
in 1775 with the Treaty of Sycamore Shoals, the
western frontier was opened to white men. Dr.
Walker had mapped the location of the Cumberland
Gap in 1750; after the treaty, the Transylvania Asso-
ciates, a land company, then commissioned an ex-
plorer named Daniel Boone and 30 axemen to blaze
the Wilderness Road from the long island of the
Holston River (now Kingsport, Tennessee) to the
Bluegrass region of Kentucky.

Pioneers needed six to eight months to travel the
tortuous 208-mile-road. Despite the many hard-
ships, over 100,000 people had crossed the gap by
1792 when Kentucky was admitted to the Union. The
road was widened to accomodate wagons in 1796.
Fredrick Jackson Turner later wrote,

Stand at Cumberiand Gap and watch the procession
of civilization, marching single file—the buffalo fol-
lowing the trail to the salt springs, the Indian, the
fur-trader and hunter, the cattie-raiser, the pioneer
farmer—and the frontier has passed by (Claiborne
County Tourism Committee, no date}.

By 1840, more direct northern routes to the west
had opened, and traffic across the gap declined. But
the strategic importance of the gap was renewed
during the Civil War, called variously the “Gibralter
of America” (by Grant!) and the “Keystone of the
Confederacy.” It was assumed that a major inva-
sion from the north or south would come through the
gap, but it never happened. The Confederates

University of Kentucky, Lexington.

seized the gap and fortified it in 1861, only to aban-
don it a year later. Soon, 20,000 Union soldiérs oc-
cupied it and built nine south-facing batteries to re-
pel the presumed Confederate invasion. Instead, a
unit of 12,000 Confederates slipped around the gap
into Kentucky. With supplies cut by the Confederate
advance, the Union soldiers retreated north through
enemy territory to safety. The Confederates then
refortified the gap and engaged in several skir-
mishes from Tennessee Unionists. The last ex-
change of the gap took place when a small Union
unit forced a surrender of the Confederate garrison
in September of 1863. The Union troops had de-
stroyed provisions stored at the iron furnace at the
foot of the gap, and managed to appear to the Con-
federate commander to be a stronger force than in
actuality. But even the Union abandoned the gap in
1866.

0. G. Swingburg of the Union Army wrote at the
time of the final surrender,

The trees, which had formerly covered the moun-
tain, were all cut down. Their trunks fie tangled and
scattered In all directions, to prevent rapid charges
of infantry. Surely a valley of death could not have
been more skilifully constructed. All who walk that
road today would agree that had the charge been
made, it would have been the last road walked in
eternity (National Park Service, 1986).

Whoever had occupied the Cumberland Gap had
left it a mess.

A paved road, one of the first with a macadam
surface, was constructed through the gap in 1908 by
the U.S. Bureau of Road Inquiry. U.S. Highway 25-E
remains an important route between north and
south. More than 18,000 vehicles cross through
Cumberland Gap each day. Travel is slow, accidents
are common, and road improvements are difficult
because of the steep grades and winding alignment
of the highway. Twin, dual-lane tunnels through
Cumberland Mountain will divert traffic away from
the gap when they are completed in the middle of
the next decade (Fig. 1). The 3.2 miles of road
across the gap will be removed. The National Park
Service plans to restore the passage to its original
terrain. But it will be too late for the buffalo, who
crossed the gap for centuries, unaware of the le-
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Figure 1. Diagram showing the proposed rerouting
of U.S. Highway 25-E through Cumberland Gap
National Historical Park. (From FHWA.)

DESCRIPTION OF THE CUMBERLAND MOUNTAIN TUNNEL PROJECT
Robert M. Leary!

The Cumberland Mountain Tunnel Project was In 1986 after coring two horizontal exploratory
conceived with a dual purpose: to alleviate traffic holes, the FWHA drove a 3-meter pilot bore through
congestion on U.S. Highway 25-E, a heavily used Cumberland Mountain along the projected route of
north-south artery, and to permit restoration of the southbound highway tunnel. Its purpose was to
Cumberland Gap National Historical Park to its eight- give contractors bidding on the tunneling phase of
eenth century state, when it was traversed by Daniel the project a preview of conditions they could expect
Boone's Wilderness Road. The Federal Highway Ad- to encounter during excavation. This 4,150-foot-long

ministration (FHWA), in cooperation with the Na-
tional Park Service, is executing the project through
private contractors. When completed in mid-1995,
two side-by-side, dual-lane highway tunnels will tra-
verse Cumberland Mountain about a mile southwest
of the gap. The project is the largest currently active
highway tunneling project in the United States. It in-
volves up to 20 separate contracts at a total esti-
mated cost of $230 million.

Planning of the highway tunnels through Cumber-
land Mountain began in the 1950's, but financing re-
strictions delayed the project's inception until 1980.
Construction of the approach roads and bridges has
been in progress since 1985 (Fig. 2); excavation at

the Kentucky portal is currently underway. Excava- '
tion of the main twin tunnels is due to start toward Figure 2. Tennessee approaches to the tunnel under
the end of 1989, construction, May 1988.

TFederal Highway Administration.
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tunnel (Fig. 3) transects most of the inclined strati-
graphic section that underlies Cumberland Mountain,
and the remainder is being exposed along the high-
way approaches, presently under construction.

The focal point of the project, of course, is the
4,500-foot-long highway tunnels. Their clear span

Figure 3. The pilot bore of the FHWA project. Rock
exposure along the walls is good to excellent through-
out most of the tunnel’s extent.

will be nearly 40 feet, though to accomodate that
width they will have to be excavated to 43 feet. Some
400 feet of the tunnel at the Kentucky end will be con-
structed in a cut-and-cover fashion. The projected
system of approach highways and bridges is also ex-
tensive. It will consist of 15,000 feet of twin, dual-lane
highway, two major interchanges, and eight bridges.
The excavation leading to the Kentucky portal is about
1,500 feet long and 120 feet high. Rock conditions
are difficult, so extensive support in the form of rock
bolts, shotcrete, and soil nails is required. All in all,
the project will move 1.5 million cubic yards of rock.

The engineering characteristics of the rock to be
excavated in the course of constructing the highway
tunnels vary significantly. These depend on lithology
and the density and orientation of joints. Some of the
stratigraphic units, principally the massive sand-
stones and limestones, are strong and therefore con-
ducive to tunneling. Others, particularly the clay-
stones, mudstones, and shales, are inherently weak,
especially where densely fractured. They will require
extensive roof support. Two significant cave systems
and several clay—filled cavities encountered in the
lower Newman Limestone further complicate con-
struction of the highway tunnels.

GEOLOGY OF THE CUMBERLAND GAP AREA
AS INTERPRETED FROM THE PILOT BORE
OF THE FEDERAL HIGHWAY ADMINISTRATION
HIGHWAY TUNNEL PROJECT

Claude S. Dean’

Introduction

Cumberland Mountain in its regional context has
long been a focus of geological interest. It marks a
critical structural element of the Pine Mountain
Thrust Sheet, on which it is situated. The Pine Moun-
tain thrust system, which unifies many diverse geo-
logical structures, must be considered one of the
“seven wonders of the orogenic world."” Moreover,
the erosionally resistant strata that hold up Cumber-
land Mountain, tilted to the northwest at an angle of
40°, comprise a mostly unfaulted Silurian-Pennsyl-

TEastern Kentucky University, Richmond.

vanian section that is strategically situated for re-
gional stratigraphic correlation.

The intriguing geology of this region, however, is
largely masked by dense vegetation and thick soil
cover, as is the case in most of the Southeast.
Thus, access to the pilot bore, graciously granted by
the FHWA, provides the participants of this field trip
with a unique opportunity to view fresh, nearly com-
plete exposure of the stratigraphic section that un-
derlies Cumberland Mountain. The importance of
this conference is amplified by the limited nature of
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this opportunity. Excavation of the highway tunnels
will destroy the pilot bore and rocks exposed by the
highway tunnels will be concealed by artificial materi-
als.

Current Investigations

John D. Vanover measured and described the
stratigraphic section exposed in the tunnel (see Ap-
pendix) and compared it with strata outcropping on
the mountain above. The results of his investiga-
tions, which have implications for the controversy
over the nature of the Mississippian-Pennsylvanian
boundary, are presented in his M.S. thesis (1983).
His observations, and particularly his conclusions,
regarding the stratigraphy of the Mississippian-Penn-
sylvanian interval at Cumberiand Gap are empha-
sized at this field conference.

The pilot bore encountered cavernous porosity,
primarily in the lower member of the Mississippian
Newman Limestone. Two of the openings, the Large
Tunnel Cave and the Small Tunnel Cave, are suffi-
ciently large to permit exploration by humans. The
hydrogeology and geomorphology of these karst
features is the subject of Robert B. Perkins’ M.S.
thesis (1989). His principal observations and conclu-
sions are introduced at appropriate points in this
guidebook and on the trip.

Roy C. Kepferle and Gary L. Kunhnhenn (Eastern
Kentucky University) conducted a gamma-ray scintil-
lometer traverse of the pilot bore. From their data
they synthesized a stratigraphic gamma-ray profile
and successfully correlated it to the gamma-ray log
of a well drilled on the Pine Mountain Thrust Sheet
near Pineville, Kentucky. Kuhnhenn also extensively
sampled the Newman Limestone as part of an ongo-
ing petrographic study of the carbonate lithofacies
characteristic of that formation. James C. Hower
and Garry D. Wild (University of Kentucky Center for
Applied Energy Research) studied the Pennsylvanian
coals exposed in the pilot bore. Their findings are
presented later in this guidebook. Charles L. Rice
(U.S. Geological Survey) served as a stratigraphic
consultant for Vanover, Kepferle, and Kuhnhenn.
Thomas W. Henry (U.S. Geological Survey) studied
two fossil suites collected from the Dark Ridge Mem-
ber of the Pennsylvanian Lee Formation.

Field Trip Overview

The 1983 Geological Society of Kentucky Field
Conference has been organized in such a manner
as to concentrate attention on the geology of Cum-
berland Mountain in the vicinity of the Cumberland

Gap, and particularly on the strata freshly exposed in
the pilot bore. This is not done, however, without
due consideration of the geological context of the
mountain. Regional geology is also an important fea-
ture of this guidebook and of the field trip.

An overview of the itinerary follows:

Day 1: Friday, September 22, 1989

The first day is spent on the surface (Fig. 4); the
tunnel is reserved for the second day. Various criti-
cal exposures in and around Cumberland Gap are
the primary focus, since they are useful in develop-
ing themes to be demonstrated in the tunnel. The
remainder of the day is devoted to a southeast-
northwest cross-strike driving traverse along U.S.
Highway 25-E. It extends from the junction of U.S.

o, PINEVILLE
o)
us
119/u
us

25E

MIDDLESBORO

KENTUCKY & \\CUMBERLAND GAP
ARSI KKK Js @
TENNESSEE oo
S, to Clinch Mtn.

Figure 4. Route traversed on day 1 of the field trip,
showing approximate location of stops.
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Highway 25-E and U.S. Highway 11-W north of Mor-
ristown, Tennessee (southeast), to Pineville, Ken-
tucky (northwest), a distance of approximately 50
miles. The purpose of this tour is to orient partici-
pants to the geology of the Cumberland Mountain
region and to allow them to view it in perspective.
Time constraints permit only a sketchy, generalized
overview; consequently, stops aiong the way must
be few and brief. Cumberland Gap is roughly midway
along the traverse.

Day 2: Saturday, September 23, 1989

A half day walking traverse of Cumberland Moun-
tain through the pilot bore (Fig. 4) is the only activity
scheduled for the second day. The tour begins at
the southeast (Tennessee) portal, proceeds upsec-
tion through the tunnel, and ends at the northwest
(Kentucky) portal. The geology exposed along the
walls of the tunnel may be viewed at a leisurely pace
over a period of 3 to 4 hours. Sixteen stops are
documented in the guidebook, but many more are
possible.

Geologic Setting

The 100-mile-long ridge with virtually unbroken
crest (except at one strategic location), that historic
barrier to westward colonial expansion, called Cum-
berland Mountain, is the geomorphic expression of
the common limb shared by two regional folds: the
Powell Valley Anticline to the southeast and the Mid-
diesboro Syncline to the northwest. The region is a
textbook example of second-order morphoiogy. The
anticline, which mostly exposes Cambrian and Ordo-
vician carbonate rocks, is a topographically de-
pressed area; hence, its namesake: Powell Valley.
The region of the syncline, on the other hand, which
contains Pennsylvanian detrital rocks that are domi-
nated by thick sandstone units, is topographically
rugged, even mountainous. The region of the syn-
cline is actually a high plateau that is deeply dissect-
ed by narrow, dendritic stream valleys. The Cumber-
land Mountain ridge, paralieled by the Pine Mountain
Ridge to the northwest, is a commanding presence
that stands high above both of these areas (Fig. 5).
The two ridges exist because of the superior ero-
sional resistance of the basal Pennsylvanian quartz-
ose sandstones that crop out along their crests.

Throughout its extent the Cumberland Mountain
ridge is a southeast-facing erosional escarpment. It
is underlain by tilted sedimentary strata that dip at a
pronounced angle (roughly 40° at the gap) toward
the northwest. The strata consist of diverse detrital

sediments together with one major carbonate unit
(Newman Limestone) ranging in age from Middle Si-

_lurian to Early Pennsylvanian. As previously stated,

this section, particularly as exposed in the pilot bore
of the FHWA project, is the focus of this field trip.
Though the entire section tends to resist erosion, it
is the particularly resistant basal Pennsylvanian
sandstones that typically localize the crest of the
ridge; the other major stratigraphic units define a se-
ries of benches and escarpments below the crest,
according to their relative competence.

Geologists now understand that Cumberland
Mountain is situated on a great thrust sheet overlying
the essentially horizontal Pine Mountain Thrust; dis-
placement varies from about 13 to 2 miles. Indeed,
the ridge defines a critical structural element of that
thrust system. But this understanding is not evident
upon casual observation. Hence, the structural geol-
ogy of the region has been the subject of consider-
able controversy. A number of names are prominent
among those who have contributed to our current
understanding, including Wentworth (1921), Butts
(1927), Rich (1934), Harris and Zietz (1962), Harris
(1970), Harris and Miiici (1977), Coskren (1981,
1984), Ballard and Wiltschko (in press), and, most
recently, Mitra (1988). The Pine Mountain Thrust
Sheet was first identified by Wentworth (1921). Butts
(1921) discovered a series of small fensters along
the crest of the Powell Valley Anticline, connected
them with the Pine Mountain thrust, and thus defined
the gross geometry of the thrust sheet. It is Rich
(1934), however, who deserves principal credit for
developing the -synthesis that is now nearly univer-
sally accepted.

Rich (1934) formulated a geological model (de-
scribed below) that unifies the Pine Mountain Thrust
Sheet, a first-order structure, with its consequential
second-order structures, the Middlesboro Syncline
and the Powell Valley Anticline. Rich occupies a po-
sition in fold-thrust geology analogous to Daniel
Boone, the pioneer who blazed the Wilderness Road
through the Cumberland Gap. Rich’s model for the
development of the Pine Mountain Thrust System
has stood the test of time, and today remains funda-
mentally intact. Subsequent investigators have
elaborated on his interpretation, corroborating it in
various ways and adding many important details.
Moreover, in time the “Rich model” structure, as it
may properly be termed, was found not to be
unique, but to have analogs in fold-thrust belts the
world over. Indeed, its applicability to fold-thrust in-
terpretation is probably nearly universal. What
causes the Pine Mountain Thrust System to be ex-
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Figure 5. Landsat image of Cumberland Mountain and surrounding region. Many of the structures sketched in
Figure 6 are clearly visible.

emplary is the near-horizontal attitude of the thrust The most obvious and familiar part of the Pine
plane and the fortuitous level of erosion in the re- Mountain Thrust Sheet is a rectangular feature 125
gion. Erosion was deep enough to expose critical miles long and 25 miles wide, with its long axis ori-
parts of the system, but not so deep as to eliminate ented northeast-southwest (Fig. 6). It is bounded to
the more important leading-edge structures.
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Figure 6. Structure of the Pine Mountain Thrust Sheet and associated structures. From Mitra (1988).
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the northwest by the exposed trace of the Pine
Mountain Thrust Fault. The fault is located at the
base of the northwest-facing Pine Mountain escarp-
ment. Like Cumberland Mountain, Pine Mountain is
an erosional escarpment, similarly underlain by tilted
sedimentary strata and capped by resistant basal
Pennsylvanian sandstone. Pine Mountain's strata,
however, dip in the opposite direction (i.e., to the
southeast). The Pine Mountain Thrust Sheet is
bounded to the southeast by the overriding
Clinchport Thrust System. The Wallen Valley and
Hunter Valley thrusts, though locally significant, be-
long to that system in that they are forward splays
off the Clinchport thrust. The Clinchport thrust is the
first of an exposed series of major imbricate thrusts
that characterizes the fold-thrust belt of the South-
ern Appalachians. The Pine Mountain Thrust Sheet is
otherwise bounded by tear faults (predominantly
strike-slip) to the northeast and southwest, the Rus-
sell Fork and the Jacksboro Faults, respectively. The
interior of the sheet in its entirety is folded into an
anticline-syncline pair, which trends parallel to its
long axis. The cross sections (Fig. 7) demonstrate
that the Middlesboro Syncline to the northwest and
the Powell Valley Anticline to the southeast appear
as enormous box folds with generally flattened axial
regions, except where complicated by third-order
structures. The Pine Mountain Thrust System, like all
the other structures of the Appalachian fold-thrust
belt, resulted from the Permian Alleghenian Orog-
eny.

Rich (1934) explained the structure of the Pine
Mountain Thrust Sheet in terms of the pronounced
tendency of thrust faults in stratified rocks to prefer
certain bedding planes particularly susceptible to
slip, called detachments. He further hypothesized
that thrust faults communicate between detach-

A MIDDLESBORO SYNCLINE

ments by means of ramps traversing mechanically
competent sections at angles of some 20 to 30°
relative to bedding. As displacement accumulates
on a thrust fault so configured, hanging-wall ramps
translate upward over footwall ramps and onto su-
perjacent footwall detachments. The strata in the
hanging wall are consequently forced to fold in re-
sponse to this movement to accomodate the chang-
ing geometric relationship between hanging wall and
footwall, and, specifically, to avoid tectonic creation
of major void space in the deep subsurface. The re-
sult is the development of “rootless” anticlines over
ramps, which progressively grow broader at the ex-
pense of the intervening synclines with increasing

displacement. This process is well illustrated by a

series of diagrams in Harris and Milici (1977), and is
implied in Figure 7.

The Pine Mountain thrust throughout most of its
extent is confined to two detachment horizons sepa-
rated by 7,000 feet of strata (Fig. 8). The lower hori-
zon is the basal detachment common to the South-
ern Appalachian fold-thrust belt. It lies near the base
of the Lower Cambrian Rome Formation, a shaly
detrital unit. Older Cambrian strata and the Precam-
brian crystalline basement on which they rest remain
uninvolved in the thin-skinned deformation charac-
teristic of this region. The upper detachment lies
near the base of the Upper Devonian Chattancoga
Shale, a carbonaceous, pyritiferous shale of re-
gional extent. The Pine Mountain Thrust Fault ramps
abruptly twice: first, between the aforementioned
detachments, and then again to the surface (or to
some now-eroded detachment). The first ramp ac-
counts for the second-order folded structure of the
Pine Mountain Thrust Sheet (i.e., the linked Powell
Valley Anticline and Middlesboro Syncline), and the
second accounts for the structure at Pine Mountain

POWELL VALLEY ANTICLINE A
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Figure 7. Cross sections across the Pine Mountain Thrust Sheet. Locations are shown on Figure 11. From Mitra

(1988).
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Figure 8. Stratigraphy of the region southeast of
Cumberland Mountain, including the Powell Valley
Anticline and the imbricate thrust sheets beyond. Ex-
posure of units older than the Lower Cambrian Rome
Formation is precluded because the base of that unit
is the position of the basal detachment of the South-
ern Appalachian fold-thrust belt. From Haney
(1974).

itself, where the strata that hold up the mountain are
markedly tilted to the southeast. Now, at last, the

true structural significance of Cumberiand Mountain,

the object of this field conference, can be appreci-
ated. As the shared limb between the Middlesboro
Syncline and the Powell Valley Anticline, it marks the
subsurface position of the ramp of the Pine Mountain
Thrust Fault through the competent units between
the two regional detachments. Specifically and im-
portantly, the inclined strata at Cumberland Moun-
tain are the expression of the ramp occurring in the
hanging wall of the thrust. The southeast limb of the
Powell Valley Anticline, now partially concealed be-
neath the thrust sheets of the Clinchport System,
correspondingly marks the subsurface position of
the same ramp occurring in the footwall of the
thrust. The separation between the two parts of the
same ramp is a measure of the displacement on the
Pine Mountain Thrust.

ITINERARY: DAY 1: FRIDAY, SEPTEMBER 22, 1989
Claude S. Dean!, John D. Vanover'!, and Robert B. Perkins’

Stop 1: Holiday Inn,
Cumberland Gap, Tennessee

The trip begins at a scenic overlook near the Holi-
day Inn, Cumberland Gap, Tennessee. Toward the
northwest a panoramic view of the face of the Cum-
berland Mountain escarpment presents itself. This is
a good place to become oriented to the geography
and some of the more obvious geology of the moun-
tain.

Cumberland Gap is unmistakably recognized as
the only significant notch in the otherwise remark-
ably even-crested Cumberiand Mountain ridge. High
on the escarpment to the right of the gap is a promi-
nent, light-colored ledge, the Pinnacle Overlook. It is
prominent by contrast with the dense forestation that

TEastern Kentucky University, Richmond.

obscures the geology of the rest of the mountain.
Tri-State Peak is the first eminence on the ridge
crest to the left of the gap. It is relatively inconspicu-
ous and entirely tree covered. The boundaries of
three states (Kentucky, Virginia, and Tennessee)
meet at a point there. Note the power line to the left
of Tri-State Peak; it cuts across the escarpment at
approximately a right angle. This power line is a rec-
ognizable landmark that will soon become important
(stops 3-5). On the crest of the ridge to the left of
the power line, about as far from the power line as
the power line is from the gap, on another small
eminence, also obscured by trees, is Fort Farragut.
This Civil War fort is the southwestern terminus of
the Tri-State Trail traverse (stop 3). The pilot bore of
the FHWA project passes directly beneath Fort Far-
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ragut, as it transects the ridge perpendicular to
strike. The southeast portal is not visible from here;
it is obscured by an intervening hill.

Pinnacle Overlook marks the position of the Pinna-
cle Overlook Member, a 230-foot-thick, erosionally
resistant sandstone. Englund (1964a, b) gave it
member status and assigned it to the Pennsylvanian
Lee Formation. Vanover (1989) argued, based on
his observations in the pilot bore, that this sandstone
properly belongs in the Mississippian Pennington
Formation. The position of the same sandstone to
the left of the gap is far from obvious. Where it
crops out to the left of the gap, in fact, lies at the
crux of Vanover's (1989) conclusions on the Missis-
sippian-Pennsylvanian systemic boundary. The issue
is confused by the Rocky Face Fault, which offsets
the stratigraphy across the gap. This predominantly
strike-slip (left lateral) fault passes through the gap
following a north-south trend. The impressive, me-
dium- to dark-gray cliffs below Pinnacle Overlook are
the Mississippian Newman Limestone, here visibly
duplicated by the Cudjos Cave Fault, a thrust that
dips to the northwest at an angle steeper than bed-
ding. The Cudjos Cave Fault would appear on a
cross section as a back thrust that flattens to the
northwest into the subhorizontal Pine Mountain
Thrust Fault below. Kinematically, however, it devel-
oped as an underthrust, compensating for variation
in displacement on the Pine Mountain thrust. A simi-
lar fault southwest of the gap, the Doublings Fault, is
transected by the pilot bore. Englund (1964a) de-
picted it on his cross section in a manner similar to
that described above.

Toward the southeast another southeast-facing
erosional escarpment, lower than the Cumberland
Mountain escarpment, appears. Poor Valley Ridge is
upheld by the sandstone member near the base of
the Silurian Rockwood Formation. This sandstone is
equivalent to the Clinch Sandstone that will be en-
countered on the driving traverse at Clinch Mountain
(stop 2). The rolling farmland in the low-lying region
beyond Poor Valley Ridge is underlain by Ordovician
and Cambrian carbonates in the core of the Powell
Valley Anticline. The best perspective on this entire
region and beyond, however, is gained from Pinna-
cle Overlock (stop 5).

1Adapted from Haney (1974). Refer to Figure 7.

Southeast Driving Traverse

. Turn right (south) on U.S. Highway 25-E for a driv-
ing traverse to the intersection with U.S. Highway
11-W and back. The route crosses over Clinch
Mountain (stop 3) and passes through the renowned
Thorn Hill Paleozoic stratigraphic section (see Byerly
and others, 1986).

This cross-strike traverse also crosses some of
the principal structures of the Southern Appalachian
fold-thrust belt, specifically, a series of imbricate
thrust sheets. At the risk of opening a Pandora’s box
of irrelevant geological problems, this portion of the
trip is offered as a means of ‘acquiring at least su-
perficial familiarity with these structures and the
rocks involved (Fig. 8), and of visualizing Cumber-
land Mountain in its regional context. Thus, the route
crosses from northwest to southeast: the Powell Val-
ley Anticline in its entirety, the faults of the Clinch-
port Thrust System (the Wallen Valley Thrust, the
Hunter Valley Thrust, and the Clinchport Thrust), the
Copper Creek Thrust, and the Saltville Thrust, to-
gether with the repeated Paleozoic sections exposed
within the various thrust sheets.

ROAD LOG!
Mileage
0.0 On U.S. Highway 25-E south at the Ken-
tucky-Virginia state boundaries on the
southeastern side of the Cumberland
Gap. Mississippian limestones and
shales on left. Continue south on U.S.

Highway 25-E.

1.0 Virginia-Tennessee line, Cumberland
Gap, Tennessee. Mississippian Grainger
Formation.

1.5 Gap in Poor Valiey Ridge. The sandstone
unit in the Rockwood Formation support-
ing the ridge is the equivalent of the
Clinch Sandstone, the major Appala-
chian ridge former. Here it is compara-
tively thin (few tens of feet) and not quite
at the base of the Silurian.

1.7 Upper Ordovician Sequatchie Shale
(equivalent to Juniata Formation), right.
Shale is calcareous and includes red-
dish-gray and greenish-gray beds.
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2.7-3.1

3.6

3.5-4.0
4.0-4.2
4.2-4.5
4.5-4.9
4.9-8.3
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8.3

8.7-10.9
10.3

10.9-11.2
11.2-11.5
11.5-12.1
12.4-12.6
13.0

14.2
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Upper Ordovician Reedsville Shale, up-
permost unit in Chickamauga Group
(equivalent to Martinsburg Shale), here
as thinly interbedded limestones and
shales.

Lincoln Memorial University in Harro-
gate, Tennessee.

Exposures of Middle Ordovician Chicka-
mauga limestones. These rocks re-
semble the equivalent Trenton-age
rocks of the Bluegrass region. The upper
part of the Chickamauga is a calcarenite
similar to the Lexington Limestone. The
lower section is similar to the Highbridge
Group (tidal flat) micritic limestones.
Southeast of here the Chickamauga fa-
cies become largely clastic and much
thicker.

Junction with Tennessee Highway 63 on
left. Cross Cambrian-Ordovician Knox
Group on the Powell Valley Anticline for
the next 9 miles.

Mascot Dolomite.
Kingsport Formation.
Longview Dolomite.
Chepultepec Dolomite.

Copper Ridge Dolomite. Contact with
Chepultepec marked by change in color

from light to dark.

Cross bridge over Powell River near axis
of anticline.

Small quarry in Copper Ridge Dolomite
on left.

Chepultepec Dolomite.

Rural road to right, smalt quarry in Che-
pultepec on left.

Longview Dolomite.
Kingsport Formation.
Mascot Dolomite.
Chickamauga Limestone.

Junction with Tennessee Highway 33 in
Tazwell, Tennessee.

Wallen Valley Fault (Clinchpdrt Thrust
System) with Upper Cambrian Maynard-
ville over Middle Ordovician Chickamau-
ga.

14.5

14.6-15.9
16.1
16.2
16.4
16.9
17.0-17.6
17.7

18.2-18.3
18.3

18.4
18.5
19.1

20.0-20.2

20.8-22.3

22.3-22.7

22.7-23.2
23.2

23.2-23.4
23.4
23.6

23.6-24.1

23.7
24.1-25.2

24.5
25.1-25.5
25.6

25.6-25.9

11

Small quarry in Maynardville Limestone
on left.

Knox Dolomite and chert.

Rural road to right.

Chickamauga Limestone.

Ottosee shale and limestone.
Crossroads; Littie Sycamore Creek.

Chickamauga Limestone.

Cross split of Hunter Valley Fault (Clinch-

port Thrust System); Lower Cambrian
Rome over Middle Ordovician Chicka-
mauga and. Reedsville.

Rome in cut on left.

Junction with Tennessee Highway 33 on
left.

Cross bridge over Norris Lake.
Conasauga shale and limestone.

Clinchport Fault, with Rome over Con-
asauga near bridge on right.

Exposures of Conasauga shale and lime-
stone.

Crossroads at gap in ridge.
Chickamauga Limestone.

Moccasin Formation.

Copper Creek Fault; Rome over Mocca-
sin.

Rome Formation.

Bridge over Norris Lake.

Begin the Thorn Hill section measured by
Hall and Amick (1934) and Rodgers and
Kent (1948).

Rutlidge Limestone, Rogersville Shaile,
Maryville Limestone, Nolichucky Shale,
and Maynardville Limestone of the Con-
asauga Group.

Quarry on left in Maryville Limestone.
Copper Ridge, Chepultepec, Longview,
Kingsport, and Mascot formations of the
Knox Group.

Cross bridge.

Chickamauga Limestone in quarry on
left.

Crossroads in Thorn Hill.
Highway 131 turns left.

Moccasin Formation.

Tennessee
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26.0-27.4 Martinsburg shale on way up Clinch
Mountain.

27.5 Crest of Clinch Mountain. Juniata For-
mation exposed on northwest side of
gap at crest.

Stop 2: Clinch Mountain Overlook

The view from the overlook on Clinch Mountain is
to the southeast across Valley and Ridge topography
characteristic of the Appalachian fold-thrust belt.
Clinch Mountain is itself one of the more prominent
ridges in the Valley and Ridge Province. The lake in
the valley below is Cherokee Lake, which resulted
from the damming of the Holston River. The moun-
tains in the distance are part of the Blue Ridge, un-
derlain by Cambrian strata older than the Rome For-
mation, still older strata of late Precambrian age,
and crystalline basement. Structurally, the overlook
is situated within the Copper Creek Thrust Sheet,
and it looks out across the Saltville, Pulaski, and
Blue Ridge Thrust Sheets.

ROADLOG!

Mileage

27.3-31.0 Highway descends Clinch Mountain on
dip slope of Clinch Sandstone.

31.0 Chattanooga Shale with linguloid bra-
chiopods.

31.4 Good exposures of Chattanooga on
right. Road to left.

32.3 Mississippian Grainger Formation.

32.3-32.5 Lower Cambrian Rome Formation. The
Saltville Fault represents the contact of
the Rome Formation over Grainger For-
mation at this location.

32.5  Junction with U.S. Highway 11-W. Turn
around and return to Cumberland Gap
on U.S. Highway 25-E north.

32.5-63.3 Repeat traverse to the Cumberland Gap
on U.S. Highway 25-E north.
Driving Traverse Up Cumberland Mountain

Returning from the southeast driving traverse de-
scribed above, continue north on U.S. 25-E past

'Adapted from Haney (1974).

stop 1. The route proceeds directly up the Cumber-
land Mountain escarpment. A number of interesting

. geological features present themseives along the

way: the Newman Limestone duplicated by the Cud-:
jos Cave Fault, Cudjos Cave itself (a karst resur-
gence and the source of Gap Creek), an outcrop of
the Floyds Knob Bed at the top of the Mississippian
Grainger Formation, and the trace of the Rocky Face
Fault. Unfortunately, the road is too narrow and traf-
fic too heavy to permit stopping to examine these
features.

ROADLOG!
Mileage
63.3 Virginia-Tennessee boundary on U.S.
Highway 25-E,

63.4 Intersection of U.S. Highway 25-E and
U.S. Highway 58. Continue into the gap
on U.S. Highway 25-E. The Cumberland
Gap section is well exposed here, includ-
ing parts of the Devonian Chattanooga
Shale, Mississippian Grainger shales,
Fort Payne limestones, Newman (Big
Lime) limestones and dolomites, Penn-
ington shales, and Lee sandstones,
shales, and coals. This was a stop on the
1957 Geological Society of Kentucky
field conference, but it cannot be re-
peated here. The measured section
from the 1957 guidebook (Hauser and
others, 1957) is reproduced as Figure 9.

63.9 Cudjo Cave on right in the Newman
Limestone. Here, a minor underthrust,
the Cudjo Cave Fault, has duplicated the
Newman Limestone.

64.0 Lower contact of the Newman on Fort
Payne.

64.2 Kentucky-Virginia state line at Cumber-
land Gap. Newman Limestone expo-
sures immediately before, and trace of
the Rocky Face Fauit at this location.

64.3 Tri-State Trail. Make left turn (cautious-
ly) into pull-off at the trail head.
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Stop 3: Tri-State Trail1
The Tri-State Trail is just under a mile long, but
walking to its terminus, Fort Farragut, and back is
well worth the effort. The trail gives ready access to
typical surface exposures of strata immediately
above and below the Mississippian-Pennsylvanian

Light grey iron stained
sandstone

700 1 Lee Fm.

Normal fault

White, black + pink shales

Pennington Hard, v. fine sandstone

i ink shal
=] Normal fault Light grey + pink shale
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Cherty med. grey argil. Imst.

-=""  conglomerate.

Q.
c
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|
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green-grey shale.

- Grainger  Mostly green-grey
w Fm. shale with some dark
L : 5 red shale.
TR -] Cudjos Cave Fault
30 r Purple to green argillaceous
o Newman limestone.

"Big Lime" Light-grey to tan massive

: oolitic_limestone.

23] Fort Payne Siliceous and calcareous
green-grey shale.

Grey shale with limonite

grading upward to interbedded

red + green-grev shale and
Grainger siltstone.

Fm.

Red + green shale with

100 limonite stringers.

Chattanooga
Shale

Black fissle shale.

Figure 9. Measured stratigraphic section up the
Cumberland Mountain escarpment northeast of
Cumberland Gap. “Lee Fm.” at the top of the sec-
tion is actually the Pinnacle Overlook Member, here-
in interpreted as belonging in the Pennington Forma-
tion. “Fort Payne” is more probably the Floyds
Knob Bed, marking the end of Borden Delta Com-
plex sedimentation , here represented by the Grain-
ger Formation. After Hauser and others (1957).

'No hammers—National Park Service regulations.

systemic boundary. Since Fort Farragut is situated
directly over the pilot bore, it is profitable to com-
pare the geology visible along the trail with that ex-
posed in the tunnel (day 2). Also, several locations
along the trail offer good vantage points from which
to visually correlate stratigraphic units across the
Rocky Face Fault, which passes through Cumber-
land Gap. A portion of the Middlesboro South topo-
graphic map showing the Cumberland Gap area and
the Tri-State Trail is repreduced on the back cover of
this guidebook.

Throughout virtually its entire extent the trail re-
mains in the Lower Pennsylvanian Lee Formation;
therefore, all of the member-rank units referred to
below are members of that formation, unless spe-
cifically excepted. The trail begins in the Dark Ridge
Member, a shale-dominated unit. Because it is a
generally nonresistant unit sandwiched between two
highly resistant sandstones (the Chadwell Member
below and the Middlesboro Member above), the
Dark Ridge Member expresses itself topographically
as a swale. Shortly after leaving the highway, float of
the Cumberland Gap coal bed is encountered on the
trail. The trail continues in the Dark Ridge Member
past the sign marking the Union Commissary. To the
right of the trail at the sign are bold sandstone
ledges of the Middlesboro Member; the slope to the
left is the dip slope of the Chadwell Member. A short
spur trail leads to the right up to Fort Foote, which is
situated on a particularly prominent ledge of Mid-
dlesboro sandstone (Figs. 10-11). The view of Cum-

Figure 10. Outcrop of sandstone in the Middlesboro
Member of the Lower Pennsylvanian Lee Formation
at Fort Foote. In the background is a view to the east
of Cumberland Gap.
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berland Gap from the fort is excellent and instruc-
tive.

Beyond the sign the trail turns east and climbs
steadily up the dip slope of the Chadwell Member.
On gaining the ridge crest the trail bends sharply to
the right and proceeds southwest, generally follow-
ing the ridge. It is here, at the base of the ridge-
crest sandstones (Fig. 12), that Vanover (1989)
placed the Mississippian-Pennsylvanian boundary, a
contact that is probably a disconformity. Shales,
however, which tend to distinguish the Mississippian

Figure 11. Weathered surface of sandstone in the
Middlesboro Member of the Lee Formation at Fort
Foote.

section from the Pennsylvanian, are nowhere ex-
posed on the mountain. Since the various sand-
stones at or near the crest of the Cumberland Moun-
tain ridge are all of similar character, correlation
across the Rocky Face Fault is problematic. Visual
projection of the sandstone at Pinnacle Overlook
across the gap reveals obvious offset by the fault,
but not as much offset as Vanover's (1989) re-
search implies. Evidence from the tunnel suggests
that a ledge-forming sandstone outcropping just out
of sight below the ridge crest and the trail (Fig. 13)
is, in fact, the continuation of the sandstone at Pin-
nacle Overlook. It further suggests that this sand-
stone unit is everywhere wholly contained within the
Mississippian Pennington Formation. Hence, the
ridge-crest sandstone outcropping along the trail be-
longs in the Chadwell Member instead of in the Pin-
nacle Overlook Member, as mapped by Englund
(1964a). If this correlation is correct, Englund, not
unreasonably, underestimated the left-lateral dis-
placement on the Rocky Face Fault.

The trail continues along the ridge to the summit
of Tri-State Peak, and then beyond to Fort Farragut.
Englund's (1964a) map of this stretch of the ridge
(Fig. 14) shows the Pinnacle Overlook sandstone
gradually merging to the southwest with the basal
sandstones of the Lee Formation (Chadwell Mem-
ber), eliminating the greenish- and reddish-gray

Figure 12. Sandstone at the base of the Chadwell
Member of the Pennsylvanian Lee Formation out-
cropping near the crest of the Cumberland Mountain
ridge southwest of Cumberland Gap. The shales be-
neath this sandstone and elsewhere in the local sec-
tion are nowhere exposed on the mountain, and can
only be seen in the pilot bore. Evidence from the
tunnel implies that the base of this sandstone marks
the Mississippian-Pennsylvanian systemic boundary
and that this boundary is disconformable in nature.

Figure 13. Overgrown ledge of sandstone on the
steep slope below the crest of the ridge southwest of
Cumberland Gap (notebook indicates scale). Evi-
dence from the tunnel indicates that this sandstone,
not the one exposed along the ridge crest (Fig. 12),
correlates with the Pinnacle Overlook Member at its
type section. If so, the Pinnacle Overlook Member
lies wholly within the Mississippian Pennington For-
mation and is properly a member of that formation,
not of the Pennsylvanian Lee Formation. See text for
explanation (stop 3, day 1).
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shales of the Pennington Formation between them.
On this basis he assigned the Pinnacle Overlook
Member to the Lee Formation and postulated an in-
tertonguing relationship between the Pennington and
Lee Formations, which would indicate continuous
sedimentation across the systemic boundary.
Vanover (1989) alternatively proposed that both
merging sandstones, as well as the intervening
shale, belong in the Chadwell Member of the Lee
Formation (Fig. 15). He based his conclusion on ob-
servations of nearly continuous exposure of the in-
terval in question in the pilot tunnel. The matter can-
not be resolved on the surface, since the controver-
sial sandstones are indistinguishable from one an-
other and the shales are everywhere covered. In the
tunnel (stop 11, day 2), however, an interval of the
dark, carbonaceous shale so characteristic of the

Pim - Middlesboro Mbr.

PId - Dark Ridge Mbr.

Pic - Chadwell Mbr. > Lee Fm.
Plp - Pinnacle Overlook Mbr. E

Mpu - upper Mbr. .

Mpl - lower Mbr. > Pennington Fm.

Mn - Newman Limestone

Mg - Grainger Formation

MDc - Chattanooga Shale

$-Du - Silurian-Devonian undiff.

P

Mpu

/ = ‘\/N

One Mile

Figure 14. Englund’s (1964a) original interpretation
of the geology of Cumberland Mountain southwest of
Cumberland Gap. From Vanover (1989).

PIm - Middlesboro Mbr,

Pid - Dark Ridge Mor. >Lee Fm.

Plc - Chadwell Mbr.

Mpu - upper Mbr.

Mppo - Pinnacle Overlook Mbr.>Pennington Fm.
Mpl - lower Mbr.

Mn - Newman Limestone

Mg - Grainger Formation

MDc - Chattanooga Shale

S-Du - Silvrian-Devonian undiff.

Mppo

Pic

Figure 15. Vanover’s (1989) reinterpretation of the
geology of Cumberland Mountain southwest of Cum-
berland Gap.

Pennsylvanian section does appear in the appropri-
ate place, sandwiched between two thick sand-
stones, and that interval -can be projected updip to
the immediate vicinity of the ridge crest (Fig. 16). A
comparison between the stratigraphic interpretations
of Englund (1964a, b) and Vanover (1989) is shown
in Figure 17.

Tri-State Peak offers the first view across the Mid-
dlesboro Syncline to the northwest (Fig. 18). Note
the stark contrast in geomorphology between this
region and the Powell Valley Anticline. An anomalous
area, containing Middlesboro, Kentucky, appears in
the middle ground. The area is depressed relative to
the surrounding region, and is characterized by sub-
dued topography. The Middlesboro Basin is relatively
flat, roughly circular (about 4 miles in diameter),
and bounded by arching normal faults that dip into
the basin. It is underlain by faulted and fractured
rock: Hance Formation (Breathitt Group) with a cir-
cular plug of Lee Formation uplifted at the center.
The shape of the basin and the discovery of rare
shatter cones in the fractured bedrock are evidence
that the structure formed by meteor impact
(Englund and Roen, 1963). Rugged country, exem-
plified by the Log Mountains in the background, is
typical of the flat trough of the Middlesboro Syncline.

Just beyond Tri-State Peak the trail crosses under
the power line referred to at stop 1. On the other
side of the power line, to the southeast, a short off-
trail excursion downslope through the woods leads
out onto an overgrown sandstone ledge (Fig. 19)
with a view to the east across the power line.
Vanover (1989) correlated this sandstone with the
Pinnacle Overlook Member at its type locality. His
map shows the Pinnacle Overlook Member as wholly
contained within the Mississippian Pennington For-
mation and grading southwestward into finer grained
sandstone, siltstone, and shale more typical of that
formation. Pinnacle Overlook itself is visible to the
northeast (Fig. 20), so from this vantage point the
true stratigraphic separation on the Rocky Face Fault
is best appreciated. Because of the dominantly
strike-slip sense of movement on the fault, the ac-
tual displacement is about 50 percent greater than
the stratigraphic separation. The town of Cumber-
land Gap, Tennessee, and the area of the historic
iron furnace (stop 4) lie directly below this viewpoint.

The trail continues out to Fort Farragut, following
the crest of the ridge, and with it the outcropping
sandstones of the Chadwell Member. Ledges of Pin-
nacle Overlook sandstone are again visible through
the trees on the steep slope below Fort Farragut.



16 CUMBERLAND MOUNTAIN: THE INSIDE STORY

NW KENTUCKY | TENNESSEE SE

Lee Fm.
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Middlesboro Mbr.

Pennington Fm. (u. mbr.)

Pinnacle Overlook Mbr.

Pennington Fm. (I. mbr.)
Newman Ls. (u. mbr.)
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No Vertical Exaggeration

Figure 16. Geologic cross section of the pilot bore through Cumberland Mountain. Modified from Vanover

(1989) and Perkins (1989).

The traverse concludes at Fort Farragut; return to
the head of the trail for transportation back down the
mountain to the iron furnace (stop 4). Those so in-
clined may take a path near the head of the trail that
veers off the main trail to the right toward Cumber-
land Gap. Then, follow the old Wilderness Road
through the gap and down to the iron furnace. The
geology of the gap is poorly exposed along the trail,

Englund 1964a Vanover 1989
Hensley Member Hensley Member
Z | e c |2
|2 s |
Z | & Tz | =
§ E Middlesboro Member Middlesbora Member E ;r
1t 2|2
Z| e Dark Ridge Member Dark Ridge Member o |2
= ] o | Z
w e | - w
o o
Chadwell Member
" Chadwell Member
% Pinnacle Overlook Mbr
E . =
w upper Member e
c L =
2 2
o
E 8 upper Member Pinnacle Overiook Mbr, | € ,;Z(
ol € |z
oo 2 |a
@ o lower Member lower Member i @
@ | Newman upper Member | upper Member | Newman a
= [ Limestone | lower Member |lower Member| Limestone =
Fort Payne Chert Floyds Knob Bed|
Grainger Fm Grainger Fm
= =
= =
z z
g Chattancoga Shale Chattanooga Shale 9
w w
o [=]
Z Hancock Dolomite Hancock Dolomite z
o o
3 =2
5 Rockwood Farmation Rockwood Formation 5

Figure 17. Comparison of the two interpretations of
the stratigraphy of Cumberland Mountain discussed
in the text. From Vanover (1989).

1Adapted from Haney (1874).

What does appear is somewhat confusing because
of some uncertainty over the position of the Rocky
Face Fault. Nevertheless, the trail down to the fur-
nace is about a mile long and a nice, scenic walk,
though without notable outcrop.

ROADLOG!
Mileage
Turn right on U.S. Highway 25-E.

65.2  Junction with U.S. Highway 58 on left.
Turn right toward Cumberland Gap, Ten-
nessee.

65.4  Turn right on residential road (following
signs to iron furnace).

65.6 Parking area for iron furnace.

Figure 18. View from Tri-State Peak, facing west.
The low region in the middle ground is the circular
Middlesboro Basin, a suspected astrobleme (En-
glund and Roen, 1963). The mountainous region in
the background is typical of the flat trough of the
Middlesboro Syncline.
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Figure 19. Mostly overgrown, isolated outcrop of
sandstone on the steep slope below the crest of the
ridge southwest of Cumberland Gap (notebook on
outcrop for scale). From the top of this outcrop is a
view to the east across a power line. This sandstone is
herein assigned to the Pinnacle Overlook Member.
See text, stop 3, day 1.

Figure 20. View to the northeast of the Cumberland
Mountain escarpment northeast of Cumberland Gap
from the top of the outcrop shown in Figure 19. Pin-
nacle Overlook is the uppermost, prominent, light-
colored area. The cliff in the lower middle part of the
escarpment is the Mississippian Newman Limestone.
Duplication of the limestone by the Cudjos Cave
Fault occurs at the extreme lelt, but is obscured by
trees.

Stop 4: Iron Furnace?

The iron furnace (Fig. 21) stands adjacent to Ga,
Creek, which rises in Cudjos Cave. Dye traces per-
formed by Quinlan (Perkins, 1989) have established
that Cudjos Cave is the resurgence for a karst drain-
age basin northeast of the Rocky Face Fault.

2Lunch.

The road in front of the iron furnace goes about
0.1 mile west across the railroad tracks to an aban-
doned limestone quarry. The Tennessee portal of
the CSX Railroad tunnel (Fig. 22) is nearby on the
right.

Walking down the road affords another panoramic
view of the face of the Cumberland Mountain es-
carpment, but this time the view is closer than at
stop 1. Note once more Cumberland Gap, Pinnacle
Overlook, the Newman Limestone duplicated by the
Cudjos Cave Fault, and now, particularly, the power
line to the left of Tri-State Peak. With field glasses
one can just make out the outcrop adjacent to the
power line, the one on which field trip participants
stood on the previous stop and from which they ob-
served the area of the iron furnace. Recall that

Figure 21. Historic iron furnace near the town of
Cumberland Gap, Tennessee. Resurgent ground
water from Cudjos Cave flows in Gap Creek to the
right of the furnace.

-

Figure 22. Tennessee (southeast) portal of the CSX
railroad tunnel through Cumberland Mountain. The
Devonian Chattanooga Shale is exposed in the cut
(see Fig. 23).
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Vanover (1989) correlated the sandstone exposed in
that outcrop with the sandstone exposed at Pinnacle
Overlook to the right of the gap. The present van-
tage point is a good one from which to appreciate
and consider the issues raised during the traverse
that was stop 3.

On reaching the tracks, turn right and walk a little
farther to the cut at the entrance to the railroad tun-
nel. Exposed here is the Upper Devonian Chat-
tanooga Shale. It exhibits a high degree of small-
scale deformation (Fig. 23) because of the proximity
of the Rocky Face Fault, which passes between the
limestone quarry and the entrance to the tunnel on
its way north to the gap. The abandoned quarry ex-
poses the Mississippian Newman Limestone, the
base of which appears at the far end.

The Rocky Face Fault is covered, but it evidently
juxtaposes the Newman Limestone and the Chat-
tanooga Shale. If one remembers that the displace-
ment is dominantly strike slip and that the strati-

graphic units dip away from the viewer toward the
northwest, the situation can be readily visualized and
the left-lateral nature of the fault confirmed. South-
west of here the trace of the Doublings Fault follows
the base of the Cumberland Mountain escarpment,
This structure, a back thrust similar to the Cudjos
Cave Fault (discussed at stop 1), is best seen from
Pinnacle Overlook (stop 5). The Rocky Face Fault
and the Doublings Fault converge on the town of
Cumberland Gap. The nature of that convergence is
uncertain, as the area is covered by alluvium, not to
mention buildings, streets, and sidewalks. Englund
(1964a) merged the two faults, considering them to
be integral parts of a unified structure.

Using dye traces, Perkins (1989) located the re-
surgence of the karst drainage system intersected
by the pilot bore. It occurs at a series of small
springs in the low area south of the railroad tunnel
and opposite the abandoned quarry. Flowing

through alluvium and perhaps landfill material, the
springs overlie the buried trace of the Rocky Face

Figure 23. Highly deformed Devonian Chattanooga Shale adjacent to the CSX railroad tunnel (Fig. 22). The
deformation is related to movement on the Rocky Face Fault, the trace of which passes behind the camera.
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Fault. Significantly, no dye was recovered from the
streams emanating from the CSX tunnel. So it now
appears that cave water from the vicinity of the pilot
bore travels northeast along strike through the lower
Newman Limestone karst aquifer until it is truncated
by the Rocky Face Fault. The juxtaposition of the
aquifer with the impermeable Chattanooga Shale
then apparently redirects the fiow to the southeast
along the fault plane, probably following a breccia
zone. Water finally exits through unconsolidated ma-
terial that overlies the fault trace.

Driving Traverse up to Pinnacle Overlook

Return to U.S. Highway 25-E, turn left toward the
northwest, and proceed to Pinnacle Overlook. The
route goes back over the gap and down the other
side of Cumberland Mountain. Turn left off U.S.
Highway 25-E near the bottom of the mountain at the
approach (presently under construction) to the Ken-
tucky portal of the FHWA project. Signs point the
way to Pinnacle Overlook. The trip then follows a
winding, scenic road up the back of the Cumberland
Mountain escarpment. Along virtually the entire
route the strata exposed belong to the Lower Penn-
sylvanian Lee Formation. After the bridge over U.S.
Highway 25-E and a long climb, the road traverses
the Rocky Face Fault somewhere near the first hair-
pin turn below Fort McCook. The fort is situated on a
prominent knob of basal Middlesboro sandstone.
Note the topographic swale expressive of the Dark
Ridge Member at the turnout for Fort McCook.
Thereafter, until the parking lot below Pinnacle Over-
look, the road generally remains in the sandstones
of the Chadwell Member as it climbs through a se-
ries of switchbacks up the dip slope of this
erosionally resistant unit.

ROADLOG!
Mileage

66.0 Turn left onto U.S. Highway 25-E toward
the Cumberiand Gap; will repeat
58.2-59.0 above.

66.9 Virginia-Kentucky state line at Cumber-
land Gap.

1After Coskren (1984).
2No hammers—National Park Service regulations.

67.1 Middlesboro Member sandstones of
Pennsylvanian Lee Formation.

67.5 Pass under Pinnacle Road.

67.6  Junction with Kentucky Highway 988.
' Bee Rock Member sandstone of Lee For-
mation.

67.8 Naese Member sandstone of Lee For-
mation.

68.4 Turn left on crossroad into National Park
Visitor Center and Pinnacle Drive. Follow
signs to Pinnacle Overlook.

69.6 Crossbedded Bee Rock Member sand-
stone of Lee Formation overlying carbo-
naceous, silty shale of Hensley Member
of Lee Formation.

70.0 Cross over U.S. Highway 25-E.

70.4 Cross Rocky Face Fault (not exposed;
may be mislocated here).

71.3 Base of Middlesboro Member sandstone
of Lee Formation.

71.5 Fort McCook, Civil War gun emplace-
ment. Upper contact of Middlesboro
sandstone with Dark Ridge shale.

72.0 Picnic area with exposures of Chadwell
Member sandstones of Lee Formation.
Continue climbing dip slope of Chadwell
Member.

72.6 Systemic boundary; Pennsylvanian low-
er Chadwell sandstone in sharp contact
with Mississippian Pennington shale.

72.7 Enter Pinnacle Overlook parking area.

Stop 5: Pinnacle Overlook?

Follow the path from the parking lot out to Pinna-
cle Overlook; the view is spectacular. It is a pano-
rama (Fig. 24) that sweeps through a southeast-fac-
ing arc of about 200° from northeast to west-
southwest. Most of the country seen on the south-
eastern driving traverse (described between stops 1
and 3) is visible from here. Again, compare the to-
pography characteristic of the Powell Valley Anticline
with that of the Middlesboro Syncline, seen in the
distance to the west-southwest.

Note Poor Valley Ridge, cut by U.S. Highway
25-E, below the overlook to the east (see descrip-
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Figure 24. Panorama of about 160° centered south-southeast from Pinnacle Overlook above Cumberland Gap

(see text for description and explanation: stop 5, day 1).

tion, stop 1). Visually follow that ridge southwest-
ward until you lose it in the distance. Another ridge
appears rather abruptly, occupying a position be-
tween Poor Valley Ridge and the southwestern con-
tinuation of Cumberland Mountain. This is Powell
Mountain, a prominent topographic expression of
the Doublings Fault. The Doublings Fault (discussed
at stops 1 and 4) is an important northwest-dipping
back thrust (or rather, an underthrust) that dupli-
cates the entire Cumberland Mountain section, so
that Powell Mountain and Cumberland Mountain ap-
pear as geomorphic twins (Fig. 25).

In the foreground to the southwest is Cumberland
Gap, and below it to the south is the town of the
same name. The ridge beyond the gap is the one
followed by the Tri-State Trail. Tri-State Peak is the
first small eminence on the ridge; Fort Farragut oc-
cupies the next one, beyond the power line, which is
mostly obscured by trees. The entire mountain

NW SE
1.5 KM

CUMBERLAND MIN POWELL MTN

MIDDLESBORO SYNCLINE

Pl e
‘ e T S

Figure 25. Cross section through Cumberland Moun-
tain southwest of Cumberland Gap and the FHWA
pilot bore showing the duplication of section by the
Doublings Fault, a back thrust. After Englund
(1964a).

through this sector is densely forested. The aban-
doned quarry in the Newman Limestone near the
base of the mountain is the only outcrop that can be
seen.

To better observe the character of the sand-
stones of the Pinnacle Overlook Member (Figs.
26-27) ,follow the loop trail out to Fort Lyon and on
beyond to another overlook. Clearly, the erosionally
resistant Pinnacle Overlook Member occupies the
ridge crest northeast of the gap. Evidence from the
pilot bore implies a different situation on the other
side (stop 3). There, southwest of the gap, sand-
stones occupying the crest of the ridge appear to
belong to the Chadwell Member of the Lee Forma-
tion, while the Pinnacle Overlook sandstones crop
out in inconspicuous, overgrown ledges on the steep
slope somewhat below the crest to the southeast.

Return to the parking lot and walk about 0.1 mile
down the paved road. The roadcut at and just before
the sharp bend to the right exposes the basal sand-
stone of the Chadwell Member of the Lee Formation,
The base of that sandstone, a sharp contact, is well
exposed (Fig. 28). Below are weathered, light-col-
ored shales of a character more typical of the Pen-
nington Formation than of the Lee Formation;
Englund (1964a) mapped them as upper Pennington
shale. This contact apparently marks the Mississip-
pian-Pennsylvanian systemic boundary here.

Northwest Driving Traverse

Return to U.S. Highway 25-E and turn left (north).
What follows is the continuation of the regional
cross-strike driving traverse begun this morning fol-
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Figure 26. Outcrop of sandstone in the Pinnacle Overlook Member (within the Mississippian Pennington Forma-
tion), as viewed to the northeast from Pinnacle Overlook.

lowing stop 1. The route cuts across the eastern 82.3 Structural deformation in Hance Forma-
part of the circular Middlesboro Basin (astro- tion on left (east) side of U.S. Highway
bleme?), traverses the broad, structurally flat trough 25-E, close to a splay from the Rocky
of the Middlesboro Syncline, passes through the Face Fault.

Cumberland River water gap that transects the Pine 84.5 Junction of U.S. Highway 25-E and Ken-
Mountain escarpment, and crosses the trace of the tucky Highway 1534.

Pine Mountain thrust onto the flat-lying strata of the

Cumberland Plateau. There are two stops along the Stop 6: Rocky Face Mountain

way: near Rocky Face Mountain (stop 8) and in

Pineville, Kentucky (stop 7). According to Coskren (1984):

The ridge just ahead is Rocky Face, capped by cliffs

ROADLOG! of Lee sandstone. Strata as low as the upper Penn-
Mileage ington Formation are exposed at the base of the
ridge. Note that the ridge is an anticlinal arch, drop-

77.6  Junction with U.S. Highway 25-E. Turn ping down both to the north and to the south. The
left toward Middlesboro and continue on Rocky Face Fault runs along the west (near) side of

U.S. Highway 25-E. the ridge, and Is responsible for its uplift. The fault

Is a transverse strike-slip fault, both sides of which

80.0 Northern city limit of Middlesboro. have moved north. It divides the Middlesboro Syn-

1After Coskren (1984)
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Figure 27. Weathered surface of sandstone in the
Pinnacle Overlook Member (herein assigned to the
Mississippian Pennington Formation) at Pinnacle
Overlook above Cumberland Gap. Note the similarity
to the sandstone of the Middlesboro Member of the
Lee Formation shown in Figure 10.

cline Into two parts, one of which (the eastern part)
has been thrust farther northwest than the other, so
that the relative motion Is left-lateral. The move-
ment is north-northwestward, and the fault here
runs nearly north-south. To accomodate the mo-
tion, the fault has a thrust component; the strati-
graphic separation is at least 1,300 feet. The strike-
slip movement is a mile or two, as indicated by off-
set lithologies on either side (Englund, 1961).

Return to U.S. Highway 25-E and continue north
to Pineville.

ROADLOG
Mileage
84.6 Pineville Health Center on left. Strata dip
gently to the southeast. Coal beds in
roadcuts are in the Hance Formation of
the Breathitt Group.

80.6  Junction with Kentucky Highway 66 in
Pineville, Kentucky.

Stop 7: Pineville, Kentucky

A good view of the face of Pine Mountain to the
southeast can be found from any suitable open
area. From such a vantage point one can appreciate
the geology that characterizes this ridge throughout
its 125-mile length. Like Cumberland Mountain, Pine
Mountain is an erosional escarpment, similarly un-
derlain by inclined sedimentary strata and capped by
erosionally resistant basal Pennsylvanian sandstone.
Bedding, however, quite obviously dips away from
the viewer (i.e., to the southeast). Therefore, these
two parallel escarpments face in opposite direc-
tions; they constitute the opposing limbs of the inter-
vening Middlesboro Syncline. The trace of the Pine
Mountain Thrust Fault is located at the base of the
escarpment, where it is mostly concealed by col-
luvium and dense vegetation. The Pine Mountain
stratigraphic section is essentially identical to the
Cumberland Mountain section, except that the Pine
Mountain section is abruptly terminated downward
within the Upper Devonian Chattanooga Shale by the
Pine Mountain Fault. So the Mississippian Newman
Limestone can occasionally be seen outcropping
midway up the escarpment, below the obvious sand-
stone cliffs of the Pennsylvanian Lee Formation.

The strata in the hanging wall of the Pine Mountain
Fault are tilted to the southeast, because the thrust
here superimposes a hanging-wall detachment on a
footwall ramp (Figs. 6-7). In a cross-strike sense,
this relationship is localized under Pine Mountain, but
it remains consistent along strike over the regional
extent of the ridge. The hanging-wall detachment
lies near the base of the Chattanooga Shale and is,
by definition, parallel to bedding. The footwall ramp
climbs through the Mississippian and Pennsylvanian
sections at an angle of around 30° relative to bed-
ding. Thus, the inclination of the strata in the hang-
ing wall approximates that of the thrust ramp below.
The strata in the footwall are subhorizontal, as can
be seen in exposures this side of the ridge.

Along the railroad on the northeast side of the
Cumberland River water gap, it is possible to see
some bedrock in the vicinity of the Pine Mountain
Fault and above it. What outcrops exist are badly
weathered and largely overgrown. Vehicular access
is very difficult. In spite of this, the area was listed as
a stop on previous field trips (Coskren, 1981, 1984).
Overturned strata of the Pennsylvanian Breathitt For-
mation and two fault slices of Lee sandstone are
barely visible below the fault; and Chattanooga
Shale of indeterminate orientation is seen above it.
The Newman Limestone, dipping about 35° to the
southeast, crops out in an abandoned quarry along
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Figure 28. Exposure of a sandstone-shale contact in a roadcut along the access road to Pinnacle Overlook, 0.1
mile below the parking lot. This contact marks the Mississippian-Pennsylvanian systemic boundary here, and is
probably a disconformity.

the tracks southeast of the fault trace. Evidently, by the maotion of the thrust sheet up the ramp at Pine
flat-lying strata in the footwall near the thrust plane Mountain.
were dragged into their present overturned position End of day 1.
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ITINERARY: DAY 2—SATURDAY, SEPTEMBER 23, 1989
Pilot Bore Traverse

John D. Vanover!, Claude S. Dean!, and Robert B. Perkins!

Introduction

What is written below is in no way intended to re-
produce in exhaustive detail the contents of Vanover
(1989) and Perkins’ (1989) theses. Rather, it is in-
tended simply as a geological guide to the pilot bore
of the FHWA project. This 4,150-foot tunnel offers
nearly continuous, unweathered exposure of 2,750
feet of stratigraphic section. Obviously, detailed
cataloging of observable geologic features is beyond
the scope of the text of this guidebook. (For such
detail, the reader is referred to the appendix and to
the aforementioned theses.) Instead, by marking
the positions of the tunnel’s more important geologi-
cal features and commenting briefly upon them, this
guide serves as a framework around which field trip
participants and those who may gain access after-
wards can orient their own observations and conclu-
sions.

Similarly, Figure 29 should serve as a valuable
reference. It correlates Kepferle and Kuhnhenn's
synthesized gamma-ray profile, derived from a gam-
ma-ray scintillometer traverse of the tunnel, with the
stratigraphic section exposed in the tunnel and with
the gamma-ray log of a well drilled on the Pine
Mountain Thrust Sheet near Pineville, Kentucky.

The traverse proceeds up-section from the south-
east portal to the northwest portal. It passes through
a stratigraphic section that represents Middle Silu-
rian through Early Pennsylvanian time. The strike
and dip of bedding in the tunnel is quite consistently
N45°E/40°NW, and the tunnel is oriented perpen-
dicular to strike.

Rock exposure varies from good to excellent
throughout the tunnel. “Shotcrete” (a type of grout
curtain) and steel cribbing along a few stretches
deemed prone to roof fall and sloughing (Figs.
30-31) present only minor impediments to observa-
tion. Some ground water continually seeps into the
tunnel, principally out of the Pennsylvanian section
(Fig. 32). Most of the tunnel, however, is not wet,
but standing water up to 6 inches deep may be en-
countered in places.

TEastern Kentucky University, Richmond.

The numbers in parentheses listed for each of the
stops represent the stops’ locations in the tunnel
relative to an FHWA survey measured in feet from a
datum 11,864 feet outside the northwest (Kentucky)
portal of the pilot bore. Survey markers are located
at regular intervals in the tunnel, and distances can
be estimated from them. Also, formation thick-
nesses given below have been rounded off to two
significant figures for the sake of simplicity.
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Figure 29. Synthetic gamma-ray curve derived from a
gamma-ray scintillometer traverse of the pilot bore of
the FHWA project. Contributed by R. C. Kepferle
and G. L. Kuhnhenn.
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Southeast Portal

The southeast (Tennessee) portal of the pilot
bore is in the Lower and Middle Silurian Rockwood
Formation. Though only the uppermost 40 feet are
exposed in the tunnel, the formation is 520 feet thick
in this area. The base occurs just below the sand-
stone member, which is equivalent to the Clinch
Sandstone (see stop 1, day 1). The sandstone
member upholds the crest of Poor Valley Ridge,
which appears opposite the portal and is transected
by the new highway. The best and most extensive
exposures of the Rockwood Formation are outside
the tunnel, near the portal. Here it is mostly green-
ish-gray shale with thin interbeds of dolomitic

Figure 30. Shotcrete sprayed onto the ceiling of the
pilot bore to provide roof control where necessary.
Shotcrete curtains and other support structures lo-
cally interfere with geological observation. Note ac-
tive soda straw stalactites.
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Figure 31. Steel cribbing in the pilot bore to provide
roof support through unstable stretches. These struc-
tures, which are not extensive, interfere minimally
with geological observation.

2
Ln

siltstone. Note the presence of minor structures,
caused by the proximity of the Doublings Fault.

Stop 1: Hancock Dolomite (15,859)

The Upper Silurian Hancock Dolomite varies
greatly in thickness, from as much as 75 feet in the
Cumberland Gap area to 12 feet on one side of the
tunnel and 2 feet on the other side. This variation is
apparently because of the development of topogra-
phy on its upper surface, an important regional un-
conformity. Furthermore, its contact with the under-
lying Rockwood Formation is a disconformity. Here it
is orange dolostone, together with ironstone. Note
the Karstification, the timing of which is undeter-
mined.

Stop 2: Chattanooga Shale (15,700)

The Devonian-Mississippian Chattanooga Shale is
230 feet thick in the tunnel. Here the unit, which
maintains great regional uniformity, has its charac-
teristic lithology. It consists of black, pyritiferous,
carbonaceous shale interbedded with varying thick-
nesses of gray shale. Because of its regional consis-
tency, a well-defined internal stratigraphy for the
Chattanooga Shale has grown up over the years
(Kepferle and others, 1981). It is difficult, however,
to recognize it here because of the influence of the
Doublings Fault.

The Doublings Fault is in the Chattanooga Shale
as it passes through the tunnel on its way northeast
to the town of Cumberland Gap, Tennessee. There it
either joins or intersects the Rocky Face Fault (see
discussion, stop 4, day 1). The Doublings Fault ap-
pears on cross sections (Fig. 25) as a back thrust,
but actually is an underthrust (see discussion, stop
5, day 1). In the tunnel and its vicinity the fault is

Figure 32. Influx of ground water into the pilot bore
out of Pennsylvanian sandstone.
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parallel to bedding; hence, it occupies a detach-
ment. This is hardly surprising, since the lower Chat-
tanooga Shale is one of the two regional detach-
ments of the Pine Mountain Thrust System. Though
there is no stratigraphic separation on the fault in the
tunnel, the shale is highly tectonized, as evidenced
by dense fracturing and ubiquitous slickensides.

Stop 3: Grainger Formation,
Basal Contact (15,560)

The Lower Mississippian Grainger Formation is
290 feet thick in the tunnel. It is a marine deltaic
unit, part of the Borden Delta complex (Peterson and
Kepferle, 1970; Rice and others, 1979). It consists
of shale, silty shale, and siltstone, the color of which
changes gradationally from dark gray at the base to
medium gray in the middle to greenish gray and red-
dish gray at the top. Fairly abundant pyrite near the
base gives way upwards to siderite. Note the de-
crease in fracturing up-section, away from the Dou-
blings Fault.

Stop 4: Grainger Formation,
Upper Part (15,486-15,150)

Thin, reddish beds occur intermittently through
this interval, indicating conditions of sedimentation
changing from anoxic (Chattanooga) to oxic (upper
Grainger) .

Stop 5: Floyds Knob Bed (15,150-15,108)

The Floyds Knob Bed marks the top of the Grain-
ger Formation and is included in it. The bed is re-
gional in extent, having been recognized in Tennes-
see, throughout much of Kentucky, and in southern
Indiana. Kepferle (1977) interpreted it to be a con-
densed interval of starved sedimentation following
the cessation of activity on the Borden Delta Com-
plex. It is a greenish-gray to bright-green shale and
siliceous shale containing laminae of chert and sili-
ceous carbonate. Abundant glauconite is diagnostic
of the bed. Englund (1964a) identified this interval
as the Fort Payne Chert, but if it is, in fact, the
Floyds Knob Bed, the Fort Payne Chert is either
missing or subsumed in the overlying Newman Lime-
stone. A well-exposed outcrop of this interval occurs
along U.S. Highway 25-E on the Cumberland Moun-
tain escarpment above the Cudjos Cave Fault. (Fig.
9).

'Abstracted by C. S. Dean from Perkins (1989).

Stop 6: Newman Limestone,
Basal Contact (15,108)

The Upper Mississippian Newman Limestone is
570 feet thick in the tunnel. Englund (1964a) infor-
mally subdivided the unit into two members. The
lower member (270 feet thick) is a massive, oolitic,
sugary-textured limestone that is characteristically
crossbedded in thick sets. The crossbedded nature
of the limestone is less obvious in the freshly blasted
walls of the tunnel than in outcrops where surface
weathering has taken place. The sugary texture is
primarily due to the abundance of pelmatazoan de-
bris; other bioclastic fragmental material is also
commonly present. Karst-related solution features
(Fig. 33), including caves big enough for human en-
try, are best developed in this part of the
stratigraphic section.

Stop 7: Large Tunnel
And Small Tunnel Caves1

The Large Tunnel and Small Tunnel Caves (Figs.
34-35) were so named by an FHWA contractor for
the relative sizes of their passages where they inter-
sect the pilot bore. They have been explored and
mapped by members of the East Tennessee Grotto
of the National Speleological Society. The explorable
extent of Large Tunnel is about 800 feet, and of
Small Tunnel, about 1,700 feet.

Grossly, the Large Tunnel Cave is a single-level,
horizontal passage from 9 to 25 feet high that is pri-
marily oriented along strike. It meanders broadly,
and in a few places is abruptly offset up- or downdip
for short stretches. Large rooms, enlarged by the

Figure 33. Cavernous porosity in the lower Newman
Limestone intersected by the roof of the pilot bore.
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breakdown of the ceiling, occupy both ends. What
little sediment occurs in this cave, usually soft mud
and ripple-marked sand, is restricted to the bed of
an active, free-surface stream that flows in a small
canyon entrenched in the floor of the passage. Fur-

Figure 34. Entrance to the Large Tunnel Cave from
the pilot bore. Caves occur primarily within the lower
Newman Limestone.

MOUNTAIN ELEVATION: 640 M,
230 M ABOVE TUNNEL ROOF

CUMBERLAND GAP

LOCATION OF LARGE TUNNEL CAVE -

Figure 35. Diagram showing the approximate location
of the Large Tunnel Cave encountered by the FHWA
pilot bore within Cumberland Mountain. From
Perkins (1989).

ther exploration is prevented by siphons at either
end.

The Small Tunnel Cave, on the other hand, is a
multistoried affair of complex geometry. Several
branches and five distinct levels over a vertical ex-
tent of some 330 feet have been mapped. Much of
the cave is navigable only by crawling, yet it ac-
cesses several large rooms, including one nearly
100 feet high. Horizontal passages at every level
tend to be plugged by large accumulations of cave
sediment, limiting further exploration. The sediment
encountered is structureless, plastic clay of uniform
appearance, with one significant exception, where it
is overlain by gravel, sand, and silt. As with the
Large Tunnel Cave, most of the extent of the Small
Tunnel Cave is horizontal passage, oriented parallel
to strike. In the Small Tunnel Cave, however, a se-
ries of such horizontal passages at different levels is
interconnected by steep offsets oriented approxi-
mately in the direction of dip.

Did the karstification that created and enlarged
these caves occur before or after the Permian Al-
leghenian deformation that tilted the Newman Lime-
stone to its present inclination? Perkins (1989) an-
swered that question definitively. All of the observed
karst features are post-deformational; indeed, they
are part of a large, modern karst drainage system,
portions of which are presently active.

The layout of both the Large Tunnel Cave and the
Small Tunnel Cave is completely consistent with
what is known elsewhere about Kkarstification of in-
clined limestone strata. Such consistency can hardly
be fortuitous. A number of studies (Ford, 1971; Ford
and Ewers, 1978; Ewers, 1982) show that where
limestone strata are inclined, the principal conduits
of an active karst system are oriented parallel to
strike (i.e., they are horizontal and lie in the plane of
bedding). These conduits are interconnected by
steep, typically dip-oriented offsets. Such a geome-
try may be explained in the following manner: disso-
lution of limestone and, hence, karstification tends
to be restricted to certain anomalously permeable
bedding planes. Initial development of solution tubes
(anastomoses) is in a down-dip direction, but these
tubes become horizontally integrated parallel to the
water table. Successive, large, strike-oriented con-
duits mark former positions of the water table, which
drops in response to falling base level.

In both the Large Tunnel Cave and the Small Tun-
nel Cave the passages typically represent solution
enlargement of the intersection of a favorable bed-
ding plane with one of three important joint sets. The
principal passages, which are the strike-oriented
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ones, tend to exploit a joint set that strikes parallel to
bedding, but dips in the opposite direction. The dip-
oriented offsets, particularly in the Small Tunnel
Cave, tend to exploit two other joint sets that strike
at a high angle to that of bedding.

The overall pattern of the conduits, together with
other morphological features in the two caves, indi-
cates that the passages were created under
phreatic conditions, but that some were later modi-
fied under vadose conditions. All of the vadose
modifications are vertically oriented, consistent with
the present sense of gravity. Moreover, scalloping in
the walls of various passages in both caves invari-
ably indicates water flow toward the northeast. That
is the direction of the present resurgence of this
karst drainage system, as proven by dye tracing
(see discussion, stop 4, day 1). What stratification
exists in the cave sediments is horizontal.

Stop 8: Newman Limestone,
Lower/Upper Contact (14,678)

The upper member (290 feet) of the Newman
Limestone is more argillaceous than the lower mem-
ber. Also, it is characterized by planar bedding
rather than crossbedding. Overall, the upper mem-
ber consists of interbedded, argillaceous limestone
and shale, but the character of the unit changes pro-
gressively from bottom to top. The relative propor-
tion of shale to limestone increases, and bedding
becomes thinner. Fossils are abundant in the lime-
stones. These fossils, however, are generally intact,
in contrast with those in the lower member, which
are mostly fragments. Evidently, the Newman Lime-
stone records an overall decrease of energy in the
depositional environment with time. Note the in-
traformational conglomerate containing a variety of
autoclasts that marks the contact between the two
members. For a discussion of unusual features in
the Newman, see “Interesting Features in the New-
man Limestone Exposed in the Pilot Tunnel,” later in
this guidebook.

Stop 9: Pennington Formation,
Basal Contact (14,231)

The Upper Mississippian Pennington Formation is
390 feet thick in the tunnel. In the vicinity of Cumber-
land Gap it is readily subdivided into three members:
a lower member, the Pinnacle Overlook Member,
and an upper member. This subdivision follows
Englund (1964a) except that for reasons previously

discussed (stop 3, day 1) he assigned the Pinnacle
Overlook sandstone to the overlying Lee Formation.

‘The contact between the upper member of the
Newman Limestone and the lower member of the
Pennington Formation is gradational; it probably rep-
resents a facies transition. The subjacent section is
mostly dark-gray to greenish-gray shale, inter-
bedded with thin beds of fossiliferous, argillaceous
limestone. The superjacent lower member (150 feet
thick) of the Pennington Formation is mostly fine-
grained sandstone interbedded with olive-green
siltstone and shale, together with occasional beds of
argillaceous limestone. Sedimentation appears to be
cyclical; several fining-upward sequences are pre-
sent. They begin with thick, crossbedded sandstone
and grade upward into thin, ripple-laminated sand-
stones and siltstones interbedded with shale. The
overlying Pinnacle Overlook Member appears to be
yet another one of these sequences, only the lower
portion is much coarser and thicker.

Stop 10: Pinnacle Overlook Sandstone,
Basal Contact (14,001)

The stratigraphy of the Pinnacle Overlook sand-
stones lies at the heart of the controversy concern-
ing the nature of the Mississippian-Pennsylvanian
boundary in the region of Cumberland Gap. Is it an
intertonguing facies transition, reflecting continuous
sedimentation (Englund, 1964a, b), or is it a discon-
formity, reflecting an abrupt change in regional sedi-
mentation (Vanover, 1989)7 In all likelihood, it is this
superjacent sandstone, not the one exposed along
the crest of the ridge above the tunnel, that corre-
lates with the sandstone at Pinnacle Overlook (see
extensive discussion, stops 3 and 5, day 1). If so,
the Pinnacle Overlook sandstone is properly as-
signed to the Pennington Formation, not the overly-
ing Lee Formation, and there is no need to postulate
a large-scale intertonguing relationship between the
two formations.

In the tunnel the Pinnacle Overlook Member is 150
feet thick. It is dominantly a massive unit of
crossbedded, medium- to fine-grained, well-ce-
mented, quartzose sandstone. As with the other
Pennington sequences described above, it grades
upward into thin, ripple-laminated sandstones and
siltstones interbedded with shale. Mud rip-up clasts
are common on some bedding planes. Unlike the
Pinnacle Overlook Member at its type locality, how-
ever, this unit is not conglomeratic.
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Stop 11: Lee Formation, Chadwell
Member, Basal Contact (13,652)

This sharp contact is the one that probably marks
the Mississippian-Pennsylvanian systemic boundary.
It is also probably a disconformity.

The subjacent section belongs to the upper mem-
ber (80 feet thick) of the Pennington Formation. This
section characteristically consists of red and green
calcareous mudstone and olive-green calcareous
siltstone with a marine fauna. This lithology is un-
characteristic of the Pennsylvanian section, in which
shaly intervals are typically carbonaceous and con-
tain a terrestrial or lagoonal fauna. But it is charac-
teristic of the Mississippian Pennington Formation.

The Lower Pennsylvanian Lee Formation is
roughly 1,400 to 1,500 feet thick in the Cumberiand
Gap area, but the tunnel penetrates only the lower
1,200 feet. This section includes four of the six
members recognized by Englund (1964a, b). These
members are, in ascending order: Chadwell, Dark
Ridge, Middlesboro, and Hensley.

The Chadwell Member of the Lee Formation is
350 feet thick in the tunnel. it is dominated by me-
dium- to coarse-grained, crossbedded, quartzose
sandstone in thick units. In the tunnel two such units
are separated by a substantial interval of dark shale.
The lower sandstone (60 feet thick) directly overlies
the Pennington Formation with the very sharp, prob-
ably unconformable contact seen here. Note the
conglomeratic nature of the sandstone directly
above the contact. The lower sandstone grades up-
ward into the dark shale (40 feet thick), which is ac-
tually brownish-gray, poorly lithified mudstone and
dark-gray shale. It contains thin coal beds and fossil-
ized rootlets. The upper sandstone overlies the dark
shale with another sharp contact. It grades upward
by interbedding into the sandstones and shales of
the Dark Ridge Member. Due to lack of exposure,
the dark Chadwell shale was apparently mistaken by
Englund (1964a) for the upper member of the Penn-
ington Formation southwest of Cumberland Gap.
This apparent misidentification led to his conclusion
that the Pinnacle Overlook sandstone merges south-
westward with the bulk of the Lee Formation by
elimination of the intervening upper Pennington
shales (see extensive discussion, stop 3, day 1).

Stop 12: Lee Formation,
Dark Ridge Member, Coal Bed (13,147)

This coal may be, but probably is not, the Cum-
berland Gap coal bed_(see stop 3, day 1). Here, the

coal marks the approximate base of the Dark Ridge
Member of the Lee Formation, which is otherwise a

' gradational contact. The Dark Ridge Member is,

therefore, 130 feet thick in the tunnel. It is predomi-
nantly shale with some interbedded siltstone. The
shale is carbonaceous and pyritiferous in the lower
part of the unit, but it grades upward into lighter col-
ored gray and greenish-gray shale. Two marine fos-
sil zones occur near the top (12,991 and 12,973).
They contain pelecypods, brachiopods, gastropods,
bryozoans, cephalopod fragments, and pelmatazo-
an columnals. These fauna were judged by T. W.
Henry (written commun.) to be Morrowan (Early
Pennsylvanian) in age and to reflect restricted ma-
rine conditions. For a discussion of the Pennsylvani-
an coals in the tunnel, see “Coals in the Cumberland
Mountain Pilot Tunnel,” later in this guidebook.

Stop 13: Lee Formation, Middlesboro
Member, Basal Contact (12,943)

The Middlesboro Member of the Lee Formation is
580 feet thick in the tunnel. It consists almost en-
tirely of massive, crossbedded, coarse-grained
quartzose sandstone. A few beds of dark-gray to
brownish-yellow shale, some reasonably thick, inter-
rupt the lithologic uniformity of this unit, but they
constitute a minor proportion of the whole. Much of
the sandstone is conglomeratic. The pebbles are
mostly composed of monocrystalline quartz and
quartzite, but some are composed of pure white
clay of uncertain origin. Some of the sandstone con-
tains discontinuous, thin coals in abundance, many
of which possibly originated as transported plant ma-
terial. Note the large-scale crossbedding that is
characteristic of this unit.

The basal contact of the Middlesboro Member,
which in all respects appears to be a braided-stream
deposit, is demonstrably unconformable. it channels
into the underlying Dark Ridge Member and has en-
tirely eliminated the Dark Ridge Member in places
(Rice, 1984).

Stop 14: Lee Formation,
Hensley Member, Basal Contact (12,080)

The Hensley Member of the Lee Formation is
roughly 360 fest thick in the Cumberland Gap area,
but only the lower 150 feet is exposed in the tunnel.
Here it consists of two lithologically distinct intervals.
The lower interval is dark-brown, carbonaceous,
pyritiferous shale interbedded with thin sandstones
and a few thin coals. The upper interval is light-gray,
friable, crossbedded, feldspathic and micaceous
sandstone with coaly laminae; it has a distinctive
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“salt and pepper” appearance. The basal contact is
sharp and may be unconformable.

Northwest Portal

The northwest (Kentucky) portal of the pilot bore
is in the lower part of the Hensley Member of the
Pennsylvanian Lee Formation. How much of the
member remains outside of the tunnel is uncertain.
it could be as little as 170 feet or as much as_250
feet, or even 300 feet. As of the writing of this
guidebook, the highway approach to the projected
tunnel is under construction, and it remains to be
seen what will eventually be exposed in the extensive

roadcuts. The Hensley Member beyond the tunnel
should consist of the aforementioned salt-and-pep-
per sandstone (stop 14, day 2) overlain by medium-
gray to very dark-gray shale, together with a subor-
dinate amount of salt-and-pepper sandstone in sev-
eral beds and at least two coal beds with accompa-
nying underclays (Englund, 1964a). The widespread
Tunnel coal bed occurs close to the top of the unit.
The 230-foot-thick Bee Rock Sandstone Member of
the Lee Formation overlies the Hensley Member with
a sharp contact.

End of day 2.
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COALS IN THE CUMBERLAND MOUNTAIN PILOT TUNNEL
James C. Hower! and Garry D. Wild!

The five coal beds sampled in the tunnel and out
by the Kentucky portal are all thin, high-sulfur, mod-
erate- to high-ash coals that are not representative
of economic coals in the region. The Tunnel coal
bed, not sampled because of extreme weathering in
the initial exposure and inaccessibility in construction
areas, and the Cumberland Gap coal bed have been
mined in the area (Englund, 1964a). Ash, sulfur
forms, group maceral composition (vitrinite, iner-
tinite, micrinite, liptinite), and vitrinite maximum re-
flectance for the coals are given in Table 1.

The vitrinite maximum reflectances (Table 1, Fig.
38) do not exhibit a simple relationship to strati-
graphic position. Rather, coals that were sheared
have significantly higher reflectances than un-
sheared coals, averaging 0.83 percent R,., versus

0.73 percent Rp.x. Shearing of the coals ranges

from megascopically observable slickensides with
microscopic displacements on the order of 10 to

100 um (Figs. 37-38), as observed in the lower, un-
named Hensley Member coal bed and in the Cum-
berland Gap coal bed, to intense microscopic brec-
ciation (Fig. 39), as observed in the Pennington For-
mation coal. As noted in Table 1, much of the ma-
ceral assemblage of the Pennington Formation coal
(KCER-6466) is an undifferentiable mix of sub-mi-
cron minerals and macerals: collectively a car-
bominerite. The upper unnamed Hensley Member
coal bed (KCER-6434) has the collective maceral
composition of a durain and, as such, was resistant
to shearing. The unnamed Middlesboro Member
coal bed (benches KCER-6464, -6465) lies within
massive sandstone and conglomerate, both of
which were competent units in shearing. The coal
actually consists of discrete blocks of coal, likely de-
posited as rafted peat blocks (Fig. 40).

Was the shearing responsible for the increased
rank of the coals? O'Hara and others (1989) esti-

Table 1.—Ash, Sulfur, Group Macerals, Vitrinite Maximum Reflectance.

KCER# DRY S S S VIT INER MIC LIP R BENCH
T Py org max
Hensley Member, Upper 6434 28.40 10.32 7.46 2.83 46.3 31.9 4.2 17.6 0.755
Hensley Member, Lower 6309 11.94 5.81 4.16 1.63 91.8 4.8 1.0 2.4 0.903
6310 8.23 4.60 3.59 0.97 86.1 10.1 1.2 2.6 0.914 1/2
6311 12.08 3.71 2.61 1.09 91.2 52 0.4 3.2 0.923 2/2
Middlesboro Member 6464 16.21 4.76 3.32 1.38 88.8 6.1 0.5 4.6 0.737 1/2
6465 10.77 5.49 3.20 2.25 97.6 1.3 0.0 1.1 0.701 2/2
Cumberland Gap 6433 11.25 7.53 5.03 2.46 86.5 10.0 0.3 3.2 0.853
Pennington Formation* 6466 63.18 2.52 1.77 0.72 30.9 0.6 0.0 0.2 0.926
VIT  vitrinite Rmax vitrinite maximum reflectance
INER inertinite ST total sulfur
MIC  micrinite SPy pyritic sulfur
LIP liptinite SOrg organic sulfur

*68.3% of this coal is an unidentifiable maceral type but is regarded to be a carbominerite microlithotype.

1University of Kentucky Center for Applied Energy Research, Lexington.
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mated that the reflectance difference between the was essentially confined to the sheared coals, since
sheared and unsheared coals implied a frictional
heating temperature rise of about 25°C. This tem-
perature difference is realistic for a displacement of
1 meter, a slip velocity of 1 millimeter/second, and a
shear resistance of about 0.11 kilobars. The effect
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no regional influence of frictional heating is obvious
in any other coals studied to date from the Pine

Mountain Thrust Shest.

INTERESTING FEATURES IN THE NEWMAN LIMESTONE EXPOSED IN
THE PILOT TUNNEL
Stephen O. Moshier!

Some very surprising features can be observed in
the Newman Limestone in the continuous, fresh ex-
posures of the pilot bore. Many of these features are
fragile, and would not survive exposure to the ele-
ments at the surface.

Typically, the Newman is even bedded, and
crossbedding is common, just as at the surface
(Fig. 41). Crossbedded limestones are ooid-crinoid-
peloid grainstones. Mechanical compaction seems
to have occluded porosity in many grainstones in
this locality, as demonstrated by close fitting of
grains with little volume of interparticle cements
(Fig. 42). Newman oolites that form porous oil res-
ervoirs in the region feature thin, circumgranular rim
cements that inhibited mechanical compaction and,
lacking a second phase of cementation, preserved
primary porosity. Other grainstones in this Newman
section are composed of coarse, well-rounded
peloids and crinoid fragments that are highly com-
pacted and cemented by calcite, with syntaxial over-
growths on crinoids (Fig. 43). Black chert nodules

e

Figure 41. Evenly bedded Newman Limestone. Indi-
vidual beds are from 6 inches to 1 foot thick. Cross-
bedding can be seen in the lower left of the photo-
graph. Southwest wall.

TUniversity of Kentucky, Lexington.

are distinctive in many beds, appearing to be
aligned along particular horizons (Fig. 44).

Two horizons are of problematic origin, and are
being studied by sedimentologists from Eastern Ken-
tucky University and the University of Kentucky. The
first horizon is a dark-gray, argillaceous bed with
abundant, irregular, light-brown, argillaceous-silty-
dolomitic nodules (Fig. 45). Swarms of anastomos-
ing thin fractures, filled with fibrous calcite, form
parallel to bedding throughout, but never cross cut
the nodules. The second horizon of interest is com-
posed of millimeter-thin, wavy interlaminations of
medium-gray clay and light-gray limestone (Fig. 46).
Laminated crusts and nodular beds are common
components of paleosoils, but have not been veri-
fied for these structures.

The nature of fracturing in the Newman is of sig-
nificance to ground-water hydrologists, who study
cave formations and hydrology of Kkarst systems,

Figure 42. Oolitic Newman Limestone composed of
ooids, crinoid fragments, and peloids (micritized
skeletal fragments and ooids). Note the close fitting
of grains resulting from mechanical compaction prior
to significant cementation.
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and petroleum geologists, who extract petroleum
from fractured reservoir rock. The caves and hydrol-
ogy of the Newman are discussed elsewhere in this
guidebook, but one additional feature related to
fractures and limestone dissolution is worthy of note.
Certain bedding planes and hairline fractures in the
Newman, which can be seen only in the tunnel, ex-
hibit zones of microdissolution (Fig. 47). Most frac-
tures in the Newman that are open, or healed by
calcite, lack these chalky halos (Fig. 48). It would
seem that dissolution in these alteration halos would
be enhanced if agressive (leaching) waters were to
move along the fractures or bedding planes. What
role these chalky halos may play in cavern develop-

Figure 43. Crinoidal Newman Limestone composed
of coarse, well-rounded peloids and crinoid frag-
ments. Some crinoids have micrite rims. Peloids ap-
pear to be mud intraclasts as well as micritized skele-
tal fragments and ooids. Mechanical compaction and
syntaxial overgrowths on crinoids has occluded po-
rosity.

Figure 44. Black chert nodules in typically bedded
Newman Limestone. Note roof bolt in ceiling. South-
west wall.

i

Figure 45. Nodular, argillaceous dolomite nodules in
dark-gray claystone. Thin laminae appear to be hori-
zontal fractures filled with white, fibrous calcite.

Figure 46. Wavy, thin interlaminations of gray lime-
stone and clay. This laminated crust may be related
to subaerial exposure or soil development.

Figure 47. Hairline fracture in Newman Limestone
with well-developed, chalky halo. Leaching created
the microporosity in micritic particles in the lime-
stone.
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ment is currently under study (Moshier, in pro-
gress).

Dolomitization of the Newman (the Big Lime, as it
is referred to by drillers) is of significance because
many of the Big Lime reservoirs are in dolomitized
beds at the base of the formation. Some clues to
the processes of dolomitization and porosity evolu-
tion may exist in the Newman beds in the tunnel.
Many basal dolomite beds are intensely fractured
and exhibit multiple generations. of dolomitization.
These rocks are thoroughly dolomitized (Fig. 49).
Most other dolomites in this section contain some
remnant calcite, either as intercrystalline matrix
(Fig. 50) or undolomitized grains (usually crinoids;
Fig. 51). Leaching of these calcite grains has appar-
ently produced molds in some beds (Fig. 52). Incipi-
ent dolomitization is evident along streaky planes
that are subparallel to bedding in some ooid
grainstones (Fig. 53). These streaks apparently rep-

Figure 48. Open and calcite-healed fractures in
dolomitic Newman Limestone.

resent the pathways for dolomitizing fluids (Fig. 54),
but it is not clear whether this manner of dolomitiza-
tion could lead to the formation of the more com-
plete dolomites. At least one generation of dolomite
cement (coarse, fracture- and vug-filling saddle
dolomites) occurred late and preceded a phase of
hydrocarbon emplacement (Fig. 51).

Figure 49. Dolomites in the basal Newman Lime-
stone are dense and finely crystalline. Preservation
of texture is evident in this relict, pellet grainstone.
Porosity is poor in the rock, but open fractures are
common.

Figure 50. Half of this thin section of calcareous
dolomite in the Newman Limestone is stained (dark)
to reveal calcite retained between dolomite rhombs
and clusters. Vugs are partially and completely filled
with zoned dolomite cements that are coated with a
thin layer of bitumen. Vuggy porosity appears to be
good in these beds, but permeability between the dis-
seminated vugs may be poor.
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Figure 51. Calcareous dolomite in the Newman Figure 53. Incipient dolomitization in oolitic New-
Limestone, consisting of dolomite matrix and rem- man Limestone along subparallel streaks.

nant calcite (or, alternatively, “dedolomite”-calcite)

skeletal fragments (calcite has been stained dark).

Matrix dolomite replaced cements and lime mud.

Porosity is poor in these beds.

Figure 52. Dolomite similar in texture to that in Fig-
ure 51, but skeletals are leached to form molds (pore
space is black—crossed-nichols optics). Some molds
are partially filled with dolomite cements.

Figure 54. Thin-section photomicrograph showing
dolomitization of oolitic Newman Limestone along
a streak, as shown in Figure 53.
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APPENDIX:

PILOT TUNNEL STRATIGRAPHY

John D. Vanover

The northwest portal of the pilot tunnel is located in
the Middlesboro South Quadrangle, Carter coordi-
nate location 22-B-70, 90 FWL X 550 FSL, at an ele-
vation of 1,302 feet MSL. The pilot tunnel has a vector
of 125°, 4,150 feet from this point. All measurements
were made during intermittent periods from January
to April 1988.

The northwest entrance is 11,864 feet from a da-
tum point outside the tunnel, as measured by the
Federal Highway Administration. The upper contact of
each unit is given in parentheses at the end of each
description in reference to this point.

Unit Thickness
in feet

Description-

LEE FORMATION (1,211 + feet)
HENSLEY MEMBER (149 + feet)

75 46+ Sandstone, light-gray, salt-and-
pepper appearance, friable, con-
tains coarse grains of subangular
quartz, feldspar, and mica; thin to
thick crossbed sets; carbona-
ceous laminae on bedding planes.

(11,864 feet)

Shale and sandstone; shale, dark-
gray on the fresh surface, weathers
to dark-reddish-brown; pyrite
common; contains prismatic frac-
tures, kink zones, few thin coal
beds, and a few thin beds of gray,
micaceous sandstone. (11,930
feet)

MIDDLESBORO MEMBER (584 feet)

73 134 Conglomerate and sandstone,
very light-gray to very light-brown,
quartzose, coarse-grained to
pebbly, with many fining-upward
cycles, very thick crossbed sets.
(12,080 feet)

74 103

1Eastern Kentucky University, Richmond.

72

71

70

69

68

67

66

109

20

148

28

45

Conglomerate and sandstone,
very light-gray, quartzose, me-
dium-grained to pebbly, with thick
crossbeds; contains minor
amounts of irregular, unconsolidat-
ed mudstone; beds overlying mud-
stone often have rip-up clasts of
mudstone; coaly laminae on bed-
ding planes; top is a fault gouge.
(12,296 feet)

Shale, dark-gray to brownish-yel-
low, thin-bedded;. prismatic frac-
turing common. (12,455 feet)

Conglomerate and sandstone;
sandstone, very light-gray to
white, stained red locally, con-
glomeratic, friable, with pebbles of
red chent, gray chert, quartzite, and
white mud; very thick crossbeds;
several fining-upward cycles.
(12,432 feet)

Sandstone, light-gray, medium-
grained; mostly in thin rippled beds
and some thick crossbeds; top of
sequence is a fault gouge. (12,696
feet)

Shale, dark-gray to brownish-yel-
low, thin-bedded. (12,739 feet)

Conglomerate, light-gray to white,
quartzose, friable, with pebbles of
chent, quartzite, and mud; beds
very thick, crossbedded, less con-
glomeratic upwards; thin, discon-
tinuous coal beds on bedding
planes. (12,754 feet)

Sandstone, very light-gray, me-
dium- to coarse-grained, quarz-
ose, with minor mica; locally con-
glomeratic; some pebbies (1-inch
of chert, quantzite, and lithic frag-
ments; bedding planes often have
pebbles, football-size cobbles of
white, friable clay, and coal lami-
nae; thick to medium bedded, with
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crossbeds and mega-ripples.
(12,817 feet)

Sandstone, very light-gray, mica-
ceous, friable, medium-grained,
thick- to thin-bedded; crossbeds
and ripple beds common. (12,902
feet)

DARK RIDGE MEMBER (132 feet)

64 21
63 10
62 1
61 72
60 28

Shale, grayish-green to light-gray-
ish-green, medium-bedded.
(12,943 feet)

Shale, medium-gray, calcareous;
fossil zone in the top 1 foot con-
tains marine fauna, including bra-
chiopods, bryozoans, pelecy-
pods, cephalopods, and crinoids.
(12,973 feet)

Shale, medium-gray, calcareous,
contains a brackish-water fauna:
brachiopods, pelecypods, gastro-
pods, and cephalopod fragments.
(12,991 feet)

Sandstone and shale; sandstone,
greenish-gray, fine-grained; shale,
medium- to dark-gray, red, red-
dish-brown, and brown; beds
thickly laminated and planar; thin
stringers- of siderite; nodular and
disseminated pyrite; poorly ex-
posed. (12,992 feet)

Shale, silty, light-greenish-gray to
medium-gray, poorly lithified,
thick-bedded; two thin coal beds at
the base, one of which is discontin-
uous; pyrite common throughout;
contact gradational with underlying
unit. (13,100 feet)

CHADWELL MEMBER (346 feet)

59 41

58 30

Sandstone, light-gray to olive-
green, fine- to coarse-grained,
coarsens upward, micaceous,
poorly sorted; contains lithic frag-
ments, thin to thick planar beds,
some crossbedding and ripples.
(13,147 feet)

Shale, mudstone, and sandstone;
mudstone, gray, silty, poorly indu-
rated; shale, brown and carbona-
ceous; sandstone, greenish-gray,
fine-grained; mudstone and shale
interbedded with thin beds of sand-

57

56

55

54

53

52

93

42

23

25

stone and thin beds of coal at the
base; grades upward to thick beds
of sandstone interbedded with thin
beds of shale; beds are planar and
often show intemal Ilaminae.
(13,205 feet)

Sandstone, at the base very light-
gray, medium-grained, locally
conglomeratic; contains hermring-
bone crossbeds, planar beds, clay
pebble inclusions; grades upward
to thick, planar crossbeds with very
thin coal laminae and mud drapes;
thick beds often have ripple beds
on fop; near the top, sandstone is
thin bedded, fine grained, and
greenish gray. (13,247 feet)

Shale, gray to brown, poorly lithi-
fied; unconformable contact with
overlying unit. (13,387 feet)

Sandstone and shale; at the base
sandstone is medium grained, light
brown, thick bedded, planar cross-
bedded; grades upward to in-
terbed with greenish-gray, fine-
grained, lenticutar-bedded, me-
dium- to thin-bedded, medium-
gray shale; bedding planes often
have iron stains and very thin coal
laminae. (13,397 feet)

Sandstone, light-brown, medium-
grained, medium-bedded; planar
crossbeds with mud drapes at the
base; grades upward to greenish-
gray, fine-grained, thin, rippled
beds. (13,455 feet)

Sandstone and shale; sandstone
at the base is light gray, medium
grained, thick bedded, faminated,
calcareous, and contains scat-
tered and broken fossilized roots;
grades upward to thin ripple beds;
shale is green and in troughs with
thin coal laminae; disseminated
pyrite in basal 4 feet. (13,500 feet)

Shale, siltstone, and coal; shale
(70 percent), medium-gray to
brown, poorly lithified, micaceous;
siltstone (25 percent), olive-green,
thin-bedded; two coal beds (4 per-
cent), 0.6 feet and 0.3 feet thick; in-
terbedded siltstone and shale at
the base grades upward to shale,
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underclay, and coal; coaly impres-
sions common throughout; top 4
feet contains thin coal laminae and
fossilized roots that are perpendic-
ular to bedding. (13,512 feet)

51 16 Shale and siltstone; shale is me-
dium gray to brown, poorly indu-
rated, silty, poorly sorted; minor
amount of olive-green siltstone;
thick-bedded; pyrite nodules com-
mon. (13,539 feet)

50 60 Conglomerate, sandstone, and
mud; sandstone and conglomer-
ate, light-gray to brown, with
pebbles of reddish-brown chert
and quartzite in basal 10 feet,
crossbedded; thick beds grade up-
ward to moderately lenticular beds
of sandstone and unlithified, dark-
gray mud; pyritic concretions com-
mon in mud; very sharp contact
with underlying unit. (13,568 feet)

UNCONFORMITY
PENNINGTON FORMATION (389 feet)
Upper member (81 feet)

49 26 Sandstone and shale; sandstone,
olive-green, fine-grained, mica-
ceous, with some feldspar; green
shale and sandstone in lenticular
beds at the base grade upward to
interbedded planar beds, with
shale more common; capped by a
brown, unconsolidated clay that
may fill a cavern. (13,652 feet)

48 31 Mudstone, thick-bedded; red silty
mudstone at the base grades up-
ward to red and green calcareous
mudstone. (13,691 feet)

47 23 Siltstone, olive-green, calcareous,
thick-bedded; fossils include frag-
mented brachiopods, bryozoans,
and other skeletal debris; contact
is gradational with underlying unit.

(13,738 feet)
PINNACLE OVERLOOK MEMBER (154 feet)
46 154 Sandstone and siltstone, very light-

gray, fine- to medium-grained, gen-
erally well sorted and cemented,
quartzose; thick crossbeds grade
upward to thin rippled beds of
sandstone and olive-green siit-

stone; reactivation surfaces above
truncated crossbeds; mud pebbles
common on the bedding planes;
scattered pyrite nodules, approxi-
mately 0.1 foot in diameter. (13,773
feet)

Lower member (154 feet)

45

44

43

42

41

40

32

16

12

32

Limestone and shale; thick beds of
fossiliferous limestone at the base
grade upward to thick beds of mi-
caceous, silty, slightly calcareous
shale with minor pyrite; fossils in-
clude brachiopods and bryozoans.
(14,001 feet)

Sandstone, light-gray, very fine-
grained; thick, Dbi-directional
crossbeds at the base grade up-
ward to thin ripple beds; mud
pebbles abundant on the bedding
planes; some pyrite noduies pres-
ent. (14,051 feet)

Sandstone and shale; sandstone,
very fine-grained, light-gray, cal-
careous; thick planar beds grade
upward to rippled thin beds of silty
shale; contact gradational with un-
derlying unit. (14,073 feet)

Sandstone and shale; sandstone,
light-gray, medium-grained, cal-
careous; minor amount of green
shale; thick herringbone
crossbeds of sandstone grade up-
ward into wavy beds; clay pebbles
and pyrite common on bedding
planes. (14,089 feet)

Limestone, greenish-gray, fossilif-
erous. (14,146 feet)

Sandstone and limestone; sand-
stone (90 percent), light-brown to
white, fine-grained, well-sorted,
calcareous; limestone (9 percent),
medium-gray, fossiliferous; shale
(1 percent), olive-green; contact is
gradational over 1 foot with under-
lying Newman Limestone; thick
crossbeds of sandstone at the
base grade upward to thin, inter-
bedded, ripple beds of limestone,
sandstone, and shale; shale con-
tained in troughs of ripples; green
clay pebbles at the base. (14,143
feet)
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NEWMAN LIMESTONE (566 feet)
Upper Member (292 feet)

39

38

37

36
35

34

33

32

31

56

26

19

15

34

52

Shale and grainstone; shale, very
dark-gray to greenish-gray, with
thin laminae of calcite and well-
preserved fenestrate bryozoans;
interbedded with greenish-gray,
fossiliferous, clayey, thin- to thick-
bedded limestone, capped by 3.5
feet of slightly calcareous shale.
(14,231 feet)

Wackestone and grainstone, me-
dium-to dark—-gray, clayey, fossilif-
erous; wackestone at the base
grades upward to grainstone; fos-
sils are fenestrate bryozoans,
clams, and crinoids. (14,310 feet)

Packstone, greenish-gray to dark-
gray, fossiliferous: brachiopods,
clams, and other skeletal debris;
grains are finer upward; extensive
karst development; much covered.
(14,353 feet)

Mudstone, light-gray. (14,382 feet)

Cavern, limestone walls. (14,389
feet)

Packstone and wackestone, dark-
greenish-gray, crossbedded atthe
base, interbedded upward, clayey,
fossiliferous; identifiable fossils
are fenestrate bryozoans, crinoids,
and clams. (14,415 feet)

Packstone and shale; packstone,
greenish-gray, crossbedded,
clayey, thin-bedded, fossiliferous,
capped by thin, greenish-gray
shale. (14,467 feet)

Grainstone, wackestone, and
shale, greenish-gray to dark-gray-
ish green; interbedded fossilifer-
ous grainstone and clayey wacke-
stone; wackestone grades upward
to dark-gray shale, some detrital
chert; identifiable fossils are bra-
chiopods and crinoids; extensive
dissolutioning; poorly exposed.
(14,477 feet)

Wackestone, dark—-gray to green-
ish-gray, with thin, discontinuous
blebs of fossils and intraclasts,
clayey; identifiable fossils are cri-

30

44

26

noids and brachiopods. (14,553
feet)

Grainstone, wackestone, and
mudstone, grayish-green, fossilif-
erous, thin-bedded and inter-
bedded, capped by green, lami-
nated shale. ( 14,566 feet)

Grainstone, packstone, and chert,
gray to greenish-gray, cross-
bedded; thick, oolitic, and intra-
clastic beds at the base grade up
to thin, planar beds of fossiliferous
limestone and thin, discontinuous
beds of dark-reddish-brown chent;
poorly sorted. (14,637 feet)

Lower member (274 feet)

28

27

26

25

24

23

21

6

12

15

41

37

36

Mudstone, dolostone, and shale;
mudstone is rubbly zone of light-
gray to brown, football-size intra-
clasts; appears to be grayish-
green shale with calcite partings.
(14,678 feet)

Mudstone, greenish-gray, thick-
bedded; some bedding planes
red. (14,689 feet)

Cavern, limestone walls. (14,699
feet)

Mudstone, light-gray to brown,
thin-bedded; base has some red
rip-up clasts. (14,717 feet)

Cavemn, limestone walls. (14,742
feet)

Grainstone to wackestone, red,
green, pink, and gray; fine-grained
intraclasts; medium- to thick-
bedded. (14,777 feet)

Packstone, wackestone, and mud-
stone, gray to dark-gray, oolitic,
fossiliferous, intraclastic; crinoid
plates common; top 4 feet is a
wackestone with red bedding
planes. (14,788 feet)

Packstone to grainstone, medium-
gray to very light-gray, thick- to
thin-bedded, oolitic, intraclastic,
crossbedded, with thin planarbeds
of fragmented fossils, including
clams. (14,849 feet)

Packstone to grainstone, light-
gray to very light-gray, oolitic, in-
traclastic, with some euhedral
crystals of calcite; thick beds
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18

17

16

15

12

20

23

15

24
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grade upward to very thin beds; up-
per part has vugular porosity filled
with euhedral cailcite crystals;
capped by a thin red mudstone
bed. (14,905 feet)

Packstone, light-gray, oolitic, with
thin to thick euhedral crystals of
calcite. (14,952 feet)

Packstone to grainstone, white to
medium-gray, thick-bedded,
crossbedded, oolitic; fossils in-
clude brachiopods and other skel-
etal debris; capped by 0.7 foot bed
of green mudstone. (14,974 feet)

Packstone, light-brownish-gray,
oolitic, with some euhedral crystals
of calcite, extensive karst develop-
ment; top of unit is yellowish green.
(15,006 feet)

Packstone, medium-gray, oolitic,
with thick to very thick crossbeds.
(15,045 feet)

Dolostone, brownish-gray to yello-
wish-brown, with coarse crystals,
extensive karst development.
(15,070 feet)

GRAINGER FORMATION (296 feet)
Floyds Knob Bed (22 feet)

14

13

12

10

22

82

110

Siltstone and shale; greenish—gray
siltstone at the base grades up-
ward to bright-green shale; lenticu-
lar, reddish-brown chert common
throughout; slightly calcareous.
(15,108 feet)

Siltstone, medium-gray in lower
half (50 percent) and red in upper

_half (50 percent); conjugate frac-

ture sets, thick to very thick
bedded; some greenish stringers
near the top. (15,150 feet)

Shale, medium-greenish-gray (90
percent) and red (10 percent), silty,
thick-bedded, with conjugate frac-
ture sets; siderite nodules com-
mon—those near top appear to be
oxidizing to hematite; thin inter-
bedded red and greenish-gray
shale near the top. (15,278 feet)

Shale, silty, light- to medium-gray
and red, thick-bedded; siderite
nodules common. (15,486 feet)

9 4 Shale, silty, medium-greenish-
gray, medium~ to thick-bedded; -
greenish stringers near the top.
(15,497 feet)

8 27 Shale, medium-gray; pyrite and
siderite common; siderite more
common upward as pyrite de-
creases; very thin laminations at
base grade to thin beds upward.
(15,504 feet)

7 4 Shale, dark-gray, with thin beds of
pyrite, conchoidal fracture, thin-to
medium-bedded. (15,553 feet)

CHATTANOOGA SHALE (226 feet)

6 68 Shale, dark-grayish-green 1o
black, fissile; siderite common;
fracturing ubiquitous, but slightly
more resistant than the underlying
unit. (15,560 feet)

5 136 Shale, gray and black, highly frac-
tured. (15,660 feet)
4 22 Shale, gray (60 percent) and black

(40 percent); kink bands common;
highly fractured. (15,829 feet)

UNCONFORMITY
HANCOCK DOLOMITE (12 feet)

3 12 Dolostone, hematite, and siderite;
dolostone, dissolutioned, orange,
with iron-stained clay and large
chunks of hematite and siderite.
(15,859 feet)

UNCONFORMITY
ROCKWOOD FORMATION (44 + feet)

2 18 Dolostone and shale; 90 percent
carbonate, 10 percent shale; highly
distorted; upper 2feet highly biotur-
bated: (15,876 feet)

1 26 Shale and dolostone, thin- to dis-
continuously bedded; shale (75
percent), greenish—gray, with con-
choidal fracture, weathers to fissile
chips; dolostone (25 percent),
greenish-gray, laminated, resis-
tant, with low-amplitude ripples on
tops of beds; sole marks promi-
nent, including prod marks and
bounce casts oriented to portal of
tunnel. (15,923 feet)
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Portion of Middlesboro South 7.5-minute quadrangle showing location of the pilot tunnel
through Cumberland Mountain.
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