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INTRODUCTION

Purpose

This study is concerned primarily with middle Carboniferous
molasse sediments in the Central Appalachian Basin exposed on the
Cumberland overthrust sheet in southeastern Kentucky (Fig. 1 and 2).
In this portion of the basin, shelf carbonates of Mississippian age
are separated from terrigenous sediments of Pennsylvanian age by a
sequence of thin limestones, varicolored shales, siltstones and
sandstones ranging from sublitharenites and quartzwackes to quartzaren-
jtes (Fig. 3). The lower part of the sequence, which contains these
thin limestones, varicolored shales and siltstones has been named the
Pennington Formation (Campbell, 1893, p. 37). The upper part is known
as the Lee Formation (Campbell, 1893, p.39), and consists mostly of
quartzarenites with minor amounts of siltstone, shale and coal. More
recently, the lower three members of the Lee Formation, which are
present only in the northeast end of the overthrust sheet, are thought
to be correlative with the Pocahontas Formation of West Virginia
(Englund and Delaney, 1966, p. 49).

The objectives of this study are to:

1. Establish the depositional environments of this clastic
sequence which records the transition from marine shelf car-
bonates (Mississippian).to fluvial-deltaic, coal bearing
sediments (Pennsylvanian).

é. Locate, if possible, the position and Aetermine the character

of the Mississippian-Pennsylvanian systemic boundary.
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3.

Se

Investigate the paleohydraulics of sand deposition in the
Pennington and Lee Formationms.

Develop a comprehensive regioﬁal model for middle Carboniferous
sedimentation in the Central Appalachian Basin.

Characterize the middle Carboniferous molasse of the Appalachian
Basin on the basis of provenanée and sediment dispersal; and
find some modern examples similar in size and sediment
dispersal. |

Explain, where possible, the relationship of the middie
Carboniferous sediments in the Appalachian Basin to middle
Carboniferous sediments in other Carboniferous Basins in

eastern North America in terms of modern plate-tectonic models.
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Background For Objectives

In this section, the background and motivation for each of this
study's six objectives are briefly discusses.

Objective 1 - Establish the depositional environments of the clastic
sequence which records the transition from marine shelf
carbonates (Mississippian) to fluvial-deltaic coal
bearing sediments (Pennsylvanian).

The first geologists to study the middle Carboniferous sediments
of the Cumberlaﬁd overthrust sheet were employed by state surveys to
do field mapping primarily to determine the distribution of the

Pennsylvanian coal bearing formations (Table 1). These geologic maps
and reports were made for several counties, some of the more notable

having been prepared by Harnsberger (1919), Giles (1921) and Eby (1923).

Similar reports were made by Campbell (1893) and Ashley and Glenn

(1906). Regional correlations in the Central Aﬁpaladhian Basin based

on the data of these early workers were made by Butts (1940) and

Wanless (1939).

These first maps and basin-wide correlations were the starting
point of a geologic mapping program conducted by state surveys and
the U.S. Geological Survey. To date,‘almost all of the Cumberland
overthrust sheet has been mapped on 7-1/2' geologic quadrangles by the
U.S. Geological Survey.

For the most part, the middle Carboniferous sediments are econoni-

éallyvunimportant, lacking well-developed limestones and coals, and
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have not received much attention from industry. Studies conducted for

economic reasons are those of Wilpolt and Marden (1959), McGrain and

Crawford (1959), Froelich (1973) and M. Miller (1974).

Three sedimentological investigationms have been completed: Vail
(1959) studied the Pennington Formation, ﬁitchum (1954) studied the
Lee Formation, and Miller (1974) studied both the Pennington and Lee
Formations and demonstrated the interfingering of these two litholo-
gies in the subsurface. These three workers interpreted the Pennington
Formation to represenﬁ deposition in various marine, shoreface and
tidal environments. Mitchum (1954) and Miller (1974) interpreted the
sandstones éf the Lee Formation to represent deposition in predominant-
ly marine and shoreface environments. Paleocurrent studies published
over the last 20 years for the sandstoﬁes of the Lee Formation, or
their equivalents throughodt the Appalachian Basin, suggest both
fluvial and littoral transport environments (Table 1). Several studies
have been published in the last few years describing sandstones and
criteria for determining their depositional environments; for example:
Klein (1970), Le Blanc (1972), Pettijohn, et al. (1972, Ch. 11), and
Shelton (1973). To date, comparatively little of this methodology has
been applied to the sandstones of the Lee Formation.

Objective 2 - Locate, if possible, the position and determine the
character of the Mississippian—Pennsylvanian systemic
boundary.

An erosional unconformity separates much of the Pennsylvanian
éectidh from un&érlying strata in the United States (Wanlesé; 1962,

p. 13). This erosional unconformity represents the systemic boundary,
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js identified by contrasting lithologies and is extensively
lexposed in the Illinois Basin and aloné the nofthwestern (Ohio)
and northern (Pennsylvania) margins of the Appalachian Basin. In
the Central Appalachian Basin, betWeen_Mississippian strata at

the base, determined from faunal associations in the carbonates,
and Pennsylvanian strata at the top, as.determined from spore~
polien floras in coals, is a long sequence of variable but
predominantly siliciclastic 1itholdgiés which, along the
Cumberland overthrust sheet, range in total thickness from 480 to
950 meters. Within this sedimentary sequence is the Mississippian-
Pennsylvanian boundary. Regional maps, and subsurface cross-
sections perpendicular to the basin axis, show a ;ithologic
boundary which may or may not be the systeﬁic boundary; it is at
best a feature difficult to observe in the field in outcrops of the

Cumberland overthrust sheet (Englund, 1968, P1l. 5; Miller, 1974,

Pl. 2) .
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Early workers thought the systemic boundary was identified as an
erosional unconformity, recorded by a sharp change in lithology (White,
1886, p. 22). This hypothesis has much merit and can be demonstrated
along portions of the western margin.of the Basin (Sheppard, 1964).
Others think the boundary is not lithologic, but rather crosses several
lithologies and depositional environments (Englund, 1969, p. 21; Miller,
1974, p. 110). The interbedding of tﬂe Pennington and Lee lithologies,
which would argue against the boundary being lithologic in character,
has been demonstrated along both the western (Sheppard and Dobrovolny,
1962, p.45) and eastern margins of the basin (Englund, 1968, p. 14;
Miller, 1974, p. 110). A few think there is mo systemic boundary
between the Mississippian and Pennsylvanian and that observed paleonto-
logical differences are the result of the flora and fauna being
restricted to particular depositional environments (Ferm, 1974, p. 94;
Horne et al, 1974, p. 98)(Fig. 4).

Objective 3 - Investigate the paleohydraulics of sand deposition in the
Pennington and Lee Formations.

Physical processes of sedimentation have been studied by numerous
workers, two reviews being those'of Allgn (1970a) and Pettijohn
et al. (1972, Ch. 9). Numerous flume studies have investigated the
relationship between grain-size, water depth, velocity, slope and
sedimentary structures (Middleton, 1965). Extensive work on modern .
rivers has resulted in the derivation of empirical relationships between
channel depth, width, sinuosity, discharge, channel length and drainage

basin'area (Schum, 1968; Allen, 1970a; and Joering, 1972).
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Thus far, only a few attempts have been made to interpret paleo-
hydraulic conditions of sandstone deposition from outcrop data, these
being the studies of Cotter (1971), Friend and Moody-Stewart (1972),
Leeder (1973), Derr (1974) and Miall (in press).

Objective & — Develop a comprehensive regional model for middle Carboni-
ferous sedimentation in the Central Appalachian Basin.

Present regional sedimentation models for the middle Carboniferous
of the Central Appalachian Basin reflect the different interpretation
for the depositional environments of the Lee Formation sandstones.

_After completing a detailed analysis of the Lee sandstones on the
Cumberland overthrust~sheet, and visiting several localities
throughout the Appalachian Basin described by edrlier workers, it
should be possible to synthesize'these works, with perhaps some
reinterpretation, into a consistent regional sedimentation model.
Objective 5 - Characterize the middle Carboniferous molasse of the
Appalachian Basin on the basis of provenance and sediment
dispersal; and find, if possible, some modern examples
similar in size and sediment dispersal.

Molasge basins can be characterized by size, setting, £ill, énd
various sediment dispersal patterms, which include longitudinal, lateral
from predominantly one or both sides, and radial. Additional paleo-
current data, ahsynthesis of the published studies (Table 2) and
accomplishment of objectives 1 and 4 should lead to a characterization

of middle Carboniferous molasse sediments in the Appalachian Basin. 1t

is also likely that some modern molasse basins are similar in size,
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setting and dispersal system to that of the Appalachian Basin during

the middle Carboniferous, and can be sﬁbsequently used as modern

analogues.

Objective 6 - Explain, if possible, the relationship of the middle
Carboniferous sediments in the Appalachian Basin to middle
Carboniferous sediments in other Carboniferous basins in
eastern North America in terms of modern plate-tectonic
models.

The relationship between tectonics and sedimentation, and the
development of present day plate-tectonic theory, lead to discussing
the relationship of several sedimentary basins to one another. Middle
Carboniferous sediments are found in the preserved portion of several
Carboniferous molasse basins in eastern North America (Fig. 1). A
review of the literature indicates that -these basins can be character-

ized by differences in their f£ill, sediment dispersal, interpreted

depositional environments and tectonic setting.

Reproduced with permission of the copyright owner. Further reproduction prohibited without pérmission.



ﬁethodologz

The sandstones of the Pennington and Lee Formations are well exposed,
forming resistent hogbacks on Pine and Cumberland Mountains. Fieldwork
consisted of collecting data at stations spaced 6 to 10 kilometers
apart along Pine and Cumberland Mountains. Data collected included
paleocurrent information; vertical profiles of bedding type, grainsize
and clay mineralogy. Samples were collected for petrology and
paleontology studies. The combination of poor siltstoné and shale
exposures, except in some highway and railfoad cuts, and limited subsuxface

' data restrict the construction of lithologic and facies maps. Only
in the extreme northeast portion of the overthrust, where the Lee
Formation overlies the coal bearing Pocahontas Formation, are there
sufficient subsurface core data for construction of lithofacies maps
(Miller, 1974; Englund, 1974) .

Analysis of the samples in the laboratory was conducted simultan-—
eously with the construction of cross sections using data obtained from
fieldwork, drillers logs, cutting descriptions and published sections
(Fig. 5). Conodonts were separated from limestones and calcareous
shales and sent go Dr. Carl Rexroad, Indiana Geological Survey, for
jdentification. Maceratisns were made of the coals for the determination
of spore-pollen assemblages by Dr. Russell Peppers, Illinois State
Geological Survey, and Dr. Robert Kosanke, U.S. Geological Survey.

These data were used to determine the internal stratigraphy,

petrology and depositional'environments of the sandstones.
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TABLE 1 :

PREVIOUS INVESTIGATIONS OF
MIDDLE CARBONIFEROUS SEDIMENTS
ON THE CUMBERLAND OVERTHRUST

County Reports . ‘ Coal Field Reports
Crandall (1889) ' " Campbell (1893)
Butts (1914) Ashley and Glenn (1906)

Harnsberger (1919)
Giles (1921, 1925)
Wentworth (1922)
Eby (1923)

- Sedimentologic

Mitchum (1954)
Vail (1959)
Miller (1974)

(:;. Stratigraphic Correlation

Butts (1940)

Wanless (1946)

Wilpolt and Marden (1959)
Englund . (1964, 1968, 1969)
Englund and Delaney (1966)
Miller (1969)

Miller (1974)

Econonic
McGrain and Crawford (1955) Silica Sands
Wilpolt and Marden (1959) 0il and Gas .

Froelich (1973) 0Oil and Gas
Miller (1974) Coal

Q
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FIGURE 1. Middle Carboniferous basins in the eastern United States.
The Appalachian Basin has been divided into three
sub-basins (Wanless, 1967, Fig. 2). Maximum thickness
of middle Carboniferous sediments in the Central
Appalachian Basin is 1100 meters. The' smaller Woonsocket
and Scituate basins, west of the Narragansett Basin are
not ghown.
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Location of the Cumberland overthrust sheet and the

Pine Mountain overthrust fault, which is considered

to have a lateral displacement to the northwest ,

ranging from 6.4 kilometers along the Russell Fork . ,
Fault to 17.6 kilometers along the Jacksboro Fault. . (:)
(Englund, 1968, P-. 30; Miller, 1974, p. 15) '
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FIGURE 3. Generalized stratigraphic section of middle/ Carboniferous
‘ sediments on the Cumberland overthrust sheet. Thickness
varies from 480 meters at Jellico, Campbell Co., Tennessee,

P

to over 950 meters st Little Stone Cap, Wies Co., Virginaz.
s ¥ 5
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FIGURE 4. Diagrammatic sections showing possible types of systemic :
boundaries: . ‘ . ¥

A. Lithologic boundary at erosional contact (vhite, 1886;
Shepard, 1964),
B. Boundary crosses several lithclogies (Eaglund, 19743
M. Miller, 1974) and
C. No systemic boundary (Ferm, 1974; Horne et al., 1974).
Another possible type of systemic boundry, not deemed likely
here, is for it to occur entirely within one lithology. .

~
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FIGURE 5. Location of wells and measured sections used to construct
isopachs and cross sections. Numbered control points are

listed in Appendix 1. Section descriptions are in Appendix 2.
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STRUCTURAL AND STRATIGRAPHIC SUMMARY

Cumberland Overthrust Sheet

One of the major structural features in southeast Kentucky is the
Cumberland overthrust sheet, which is warped into two broad folds, the
Middlesboro syncline and the Powell Valley anticline. The Middlesboro
syncline is bounded on the southeast by Cumberland Mountain and to the
northwest by Pine Mountain, along the trace of the Pine Mouﬁtain over-
thrust fault.

The Pine Mountain overthrust fault, at the base of the CumSerland
overthrust sheet, extends from the Jacksboro fault in Tennessee north-
east through three states and terminates at the Russell Fork  fault in
Virginia, approximately 200 km away (Fig. Z). The overthrust fault at
the southwest end of the overthrust sheet is composed of several
imbricate faults which dip to the southeast and converge to a single

V bedding plane fault in the subsurface (Englund, 1968, p. 28).

The Jacksboro and Russell Fork fault zones are strike~slip fault zonesi
0.8 to 1.6 km wide. Movement of the overthrust sheet was approximately |
17.6 km to the northwest along the Jacksboro fault (Englund, 1968,

P. 30) and 6.4 km northwest along the Russéll fork fault (1. Miller;
1974, p. 15). The Rocky Face fault, located near the Tennesse—Keﬁtucky
boarder, is a high angle normal fault with the upthrown side (northeast)

being slightly displaced to the northwest.
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Nomenclature

The Cumberland overthrust sheet lies in three states resulting
in three different stratigraphic nomenclatures for the various members
of the Pennington and Lee Formatioms. Early correlations were made by
Wanless (1946) and more recently by Englund (1968) and M. Miller (1974).
A correlation of the middle%Carboniferous sediménts on the Cumberland
overthrust sheet, which will be used in this report, was constructed
from a synthesis of these and other works (Table 3).

The name Penningtonvwas originally applied by Campbéll (1893,
P- 28) to the sequence of thin limestones, varicoloired shales and
siltstones and quartzwackes that occur between the massive carbonates
(Newman-Greenbricr) and the conglomeratic quartzarenites (Lee) at
Big Stone Gap, Lee County, Virginia. In 1896, Campbell and Mendenhall
applied the names Hinton Formation, Princeton Sandstone and Bluestone
Group to strata occupying a similar stratigraphic position along the
New River in West Virginia, without indicating their relationship to
Campbell's earlier Pennington F&rmatimn. Wilpolt and Marden (1949)
remeasured the section of Campbell and Mendenhall and correlated the
Pennington with the Hinton,_Princeton and Bluestone. Harris and
Miller (1958) raised the name Pennington to group status, thereby
including the Hinton qumation, Princeton Sandstone and Bluestone
Formatién and equating these three to the stratigraphic sequence of

Campbell (1893).
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The upper part of the Bluestone Formation was recognized by
Englund (1968), and more recently by M. Miller (1974) in the subsurface
between Big Stone Gap and Elkhorn City (Fig. 6) as the coal bearing

. Pocahontas Formation of Campbell (1896, p, 3).

Southwest of Pennington Gap, the Pennington is divided into two
unnamed members. Based on comparison of lithology and stratigraphic
position, the unnamed lower member is correlative with the Stoney Gap
Member of the Hinton Formation and the upper menmber with the remainder
of the Hinton, the Princeton and Bluestone Formations. The Pinnacle
Overlook;sandstone is correlative with the Princeton (Fig. 6).

The ;ame Pocahontas was originally applied by Campbell (1896, p. 3)
to a coal-bearing sequence of sandstone, siltstone, shale and underclay.
It was not recognized in the Cumberland overthrusf Qheet by earlier
workers as a mappable unit and was included in either the Pennington
(Wentworth, 1922; Wilpolt and Marden, 1959) or Lee Formations
(Eby, 1923; Butts, 1940). Later detailed mapping has indicated the
Pocahontas Formation is present in outcrop (Englund and Delaney, 1966,
Fig. 2) and can be traced into the subsurface (Englund, 1974, Fig. 1;
M. Miller, 1974, Fig. 23).° - |

The name Lee was originally applied by Campbell‘(1896, p. 36) to
a sequence of massive conglomeratic quartzose sandstone exposed on
Cumberland Mountain in Lee County, Virginia, and was subseduently
applied to 1ithologically similar sandstones at the same stratigraphic

position throughout Virginia and southeastemn Kéntucky (Table 3).

i
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FIGURE 6. Relationship between Pennington Group, Pocahontas Formation
and Lee Formation. The Pocahontas has been shown to be
equivalent, in part, to the three lower members of the Lee
Formation (Englund and Delaney, 1966, p. 49). The uncon=
formity at the base of the Middlesboro Member, which
truncates the Pocahontas (or equivalents) southwest of
Middlesboro, is recognized throughout the overthrust sheet.
The unconformity at the base of the Naese Sandstone Member,
southwest of Middlesboro, truncates the Bee Rock Sandstone
Member, and replaces it as the uppermost member of the Lee
Formation.
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DESCRIPTIVE STRATIGRAPHY

The outcrop stratigraphy for the Cumberland overthrust sheet has
been summarized and described by previous workers (Table 1). These<
descriptions are supplemented by information contained on numeroﬁs
U.S. Geological Survey quadrangle maps, and sections measured by the
writer at localities 14, 18, 25, 27 and 31 (Fig. 5 and Appendix 2).

Understanding the lateral variation within the Pennington, Poca-
hontas and Lee Formations and their intertonguing relationships, as
determined from outcrop studies and subsurface cross sections, is
essential in attempting to determine the relationship between lithology
and the nature of the Mississippian-Pennsylvanian systemic bounda;y.
In both outcrop and subsurface studies, the basal sandstones of the
Pocahontas tongue out and interbed with grayish-red and greenish-gray
shale and siltstone in the Bluestone Formation of the Pennington Group.
The intertonguing of the Pennington and Lee Formations involves the
northwestward pinching out of the quartzarenite sandstone tongues of
the Lee into varicolored shales, siltstones and quartzwackes of the
Pennington.

Thé Jocation of measured sections and wells used éo preparé éross

sections and isopach maps are listed in Appendix 1 and shown in Figure 5.
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Pennington

The Pennington Formation is recognized everywhere along the
outcrop primarily by its characteristic ripple bedded fine gfained
sandstones, interbedded varicolored shales and argillaceous limestones.

' Near the upper part of the Penniﬂgton occur the Princefon-Pinnacle
quartzarenite sandstone bodies, in part conglomeratic, which are 5
litﬁologically similar to the sandstones of the Lee and hence referredl
to as tongues of the Lee (Fig. 6). These tongues, which are present
throughout much of the overthrust sheet (Fig. 7, 8, and 9), appear to
pinch out to the northwest and do not seem to be connected to the over-
lying Lee sandstones.

Isopachs of the interval between the Kewman Limestone and the first
widespread sheetlike conglomeratic quartzarenite of the Lee (Fig. 10)
show a Pennington interval ranging between 135 and 400 meters thick. Thg
general thickening to the northeast is caused by an increasing thickness
in the Hinton or lower member and thinning of the Bluestone or upper

. member to the southwest. ‘This decrease is due to thinning of individual
beds and truncation by erosion which preceded deposition of the
conglomeratic quartzarenite.;

Southwest of Pennington Gap, the lower member, the Stoney Gap
Sandstone of the Hinton Formation, is the most persistant part of the
formation (Fig. 6). Basal beds consist of thick bedded, massive, light
gray, fine to medium sandstone overlain by rippie marked beds of light
gray to olive, very fine sandstone interbedded with'greenish¥gray shale.

Marine fossils are locally abundant as bryozoan-crinoid wackestones.
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Clay pebble conglomerates are common where the sandstones are crosshedded.'
The upper member is much more diverse, probably due to its inter-
fingering with the quartzarenite tongues. The upper member may be
divided locally into five uniés (Egglund, 1968, p. 13): three shales

~ separated by two sandstones. The shales are eithexr oliye or gray and 
contain gray-red siltstones, A gray argillaceoué limestone as much as
three meters thick occurs in the lowest of the units and is correlatiye
with the Little Stone Gap Member of the Hinton. This is the Avis Lime-
stone of Reger (1926). Thin, unnamed coals and underclays are present
in the uppermost of these five units.

fhe intervening sandstones are thin- to thick-bedded, fine grained,

micaceoug, light gray and rippled. Where thc sandstones grade imto ihe Leez
quartzarenites, they become more massive and coarses graiﬂed (Fig. 12).

- Conodonts sampled from the Little Stone Gap Member of the Hinton
Fdrmation, the Bluestone Formation or correlative argillaceous iimestones
at localities 14, 18, 20, 31 and Pound Gap, Wise County, Virginia
indicate an Upper Mississippian (Middle Chester) age (C. B. Rexroad,
1975, written comm., Table 4). Spore and pollen analysis of the strati-
graphically lowest coals, which occur above the conodont samples, from
the upper part of the Pennington Fgrmation, are Pennsylvanian in age
(R. A. Peppers, 1974, written comm., Table 5).

Good exposures of the Pennington Formation can be seen at

localities 14, 18 and 29.
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Pocahontas

The Pocahontas is present only in the northeast end of the Cumber-
land overthrust sheet and ranges in thickness from 0 to 150 meters
(Fig. 6). The base of the Pocahontas interfingers with the Pennington

"and is truncated at the top by the conglomeratic quartzarenites of the
Lee (M. Miller, 1974, p. 37). The formatiun thiﬁs to the northwest by
truncation and is not recognized on Pine Mountain.

Sandstones constitute about 70 percent of the formation and have
two distinct distribution patterns (Englund, 1974, p. 33). Linear
quartzose sand bodies, as much as 45 meters thick and 5 to 13 km wide,
composed of well sorted, fine to medium grained sand occur in the sub-
surface near the northwestern margin of the formation and trend
approximately northeast-southwest (Englund, 1974, p. 37). Lbbate_
quartz—- and lithicwackes, orientated_in a bifu?cating pattern to the
northwest, contain lenses of quartz pebble conglomerate,'but are
predominantly light gray, medium to coarse grained, ﬁoorly sorted sand
(M. Miller, 1974, p. 37). The reméinder.of the formation is composed
of light gray siltstone, gray or black shales and as many as 11 coals
with associated underclays. Eight of these coals are mined commercially
in both shaft and strip mine operations.

The Pocahontas Formation includes the oldest Pennsylvanian strata
of a continental facies in the Appalachian Basin known to contain the

fossil plant Neuropteris pocahontas (Read and Mamay, 1964, p. K2).

Similar plant fossils occur in the intertonguing beds of the Bluestone

Formation'(Englund, 1974, p. 33). Marine fossils in the Bluestone
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below the basal tongue of the Pocahontas are reported to have an
Upper Mississippian (Chester) age (Englund, 1974, p. 34).
Good exposures of the Pocahontas can be seen at localities 34 and

36.
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The formation is present throughout the study area and thins to
the northwest by the pinching out of lower beds (Figs. 7 and 8). To
the northeast along Cumberland Mountain, the Lee sandstones interfinger
with the coal bearing New River Formation (Fig. 9 and Table 3).

During the geologic mapping program, the formation has been divided
locélly into as many as 8 members; 6 composed of conglomeratic, fine
to coarse grained quartzose sandstones and two composed of fine grained,
thin bedded sandstones with gray-black shales, underclays and coals.

The lowest three members (Pinnacle Overlook, Chadwell and White Rocks)
are congfomeratic quartzose sandstones that interfinger with the
Pennington and Pocahontas (Fig. 6).

The most common sedimentary structure of the conglomeratic sand-
stones are planar and trough crossbedding; massive bedding, even lamina—-
tion and ripple bedding are present in lesser amounts. Ripple bedding
and crossbedding are the characteristic feature of ;he sandstones in
the 2 coal bearing members (Dark Ridge and Hénsley) of the formation
(Fig. 13).

Because the Lee is recognized as a rock stratigrabhic wnit with
lower and upper contacts defined by conglomeratic quértzose sandstones,
the bounding contacté are not always defined by the same member. The
base is usually defined by the Chadwell or Middlesboro Member, with the
Pinnacle being referred to as a tongue. The Naese Sandstone Member

(Fig. 6) is present only in the southwest end of the overthrust, where
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an

it is recognized as the uppermost member along Pine Mountain. Along
Cumberland Mountain, the Naese thins out toward the east, and northeast
of Cumberland Gap, the uppermost member is the stratigraphically loﬁer

" Bee Rock Sandstone. The Bee Rock is truncated southwest of Pinéville
and Cumberland Gap by a regional unconformity at the base of the Naese
Sandstone (Englund, 1968, p. 18).

The Chadwell, White Rocks and Dark Ridge Members are present only
in the central and northeast sections of the overthrust sheet and may
be in part correlative with the Pocahontas Formation (Englund and
Delaney, 1966, p. 49), (Fig. 6).

Fielhwork and cross sections prepared by the writer indicate that
the Pocahontas Formation is correlative with the Chadwell, White Rocks
and Dark Ridge Members of the Lee Formation, as proposed by Englund
and Delaney (1966). These three lower members of the Lee, unconformably

.overlain by the Middlesboro Member of the Lee, are truncated southwest
of Middlesboro and Pineville. Because the Pocahontas is correlative
with the lower part of the Lee, throughout the rest of this paper the
Pocahontas will be included in the Lee and future discussion will be
in terﬁs of the Pennington and Lee Formationms. When ﬁécessary,.séecial
reference will be made to the Pocahontas Formation (the lower members

of the Lee).
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CONODONTS OF THE UPPER PENNINGION FORMATION
(Identified by Dr. C. B. Rexroad, Indiana Geological

Survey. Sample locations are given in Appendix 4B.
All samples dated Chesterian.)

Big Stone Gap I-75, Jellico
Wise Co., Va. Campbell Co., Tenn.
Henry Bowlin Gap - Pound Gap
Whitley Co., Ky. Wise Co., Va.

Cavusgnathus X X X

C. unicornis X X X X

C. convexa X

C. regularis ¥ X
Gnathodus

G. commutatus

G. bilineatus
Hibbardella

H. milleri X X
Hindeodella - X X X
Kladognathus

K. primus X
Lambdagnathﬁs X X X
Ligonodina

L. levis X X

L. tenuis X X X
Magnilaterella X X X
Neoprioniodux

N. camurus X X

N. peracutus X

N. singularis X X

X

N. tulensis X
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Ozarkodina L X
Spathognathodus
S. campbelli X

S. cristula
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TABLE 5 :

SPORE ASSEMBLAGES OF LOWEST COALS

(Identified by Dr. R. A. Peppers, I11inois Geological Survey and
pr. R. M. Kosanke, U. S. Geological Survey, Denver. Sample
jocations can be found in Appendix 4A.)

Maceration 2195B
LaFollette, Campbe’l Co., Tennessee

APICULATISPORIS sp.

CALAMOSPORA sp.

DENSOSPORITES sp. (ring)’

GRANULATISPORITES PALLIDUS Kosanke

LYCOSPORA GRANULATA Kosanke

L. PSEUDOANNULATA Kosanke

L. MICROPAPILLATA (Wilson and Coe) S. W. and B.
PUNCTATISPORITES sp.

RAISTRICKIA sp. (fragment)

SAVITRISPORITES NUX (Butterworth and Williams)

S. sp. Smith and
SCHULZOSPORA RARA Kosanke Butterworth.

Age: Pennsylvanian
Maceration 2095
Henry Bowlin Gap, Whitley Co., Kentucky

CRANULATISPORITES sp.

LYCOSPORA cf. L. PSEUDOANNULATA Kosanke
PUNCTATISPORITES sp.

SCHULZOSPORA RARA Kosanke

Age: Pennsylvanian
Maceration 2121
Pound Gap, Wise Co., Virginia

CRASSISPORA KOSANKET (Potonie and Kremp)
GRANULATISPORITES cf. G. PALLIDUS kosanke
LYCOSPORA GRANULATA Kosanke

L. MICROPAPILLATA (Wilson and Coe) S. W. and B.
L. PSEUDOANNULATA Kosanke

Age: Pennsylvanian

i
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FIGURE 7. Cross-section A-A', through the southwestern part of the
Cumberland overthrust sheet, is approximately perpendicular
to the axis of the Appalachian Basin (see Fig. 5). The
pumbered sections are located in Appendix 1. Open circles
represent well logs, solid circles represent outcrop data.
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FIGURE 8. Cross-section B-B', through northeastern part of the over-
thrust sheet. Note the truncation of the red and green
siltstone unit to the northwest by the conglomerate sandstone.
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FIGURE 9. Cross-section C-C', along the strike of Cumberland Mountain
(see Fig. 5). The base of the Bee Rock Sandstone Member was
considered horizontal for this construction (location numbers
22-32)., The apparent northeast pinching out of the conglo-
meratic sands is due to their position slightly northwest of
the area shown in the cross-section.
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FIGURE 10. Thickness of the interval between the top of the Newman
Limestone and the base of the Middlesboro Member of the
Lee Formation. Mapping by the U. S. Geological Survey
indicates a widespread erosional unconformity at the
base of the Middlesboro. The interval shown includes
the Pennington and Pocahontas Formations.

FIGURE 11. Thickness of the Lee Formation from the base of the’
Middlesboro Member to the Naese Sandstone Member. This
interval generally thickens to the southeast, as does
the interval shown in Fig. 10.

.
]
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FIGURE 12. Distribution of bedding types in the sandstones of the
Pennington, Pocahontas and Lee Formations. The Pennington
is predominantly ripple bedded. The Pocahontas and Lee
Formations are mostly crossbedded. Based on 3157 meters of

section.

FIGURE 13. Crossbed thickness distributions for sandstones in the
Pennington, Pocahontas and Lee Formations. Number of beds
measured are 122, 61 and 1025, respectively. Note the
apparent similarity of the three distributions.

-
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SEDIMENTOLOGY AND DEPOSITIONAL ENVIRONMENT

In the preceding chapter the sandstones of the Pennington and
Lee Formations were described and characterized by their lithology and
sedimentary structures (Fig. 13). It is clear from thgse general
descriptions that there are several types of sandstones, and such an
observation prompts one to ask, "How many different types are there?
How are different types related to one another? How are each of these
types distributed throughout the Pennington and Lee Formations?"

Let us begin with a short review of the 'state of the art' of

environmental recognition in sandstones.

Recognizing Depositional Environments

Noteworthy studies published in the last five years describing
sandstones and criteria useful for determining their depositional
environments include those of LeBlanc (1972), MacKenzie (1972), Petti-
john et al. (1972, Ch. 11), Shelton (1973), and Ginsburg (1975). A |
considerable amount of data has been obtained fo: terrigenous sgpdstones
deposited in various depositional environments, relaeed t§ boundary i
character, associated lithologies and their verticai succession, the
latter including sedimentary structures, directional properties, grain-
size and composition. These data are best summarized in verticai profiles,'
and generalized models have been developed for sand bodies with knoﬁni

depositional environments (Table 6).
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Such data, most of which are gathered in the field, can be
supplemented with grainsize probability curves and their derived textural
parameters, detailled petrographic work to determine composition, and
occasionally mechanical~log characteristics from nearby wells which show
a vertical succession of sandbodies.

Several workers in the last 30 years have thought that
sediment texture is 'process' dependent and can be used to determine
depositional environments (Table 6). .Shape of the grainsize log-
probability curve and bivariate plots of several texturel parameters
have been used with variable success to distinguish éepositional
environments (Table 6).

Some workers employ various mathematical and statistical tachniques
to analyze descriptive data as an aid in the interpretation of depo-
sitional environments (Table 6). These techniques include discriminant
function analysis, cluster analysis and factor analysis of both
compositional and textural parameters. A more recent technique is the
mathematical analysis of the bed-thickness distribution curve.

My approach to interpreting the depositional environments of the
sandstones in the Pennington and Lee Formations is first to assign the
sandstones to depositional environments on the basis of sedimentary
structures, internal organization and bounding lithologies determined

from vertical profiles measured in the field, and secondly to use -
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probability curves, wireline logs, and various mathematical and

statistical techniques to test and possibly refine these initial

environmental assignments. |
A summary of the field and laboratory procedures is given in

Appendix 3.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.

39



ho

Environment Of Deposition

Sand bodies which occur within the Pennington and Lee Formations
can be classified in a Predominantly regressive sequence of marine,
shoreface, tidal and fluvial environments, on the basis of sedimentary

- Structures, internal organization and associated lithologies (Figs. 14

to 21). The sandstones of these four environments are described below.

Marine: Marine sandstones within the Pennington Formation on the
overthrust sheet have transitional bases and tops, are interbedded with
abundantly burrowed gray siltstones and shales containing a marine éauna
and thin bedded, carbonate wackestones. These sands show no apparent
vertical variation in grainsize except where overlain by coarser shore~
face sandstones. The sandstones range in thickness from 2 to 30 meters;
sandbodies greater than 20 meters thick can be traced for several kilo-
meters along Pine and Cumberland Mountains and through the subsurface.
because of their sheet-like geometry. Marine sandstones are predomi-—
nantly rippled with crossbedding, even lamination and massive bedding
being présent in lesser amounts (Fig. 26). They range in color from ‘
light gray to dark green, are moderately sorted, fine to very fine
gréined quartzarenites and quartzwackes (Fig. 22 and Table 8). Bed
thickness ranges from 5 to 125 cm. and averages about 18 cm. for both
massive and crossbedded units (Fig. 23).

Clay minerals of the interbedded shales are predominantly illite

with lesser amounts of kaolinite, chlorite and montmorillonite (Fig. 16).
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In single outcrops, paleocurrent indicators may be random oOT
unimodal in orientation (Fig. 21). Calculated variance for unweighted
and thickness weighted crossbed measureménts is 5596 and 5513
respectively (Table 9). These values are within the range of values
reported by Potter and Pettijohn for marine séndstones (Potter and
Pettijohn, 1963, Table 4-2). |
| Similar sand body characteristics of texture, composition, vertical
succession of sedimentary structures-and associated lithologies have
been described for marine and off-shore sands by Shelton (1973), Bremner

and Davies (1974) and Johnson (1975).

Shoreface: Shoreface sandstones in the Pénnington and Lee Formations
have transitional or unconformable basal contacts, generally coarsen
upward, are burrowed at the'tops of massive bedded units and gradually
pass into overlying tidal sediments (Figs. 14 and 15). The sandstones
may be jaterbedded with siltstoﬁes and shales variable in color and
composition. The interbedded units may be red, green, gray or black;
may be calcareous or fossiliferous and may contain.thin, discontinuous
wackestones. The sand bodies range in thickness from 3 to 15 meters and
pééé iatefally into marine or tidal sandstones.

The sandstones are predominantly either maSSivlyvbedded or have
low angle crossbeds (less than 5 degrees), with even lamination_ and
ripple bedding being present in lesser amounts (Fig. 26). Bed thickness
Qangeé from 1 to 115 cm. and averages about 20 cm. (Fig. 23). The

i

thicker units are massively bedded.

|
|
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The sandstones are white to light gray, moderately sorted, medium
to coarse grained, sparselyvconglomeratic quartzarenites that generally
contain less than 5 percent matrix (Fig.‘22; Tables 7 and 8). Accessory
minerals constitute less than 1 percent of the detrital grains and are
commonly present as thin 1amiﬂae. Sixty percent of these minerals are
opqaue, being mostly ilmenite and leucoxene (Mitchum, 1954, p. 136).
Non-opaque minerals are mostly tourmaline, which may be brown, blue or
colorless, contain overgrowths and be well rounded. Zircons are
usually well rounded.. Rutile, hornblende, apaéite.and garnet are
present in trace amounts.

Clay mineralogy of the interbedded.shalés is predominantly illite
or kaolinite, with lesser amounts of chlorite and montmorillonite
(Fig. 16).

At single outcropé crossbedding, directions are commonly bimodal.
The calculated variances for unweighted and thickness weighted measure-
ﬁents are 8365 and 8309, respectively (Table 9).
| Similar characteristics have been described for shoreface sand-

stones by Reineck and Singh (1973, p. 280-349) and Johnson (1975).
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Tidal: Tidal sandstones in the Pennington and Lee Formations on
the Cumberland overthrust sheet generally overlie shoreface sandstonmes.
They may grade laterally into shoreface sands or fluvial sediments
and can be traced for several kilometers along Pine and Cumberland
Mountain. The tidal sands are interbedded with red, gray or green
siltstones and shales. Thin underclays and coals are scattered through-
out the gray siltstones and shales. These sand bodies range in thickness
from 2 to 15 meters and may form multistory sand boﬁies as much as
30 meters thick (Fig. 15). The tidal sandstones are predominantly
crossbedded and ripple bedded, with even‘laﬁination and massive bedding
present in lesser amounts (Fig. 26). Bed thickness in the sandstones
ranges from 5 to 105 cm. and averages about 30 cm. (Fig. 23). These
white to light gray, mdderately'sorted, coarse to fine grained quartz-
wackes and qugrtzarenites contain local concentrations of conglomerates -
;onsisting of quartz pebbles and clay chips (Fig. 15, Tables 7 and 8).
Crossbedding orientations -may be either unimodal, bimodal or random
(Figs. 14, 15 and 26). A paleocurrent rose of all observations suggests
a general southwest sediment transport direction (Fig. 24).

The sandstones may be divided into two types, tidal channel or
tidal inlet .and tidal flat, on the basis of geometry, sedimentary
structures, directional properties and abundance of bioturbation.

Tidal channel sandstones of the Pennington and Lee Formations are

characterized by erosional bases containing a basal conglomerate of
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‘quartz pebbles or clay chips, and transitional tops into overlying
tidal flat sandstones, siltstones and shales (Figs. 15 and 17).
Conformable basal contacts are rare. The channel sandstones may be
lenticular (widths less than 100 meters) or appear continuous for
several kilometers because of channel migration. Such migration has
‘been described for tidal channels and inlets by Hoyt and Henry (1967)
and Kumar and Sanders (1974). These coarse to medium grained sandstones
are predominantly massive or crossbedded. Tracks, trails and burrows
are not common. Several channel sandstones show a vertical sequence of
bedding type, massive to crossbedded to rippled, with an associated
decrease’in grainsize (Figs. 14 and 15). Crossbed orientation may be
either unimodal or bimodal.

Similar characteristics for tidal channel/inlet sandstones have
been described by Kumar and Sanders‘(1974), Oomkens (1974) and Johnson
(1975). e

Tidal flat sandstones havé trgﬁsi;ional bases and tops, generally
overlie tidal chanpel sandstones and are interbedded with varicolored |
siltstones and shales. These fine grained sandstones ﬁre predominantly
fippled or flaser bedded, contain abundant tracks trails and.buirows
and rarely contain dessication tracks. Clay minerals in the interbedded
shales are predominantly kaolinite with variable amoﬁnts of illite and
lesser amounts of chlorite and montmorillonite (Fig. 16). Paleocurrent
orizntations obtained from thin crossbeds and assymetrical ripples may

be random or bimodal in single outcrops.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



Similar characteristics have been described in tidal flat
sandstones by Reineck and Singh (1973, p. 355-372), Johnson (1975)

and Ginsburg (1975).
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Fluvial: fluvial sandstones are found only in the Lee Formation. The
fluvial sandstones commonly overlie all other types of sandstones and
are interbedded with green tovdark gray siltstones and shales often
containing underclays and coals. The fluvial sandstones can be sub;
divided into high- and low-sinuosity types using the abundance and
sequence of bedding types, and abundance of overbank material. Models
for deposition of high- and low-sinuosity rivers have been described by
Moody-Stewart (1966).

Sandstones deposite& by low sinuosity rivers.show erosional basal
contacts with a lag deposit of quartz pébbles and clay chips. Impressions
of plant fragments are common (Figs. 18 and 19). The sand bodies range
in thickness from 2 to 25 meters and may form multist;ry sand bodies
greater than 80 meters thick (Fig. 20).. The sandstones show a vertical
fining upward in grainsize and the sedimentation umnits described by
Smith (1970, Fig. 17) for braided streams as they grade into overlying
siltstones and shales with thin discontinuoué unﬂerclays and coals.
Fluvial sandstones can be traced for tems of kilometers along Pine and
Cumberland Mountains and through the subsurface to show a sheet-like
geometry (Figs. 7 to 8). These sandstones are mostly crossbedded;
massive bedding, even lamination are present in lesser amounts. Ripple:
bedding comprises less than 10 percent of the total bedding type. Planar
crossbeds are more abundant thaq trough. Sandstone bed thickness ranges
ftom 5 to 210 cm. and averages about 32 cm. (Fig. 23). These vhite to
tan, moderately to poorly sorﬁed, coarse to fine grained quartzarenites

‘and quartzwackes contain abundant lenses of quartz pebble conglomerate.
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Quartz pebbles have long axis measurements ranging from 15 to 60 mm.
Weathering of opaque minerals at the surface often gives the outcrop
a bright red or orange color. Rock fragments consist of siltstone and
schist fragments with scattered clay pebbles. Feldspars are orthoclase,
plagioclase, and more rarely microcline (Tables 7 and 8). The sand-
stones show an overall unimodal current direction to the southwest,
which is parallel ﬁo the sand percent trend (Fig. 25). Calculated
variances for crossbedding measurements with the unweighted and thickness
weighted methods are 5893 and 5862, respectively (Table 9). This is
within the rarge of variances suggested for fluvial-deltaic deposits
(4000—6006) by Potter and Pettijohn (1963, b. 89).

Similar characteristics have been described for sandstones deposited
in low-sinuosity rivers by Smith. (1970), Leeder (1973)'and Steel (1974).

Sandstones deposited by high-~sinuosity rivers show erosional basal
contacts with lag deposits consisting of clay pebbles and plant frag-
ments. Quartz pebbles are rare. The sand bodies range in thickness from
1 to 8 meters and may form multistory §and bodies ranging from 11 to 20
meters. The sandstones show a vertical fining upward in grainsize and
succession of sedimentary structures from massive to crossbeds to
ripple beds as tﬁey grade into overlying siltstones and shales containing
coais ranging in thickness from 5 to 340 cm. The sandstones appear
lenticular in outcrop with apparent widths ranging from 15 to 120 meters.
The sandstones are predominantly trough crossbedded and rippled, massive

bedding and even lamination are present in lesser amounts (Fig. 26).

R . o .
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The sandstones range in color from tan to gray, are medium to fine
grained, moderately sorted quartzwackes and sublitharenties (Fig. 22).
Bed thickness ranges from 10 to 200 cm. and averages about 45 cm.
.(Fig. 23). Paleocurrent indicators in the sandstones are unimodal and

calculated variances for unweighted and thickness weighted sets are

z
L}

6816 and 7052. These are outside the range suggested by Potter andﬁ"-
Pettijohn (1963, p. 89) for fluvial-deltaic sandstones (4000-6000) but{
similar to variances reported for the Copper Harbor (Keweenawan) and
Hardinsburg (Mississippian) sandstones (0p. Cit., Table 4-2). For the
high and low sinuosity, Lee sandstones, a t-test of the vector means and
an F-testgof the variances, indicates that they are not significantly
different (Table 9).

Sedimentary structures, vertical profiles and characteristics of
sandbodies deposited in high sinuosity (meandering) rivers are described
by Allen (1965), Visher (1972), Leeder (1973) and Pettijohn et al.
(1973, p. 453-464).

Distribution of marine, shoreface, tidai and fluvial sandstones,
based on the vertical profiles, in the Penningpon, Pocahonéas and Lee

Formations is shown in Figure 27.
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Additional Tests

In this section, the previous environmeﬁtél assignments are tested
using a diverse battery of techniques. 'Each technique is briefly
descfibed below, followed by its applicatiorn to the sandstones of the
Pennington aﬁd Lee Formations. More detailed accounts of the mathema-
tical techniques can be found iﬁ Krumbein and Graybill (1965), Harbaugh
and Merriam (1968) and Davis (1973).

. Log probability curves, displaying straight line segments which
reflect the mechanism of sediment transport (traction, suspension and
saltation), have been used to describe fhe depositional process during
sedimentation (Visher, 1969). While an exact interpretation of
depositional environment is not always possible, the size-distribution
curve can be useful when coppared with characteristic curves from
several known depositional environments, an outstanding paper being
that of Glaister and Nelson (1924). Representative curves from the
depositional environments of the Pennington and Lee sandstones are
shown in Figure 22B. A comparison of typical probability curves obtained
from sieve data for the Pennington and Lee sandstones indicates deposi-
tion in shoreface, tidal and fluvial environments.

Identification of clastic depositional environménts from wireline
logs is related to the jdentification of sand bodies with their respec-
tive geometry, nature of bounding contacts and bo;nding lithologies; ver- .
tical bedding sequences and gross grainsize changes (Allen, 1975, p. 375) .
Comparison of typical SP and Gamma-Ray curves from Pennington and Lee

sandstones, with those from known depositional environments, indicates

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



50
deposition in a regeressive sequence of nearshore, deltaic and fluvial
environments.

Directional properties such as crossbedding, assymetrical ripples
and parting lineation show a variety of orientations for sediment dis-
persal systems in various depOsitional'environments (Table 10). This
1imits the use of péleocurrent models in the determination of sandstone
depositional environments. Potter and Pettijohn (1963, p. 89) indicate
that while fluvial-deltaic and marine sandstones have crossbedding
variances ranging from 4000-6000 and 6000-8000, reépectively, they
point out that there is considerable overlap between the two groups.
Although crossbedding variance and paleocurrent models are not diag-
nostic of particular depositional environments, crossbedding orientation
can be used for paleohydraulic calculations and discussion of sediment
dispersal related to paleogeography. Paledhydraulic calculations for
the fluvial sandstones are discussed in Chapter 63 sediments dispersal
and paleogeography are discussed in Chapter 7.

Standard discriminant function analysis'finds a linear combination
of variables which produces the maximum difference between groups. A
function that produces 2 significant difference may then be used to
assign samples of unknown origin to one of the groups (Davis, 1973,

p. 443). Bivariate plots of various textural parameters, which is a
graphic discriminant function for sieve and thin section data, indicated
the presence of marine, shoreface and fluvial environments, but placed
several samples in the wrong environment. These plots classified

only slightly more than half (55 percent) of the samples correctly.
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While plots of textural parameters show defininite trends from depo-
sitional environments ranging from alluvial fans to mature beaches
(Glaister and Nelson, 1974, Figs. 1, 2 and 3), there is considerablé
overlap and scatter and environmental analysis of single samples based
on these parameters are not reliable.

Discriminant function equations developed by Sahu (1964) using
textural parameters obtained from sieve data classified 72 percent of
the samples correctly. This apparent success may indicate that certain
depositional processes are characteristic of various environments.

Discriminant function analysis usiﬁg a combination of composition
and textural variables achieved the highest success. A stepwise
discriminant function amalysis, where the relative importance of the
variables is determined by the magnitude of F-values (Davies and
Ethridge, 1974, p. 241), shows that .99 percent of the variance between
the four sandstone types can be explained by three compositional
variables: percent content of mica, feldspar and quartz (Table 11).
The resulting discriminant function classifiéd 93 percent of the samples
correctly. Davies and Ethridge (1975, Figs. 26 to 28) were equally
successful in distinguishing depositional environments-using diécfimi-
nant functions consisting of the same variables. It should be stressed,
however, that in different study areas with different rock units,
another combination of variables may be more effective in determining
depositional environments than those indicated by my stepwise analysis.
.In another study, the percent matrix, percent rock fragments and

percent quartz were the most important variables used in distinguishing
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marine and non-marine depositional environments of the Lower Cretaceous
Muddy Sandstone Formation (Davies and Ethridge, 1975, p. 260-261).

Cluster analysis shows the inter-relationships in a similarity
coefficient matrix of variables or samples. These relationships may
be represented with dendritic networks or dendrograms, where the
variables or samples are grouped according to their similarity coef-
ficient described by Parks (1966), the latter being related to the
correlation coefficient. Cluster analysis of the sieved samples, using
the weight percent of quarter phi intervals as variables and the dis-
tance coefficient as a measure of similarity, divided the samples into
two groups. The samples were grouped on the basis of modal class
grainsize; this proéedure classified 6i percent of the samples correctly.
Cluster analysis of the same samples and variables that were used in
the discriminant function analysis grouped 73 peréent of the samples
correctly. While cluster analysis is not a statisticéi test that can
be tested for success of failure, the apparent success indicates the
effectiveness of using composition and textural variables to discrimi-
nant between groups of samples. This accounts for the high success
ratio represented by the discriminant function.analysis-.

Factor analysis interprets the structure of a similarity coefficient
matrix and may be uséd to study the relationship between the variables
(R-mode) or between the samples (Q-mode). Using the matrix of factor
loadings to determine the relationship between the samples (Q-mode
analysis of grainsize data) where samples with high factor loadings for

the same factor are related (Klovam, 1966, p. 66), indicates that only
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~ 53 percent of the sieved saﬁples and only 18 percent of the thinsection
samples were classifieé correctly. The ineffectiveness of factor
analysis in discriminating depositional.environments using grainsize
data was invgstigated by Glaister and Nelson (1974) in their review of
statistical parameters and multivariate te hniques related to environ-
mental interpretation. They demonstrated that factor analysis tends to
group samples on the basis of modal class grainsize, and is apparently
insensitive to the size classes near-the ends of the size distribution.
My factor analysis data suﬁport their conclusion.
Analysis of bed-thickﬁess distributions is based on ‘the work of
Kolmogorov (1951), who presented a mathematical explanation for the
. bed-thickness distribution curve. He proposed that the bed-thickness

curve was the normal (Gaussian) curve extending from positive to nega-

tive thicknesses, negative thicknesses representing erosion (Mizutani

and Hattor;, 1972, p. 123). Calculation of Kolmogorov's coefficient and
ratio, two parameters related to sedimentary process and depositional
environment, were éﬁown by Mizutani and Hattori (1972, p. 144) to be
useful in determining depositional enﬁironments. Calculation of these
two parameters for the bed-thickness distributions of the four sandstone
types and comparison with those from known depositional environments
. indicates that these two parameters will be of limited use in distin-
guishing depositional environments, because there is too much overlap in
< the values (Table 12). However, they may be helpful in describing the
sedimentation process. The use of these parameters in describing

processes can be {1lustrated as follows: a value of 0.84 for
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Kolmogorov's coefficient, found for most of the sandstones, is inter-
preted to mean that 100 alternations of deposition and erosion formed
84-beds. The Kolmogorov ratio of 0.93 indicates that 93 percent of the
material transported into the basin at that locality was deposited
(Mizutani and Hattori, 1972, p. 129). The marine sandstones had a
calculated coefficieﬁt value of 0.40, which is interpreted to mean that
100 alternations of deposition and erosion produced only 40 beds. In
other words, there was a considerable amount of reworking of thelsand
in the depositional environment. Reworking of sand in the marine en-
vironment is not uncommon, and the abunﬂance of symmetrical ripples
indicates the importance of wave action. it is noteworthy that preser-
vation, as detérmined by this criteria, was so much poorer in the marine

sands than for any of the other types.

Summary

The most useful procedure for determining the eﬁvironments of
deposition of these sandstones was the vertical profile. No other
method or techniqﬁé reveals as many of the gross physical érOperties
that characterize a sand body. Thus field data, when supplemented.
with descriptive petrography, provide a relatively complete description
of the sandstones. Discriminant function analysis, using a combination
of composiéional and textural variables, achieved the highest 1§ve1 of
success (93 percent). The remaining techniques yielded somewhat poorer
results (Table 13). Distribution of the four sandstone types among the

Pennington, Pocahontas and Lee Formations is shown in Figure 27.
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TABLE 6

DESCRIPTIVE, COMPARATIVE AND MATHEMATICAL TECHNIQUES USED TO INTERPRET
ENVIRONMENTS OF DEPOSITION

Vertical Profiles

Grainsize Probability Curves

Wireline Logs

Paleocurrent Patterns

Grainsize Parameter Plots

Discriminant Function
Analysis using composition
and texture

Cluster Analysis
using composition

Factor Analysis using
textural data

Bed-Thickness Distribution

Visher (1965)

Allen (1965)

Klein (1970)

Rumar and Sanders (1974)

Doeglas (1946)

Sindowski (1957)

Visher (1969)

Glaister and Nelson (1974)

Weber (1971)
Glaister and Nelson (1974)
Allen (1975)

Tanner (1955)

Potter and Pettijohn (1963)
Klein (1967)

Selley (1967)

Passega (1957, 1964)
Friedman (1961, 1967)
Shepard and Young (1963)
Moila and Weiser (1968)

Potter et al. (1963)
Sahu (1964)
Davies and Ethridge (1975)

Purdy (1963)
Parks (1966)
Harbaugh and Merriam (1968)

Inbrie and Purdy (1962)
Klovan (1966, 1975)
Klovan and Solohub (1970)
Glaister and Nelson (1974)

Mizutani and Hattori (1972)
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TABLE 7

®
GRAINSIZE PARAMETERS FOR PENNINGTON AND LEE SANDSTONES

Inel. Graph.  Incl. Graph.

Mean Median Std. Dev. . Skewness
Marine .
1. ** 2004 2.05 ’ : 0055 0005
2. 2.60 2.45 : 1.14 0.15
3. 2.19 2.19 0.56 0.17
4. 2.13 2.14 0.64 0.12
Shoreface
1. 1.96 1.95 1.04 0.14
2. 1.79 1.79 0.55 0.27
3. 2.52 2.52 0.76 0.09
2 Tidal ‘
1. 1.85 1.66 0.82 0.44
2. 2.24 2.23 0.87 0.15
3. 2.41 2.33 0.92 0.23
Fluvial
1. 2.35 2.12 1.12 0.31
2. 1.73 1.40 1.25 0.43
3. 2.45 1.91 1.35 0.46
4. 1.74 1.55 1.14 0.35
5. 1.79 1.70 1.19 0.22
6. 2.14 2.14 0.82 0.20
7. 2.28 2.28 0.63 0.19
8. 1.79 1.80 0.84 0.15

* — . )
Obtained by sieving samples into quarter phi intervals. See
Appendix 3 for description of procedure.

*%
Sample Number - Environmental assignment based on vertical
profiles. ~ v
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TABLE 8A
PETROGRAPHY OF PENNINGION AND LEE SANDSTONES

Composition . Texture
Rock *
‘Quartz " Peldspar Fragments Mean - Sorting Matrix %
Marine
BH-29 98.0 1.0 1.0 3.24 0.61 24
BH-26d 98.7 ’ 0.0 1.3 3.00 0.53 15
BH-33a 96.0 2.0 2.0 2.56 0.48 10
BH-34 94.0 1.0 5.0 2.54 0.39 16
Shoreface .
F-18 98.9 0.0 1.1 2 2.33 0.40 3
F-17 96.8 1.0 2.2 .2.76 0.52 S
F-12 97.8 1.1 1.1 2.44 0.46 4
BH-12 98.2 Tr 1.8 2.25 0.35 2
§6-28 95.0 0.0 5.0 2.20 0.47 7
$G6-27 95.8 0.0 4.2 1.73 0.47 3
Tidal
F-24e 99.0 0.0 1.0 1.53 0.39 10
F-16 99.3 0.0 0.7 2.64 0.62 18
F-8 93.4 0.0 6.6 2.50 0.78 - 26
cG-0 95.5 0.0 4.5 "1.77 0.52 10
Jo-1 96.4 0.0 3.6 1.77 0.94 14
JOo-S 97.6 0.0 2.4 <95 0.94 14
BH-27f 96.1 Tr 3.7 1.88 0.43 6
$6-26 93.3 Tr 6.7 1.45 0.45 6
Fluvial
F-22 99.0 0.5 0.5 2.56 0.61 36
BH-40 93.0 3.0 14.0 1.92 0.46 13
BH-39 97.0 - 1.0 2.0 1.90 0.30 13
BH-36c 98.0 1.0 1.0 1.83 0.46 2
BH-36 97.0 1.0 2.0 1.65 0.36 9 .
BH-34a 97.0 Tr 3.0 3.57 0.51 . 23
BH-30 92.0 Tr 8.0 2.08 0.43 11
BH-28 89.0 2.0 9.0 2.89 0.50 19
BH~27g 85.0 4.0 .11.0 2.65 0.40 20
BH~27e¢ 90.8 2.2 7.0 1.93 0.34 8
BH-27b 96.6 0.0 3.4 3.28 0.71 36
BH-27a 90.8 8.4 0.8 3.63 0.48 24
§6-22 94.5 t 4 5.5 - 1.79 0.45 7

**Leas than 62 microns

‘**Smple Locations: BH - Highway 421 (Section 25, Appendix 2)
F - Henry Bowlin Gap (Section 18, Appendix 2)
SG - Hurricane Gap (Section 27, Appendix 2)
JO = Jellico (Section 14, Appendix 5)
CG = Cumberland Gap, Bell Co., Kentucky
- .(Pinnacle Overlook Member) -
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TABLE 11

SUMMARY OF STEPWISE DISCRIMINANT FUNCTION ANALYSIS
OF TEXTURAL AND COMPOSITION VARIABLES

oo e Percent Variance Cunulative _

Step ‘Variable ‘ Explained’ " 'Variance
i Mica 61.7 61.7
2. Feldspar . 21.8 - 83.5

3 Quartz 16.4 99.9

4 Sorting c.1 100.0

5 Mean Size % - -

6 Rock Fragments - -

7 Accessories - -

8 Matrix® - -

*

Additional variable which was not an important coﬁtributor to
discriminating the four depositional environments of the Pennington
and Lee sandstones.

TABLE 12

KOLMOGOROV'S COEFFICIENT AND RATIO FOR VARIOUS DEPOSITIONAL ENVIRONMENTS
OF THE FOUR SANDSTONE TYPES IN THE PENNINGTON AND LEE FORMATIONS

Environment . ' ‘Coefficient ‘Ratio

A. Reported by Mizutani
and Hattori (1972):

Alluvial-Fluvial 0.80-1.0 0.88-1.0
Nearshore 0.65-0.95 0.68-0.98
Geosynclinal — 0.55-0.95 " 0.55-0.96
Varves 0.90-1.0 0.92-1.0

B. This study:

Marine 0.40 0.94
Shoreface 0.84 0.93
Tidal | 0.84 a 0.93
Fluvial . 0.84 0.93

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



63

s7SATBUB I93SNTO ‘UOTIOUNF JUCUTWEAOSTP dY3 UF PI

.waﬁu 8 3e sdnoi8 om3 Zupsn opew °Id9M gj0Td 938TIBATd °STSATEUB 103083 pue

sn o19M sdnoa8 anojy TT® aoum.mwﬁmamm

*ga7Fgoxd TEOT3II9A UO PISE] UOTIBIFITFSSEID 12ur8130,,

-

'..........I‘.............."...I.O..........O..dumv ao-nuoom aﬂnu

81

€S GeseesessvecsossssscsssesssessesesecesessessesesecseplpPD DADLS
sTsATeuy x03oed

mm...................................................muOHm 23BTaBATE

€9 ..............................V........uamuum& qySTom TRAISIUT

€L ceusscecsecasecssecesssreresscsss e xINIXI] PUB ﬁbﬁuﬂmomﬁoo
sTsdfeuy 1931snT)’

Nh ao.o.c-eooo..a.-ooo.'.-o.-ooo-o-ocaoo-ooo-mumumaﬂhﬁg Hmﬂﬂuxﬂu

ﬂm ono-ooooo.e.oo..ooooo.o.ccooooocooooooo 2INIXI3] vg gﬁ“ﬂmogﬁou

UOTIOUNJ JUBUTWIIDSTA

*wwﬂmvﬁbﬁ.wﬁmﬂm
SutyojeN AT3091X0) IUSDABZ

SANDINHOEL TVOILSIIVLS ANV TVOIIVAIHIVA
SNOTYVA A€ SINOISANVS ONIAJISSVIO 40 SSHOONS

€1 T1EVL

'Y
‘€

XA

‘1

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



FIGURE 14. Vertical profiles through the Pinnacle Overlook Member of
the Lee Formation. Arrows represent vector mean of cross-
beds averaged for a 2 meter interval. Tidal sandstones
are characterized by fining upward grainsize and bimodal
crossbedding. Descriptions for the vertical profiles can

be found in Appendix 5. Symbols for sandstone bedding types
are shown in Fig. 12.
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FIGURE 15.

Vertical profiles through two Pennington sandstones. At
left, note general coarsening upward in grainsize from
marine to shoreface environments and random crossbed
orientation in tidal sandstones containing clay pebbles.
At right, three finiug upwerd tidal channcls form a multi-
story sand body. Lower two channels have bimodal cross—
bedding, upper channel has unidirectional crossbedding.

~ Description in Appendix 5.
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FIGURE 16. Vert::ical variation in clay mineralogy within the Pennington
Formation. There is an apparent increase in kaolinite
based on the relative peak heights. Compare with Fig. 21.

Interval shown includes Units 1 to 24, Section 18, Appendix
2.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



66

METERS

KAOLINITE

bt .\mu\ \..u..-.%uv ¥
i) Dz

A

T

!
o
)

7 : ade] 2
1908] By =Pt sutJdew
BPTY, autaen . A W
Hdﬁ>5Hh, H v.a.uouosq uoporn

INTTNOYTANT TVYNOILISOJHEd

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



FIGURE 17. Vertical profile through fluvial sandstone. This fluvial
. sandstone shows a fining upward grainsize trend, variable
but unimodal crossbedding direction, erosional base with
lag conglomerate of quartz pebbles and is mostly cross-
bedded. Description in Appendix 5.

FIGURE 18. Vertical profile through fluvial sandstone. Angular
disconformity -in lower third of unit is indicated-by
change in grainsize and shift in crossbedding orientation
of approximately 90 degrees. Description in Appendix 5.
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FIGURE 19. Vertical profiles through two low-sinuosity Lee sandstones.
Rapid change in bedding type and grainsize are typical of
deposits formed by braided (low-sinuosity) streams and

" represent rapidly changing flow conditions (Smith, 1970,

A e el e D - - -
P 300'1). Uescription in Appendix 5.
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FIGURE 20. Vertical profiles in fluvial sandstones of the Lee Formation.
: At left, two channel sandstones forming multistory sand body.:
At right, transported coaly material is indicated by letter
£. All three channel sandetones have erosicnal basec and
fining upward grainsize trend. Paleocurrent directions are
predominantly unimodal.

Description in Appendix 5.
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FIGURE 21. Clay mineralogy through a section of the Lee Formation.
Peak heights indicate kaolinite is more abundant in this
section than in the Pennington Formation (Fig. 16). Interval
shown represents Units 24 to 39, Section 25, Appendix 2.
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FIGURE 22A. Distribution of median grain sizes for sandstones of wvarious
*  depositional environments in the Pennington and Lee Forma-
tions. Grain size estimates were made with a binocular
microscope. Number of samples is listed after sandstone
type. Line for supermature quartz sand from Carr (1973,
Fig. 25). 7The break in siope for the high-sinuccity sanad
at 2.0 phi is possibly related to two s

ub-environments,
channel and overbank.

L]
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FIGURE 22B. Typical grain-size probability curves for sandstone deposi-

~ tional environments in the Pennington and Lee Formationms.
Depositional environments were determined using field
criteria. According to some investigators (Visher, 1969;
Claister and Welson, 1574), diffcrent environments o
deposition have characteristic or typical curves.

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.



72

High
Sinuosity

Low
Sinuosity

|__
b
W
O
o
LL! ll 1 ]
0- 4 1 3
Wl
>
2 Shoreface
I
D
=
D
&) _
I ! T T o LI '
( -1 1 3 5 -4 i 3

PHI UNITS

Reproduced with permission of the copyright owner. Further reproduction prohibited without permission.




FIGURE 23. Cumulative bed thickness curves for sandstones of various
depositional environments in the Pennington and Lee Forma-
tions. The beds of the high-sinuosity fluvial sands are
',slightly thicker than those of low-sinuosity. A similar
servation wac made for the Silurian sandstuiics in the
* Appalachian Basin by Smith (1970, p. 3010). The number of
observations is reported beside each sandstone type.
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FIGURE 24, Paleocurrent map of crossbedding in tidal sandstones of the
Pennington and Lee Formations. General transport direction
is to the southwest, as indicated by the paleocurrent rose.
Eight of the 21 localities had bimodal orientations.

.

FIGURE 25. Paleocurrent directions in the fluvial sandstones of the
Lee Formation-averaged for 15 minute quadrangles.” Compare’
general transport with Fig. 24. The average transport
direction is south-southwest, approximately parallel with
the sand percent trend. The high sand ratios continue
southwest through Tennessee and swing around to the west
in northcentral Alabama (Stearns and Mitchum, 1962, Fig. 12).
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FIGURE 26. Distribution of bedding types and crossbedding orientation
for sandstones of various depositional environments in the
Pennington and Lee Formations. The marine sandstones are
predominantly ripple bedded while the fluvial sandstones are
mostly crossbedded. Tidal sandstones are generally rippled
or crossbedded; shoreface sands are massive or crossbedded.
Compare crossbed orientations with those shown in Table 10.
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FIGURE 27. Distribution of sandstone deposition environments in the
Pennington, Pocahontas and Lee Formations. The overall
regressive nature of the stratigraphic sequence is indicated
by the increase in fluvial and decrease in marine environ-
ments from the Pennington to Lee Formation.

Based on vertical profiles through 2482 meters of sandstone.
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SYSTEMIC BOUNDARY

One of the principal objectives of this study was to locate the
posi;ion and determine the character of the Mississippian~Pennsylvanian
systemic boundary. Recognizing the position of systemic boundaries is
rather easy when they are iden;ified by angular unconformities, discon-
formities with several geologic units missing, or paraconformities |
identified by contrasting lithologies. Unfortunately, none of these
situations are applicapéble to the Mississippian-Pennsylvanian boundary
in the Cumberland overthrust sheet.

The discussion in this chapter is designed to answer the following
questions related to the Mississippian—Pennéylvanian systemic boundary
in the sediments of the Cumberland overthrust sheet: |

1.. Why is the boundary generally so obscure?

2. How does one locate it in specific outcrop sections?

3. How useful are the sandstone lithologies and depositional
environments des;ribed in Chapter &4 in locating the systemic
boundary?

4. What is the relationship, if any, between the character and
position of the systemic boundary in the Cumberland overthrust

sheet and other portions of the Central Appalachian Basin?
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Locating The Boundary

The position of the systemic boundary within the Cumberland over-
thrust sheet is difficult to identify, because it is not characterized
by contrasting lithologies or an erosional unconformity (see discussion
in Introduction - Objective 2).

The position of the boundary within the overthrust sheet is best
established with paleontologic data. Conodonts, obtained from limestongs_
and calcareous shales, and spore-pollen assemblages, obtained from coal |
macerations, both have definitive Mississippian and Pennsylvanian taxa.
The sampling procedure was deéigned to‘dbtain samples as close as
possible ;n vertical sequence to detect the change from Mississippian
to Pennsylvanian assemblages.

Locations of limestone and coal samples can be found in Appendix 4.
Listing of conodont and spore taxa are given in Tables 4 and 5 and
Appendix 4.

Age determinatioms by Dr. R. M. Kosanke and Dr. R. A. Peppers of
spore assemblages, and Dr. C. B. Rexroad of conodont assemblages from
sections at Campbell Co., Tenn., Whitley Co., Ky., and Wise Co., Va.,
indicate that the Mississippian-Pennsylvanian boundary.is wiﬁhiﬁ the
Pennington Formation as mapped by the U. S. Geologiéal Survey (Fig. 28).
A similar position for the systemic boundary was reported by Englund
(1974, p. 33), using paleontological data, northeast of the Russel Fork
Fault in the subsurface of Buchanan Co., Va. (Fig. 2).

In many outcrops, paleontological data are either very scarce oOr

lacking. In the absence of paleontological data, and knowing that the
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systemic boundary is not identified simply as the contact between
varicolored siltstones and shales and quartzose conglomeratic sand-
stones, how does one determine the position of the systemic boundary?

Two other methods can be used.

Field Tracing of Lithologies To Paleontologically Dated Sections And

Sandstone Depositional Environments

The first, and often the simplest, is to correlate the lithologic
units in question, to a section containing paleontological markers.
This can be illustrated with Section 14 (Appendix 5), located along
Interstate Highway 75, south of Jellico,}Campbell Co., Tennesse. The
sandstone body (Fig. 14), interpreted as a tidal channel deposit, 6vef—
1ies a carbonate wackestone, the Avis Limestone (Unit 1,'Section 14,
Appendix 5), dated by Rexroad as Mississippian based on the conodont
assemblaée shown in Table 4. without paleontological evidence above
the sandbody, from either spores or conodonts, all that could be said
is that its age is either Mississippian or Pennsylvanian. However,
17.6 km northeast of Jellico along Pine ﬁountain at Henry Bowling Gap,
the same sandstone thins and is stratigraphically lower than an unnamed
limestone dated Mississipplan with conodonts (Table 4) and a carbona-
ceous shale reported to be Chesterian (Mississippian) based on plant’
fossils (Englund, 1971, p. 15). Therefore, the sand body is of
Mississippian age.;

The distribufion of sandstone deposit{onal'envifonments and their

paleontologic ages can be summarized as follows. The sandstones record
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a transition from shallow marine, through shoreface and various tidal
environments to fluvial-deltaic sequences. Quartzose sandstones

deposited in a marine environment were all dated Mississippian.

Sandstones containing quartz pebbles were found to be either Mississippian
or Pennsylvanian in age (Fig. 28), and were deposited in shoreface

of tidal environments (Chapter 4). All the conglomeratic sandstones
deposited in fluvial environments were dated Pennsylvanian.

In the absence of any paleontologic data, placing the systemic
boundary at other locations within the overthrust sheet can be
attempted as follows. Knowing that a sandbody represents a marine deposit
implies that it is Mississippian in age. Similarly, fluvial sandbodies
are all Pennsylvanian. How ver, shoreface and tidal sandstones can
be either Mississippian or Pennsylvanian in age. Unless the shore-
face or tidal sandbody occurs between two marine (Mississippian)
or fluvial (Pennsylvanian) sandstones in a vertical section,.only
paleontologic data can give a conclusive age determination. An
example of the latter, a shoreface and tidal sandstone bétween a
marine and fluvial sandstone, can be seen at Henry Bowlin Gap (Ap-
pendix 1, No. 18; Location 18, Fig. 5). This section is shown in
Figure 16. The marine sandstone (Unit 11, Section 18, Appendix 21
overlies an unnamed limestone and shale (Units 9 and 10 dated Missis-
sippian by Rexroad (Table 4). The shoreface and tidal sandstones,
Units 12 to 19, are overlain by a fluvial sandstone, Units 21 to 24,
and shown in Figure 17. Throughout the study area, fluvial sandstones

were dated Pennsylvanian. But what age are the shoreface and tidal
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sandstones at this.iocality? A thin coal and underclay (maceration
2095, Table 5), which occurs at the base of Unit 12, was dated Penn-

sylvanian. Therefore, the overlying shoreface and tidal sandstones

are Pennsylvanian.

I
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Sedimentologic Model And The Systemic Boundary -

As stated previously, there is no widespread erosional surface
separating Mississippian and Pennsylvanian Age sediments on the
Cumberland overthrust sheet. However, field mapping by the U. S.
Geological Survey (Englund, 1969, p. 21), cross sections by Miller
(1974, Pl. 4) and my fieldwork and cross secgions indicate the presence
of a widespread erosional surface at the base of the Middlesboro
Member of the Lee Formation. . In outcrop, the erosional surface is
identified as the unconformable basal contace of the conglomeratic
sandstones deposited in a low sinuosity fluvial ehvironment. On a
regional scale in the Cumberland overthrust sheet, the unconformity
is most strikingly represented by the erosion of the Pocahontas
Formation (equivalent to the lower three members of the Lee) as it

thins from 150 meters along Cumberland Mountain to less than 20 meters
I

on Pine Mountain, where it is often thin or missing so thatvit is
rarely recognized in ouﬁcrop and is not mappable as a separate unit.
A synthesis of sedimentologic, stratigraphic, and paleontologic
data has resulted in my proposing a regressive model for sedimentation
in this portion of the Central Appalachian Basin (Fig. 29). A re~
gressive model was proposed by Mitchum (1954, p. 238), but he assigned
all of the Leeisandstones to a marine depositional environment with
some scattered fluvial sediments containing thin coals. Miller
(1974, p. 126), in another regressive model, assigned the quartzose and
conglomeratic sands of the lLee Formation, in particular the equivalents

of the Middlesboro and Bee Rock Members, to a barrier island depositional
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environment and interpreted the erosional surfaces at the base of
the sandstones to have been caused by barrier island migration.

My model, while also regressive, has a different interpretatioﬁ
for the depositional environment of the quartzose conglomeratic sand-
stones of the Middlesboro; Bee Rock and Naese Members. I believe tha;
the sedimentologic data, presénted in vértical‘profiles in Chapter 4,
strongly indicates deposition by low sinuosity rivers, with the erosion
at the base of the sandsténes related to uplift and scour preceding
deposition. Based on this model, the Pocahontas and Pennington
Formations were truncéted during uplift prior to the deposition of
the Middlesboro Member of the Lee Formation (or equivalents) and the
erosional surface between two Pennsylvanian Formations.

North and west of the overthrust sheet, the erosional surface
truncates older formations so that the sustemic bdundary is represented
by an erosional surface and cémmonly a sharp lithologic coﬁtrast. In
northeastern Ohio, the Sharon Conglomerate, equivalent to the upper
members of the Lee, was deposited on an erosional surface of Mississip-
pian sediments (Meckel, 1967, p. 242) in depositional enviroﬁments
described as low sinuosity, braided streams (Mrakovich and Coogan, 1974).

Along the western margin of the Appalachian Basin in central
Kentucky, the conglomeratic sandstones of the Lee Formation fill
erosional valleys that were incised into Middle Mississippian sediments
(Newman and Borden Formations) before deposition (Sheppard, 1964).
Howéver, just east of this area toward the center of the basin, quart-

‘ i
zose sand bodies within the Pennington Formation have  been
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i
paleontologically;dated Mississippian and interpreted as nearshore-

tidal sandstones (Martin, 1975, p. 66). It is proposed that erosion,
preceding deposition of the Middlesboro Member, was less extensive in
the area studied by Martin than that which occured farther west, where
there are paleovalleys and where the Cincinnati Arch may have acted as
a weak positive high. Uplift along the arch and its possible influence
as a positive area has been discussed by Seiver and Potter (1956,
P- 331) and Arkle (1974, p. 9). Although the arch was not a barrier
to sedimentation, minor uplift along the arch could be'responsiﬁle for
the formation of the paleovaileys that were cut ihgo Mississippian
sediments preceding deposition of the iee sandstones. Also, minor
uplifts along the Waverly Arch, which is approximately 96 kilometers
~east of the Cincinnati Arch (Woodward, 1961, p. 134) were invoked by
Dever (1973; in Martin, 1975, p. 13) and Martin (1975, p. 15) as
controlling deposition of Late Mississippian sediments and causing
erosional surfaces. It is possible that the Waverly Arch was also
active during the Pennsylvanian, causing uplift resulting in erosion.
It should be pointed out that this interpretation is in sharp
contrast with one presented by Ferm et al. (1974), in which the Lee
sandstones have been interpreted as barrier islands. While some of
the sandstones have been'deposited in shoreface environments, certainly
not all of the sandstones have the same depositional environment.
Vertical sequences of sandstones must be studied carefully to interpret

their depositional environments accurately, and my analysis of the Lee
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sandstones indicat;s that they were deposited predominantly in a low
sinuosity fluvial environment (Fig. 27; Chapter 4).

The Ferm et al. model is also in contradiction with the paleon~
tological interpretations used in this paper and by Englund (1974).
Ferm et al. (1974, Fig. 4) interpret the Newman (Upper Mississippian),
Pennington, Lee an@ Breathitt (Middle Pennsylvanian) as time equivalents,
representing sedimentation in environﬁents ranging from off-shore
carbonate tidal bars to upper delta plain coal swamps. 1In their
opinion, marine fauna cannot be compared with continenpal flora to
establish age determinations, because the fauna are environmentally
controlled. Although the biostratigraphic control used in this paper
cannot conclusively disprove the Ferm et al. interpretation, because
'the conodont and spore assemblages were not found in the sam; sample,
it is felé that the sedimentological model proposed in this paper for
identifying the systemic bound;ry adequately explains the paleontolo-
gical data, without having to equate Upper Mississippian and Upper

Pennsylvanian sediments.
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Summary

The position of the systemic boundary within the Cumberland over-
thrust sheet is obscure because it crosses several diachronous litho-
facies, and is best established by means of paleontologic data, in
combination yith the field tracing of mappable units to paleontologically
dated sections. While marine sand bodies all appear to be Mississipp{an, ;
and flﬁvial sand bodies Pennsylvanian, shoreface and tidal sandstones
can be of either age and therefore only correctly dated with paleonto-
logical data.

The systemic boundary occurs within. the Penniﬁgton.Formation and
crosses several lithologies. Northwest of the overthrust sheet, the
regional unconformity at the base of the Middlesboro Member of the
Lee Formation, or equivalents, may truncate all of the lower members

of the Lee, so that there the systemic boundary is characterized by

an erosional surface and sharp lithologic contact.
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FIGURE 28. Sample locations for conodont and spore-pollen assemblages:
used to position the systemic boundary at three locations
within the overthrust sheet. See Tables 4 and 5 for listing
of tava. Coals zre identificd by maceration numbor. Somples
for conodont analysis are identified by slide name and listing
in letter from Dr. C. B. Rexroad, July 17, 1975. Detailed
sample locations for the coal macerations can be found in
Appendix 4A. Detailed sample locations for the conodont
samples can be found in Appendix 4B. All coal macerations
in this figure were dated Pennsylvanian, all conodont
assemblages dated Mississippian.
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FIGURE 29,. Generalized models for deposition of the Pennington,
' Pocahontas and Lee Formations. The Pocahontas is equivalent
to the Chadwell, White Rocks and Dark Ridge Members of the
Lee Formation (see Fig. 6).

A. Initial deposition of Pennington Formation congisting of
marine, shoreface and tidal sediments. Paleontological data -
indicate that the Mississippian-Pennsylvanian systemic
boundary is within the Pennington Formation, as mapped by the
U. S. Geological Survey. The systemic boundary, visualized
as a time plane, is indicated by the heavy solid line and

labelled in upper left cormer of figure (M = Mississippian,
P = Pennsylvanian).

B. Continued regression results in the deposition of the Poca-
hontas Formation with marine shoreface, tidal and fluvial
environments. The Pocahontas contains several economically
important coals. Formation assignments of the sandstones
can ve confucing Locause the formationc ave identificd Uy
characteristic lithologies and the transitional character of
the depositional environments results in the interfingering
of the lithologies.

C. Later, uplift terminates deposition of the Pocahontas during
early Pennsylvanian. Erosion of Pocahontas and Pennington
Formations precedes deposition of Middlesboro and Upper
Members of the Lee Formation, characterized by deposition in
low-sinuosity| rivers flowing southwest.
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FIGURE 30. Generalized models indicating the position and character of
the Mississippian-Pennsylvanian Systemic boundary (heavy
solid and dashed line) to the Pennington, Pocahontas and
Lee Formations. The Pocahontas is equivalent to the
Chadwell, White Rocks and Dark Ridge Members of the Lee
Formation. ‘

A. Uplift and erosion (indicated by lined pattern) of Poca-
hontas and Pennington sediments prior to deposition of the
Middlesboro Member of the Lee Formation (redrawn from
Fig. 29C). Where erosional surface intersects systemic
boundary (arrow), the systemic boundary may appear erosional
or lithologic in character (indicated by heavy dashed line).

B. North and west of the Cumberland overthrust sheet in the
subsurface, and into outcrops in central Kentucky and Ohio,
the systemic boundary appears lithologic and erosional
(indicated by heavy dashed line) where Pennsylvanian
conglomeratic sandstones (Lee Formation or equivalents)
rest unconformably on eroded Mississippian sediments. Where
the erosional surface intersects the systemic boundary and
conglomeratic sandstones overlie conglomeratic sandstones
(indicated by arrow), the boundary is a paraconformity
whose position may be indeterminant without paleontologic
data to establish age, and a detailed sedimentological
analysis of the sandstones to interpret their depositional
environment. Conglomeratic sandstones in the Pennington
may be either Mississippian or Pennsylvanian and represent
deposition in shoreface and tidal environments (see Fig.
29B) . Fluvial sandstones are always Pennsylvanian. Ages
of shoreface and tidal sands can be established only with
paleontologic_data.

The Breathitt Group, consisting of deltaic and high
sinuosity fluvial deposits, conformably overlies and is
interbedded with the Lee Formation throughout the Cumber-
land overthrust sheet and eastern Kentucky.
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PALEOHYDROLOGY

The discussion in this section centers around Objective 3: to
investigate the paleohydraulics of sand deposition in the Pennington
and Lee Formations. The goal of this exercise is to speculate on the
hydraulic conditions which existed during sedimentation, in an attemptA
to quantify and further describe the various depqsitional environments.

Physical processes of sedimentation have been studied by numerous
workers, with two comprehensive reviews being those of Allen (1970)‘
and Pettijohn ggang. (1972, Ch. 9). A collection of experimental papers
(Middleton, 1965) describes the relationships between grain size, water E
depth and velocity, slope and sedimentary structures. Although these
are complex relationships, they have been fepresented in a simplified
scheme by Simons et al. (1965, Table 1 and figure 14) in which the type
of sedimentary structure is related to flow regime. Estimates for values
of stream power and flow regime for the various depositional environments,
obtained from the gfaphs of Allen (1970, Fig. 2.6) and Simons et al.
(1965, Fig. 21), are summarized in Table 14.

On a larger écale: canlestimates be obtained for tidal range and
tidal and fluvial discharge Based on.sedimentary structures, channel-
water depth and width, using velocity estimates obtained from graphs
derived from experimental flume data? Estimates for discharge through
tidal channels seems risky at this time, because discharge is related
to tidal range and length or duration of tidal flow. However, estimates

. ] !
of paleotidal range for middle}|Carboniferous sediments in the overthrust
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sheet vary from 2.5 to 8.0 meters, using the method based on the
vertical distribution of sedimentary structures described by Klein
(1970b, Fig. 2).

One may be more successful, however, in attempting to quantify the
fluvial environments by turning to the field of paleohydraulics, where-
hydraulic parameters are estimated from empirical relationships deve-
loped from work on modern rivers. The relationships between channel
depth, width, sinuosity, discharge, channel length and drainage basin
area (Table 15) are summarized by Leopold, Wolman and Miller (1964),
Schumm (1968, 1972) and Allen (1970) . Ranges for the various exponents
used in these equations were investigated by Joering (1972). .Before
beginning these calculations one can ask fhe following questions: "How
accurate will my estimates be for these sandstones using only outcrop
data? Which of the estimated parémeters will be useful in further
describipg the depositioﬁal environments of the sandstones? How useful,
if at all, will the parameter estimates be in a discﬁssion of tectonic.
setting (slope) and paleogeography (drainage basin area and channel
length which appfoximates distance from the source area)?"

Sandstones of the Lee Formation record deposition in two differet
fluvial environments; the lower members (equivalent to the Pocahontas)
and the Hensley Member in high sinuosity rivers and the Middlesboro,
Bee Rock and Naese Members in low sinuosity rivers (Figs. 6 and 29).

"I will begin by estimating the channel parameters of width and depth
from outcrop data. 'These estimates, when combined with grainsize

data and assemblages of sedimentary structures, can be used to
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Subsequent estimates for slope,

estimate flow velocity and discharge.

basin area and channel length can then be obtained from the

discharge to these three parameters.

drainage

empirical relationships relating
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Channel Parameters

Measuring channel width and depth in ancient fluvial deposits has
been attempted for high sinuosity rivers by several methods. - Schumm
(1968) based his estimates for some Quaternary sediments from the dimen-
sions of oxbow lakes. Cotter (1971) estimated water depth and channel
width as the thickness and one and a half times the width of crossbedded
units interpreted as point bar deposits in some Cretaceous deposits.
Leeder (1973) estimated channel depth as the thickness of the sandstone
member in a fining-upward sequence and calculated channel width from
an empirical relationship between channei width and depth for moderﬁ
rivers with sinuosities greater than 1.7.

A reasonable estimate for water depth is necessary, because depth

is directl& related to discharge, a quantity used to determine flood
dischérée and drainage basin area (Table 15, Eqs.‘7, 9, and 10).
Figure 31 shows the error introduced into the estimates of the other
parameters because of an incorrect depth estimate. Because the high
sinuosity rivers had sinuosities greater than 1.7, channel depth and
width were calculated by the method described by Leeder (1973). See
Table 15, Equations 1 and 3.

Estimation of depth in low sinuosity rivers is somewhat more dif-
ficult. Some workers believe that water depth and crossbed thickness
are empirically related based on data obtained during flume experiments
(Allen, 1970, p; 78). Other flume experiments show that crossbed
thickness may range from.34 to.90 percent of the w;ter depth, suggesting

that water depth cannot be accurately estimated from crossbed thickness
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(Jopling, 1965, p. 58). Miall (in press) estimatéd channel depth from
the mean thickness of crossbeds using an empirical relationship between
mean crossbed thickness and water depth (Tab;e 15, Eq. 2). While the
original water depth must have at least equalled the crossbed thickness,
it is difficult, if not impossible, to determine how much of the ori-
ginal crossbed thickness is preserved by burial in the fluvial environ-
ment. To obtain a range of values for the various hydraulic pérameters
in the low sinuosity environment, calculations were made using the
empirical depth-thickness method (Table 15, Eq. 2) and the hypothesis
that the crossbed thickness was approximately 50 percent of the original
water depth. ‘
| Sinuosity in high-sinuosity%rivers isAcalculated from the width/

'depth ratio (Table 15, Eq. 5). JIn low;sinuﬁsity?rivers, variation in
the moving average of crossbedding within a vertical profile is inter-
preted as a measure of tﬁe change in orientation of the entire river
tract is related to sinuosity (Miall, in press), (Taﬁle 15, Eq. 6).
The subsequent calculation for width in low sinuosity rivers is made
from the relatioﬁship between‘sinuosity and the width/depth ratio
(Table 15, Eq. 4).

Sinuosity calculated for the highrsinuositygrivers range from 1.7
to 1.8 (TableA16B), and have width/dgpth ratios ranging from 13 to 18.
These’calculations suggest that Pennsylvanian rivers were characterized

by mixed load transport. Modern mixed load transport rivers have

sinuosities ranging from 1.3 to 2.0 and width/depth ratios ranging from
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10. to 40 (Schumm, 1968, p. 40). Siﬁuosity for the low-;-sinuosityE
Pennsylvanian rivers ranges from 1.1 to 1.3 and have width/depth.

ratios ranging from 39 to 73. The predominance of sand and crossbedding
in the vertical profiles (Fig. 33) along with tﬁe concentrations of
gravel suggest bed load transport. Schumm (op cit.) described'modern
rivers characterized by bed load transport as having a braided channel
morphology, sinuosities ranging 1.0 to 1,3 and width depth ratios

. usually greater than 40.
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Flow Velocity and Discharge

Most rivers flow at discharges less than or equal to their mean
annual discharge about 75 percent of the time (Leopold et al., 1964,
p. 243). In the vertical profiles used for the paleohydraulic calcu-
jations about 73 percent of the total thickness comprised crossbedded
sand. The remaining 27 percent of the sands represent flow conditions
of higher (massive beds and even lamination)‘or lower (ripples) energy.
If the percentage of crossbedding is acceptable as an estimate of the
proportion of total time under which conditions were suitablé for
crossbed formation, then such conditions must have been close to those
defined sy the term 'mean annual discharge',i

The grain size of a'deposit formed By bed load tramsport is related

to flow velocity and provenance. The mean grainsize of the sand in the
. i f

crossbedded units ranges from coarse to fine;'sizes which é i
will be eroded at velocities of approximately 40 cm/sec. (Sundbo;g,
1967, Fig. 1). Medium to coarse sand deposits will be characterised
by a crossbedding forms for flow velocities ranging from 50 to

100 cm/sec (Friend and Méody—Stewart, 1972, Fig. 27). The following
calculations for the 1OWesinuosityisandstones were made using a flow
velocity of 50 cm/sec. Although tLe sands deposited by the high
sinﬁosity rivers are somewhat finer grained, the same velocity of

50 cm/sec was used to simplify the calculations. It was felt that no

more error was introduced into the calculations that than by having

an incorrect estimate for water depth.
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Pebbles in the Lee sandstones are interpreted as representing
greater flow velocities. The largest quart; pebbles found in the
Cumberland overthrust sheet commonly have diameters less than 6.5 cm.
The calculated flow velocity required to move this pebble is 230 cm/sec
(Malde, 1968, p. 46).

Using estimates of the channel cross-sec;ion area (width times
depth) and mean and maximum flow velocity, it is possible to calculate
discharge for both average and flood conditions. The mean annual dis-
charge is the product of the cross-section area and mean flow velocity,
with the mean flow velocity estimated at 50 cm/sec.” The results are
shown in Tables 16A and 16B. Flood discharge has been shown to be
empirically related to the mean annual discharge (Table 15, Eq; 8 ﬁnd
9), but the equation requires én estimate of the percent silt plus
clay in the channel perimeter, represented by M in Equations 8 and 9
(Table 15). For bed 1oéd streams this ranges from 1 to 5 percent and
for mixed load streams from 5 to 20 percent (Schumm, 1968, p. 40).
Using M=5 and M=15 for tﬁe low- and high-sinuosity streams,. respective—
ly, estimates wefe made for bankful depth and annual flood discharge
(Table 15, Eq.'8 and 9), (Tables 16A and 16B). Flood disdharées in
the low-sinuosity| rivers average 4 to 6 times the normal discharge;

while in the high-sinuosity|rivers, estimates for flood discharge

rangé from 5 to 8 times the estimated average discharge.
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Slope, Drainage Area and Channel Length

Calculation of channel slope (Table 15, Eq. 11), gives a range
of values from 0.0017 to 0.005 and 0.0003 to 0.0006 for low and high
sinuosity rivers respectively (Tables 16A aﬁd 16B). Leopold et al.
(1964, Fig. 7-39) show that channel morpholcgy (braided or meandering)

is dependent on slope and discharge. For discharges calculated for

the low-sinuosity |rivers, the channels would be braided, if the slopes
exceeded .001. Thus, it appears that the channels were probably
braided or only slightly sinuous (less than 1.3). Similarly, the

high~sinuosity Fhannels would be meandering if their.slopes were less

than .002. vThe calculated values were less than .0004, indicating
that the channels were probably meandering with sinuosities ranging
from 1.6 to 1.9). |

Drainage area and discharge have been shown to be empirically .
-relaﬁed (Table 15, Eq. 10). The values of a and b depend on numerous
factors including climate and relief. Data from different climatic
zones and topography are provided by Leopold et al. (1964, p. 320) and
a range of probable drainage areas can be obtained by varying these
coefficients. For the Pemnsylvanian rivers, values of a=4.0 and b=0.74
were used in Equation 10 (Table 15).

The relationship between drainage area and channel length (Table 15,

Eq. 12) was used to estimate channel length. These results are summarized

in Tables 16A and 16B.
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Paleogeographic Implications

While paleohydraulic parameter estimates of drainage basin area
and channel length are speculative, it is though that they are probably
within an order of magnitude of being reasonably correct. As shiown in
Figure 31, an error by a factor of three in estimating water depth would l

|

result in estimates of drainage basin area and channel length being
in error by factors of 10 and 4, respectively. The parameter estimates
shown in Tables 16A and 16B can be used to further describe the
depositional‘environments of the fluvial sandstones.

!
Fluvial environments which deposited the high-sinuosity 'sandstones

(Pocghontas Fo;mation) were characterized %y ;ivers with diécharges
ranging from 61 tb 335 metersB/seca Deéosition took place approximately
500 to 1000 kilometers from the source area in a drainage basin ranging
in area from 60,000 to 180,000 sq. kilometers.

Subsequent uplift in the northeast (Fig. 29) caused the development
of a low-sinuosity %iver system thch transported sand and gravel
southwest along the axis of the basin. Paleohydraulic calculations
suggest that discharge ranged from 220 to 650 meters3/sec, and that
southeastern Kentucky was approximately 1600 kilometers from the source
area in a drainage basin covering approximately 250,000 sq. kilomgters.
The transition from low to high sinuosity (Middlesboro to Hensley '
Members) is interpreted to indicate both a decrease in slope and dis-

charge, caused possibly by erosion of the source area after uplift

ceased and less likely by climatic changes influencing rainfall. The
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return to low-sinuosity rivers (Bee Rock and Naese Formations) would
refléct an increase in slope caused by renewed uplift.

One of several possible drainage basin configurations for Penns&l—
vanian rivers is shown in Figure 40. In this reconstruction, south-
eastern Kentucky is approximately 1300 kilometers from‘the head of
the source area, to correspon& with a channel length calculated to
range between 1300 and 2000 kilometers (Table 16A). This figure will
be discussed in the section dealing with the relationship between the

Appalachian Basin and other Carboniferous Basims in eastern North America.
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TABLE 14

ESTIMATES FOR STREAM POWER AND RANGE OF FLOW REGIME FOR
VARIOUS DEPOSITIONAL ENVIRONMENTS OF MIDDLE CARBONIFEROUS SANDS

Environment Stream Powerl‘ Flow Regimez'
Marine 100-2000% Lower

Shoreface ‘ 100-20,006 _ Lower to Upper
Tidal 100-20,000 Lower to Transition
Fluvial 1000-40,000 Lower to Upper

1. Estimated from Allen (1970, Fig. 2.6). Units are érgs/cmzlsec.
Based on grainsize and sedimentary structures.

2. Estimated from Simons et al. (1965, Fig. 21). Based on
grainsize and sedimentary structures.

*

Maximum velocity for wave induced water movement to form

assymetrical ripples ranges from 10 to 70 cm/sec (Allen,
1970, Fig. 5.8).

i
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FIGURE 31. Relationship between error in water depth estimate and error
in subsequent paleohydraulic calculations. Overestimating
depth by a factor of three results in discharge and drainage
basin area estimates being wrong by a factor of approimately
8 and 12, respectively. Values were calculated with a
computer program using the outline and equations listed in
Fig. 33.
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FIGURE 32. Distribution of bedding types for various graiﬁsizes for

. " Lee sandstones deposited by low-sinuosity rivers. The
decrease in abundance of ripple bedding and increase in
massive~ and cross-~bedding with increasing grain size is

J R P PR SR B -
characteristic of V.I.Ltual-u'j' b

L= =
environment.
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FIGURE 33. Outline of procedure for paleohydraulic calculations. Be-
cause procedure is different for high- and low-sinuosity:
rivers, the sandstones must first be classified as to type
using geologic criteria. Listings of these criteria may
ve found in HMoodyv-Siewart {196&, Table 1) and Smith (1970,

p. 3010). Numbers in boxes next to parameter being calcu-

lated refer to equations listed in Table 15.
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SEDIMENT DISPERSAL AND TECTONICS

The discussion in this concluding chapter centers on two objectives:

- Objective 5 - Characterize the middle Carboniferous molasse of the
Appalachian Basin on the basis of provenance and
sediment dispersal; and find, if possible, some
modern examples similar in size and sediment dispersal
pattern. s

Objective 6 - Explain, if possible, the relationship of the middle%

Carboniferous sediments in the Appalachian Basin to
equivalent sediments in other Carboniferous basins
in eastern North America in terms of plate tectonic
models. . '

Sedimentological and structural characteristics of the Appalachian
Basin have been described by numerous workers. Studies of note on the
fill include Pelletier (1958), Yeakel (1962), Meckel (1970) in addition
to those listed in Tables 1 and 2. Structural models for the develop-
ment of the Appalachiaq Basin include those of Kay (1951), Poole (1967),
Bird and Dewey (1970), Rodgers (1970), Hatcher (1972) and Graham et al
(1975).

It is not my purpose to endorse any particular viewpoint related
to the structural deveiopment of the Appalachian Basin; but rather, to
explore what bearing, if any, the provenance and dispersal pattern of

b

Ca}boniferousfsediments have on the theories of Basin origin,

Provenance And Sediment Dispersal

One of the most striking characteristics of middleiCarboniferous
sediments is the abundance of quartz pebbles in the Lower Pennsylvanian
sandstones of the Appalachian, Michigan and I1linois Basins. Pebble

coﬁposition data from four localiqies in the Appalachian Basin, when
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combined with similar data from the Illinois.Basin, indicate a
decrease in the percent of monocrystalline quartz pebbles from northern
West Virginia into Tennessee and Illinois (Table 17). 'Polycrystailine
pebbles account for 30 to 58 percent of the total. During a study of
source areas for sediments in the Illinois Basin, Siever and Potter .
(1956, Fig. 3) showed that quartz pebbles were confined to the eastern
margin of that basin. A review of the literature shows that many
stratigraphic units in the Lower Paleozoic contain qu#rtz pebbles in
the gravel size fraction of cbnglomeratic sandétones (Fig. 35). Although
these pebbles ﬁave not been systematically studied, it seems possible |
that reworkiag of these sediments due to uplift may have contributed
to the v;lume of pebbles seen in the younger Pennsylvanian sandstones.

A detailed petrographic analysis of Lower Pennsylvanian sandstones
in Alabama and West Virginia led Davis and Erlich (1974, p. 171) to
conclude that the source area composition consisted of a granodioritic
batholithic complex overlain by sedimentary, volcanic and low grade
metamorphic rocks, and underlain by migmatites. Although I did not
observe any volcanic rock fragments during my petrographic analysis,
the presence of polycrystalline quartz, metamorphic rock fragments and
feldspar types would support a low grade metamorphic and sedimentary
rock source area. A similar conclusion was reached by Siever and
Potter (1956, p. 330). In addition, crystallinity calculations for
illite in 20 shale samples from the Lee Formation had values less than
2.1, suggesting a low or very weak grade metamorphic source area

(Weaver, 1960, p. 1514).
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Paleocurrent maps published in the last 20 years for Carboniferous
sgdiments in the Appalachian Basin have been compiled and supplemented
with additional data obtained by the author in West Vifginia and Virginia
(Fig. 37). The sediment transport is predominantly southwest, parallel
with the present axis of the basin throughout most of the area. The
only exception is in eastern Pennsylvania, where the direction is north-
west. The predominant southwest transport direction indicates a longi~
tudinal filling of the basin, assuming, of course, that the northeast-
southwest trend of the preserved portion of the basin is approximately

parallel to the orientation of the basin axis during deposition,

This southwest direction of transport is consistent with a . decrease in
both maximum quartz pebble size and percent of monocrystalline quartz

~ pebbles from 61 to 41 percent (Fig. 38). Because polycrystalline quartz
is relatively less stable to mechanical abrasion than monocrystalline
quartz (Blatt, 1967, p. 401), the apparent decrease in monocrystalline
quartz from West Virginia (61 percent) to Tennessee (48 percent) can

‘be explained three ways. First, and most likely, the decrease is due

to dilution from a presently eroded metamorphic source area which lay

to the southeast. Second, perhaps the recycled pebbles from Paleozoic
units in Virginia and Tennessee conpain a larger éercent of polycrystalline
pebbles than units in Pennsylvania and West Virginia. Least likely is
the possibility that polycrystalline pebbles (2-4 mm) are more resis-
tant to physical abrzsion than are monocrystalliné pebbles.f

A longitudinal'filling of the Aﬁbalachian Basin was proposed by

Schlee (1963) after a study of Lower Pennsylvanian rocks in Tennesse and

B
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Alabama (Southern Appalachian Basin). Subsequent paleocurrent and
paleocurrent and petrographic work throughout the remainder of the
basin support this early hypothesis, a hypothesis made when 19ngitu—
dinal filling of molasse basins was thought to be the exception.

Within the Pennington and Pocahontas Formations, the southwest
paleocurrent difection in tidal sands is interpreted to represent the
regional paleoslope. The lobate quartzwackes, oriented in a bifuracting
pattern to the west and northwest and deposited in a fluvial environment,%
suggest a source area to the east and southeast. The southx;vest trans-
port indicated by the Upper Members of the Lee (Middlesboro, Bee Rock
and Naese) reflect the longitudinal f£illing of the basin by sediment
derived from the northeast (Fig. 29). Rivers that may have drainéd
uplifted areas to the east would have turned to the southwest and flowed
parallel to the axis of the basin and down the paleoslope.

Paleocurrent directions iﬁ the overlying Breathitt Group in sough-
eastern Kentucky indicate a northwest transport direction. Similar
directions have been reported for equivalent units in West Virginia and
Pennsylvania (Donaldson, 1974, Fig. 1). These later sediments were
deposited by rivers flowing transverse to the basin axis and may possibly
represent a lowering of the reiief in the source area, suggested.bf the
change from low to high sinuogity rivers and an overall decrease in .
grainsize in the sandstones. These later sediments are also less
mineralogically mature, which may be due'to either less abrasion during
transport or indiéate a shorter distance of trénsport from the source.

. Note that these sediments were transported transversly to the basin axis,
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and that paleohydraulic calculationé suggeét that the source area was
approximately 500 kilometers away.

Sediment dispersal patterms for five molﬁsse basins, which serve
as possible 'modern' analogues for middle;Carboniferous sediments
in the Appalachian Basin are shown in Firure 39. These were selected
on the following criteria: 1) the uplifted area is drained by pre-
dominantly longitudinal rivers, 2) the basin is characterised by a
sediment dispersal system parallel té the basin axis, 3) .the basin is
approximately the same size as the preserved portion of the Applachian
Basin. Thes2 basins are characterized by predominantly nonmarine
sediment;tion in alluvial and fluvial environments. Three of the
molasse basins (Ganges, Indus, Lena) drain into ocean basins, and
two (Ganges and Indus) are accumulating extensive flysch deposits on
submarine fans. |

Did the midale%Carboniferous Appalachian Basin, which was characterized
by molassic sedimentation, eventually drain into an ocean basin whgxeé
éxtensive flysch sediments werevaccumulating? What is the relatiogshié
of the Carboniferous flysch in the Ouachita Trough to the Carboniferous
molasse of the Appalachian.Basin? What is the relationship of the
Appalachian Basin to the other Carboniferous basins in eastern North

America?
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Relationship Between The Appalachian And Other Carboniferous Basinsg

In Eastern North America

Carboniferous basins of central and eastern North America can be
characterized on the basis of their £fill, sediment dispersal pattern,
depositional environment and tectonic setting (Table 18). A paleo-
geographic map made using these basin descriptions, and estimates for
the drainage area of the Appalachian Basin obtained: from paleohydraulic
calculations (Table 16), is shown in Figure 40.

The Minas, Cumberland, Moncton and Sydney basins in New Brunswick
and Nova Scotia have been interpreted as being part of a larger Fundy
Basin, a complex rift valley, or series of intermontane basins, divided
by sever;l uplifted blocks (Belt, 1965, P 799). The conglomerates
of these'basins have only a few quartz pebbles and consist primariiy of
igneous, metamorphic and sedimentary rock fragments (Gussow, 1953).
Paieocurrents ;ndicate both lateral transport toward the basin cenﬁer
and parallel to the basin axis to the nprtheast (Belt, 1965, Fig. 8).

The Boéton and Narragansett Basins, while also lacking significanﬁ
quartz pebbles, show paleocurrent patterns to the southwest (Towe, 1959),
The contrast in pebble lithology, between these two basins and the
Appalachian Basin, was investigated by Mutch (1968). He concluded that
the observed differences were probably related to different source
areas rather than variation in climate and transport mechanism. The
Paleogeographic setting of these basins and the Appalachian Basin is

similar to that described for the intermontane basins of the Canadian

Cordillera and the Himalayas and their associated molasse basins
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(Eisbacher et al., 1974, p. 143). In these examples, clastic sediment
is transported in longitudinal, intermontane valleys and discharged
into elongate molasse basins parallel to the mountain chain. |

The relationship between the Illinois and Appalachian Basins is
partly explained by spore-pollen paleontologic data. Age dates on
coals (Table 5, Appendix 4, Kosanke, written comm., 1975) indicate that
the conglomeratic sandstones in the Appalachian Basin are older than
the first conglomeratic sandstones seen in the Illinois Basin. This
is interpreted to mean that while the fiuvial system migrated back
and forth across the Appalachian Basin depositing conglomeratic sand-
stones characterized by sheet-like geometry (Figs. 6 and 7), the
Illinois Basin was still being subject.to uplift and erosion, resulting
in the formation of paleovalleys along its eastern and southern margins.
The relationship between the Michigan and Applachian Basins was sum~
marized by Potter and Siever (1956) and Siever and Potter (1956). They
concluded, on the basis of paleocurrent studies and sedimentary

: petrology,.that the two basins were filled from compositionally similar
source areas which may have been geographically séparate, by rivers
flowing southwest, parallel to the regional paleoslope.

In summary, the main depositional basin (Appalachian) was filled with ?
sediment coming from an uplifted source area to the northeast.
Sedimeﬁtation within the source area occurred in intermontane basins,
such as the Boston and Narragansett Basins. The intermontane Fundy
Basin, comprised of several smaller basins such as -the Cumberland and

Moncton, sloped to the northeast, away from the Appalachian Basin.
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The Michigan and I1linois Basins received sediments from the north,

with the Illinois Basin also receiving sediment as spillover from the

Appalachian Basin.
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Geosynclines, Plate Tectonics and Middle Carboniferous Sedimentation

According to geosynclinal theory, the middlezCarbqniferous sediments
reflect molassic sedimentation caused by uplift during the second
geosynclinal cycle of the Applachian Geosyncline (Pettijohnm, 1959,

p. 641). The Pennington, Pocahontas and Lee Formations were deposited
in the miogeosynclinal portion of the geosyncline, with part of the

.Lee Formation subsequently spreading onto the craton and being deposited
in the Illinois Basin as the Caseyville and Mansfield Formationms.

With regards to ﬁlate tectonics, the middle;Carponiferous sediments
were deposited in intermontane valleys (Narragansett; Boston and others,
see Table 18), peripheral (Appalachian).and intracratonic (Illinois -
and Michigan) basins, and are believed to represent the uplift related
to the north-to-south welding of Africa to North America (Dickinson,
1974, p. 23; Graham‘gé;gl., 1975, p. 273). In this casé, the peripheral
basin (Appalachian) was characterized by a longitudinal sediment dis-—
persal pattern with an associated flysch sequence (Jackfork and Atoka
Flysch of the Ouachita Trough) fed longitudinally into a remnant ocean
basin.

This viewpoint is quite attractive, because it:

i.. Accounts for the various basin characteristics shown

~ in Table 18,

2. Describes the relationships between the basins,

3. Relates the Middle Carbonifexous molasse and flysch, and,

4. Provides a mechanism for recyciing sediments to possibly

concentrate quartz pebbles.
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Future Considerations

In the course of this study, some questions have been raised and
it seems appropriate to summarize them in this final section as items

to which we may possibly turn our attention in the years to come.

The following are related to sedimentation and depositional environments:

1. What properties of a sandstone are most diagnostié of its

environment of deposition?

2. Can we improve the accuracy of our paleohydraulic c#lculations,

particularly thg procedure for estimating the water depth in
low sinuosity rivers from outcrop data? .

Due to the growing popularity of plate tectonics and the re-evalu-
ation of sedimentary basins, some of the following questions may be
answered in the coming years as additional work is completed on the
geology of remote areas and we unde;séand better%the closing of the
Proto-Atlantic in the Late Paleozoic and itsire—opening in the Mesozoic:

1. What are the fill, sediment dispersal patterns, depositional

environments and tectonic setting of Carboniferous basins in
Africa?? .

2. Do they form a mirror image with the Appalachian Basin along

the suture belt?

3. If not, how were they different; and what did the paleo-

geography look lik after the suturing was complete?
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FIGURE 34. Models of sediment dispersal into molasse basins from uplifted
areas. Open-headed arrows indicated minor contributions
from other areas. In upper figure, radial and longitudinal
sediment dispersal characterize scurce sie2 and adjecent
molasse basins. In lower figure, source areas are charac-
terized by transverse sediment dispersal from both or one

side. Molasse basins are being filled laterally from both sides
or predominantly one side.
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A UPLIFTED OR >+ | MOLASSE BASIN
"A/N | SOURCE AREA N AN
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FIGURE 35. Distribution of stratigraphic units from Nova Scotia to
Alabama which contain quartz pebbles that could have

* been recycled into the Pennsylvanian conglomerates. The

largest number of units and maximum thicknesses occur in

New York and Pennsylvania.
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FIGURE 36. Possible plan for recycling Lower and Middle Paleozoic quartz
pebbles into Pennsylvanian conglomeratic sandstones. See
Fig. 35 for distribution of units containing quartz pebbles
and Table 17 for classification of pebble types.
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FIGURE 37. Sedimental dispersal indicated by paleocurrent orientations
in middle: Carboniferous fluvial sandstones. Solid arrows
represent published paleocurrent studies listed in Table 1.
Sediment flow indicates longitudinal £illing of the basin.
Compare with Fig. 1.

-

FIGURE 38. Evidence indicating a major northeast source area for
' middle! Carboniferous sediments. Compare with Fig. 37.

The relative decrease in monocrystalline quartz with
respect to polycrystalline quartz, with increasing distance
and subsequent abrasion, is contrary to the relative stabi-
lities of these two quartz types proposed by Blatt (1967,
p. 401) and Folk (1968, p. 89). Pebble compositions are
listed in Table 17.
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FIGURE 39. Sediment dispersal in four modern basins and ore Tertiary basin.
These examples were chosen because they represent uplifted
areas drained by predominantly longitudinal rivers into
basins characterized by a sediment dispersal system parallel -
to the busin nxis ond are gimflar-in size to tha pregcent
outcrop limit of the Appalachian Basin. The Alpine example
is redrawn fron Van Houten (1974, Fig. 3).
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FIGURE 40. Outline of possible paleodrainage basin for middle' Carbon-
: iferous low~sinuosity;fluvial sediments. Drainage basin

area is approximately 270,000 sq. kilometers. This is
within the range suggested by paleohydraulic calculations
(Table 16). The basins in New Brunswick and Nova Scotia
were not included in drainage arca begause paleocurrent
data indicate a northeast current direction. See Table 18
for summary of basin characteristics. ‘

FIGURE 41. Relationship between uplifted suture zone and molasse-
flysch basin sedimentation. The flysch!basin associated
with the middle|Carboniferous molasse in the Appalachian
Basin for this example would be the Ouachita Trough. The
sequential north to south closing of the Proto-Atlantici
would provide a mechanism for recycling the quartz pebbles,
as diagrammed in Fig. 36. Redrawn from Graham et al.
(1975, Fig. 6)
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CONCLUSIONS -

An integrated sedimentologic and stratigraphic analysis
of middle Carboniferous sediments has produced the following
conclusions, which are divided into three categories:
stratigraphy; sedimentology and basin analysis. Figure, table
and page numbers; listed in parentheses after each conclusion;
indicate the location in the text where data related to that

- conclusion'are presented.

Stratigraphy

1. The lower three members of the Lee Formation in
southeast Kentucky (Chadwell, White Rocks and Dark
Ridge) are equivalent, in part, to the Pocahontas
Formation of Virginia and West Virginia.

Pages: 28, 82; Figure 6; Table 3

2. The Mississippian—Pennsylvanian systemic boundary,
established by conodont and spore assemblages, occuxs
within the Pennington Formation on the Cumbexland
overthrust sheet.

Pages: 24, 78; Figure 28; Tables: &4, 5

Sedimentology

3, Middle Carboniferous sandstones were deposited in a
generally regressive sequence of marine, shoreface,
tidal and fluvial environments.

Pages: 37 to 48; Figures: 27, 29

4. 'constructing careful vertical pxofiles through sandstone
bodies is the best way to determine the environment of
deposition.,

Page 54; Figures: 14 to 21
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5. Grain size probability curves and multivariate
statistical analysis of texture and composition had
variable success in determining depositional
environments. '

Pages: 49 to 54; Table 13

6. Paleohydraulic calculations for the fluvial
sansstones are probably within an order of magnitude
Lk of being correct. However, considerable error can
E result from an incorrect estimation of original
water depth. '

Pages: 93 to 94; Figure 31

Basin Analysis

7. Sandstone petrography~and paleocurrent data
indicate that middle Carboniferous sediments in the
Appalachian Basin were derived from a low~rank
metamorphic and sedimentary rock source area, which
lay to the northeast and east, with transpoxt
predominantly parallel to the basin axis.

Pages: 47, 109 to 113; Figures: 24, 25, 37, 38; Table 8

8. The well rounded quartz'pebbles, a striking
compositional aspect of middle Carboniferous sand-
ston es, were recycled from Precambrian and Lower
Paleozoic sandstones.

Pages: 109 to 111; Figures: 35, 36; Table 17

9, The Scituate,Narragansett, Boston and Woonsocket
Basins of the northeastern United States, were inter-
montane basins within the souxce area which supplied
the sediments to the middle Carboniferous Appalachian
Basin,

Pages: 114 to 116; Figure 40; Table 18

10. IThe Cumberland, Minas, Moncton and Sydney Basins of
eastern Canada, which were intermontane basins, sloped to t
the northeast and did not contribute sediments to the
Appalachian Basin. .

" Pages: 114 to 116; Figure 40; Table 18
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11. The intermontane basins were formed in an uplifted
area caused by the suturing of Africa to North
America. Sediments derived from the uplifted area were
deposited either as molasse sediments in the
Appalachian Basin or as flysch in the Ouachita Trough.

Page 117; Figure 41
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Appendix 1 summarizes the locations of the control
used to construct the cross sections

APPENDIX 1

LOCATION OF WELLS AND MEASURED SECTIONS

of each location corresponds to its

in Figure 5.

writer are described in Appendix 2.

Number

1.

2.

3.

4.

5.

6.

7.

8.

9.

11.

12,
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Location

Brodie & Son #1
Wwilliamson, 10-L-84,
Pike Co., Ky.

Gulf 0il #1 Bradley,

Elkhorn Coal #l1,
3-J-82, Floyd Co., Ky.

Rice 0il #1, 10-I-76,

Perry Co., Ky.

Ohio 0il Co. #3 Osborn,
25-J-71, Menifee Co., Ky.

Ohio 0il Co., #4 Osbornm,
6-H-71, Menifee Co., Ky.

Va.-Ky. 0il #1 Rice,
1-G-70, Johnson Co., Ky.

Atlanta 0il & Gas #1
Watkins, 7-H-67, Laurel

Petroleum Exp. #1 Fry,
20-F-67, Knox Co., Ky.

Delta Drilling, Gatliff
Coai Co. #1l, D-65
Whitley Co., Ky.

Whitley Co., Ky.

Gibson Petro. {1 Jayne,
5-D-70, Johnson Co., Ky.

and isopach maps.
location on the index map shown
Much of the data is published in the literature, and

reference is made to all source material.

Source

Jillson
(1922, p. 591)

Jillson
(1922, p. 147)

Jillson (1919)
Jillson (1919)
Jillson

(1922, p. 518)

Jillson
(1922, p. 519)

Jillson
(1922, p. 225)

Jillson
(1922, p. 236)

Wiser 0il Co.
Corbin, Ky.

Englund (1968)

Jillson
(1922, p. 712)

Jillson
(1922, p. 225)

146

data points.
The number

Sections measured by the

Data e

Drillers
Log

Drillers
Log

Dirillers
Log

Drillers
Log

Drillers
Log

Drillers
Log

Drillers
Log

Drillers
Log

Sample
Description

Sample

" Description

Drillers
Log

Drillers
Log



Numbezr

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Location

North Am. Petr., Asher
Coal Co., 16-E-72, Bell

Co., Kentucky

Archer Branch to Laurel
Fork, Campbell Co., Tenn.

I-75 Roadcut, Campbell

Co., Tenn.

Columbia Carbon, East
Tenn. Iron and Coal #2,
Campbell Co., Tenn.

Big Creek Gap,

LaFollette, Tenn

Gilbert and Moulton,
21-A-67, Clairboune Co.,

Tenne.

Henry Bowlin Gap, 8-B-67,
 Whitley and Bell Co., Ky.

Pineville, 22-D-70
Bell Co., Kentucky

United Fuel & Gas {2

Knuckles, 5-C-71, Bell Co.,

Ky.

Benedum Trees, L. B.

Ky.

Cumberland Gap,
Bell Co., Ky.

Columbia Fuel & Gas 1
Kentenia, 16-D-74, Harlan

Co., Ky.

Columbia Fuel & Gas #1

Ky

Bailey, 3-D-74, Harlan Co.,

Highway 421, 7-8-75

Harlan Co., Ky.

Source

Ky. Geol.
Survey

Englund (1968)
BeMent (1976)

Sec. l4, App. 5

Englund (1968)

White (1906)

Englund (1968)

BeMent (1976)
Sec. 18, App. 2

Houser (1957)
BeMent (1974)

Clarkson (1962)
Geol. Surv.

Ky. Geol.
Survey

Ashley and
Glen (1906);
Englund (1964)

Ky. Geol.
Survey

Ky. Geol.
Survey

BeMent (1976)
Sec. 25, App. 2
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Data e

Drillers
Log
Outcrop

Outcrop

Sample
Description

Outcrop

Drillers
Log

Outcrop

Outcrop
Outcrop
Sample
Description

Sample
Description

0ﬁtcrop

Drillers
Log

DPrillers
Log

Qutcrop



Pennington Gap, Lee Co.,
Hurricane Gap, 2-F-78,
Letcher Co., Ky.

U. S. Steel #4 Bierer

and Sons, 11-F-79, Harlan

Highway 119, Stokeley and
Assoc. core holes #1, 2, 6,
4-G-81, Letcher Co., Ky.

Callahan Creek, F-81

Big Stone Gap, Wise Co.,

Little Stone Gap, Wise

Clinchfield Coal #187,
Wise Dev. Co., Wise Co.,

Bond Gap, Wise and Scott
Clinchfield Coal #189,

J. F. McElhaney, Russel

Hart-Alvy Section,
Russell Co., Va.

Cranesnest River,
Clinchfield Coal,
Dickenson Co., Va.

Blue Head Branch Section,

Numbef Location

26 .

Va.
27.
28.

Co., Ky.
29.
30.

Lee Co., Va.
31.
32.

Co., Va.
33.

Va.
34.

CO. ] Va-'
5.
36.
37.
38.

Pike Co., Ky.
39.

Clinchfield Coal, J. H.
Sutherland, Dickenson Co.,
Va.

Source

Giles (1925)
Campbell (1925)

BeMent (1976)
Sec. 27, App. 2

Ky. Geol.
Survey Files

Ky. Geol.
Survey Files

Miller (1974)

Campbell (1893)
Eby (1923)
Miller (1969)
BeMent (1976)
Sec. 31, App. 2

Eby (1923)

Englund and
Delaney (1966)

and
(1966)

Englund
Delaney

and

(1966).

Englund
Delaney

Englund and.
Delaney (1966)

Eby (1923)

Miller (1967)

Miller (1974)
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Data e

Outcrop

Outcrop

Drillers
Log

Sample
Description,
Outcrop

Drillers
Log

Qutcrop

Outcrop

Sample
Description

Outcrop
Sample
Description

Outcrop

Sample
Description

Outcrop

Sample
Description
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APPENDIX 2
DESCRIPTIONS OF MEASURED SECTIONS

This section contains the descriptions of four measured sections
through the Pennington and Lee Formations. The section number corres-—
ponds to the locations shown in Fig. 5 and listed in Appendix 1.

Section 27 Hurricane Gap, Letcher Co., Kentucky

Section begins at top of Newman Limestone on east side of road along
northwest side of Pine Mountain. Base of section is 1951 meters from
east line and 1646 meters from north line, Louellen quadrangle, Letcher
Co., Kentucky. Measured with Jacob staff and tape by W. O. BeMent,
June 23, 1973.

Pennington Formation: ‘ Meters
1. covered ...B.OO.....I.O.".....;....."..0'........‘.... 42.6

2. Shale, silty; red to greenish gray; slightly calcareous;
ripple bedded; interbedded with some thinly rippled,
gray siltstones; sandy near tOP eeccecccccccccccsccce 4.3

30 COVGIEd ...o.....o0..00............0-.......00........0. 7.3

4. Sandstone, tan to dark gray; fine grained; calcareous
in part; massive bedded cccceccccctcnsccccrcccocnncns 1.2

5. Siltstone, light brown to light gray; rippled; lower
part is interbedded with tan, fine grained, massive
bedded sandstone; upper part is predominantly silt-
stone with some scattered beds of sandstone .ccceo.ece. 18.3

6. Shale, dark gray, brown or red; silty; horizontally
laminated with some rippled UNitS cececccsccnsenccoces 4.6

7. Sandstone, gray to tan; silty; fine grained; rippled
or massive bedded; transitional base; contains some
scattered interbeds of light gray, micaceous,
rippled siltstone; crossbedded near tOP cececocccsccce 7.6

8. Sandstone, tan to light gray; fine to very fine grained;
predominantly rippled bedded with some scattered thin,
massive bedded units of fine grained sand; contains
some thin, interbedded gray siltstones showing load
cast structures; basal part of unit contains clay
pebbles; upper part 1is interbedded with thinly laminated
black Shale ecceccecccaccccccscccssscsccsoccocssscccnse 8.1
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9.

10.

11,

12,

13.

14.

15.

16.

17.
18.

19.
20.
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Sandstone, light gray to tan; fine to very fine
grained; lower part is somewhat coarser grained,
crossbedded, micaceous in part with laminations of
opaque minerals; middle third is crossbedded or
rippled and jnterbedded with thin beds of light
gray to black shale; upper third is tan, micaceous,
rippled with heavy mineral laminationsS cececcecescsccsce

covered C‘G.'..l...d....‘...C.'..Q...D.0.0IQO..'..........

Shale, greenish gray to black; siightly silty;
horizontally laminated; interbedded with thinly
rippled, micaceous gray Si1tStONe cecvesecccssscsccssnsss

Shale, greenish yellow to gray to black; calcareous;
contains scattered fossils of brachiopods and thin,
black carbonate wackestone near tOp ececcecscsceccccncocse

Sandstone, tan to greenish gray; lower part is very fine
grained, rippled and interbedded with laminated black
shale; middle part is fine grained, micaceous, with
concentrations of opaque minerals; upper part scours
into underlying units, is medium to fine grained,
quartzose and massive bedded .ceecevsecscsccsssccccasccces

Sandstone, gray; very fine grained; silty and micaceous;
crossbedded at base and rippled near tOP «csescccccsccs

Shale, silty; lower half is red or gray, contains iron-—
stone concretations and is interbedded with laminated
gray siltstone; upper part is red to green and hori-
zontally laminated ccescescecccccccccarcccnccssassccnccs

Siltstone; lower part is yellow to green, slightly sandy,
micaceous with scattered concentrations of macerated
plant fragments; middle part is shaley, red to green,
with scattered interbeds of fine grained sandstone;
upper part is sandy, brown to green, rippled and inter-
bedded with horizontally laminated black shale ceesccose

Shale, partly covered; silty; red to greenj burrowed cecee
Siltstone, tan to greenish gray; shaley; micaceous;
interbedded with thin gray shale and very fine grained,
rippled Sandstone lll.Cll...I...Q'C..l..‘..’..‘..‘..o...
Shale,'red to green; silty, horizontally laminated cccocee
Siltstone, yellow to greeﬁ; lower part is shaley, in part

micaceous and ripple bedded; upper part is interbedded
with red shale ........Q'..l..l...Q....l‘ll'.l....l-l....
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.(Pocahontas ?)—

21. Siltstone; lower part is shaley, interbedded with thin
beds of fine grained, gray sandstone; thin carbonaceous
zone and green shale present in middle; upper part is
light gray, rippled, and grades into overlying light
gray, very fine grained, burrowed sandstone eecececcccecsce 12.6

220 covered .‘....0........'.....‘...C.....0..0....'.........‘ 6.1

23. Sandstone; lower part is tan, fine grained, micaceous
in part, rippled and crossbedded; contains gray to
black carbonaceous shale and shaley coal near center;
upper part is tan to brown, medium grained, cross-
bedded at base and rippled near tOp eccecccccscecssccscs 3.8

Lee Formation (in part)

24. Sandstone, white; coarse grained; conglomeratic, erosional
base; crossbedded with some scattered massive beds .c... 5.3
!

————

Total 256.1
Section 18 Henry Bowlin Gap, Whitley and Bell Cos., Kentucky

Section begins at top of Newman Limestone on east side of road along
porthwest side of Pine Mountain. Base of section if 3581 meters from
west line and 2286 meters from south line, Frakes quadrangle, Whitley
Co., Kentucky. Section continues up hill, through gap and into Bell Co.,
measured with Jacob staff and tape by W. 0. BeMent, June 21, 1973. This
section is shown in Figure 16.

Conodonts sampled from Unit 9. Maceration 2095 from Unit 1l.

Pennintgon Formation: Meters
1. covered U......O......l...'.l..0..........._’.......... 6.1

2. Siltstone, light gray to green to reddish green; shaley;
mostly rippled with some flaser bedding; carbonaceous in
lower part; interbedded with laminated gray to green

shale .'........I..............".‘.....'..".'..l... 28.3

3. Sandstone, light gray; silty; fine grained; lower part
is rippled, has conformable base and contains scattered
clay pebbles; upper part is massive bedded eeesecsess 6.1

i
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4. Siltstoné: light gray to dark green; sandy; predominantly
ripple bedded; interbedded with light gray, fine grained,
crossbedded sandstones containing clay clasts e.eesees 26.8

5. Sandstone, tan; medium to fine grained; lower part has
erosional base, clay pebble conglomerate and is massive
bedded; upper part is mostly ripple bedded with some
maSSive beds l...OO.‘C..O‘..QO..OG.G’...O..O.......O“ 10.5

6. Shale, dark gray; silty; carbonaceous; mostly laminated
with some rippled zONeS sececsesccccecccnccoscecccotos 7.6

7. Sandstone, tan; fine grained; lower part is massive
bedded, burrowed along base; upper part is rippled ... 4.6

8. Shale, silty; upper half is yellow, laminated; lower
half is rippled .0..l..I.I..'.‘.........'.C..........I 12.2

9. Limestone, light gray; wackestone; contains abundant
brachiopod and crinoid debris; sharp bounding

contacts...;o-l.0.0.0....l..00.00.0.0.0....'.0...0.00'... 3'1

10. Shale, yellow; silty; 1aminated vesessssesecssssscsssceoa 2.1

11. Sandstone, tan to white; fine to very fine grained; mica-
ceous in part; rippled; interbedded with rippled gray
siltstone; contains thin coal bed in upper part ..ecece. 24.3

12. Sandstone, pink to tan; medium to fine grained; lower part
is rippled and horizontally laminated and contains some
thin beds of dark gray silty shale; middle part is
medium grained and massive bedded; upper part is fine
grained and rippled teeccesesscsessssesssssscssonvocans 6.0

This part of the section begins the vertical'profile shown in
Figure 15B.

13. Shale, dark gray to black; laminated ereeevessecssesses 3.1

14. Sandstone, red to light gray, medium to fine grained;
micaceous and quartzose with heavy mineral concentra-=
tions; mostly crossbedded with some horizontal bedding
near top; massive bedded sand near base contains abundant
matrix, sharp basal contact with underlying shale .... 8.2

15. Shale, light gray, laminated; scattered thinly ripple
bedded gray siltstone Qi..‘.l.....l....'....I....QQ..... 0.5

16. Sandstone, white to red, coarse to fine grained; micaceous
with local concentrations of heavy minerals; rippled near
top, some horizontal bedding near center; clay pebbles
and quartz granules in massive beds in lower part ..... 12.9
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17. Siltstone, dark gray; rippled with 50 percent
interbedded gray shale; scattered thinly ripple
bedded very fine sand ..l.....'..l.'..'I..l........l... 3.1

18. Sandstone, red to tan, medium to fine grained;
micaceous and quartzose in part; crossbedded with
scattered ripple beds near top and lower quarter
of unit; clay pebbles in crossbedded UNitS cevessessese 7.0

19. covered l.la.l.c.‘0..'.tc0.ooo...OI..A...O....'..Q..l.... 4.0+

This part of the section begins the vertical profile shown in
Figure 17.

20. Shale, light gray, silty, predominantly laminated
with scattered rippled mits .....I'Il..l..'...'......' .1+

21. Sandstone, upper third is light pink to light gray,
micaceous in part, predominantly trough crossbedded
with some scattered ripple beds near the top; lower
two thirds are orange to light gray, coarse to
medium grained, slightly pebbliferous with lenses of
quartz pebbles, crossbedded with thicknesses ranging
from 20 to 200 centimeters; erosion base ceseccececcccee 9.1

22, Covered, probably shale or siltstone ...ccecscoccccsccccs 0.6
23. Sandstone, red to light pink; fine grained, micaceous

in part; upper part is trough crossbedded; lower part

is thinly ripple bedded with transitional base cceceese 2.1
24. covered '..0.I.C..COI;OOOCI...I'..........l...........". .5.’-

—————

- . . Total 194.4
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Section 25 Hiéhway 421, Harlan Co., Kentucky

Section begins at top of Newman Limestone on south side of road along
northwest face of Pine Mountain. Base of section is 5181 meters from
west line and 2743 meters from south line, Bledsoe quadrangle, Harlan
Co., Kentucky. Measured with Jacob staff and tape by W. O. BeMent,
June 19, 1973. Units 24 to 39 are shown in Figure 21. Conodonts

. sampled from Unit 3.

Pennington Formation: " Meters
10 covered l.‘l........l........‘..ll...l.......o‘...ll.'... 7.6

2. Shale, red and greenish gray; silty; fossiliferous;
interbedded with thinly rippled light gray siltstone;
abundatltly burrowed.'.l..0..........I...........ll.. 7.4

3. Limestone; wackestone, light gray to brown; fossiliferous
with brachiopod and crinoidal debris eeceesevcccceee 3.1
(sampled for conodonts - see Table 4)

o
4. covered 'Q...I..‘C..........'l.ll..'...‘..l..l......l.l 18.3

5. Siltstone, dark gray; rippled; interbedded with laminated
or rippled dark gray silty shale c..ccececccccccccse 3.1

6. Sandstone, tan to white; fine grained; erosional base;
lower part is crossbedded and contains pebbles of
. underlying silty shale; upper part is massive or low
angle crossbedded .oceeecscccecccccnenssncacooccs 4.6

7. Siltstone, light gray; rippled and flaser bedded; inter-
bedded with dark gray shale ccececsccccsccacccocnncce 7.6

8. Sandstone, light gray; fine grained; lower part is
horizontally bedded, contains concentrations of coaly
debris; upper part is tan, massive bedded with sharp

top ..'........A...Q‘I.....'.'.l...........l'."l'... 9.5

9, Siltstone, light gray; rippled and flaser bedded; inter-
bedded with light gray silty shale and thinly bedded,
tan to light gray fine grained sandstone; contains
one bed of tan to pink, medium to fine grained, cross-
bedded sandstone near center of unit; grades upward
into thinly bedded, light gray, fine to very fine
grained rippled sandstone eceececcccnsscoccacocsonne 25.9

This part of the section begins the vertical profile shown in
Figure 15A.

i
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10. Sandstoné: light gray, fine grained; massive
bedded IQ...Q.l...........I'l‘..l.......00..'........‘ 0.9

il. Siltstone, light gray to dark green; flaser bedded and
rippled with 50 percent interbedded gray shale;
Zoadcasts abundant; 2.0 meters near center contains
scattered massive beds of fine grained sand with clay
pebbles, 10 percent interbedded gray shale cceccceccen 7.6

12. Sandstone, tan, medium grained; massive bedded with
scattered crossbeds; erosional base secccceccvecscccaces 2.1

13. Siltstone, light gray; rippled with thin interbeds
of gray Shale ......'......I..'...I..........I.......I 0'9

i4. Sandstone, white to tan, fine to very fine grained;
crossbedded with scattered rippled units .ccceccecccee 6.1

15. Sandstone, white, medium grained, friable, massive
bedded in units 8 to 25 cm; burrowed in upper part ... 5.8

16. Sandstone, light tan to gray, fine to very fine grained;
horizontally bedded in upper part with ball-and-willow
structure; lower part is horizontally bedded with a
few scattered ripples and low angle crossbeds ccececece 6.1

17. Sandstone, light gray, medium to fine grained; massive
bedded with claypebbles '..I................'........ 2.4

18. Sandstone, pink to ligh gray, fine grained; rippled with
thin crossbeds containing clay pebbles; some inter- :
bedded thin siltstones and gray shale sceeccecccceccese 11.0

19. Sandstone, light tan to white, medium grained; massive

bedded ‘................'....Q...‘...l........‘...".. 1.5
(Pocahontas Formation )
21. Coveted ..............l..........I..O..............QI... 3.1

22. Siltstone, light gray; rippled; interbedded with dark
gray shale ...l.'..I......I.I.'.‘....I..........‘..I.' 6.1

23. coal raShWith rootlet zone .ll.......0.‘.......'........ 0.2
Lee Formation: (Middlesboro Member)
24. Sandstone, tan to white; medium grained; erosional basej

crossbedded and massive in lower part; contains some
ripple bedded and horizontally laminated light gray
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siltstone near center; upper third is thinly ripple
bedded and passes gradually into overlying gray,
rippled siltstone containing interbedded gray shale and
thinly rippled SandStone ..ecececccscccsccccccconoccccss

25. Coal’ With deTCIa}’ ..0...00!0'!.0-0..0..".000-0000000'

26. Sandstone, white to light gray; medium grained; sparsely
conglomeraticl erosional base; predominantly planar
crossbedded with lesser amounts of massive bedding and
horizontal lamination; contains a 10.6 meter interval
in upper third which is predominantly rippled «cccccceee

27. Siltstone, light gray; micaceous; horizontally laminated;
contains scattered dessication cracks; interbedded with

18.3

0.2

67.1

light gray, fine to very fine grained, micaceous, rippled

Sand. oo.oooooooloo.oooo-ooconooooco'ooo-aaoo;.o-no-ooo-

28. Covered I...I.I...'.‘....I..........CC.O.................

29. Sandstone, white; coarse to medium grained; conglomeratic;
massive and planra crossbedded ccccececesccccccccacccccs

30. Siltstone, light gray; sandy and rippled; contains one
bed of fine grained, massive bedded sand near base and

33.5

4.6

9.2

3.0 meter interval of tan, fine grained, crossbedded sand

near top ..'...........I.O.'.....'...‘.l......'.l'l...l‘

31. Sandstone, white to light gray; medium to fine grained;
erosional base; predominantly crossbedded in lower part;
upper part may be 50 percent ripple bedded; interbedded
with very fine grained, rippled sandstone eeecececcocee

32, Siltstone, light gray; rippled cccecceccccsccccnccocccnse
Hensley Member
33. Sandstone, white to tan; lower part is rippled and fine

grained; upper part is medium grained and predominantly
crOSSbedded .ll..l.l....l..........‘.......0..0........

32.7

25.9

7.5

18.9

34, Siltstone, light gray; sandy; mostly rippled with scattered

horizontal 1amination .......O.Q...‘.I'.........I.....'

35, Sandstone, white; medium grainedl crossbedded throughout;
erosional base; sparsley conglomeratic; transitional
with overlying mit ....C........Q..QQOOC..I.......O.....

36. Sandstone, tan to light gray; fine to very fine grained;
ripple bedded -and horizontally laminated with carbona-

ceous zones ....I.l.....l‘.l.'....................O....
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37. Sandstoné: pink; medium to fine grained; erosional base;
predominantly planar crossbedded; contains a 4.2 meter
unit of light gray, thinly rippled siltstone in lower

LhiTd eeceecccsscassscacssosscsssvsoccssscoccnsccccccoss 33.2
38. Covered (Position of Tunnel C0al) cececssscccscorscssence 3.1
Bee Rock Sandstone Member
39. Sandstone, white to light gray; medium to fine grained;

erosional base; conglomeratic in lower part; predominant-
1y plmar crossbedded ...’0.......-...D.I...l’......‘.. 15.2

t————

Total 440.2

i
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Section 31 Big Stone Gap, Wise Co., Va.

Section measured along east and west side of gap along Louisville and
Nashville and Southern Railroads. Base of section is on east side of
gap, beginning at north end of tunnel on Southern Railroad, north of
limestone quarry. Measured with Jacob staff and tape by W. 0. BeMent,
December 19, 1973. :

Pennington Formation (in part): _ _ Meters

1. Sandstone, light gray; fine to very fime grained;
micaceous; ripple bedded ecceccccccccccscccnccncace 18.3

2: covered .'...Q.l...O.....I.....'....O.l.....ao........ 10'6

3. Sandstone, light gray to green; silty and fine grained;
rippled; interbedded with gray, thinly rippled silt-

stone ..........I.......‘..Il.'...l.'ﬂ‘.....l....... 30.5

4' Covered .l..°'Q...0..'..........0..00...0...........‘. 4.6

5. Shale, light to dark gray; calcareous; fossiliferous,
contains abundant brachiopods eecscececcsccceccaccce 3.7

Pocahontas Formation ?

6° Covered Q....C.l..'G0.0.G.'!...I.\I..I.I.C.l.ﬂ.l....... 146.0
On west side of gap, in Louisville and Nashville railroad cut,
near west end of trestle over river.

7. Sandstone, brown to light gray; lower part is fine .

grained, crossbedded; upper part is very fine grained
and rippled '..0...0..OI‘.Q!CI..Q...‘......'...‘O‘. 6.1

8. covered .‘-.....Q.D....."....‘......‘..O....L....'..... N 3.4

9. Siltstone; lower half is gray to dark green, horizontal~
ly laminated; upper part is sandy, interbedded with
greenish gray, very fine grained, rippled sandstone.. 12.8

10. covered ......l.........Q..l...........ll...ll..l.....‘. 4.3
11. Sandstone, white; erosional base; lower third is very
coarse grained, conglomeratic, massive and
crossbedded; upper part is medium grained, sparsley
conglomeratic and planar crossbedded ..cccececcccees "12.8

12. covered oooooooo-oooocooocoo.oo.oocoo.o-oaoo....ooooo.o 4.3
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13. Sandstone; erosional base; lower half is white to
brown, medium grained, sparsley conglomeratic,
predominantly crossbedded; upper part is light green,
medium grained at base and coarse grained at top with
some pebbles, crossbedded in lower portion and massive
bedded At LOP sescecscscscscosccsesccosscacscccnsacscs

14. covered ..I....I............0.....00..0.!’00.00.-....'...

Along east side of gap, near south end of Louisville and Nashville
tunnel.

15. Sandstone; lower two thirds are greenish gray, fine to
very fine grained, micaceous, and crossbedded; upper
part is gray, fine grained, micaceous, horizontally
laminated and contains plant impressions eecesccsscccs

16. Coal Q.l.l'll'"....Q...............I..O..GOUO..O.II.'..'.'.

Lee Formation

17. Sandstone, light green to white; medium grained; basal
conglomerates consist of clay pebbles and plant
impressions in massive bedded units; remainder of umit
{5 crossbedded cecececevccescccceacssccccrsascccncnscce

18. Shale; silty; lower half is light to dark gray, inter-
bedded with fine grained, gray rippled sandstones;
thicker shale intervals contain ironstone concretions;
upper part is dark gray, horizontally laminated and
contains a 1.4 meter coal and underclay eccccsccsccocas

19. Sandstone, reddish orange to light gray; lower part is
medium grained, massive bedded, has erosional base with
basal conglomerate of clay pebbles; upper part is fine
to very fine grained, partly brown, and rippled scc.e.

20. covered .......'.'....'.l.l.'........'.....'............

Along west side of gap, in Louisville and Nashville cuts, starting
at trestle over river. )

21. Sandstone, red to pink to orange; coarse grained;
sparsley pebbliferous with some massive bedded con-
glomeratic units; predominantly crossbedded scaceccees

22. coveréd .I...I........'....‘I............O...............

23. Sandstone, gray to pale orange; erosional base; lower
part is coarse grained, conglomeratic, massive or
crossbedded; upper part is medium grained and
crossbedded ceeecsevscessssssossscscsscscscsccensscncce
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24.

25.

Shale, dark gray; slightly silty; contains ironstone
concretions .I......'lI.."'......................‘..

Sandstone, gray to brown; medium grained; speckled (7

due to weathering of opaques; partly micaceous; thinly

ripple bedded l...'.’....'.l....I......O....'..I.l...

Along west side of gap in new railroad cut.

26.

27.

28.

29.°

30.

31.

32.

33.

34.

Bee Rock

35.

Sandstone, orange to tan; medium grained; crossbedded in

lower part; upper part is light gray, very fine
grained, micaceous and rippled or horizontally
1aminated ...'....O...........l.........'l.l.‘..ll...

Siltstone, light to dark gray; micaceous; slightly
sandy; rippled .....'........'l.'....'......l....l...

Sandstone, light orange to tan, medium grained;
erosional base; crossbedded sccececcvraccocccncccccce

Siltstone, dark gray; slightly micaceous, horizontally
laminated; contains ironstone concretions and plant

fossils OCI.QI....l...'.......l.....l.'....l..‘.'....

Shale, dark gray; slightly silty; fissle; scattered
rippled mits ...l......l.l....'.......'............I

Sandstone, light gray; medium grained; predominantly
crossbedded; contains opaque mireral laminations;
gsome zones are massive bedded ccccceccccccscscccnccce

covered .................0.".....'............'.Q...l

Sandstone, light gray; very fine grained; horizontally
laminated with scattered massive beds ececcececccccecccee

Shale; silty; lower third is dark gray and interbedded
with thinly ripple bedded dark gray siltstone; upper
part is horizontally laminated ceccssccesssscscccccsce

Sandstone Member

Sandstone; lower part is tamn to gray, fine grained,
crossbedded; upper part is white or tam, medium
grained, micaceous in part, predominantly
crossbedded cceceseccccsssssscscscnsenccscsccncacace
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APPENDIX 3
FIELD AND LABORATORY METHODS AND PROCEDURES
To facilitate the comparison of my data with that of other workers,
a brief description of data aquisition and sample preparation for
construction of vertical profiles, sieve analysis, thinsection petro-
graphy, heavy minegal preparation and x-ray #nalysis of clays is given
below.

Vertical profiles through sandstones were made at field
stations every 6 to 10 kilometers along Pine and Cumberland Mountains.
Bedding type, crossbed thickness, paleocurrent déta and estimates of
grainsize with grainsize comparator and handlense were observed and
recorded through 2482 meters of sandstone. These data were supplemented
by detailed profiles through and additional 675 meters at localities
14, 18, lé and 25 (Fig. 5). Detailed profiles jncluded measurement of
bed thickness, bedding type, vértiéal variation of paleocurrent data and
collection of samples for grainsize analysis with binocular microscope:
Representative profiles are shown in Figures 14 to 20. Sandstones in
the overlying Breathitt Group were observed at several locations within
the overthrust sheet totaling 170 meters with one detailed profile
constructed through a 15.1 meter sequence for comparison purposes.

Crossbedding directions of both planar and trough crossbeds were
rotated using a steronet according to the.method described by Potter
and Pettijohn (1963, p. 260). A total of 1621 measurements were made

. at 72 sites. In the overlying Breathitt sandstones, 270 measurements

were made at 27 sites. The vector mean, magnitude and variance were
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calculated for each sample site and for each sandstone type. Thicknesses
were measured for 1417 crossbeds and the vector mean and variance were
recalculated using the cube of the thickness as a weighting factor
(Miall, 1974, p. 1180). As can be seen in Table 9, there is no signifi-
cant difference between the weighted and unweighted values.

Unconsolidated samples of sandstone were collect.ed at 10 locations,
split into 100 gram samples and prepared for sieving (Folk, 1968, p. 17).
Eighteen samples were sieved into quarter phi intervals and standard
statistical grainsize parameters were calculated gsing data obtained
from 1og—probabilit§ curves (Table 7).

One hundred and fifteen thinsections were preparéd from sandstones
collected at 16 localities and stained;for feldspar (Friedman, 1971,

p. 524). Thirty two were selected for detailed petrographic analysis
which included 200 point counts for composition and measurement of 50
monocrystalline quartz grains long axes for estimating quartz grain-
size (Griffiths, 1967, p. 64-66).

Samples collected from lower, middle ahd upper sandstones in the
sedimentary sequence at eight localities were disagregated.and the 125
to 250 micron fraction was separated by sieving. Heavy minerals were
removed with bromoform using standard preparation procedures (Carver,
1971, p. 429-433).

Granules (2 to 4 mm.) were separated from the gravel fractioﬁ of
conglomeratic sandstones at three localities, thinsectioned and classi-
fied as one of five types of quartz, sandstone or siltstone. Granules
from Middle Carboniferous conglomeratic sandstones in the Northern

Appalachian Basin (Elkins, Randolph Co., W. Va.) and the Illinois
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Basin.(Sweeden, Edm;nson Co., Ky.) were preparéd for comparison
(Table 17).
Samples of shale were ultrasonically disaggregated and prepared

by centrifuging for x-ray diffraction using the smear-on-glass technique
" of Gibbs (1971). Samples were analyzed on General Electric equipment
with Cu Ka radiation at 2° /minute. Additional runs were made after the
samples were subjected to glycolation.and heating (Griffin, 1971).
Crystallinity of illite was estimated using the method of Weaver (1960).
Representative traces indicating the relative peak heighté of kaolinite
and illite. are shown in Figures 16 and 21.

o
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APPENDIX 4A
LISTING OF SPORE TAXA

Coal samples were collected at ten localities and sent to
Dr. R. A. Peppers, Illinois Geological Survey, for spore analysis.
Macerations made by Dr. Peppers were also sent to Dr. R. M. Kosanke,
U. S. Geological Survey, Denver. The spore assemblages of seven of
the samples are listed in this appendix. Assemblages and locationms
for the other three samples can be found in Table 5 and Fig. 28. None

of the samples contain definitive Mississippian taxa such as TRIPARTITES
and ROTOSPORA.

Maceration 2118

Tennessee, Campbell County, 1280 meters from west line and 5243 meters
from north line, Jacksboro quadrangle. Coal is located at top of hill,
along east side of access road to main quarry of the Silica Sand
Company. Coal is 3 to 5 centimeters thick, contains a thin underclay,
and is overlain by a conglomeratic, crossbedded, quartzose sandstone
ranging in thickness from 5 to 8 meters.

AHRENSISPORITES GUERICKEI (Horst) Potonie and Kremp
CALAMOSPORA sp.

CAMPTOTRILETES sp.

DENSOSPORITES ANNULATUS (Loose) Smith and Butterworth
D. IRREGULARIS Hacquebard

D. cf. D. SINUOSUS Kosanke

D. SPHAEROTRIANGULARIS Kosanke

GRANULATISPORITES PRIDDYI (Berry) S. W. and B.

G. sp. )

LYCOSPORA GRANULATA Kosanke

L. PSEUDOANNULATA Kosanke

RAISTRICKIA sp.

REINSCHOSPORA SPECIOSA (Loose) S. W. and B.
SCHULZOSPORA RARA Kosanke

SPENCERISPORITES RADIATUS (Ibrahim) Winslow

A preliminary generic count follows:

' CAMPTOTRILETES 1 percent
CRISTATISPORITES 1
DENSOSPORITES 29
GRANULATISPORITES 9
LYCOSPORA 42
RAISTRICKIA 1
SCHULZOSPORA 16

Total 100 percent
Age: Pennsylvanian
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Maceration 2194

Tennessee, Campbell County,1067 meters from west line and 5486 meters
from north line, Jacksboro quadrangle. Coal is located in ditch on
northwest side of access orad into main quarry of Silica Sand Company.
At the present time, this location is at the outside ditch of the first
switch back. Coal is less than 2 centimeters thick and no developed
underclay was observed. Coal is within a red and green siltstone and
shale sequence.

Only CALAMOSPORA sp. could be identified from this sample. Several
other taxa were observed but pbor preservation prevented even generic
assignment. Cuticle and fine opaque matter are present in modest
abundance.

Age: Pennsylvanian

Maceration 2197-2198

2197 - Kentucky, Harlan County, 5486 meters from west line and 579 meters
from south line, Bledsoe quadrangle. Coal is located at base of the Bee
Rock Sandstone of the Lee Formation, on the west side of U. S. Highway
421 across from the road-side park. Coal ranges in thickness from 8 to
20 centimeters, and is associated with a thin underclay. Coal and
underclay overlie a black to dark gray, silty shale, and are overlain

by a sparsley conglomeratic, massive and crossbedded sandstone ranging
in thickness from 15 to 20 meters.

2198 -~ Kentucky, Bell County, 5060 meters from west line and 549 meters
from north line, Middlesboro North quadrangle. Coal is located at base
of the Bee Rock Sandstone, along the west side of U. S. Highway 25E.
Sample was taken at outcrop 250 meters south of U. S. Highway junction
25E and 119. Coal is approximately 18 centimeters thick with a poorly
developed underclay. Coal overlies a dark gray, silty, rippled shale,
and is disconformably overlain by a predominantly crossbedded, medium
to- fine grained sandstone. This sandstone is shown in Fig. 20-A and
is described in Appendix 5 as Section 20-A. .

Both macerations contain a great deal of semi-opaque to opaque matter
and few spores.. 2198 has more translucent matter but has fewer spores.

Only LYCOSPORA and one specimen of APICULATISPORIS were observed.

Age: Pennsylvanian

R . . .
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Maceration 2199

Kentucky, Pulaski County, 2250 meters from west line and 1125 meters
from north line, Burnside quadrangle. Coal is located on east side of
U. S. Highway 27 at base of crossbedded sandstone. Coal is approximately
10 centimeters and is associated with an underclay ranging in thickness
from 10 to 35 centimeters. '

DENSOSPORITES ANNULATUS (Loose) Smith and Butterworth

D. cf. D. SINUOSUS Kosanke

D. cf. D. TENUIS (Loose) Potonie and Kremp

GRANULATISPORITES PALLIDUS Kosanke

G. cf. G. PRIDDYI (Berry) S. W. and B.

SCHULZOSPORA RARA Kosanke
|

Age: Pennsylvanian

MACERATION 2200

Kentucky, McCreary County, 3886 meters from west line and 2926 meters
from north line, Barthell quadrangle. Coal is located on east side of
Kentucky Highway 92, near base of sandstone on inside of curve. Coal
is 15 centimeters thick and has a thin underclay.

DENSOSPORITES ANNULATUS (Loose) Smith and Butterworth

D. TRIANGULARIS Kosanke

DICTYOTRILETES cf. D. BIRETICULATUS (Ibrahim)

LYCOSPORA GRANULATA Kosanke

Age: Pennsylvanian

i
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Maceration 2201

Kentucky, Laurel County, 4541 meters from west line and 945 meters
from south line, Lily quadrangle. Coal is located on southeast side of
U. S. Highway 25W at base of ripple bedded sandstone. Coal is 16 centi-
meters thick, is associated with a thin underclay, and overlies a light
gray, silty, rippled shale with thinly interbedded, rippled, fine
grained sandstone.

CRASSISPORA KOSANKEI (Potonie and Krewp)

DENSOPORITES cf. D. TENUIS (Loose) Potonie and Kremp

LAEVIGATOSPORITES DESMOINENSIS (Wilson and Coe)

L. OVALIS Kosagke

Age: Pennsylvanian

Maceration 2195-B

. Tennessee, Campbell County, 45 meters from east line and 1550 meters
from south line, Ivydell quadrangle. Located on east side of U. S.
Highway 25W, north of Lafollette. Coal is 7 centimeters thick and has
thin underclay. Coal is overlain by a medium to coarse grained, cross-—
bedded sandstone approximately 8 meters thick. Coal and underclay
overlie a 10 meter thick sequence of thinly interbedded red and green
siltstones and shales.

See Table 5 for complete taxa listing

Age: Pennsylvanian
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Maceration 2095

Kentucky, Bell County, 3960 meters from west line and 2140 meters from
south line, Frakes quadrangle. Located on east side of road on north-
west side of Pine Mountain in Henry Bowlin Gap. See section description
in Appendix 2 (Section 18). Coal is less than 5 centimeters thick and
does not have a developed underclay. Coal overlies a thinly bedded,
rippled gray siltstone (Unit 11, Section 18, Appendix 2, and is overlain

by a medium to fine grained, rippled or laminated sandstone (Unit 12,
Section 18, Appendix 2).

See Table 5 for complete taxa listing.

Age: Pennsylvanian
. Maceration 2121

Virginia, Wise County, 640 meters from west line and 3660 meters from
south line, Jenkens East quadrangle. Located at base of south wall

of main quarry of Southwest Sand Co., Pound Gap, Virginia. Quarry is
on east side of U. S. Highway 23, on woutheast side of Pine Mountain.
Coal is less than 10 centimeters thick, and is associated with a thin
underclay. Coal and underclay overlie a thin, gray, rippled siltstone,
and are overlain by a conglomeratic massive and crossbedded, coarse
grained quartzose sandstone.

See Table 5 for complete taxa listing.

Age: Pennsylvanian
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APPENDIX 4B
LOCATION OF CONODONT SAMPLES
Samples of limestone and calcareous shale were collected at four
localities and were dissolved in acid using standard techniques. Cono-
donts were picked from the residue and sent to Dr. C. B. Rexroad, Indiana
Geological Survey, Bloomington, Indiana for identification. A listing
of the fauna taxa is given in Table 4. Three of the samples are shown
in stratigraphic sections with dated spore assemblages in Figure 28.
Henry Bowlin Gap, Whitley Co., Kentucky
Base of section shown in Fig. 28 is 3600 meters from west line and 2266
meters from south line, Frakes quadrangle, Whitley Co., Kentucky. Samples
come from Unit 9, Section 18, Appendix 2. .
Age: Chesterian
) Big Stone Gap, Wise Co., Virginia
Sample location is along east side of Southern Railway, north of lime-
stone quarry and 47.6 meters north from railroad tunnel. Sample comes
from Unit 5, Section 31, Appendix 2.
Age: Chesterian
1-75, Jellido, Campbell Co., Tennessee
Sample location is 2446 meters from west line and 4892 meters from south
line, Jellico West quadrangle, Campbell Co., Tennessee. Sample comes

from Unit 1, Section 14, Appendix 5.

Age: Chesterian

i
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_-Pound Gap, Wise Co., Virginia

Base of section shown in Fig. 28 is 63 meters from east line and 4373
meters from south line, Jenkins West quadrangle, Wise Co., Virginia.
Sample location is 61 meters from east line and 4416 meters from south
1ine in ditch along north side of dirt road, Jenkins West quadrangle,

Wise Co., Virginia.

Age: Chesterian

LaFollette, Campbell Co., Tennessee
Section shown in Fig. 28 is composit through Big Creek Gap, Campbell
Co., Tennessee. Base of section is 44 meters from east line and 1530

meters from south line, Ivydell quadrangle, Campbell Co., Tennessee.

Age: Chesterian
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APPENDIX 5

VERTICAL PROFILES THROUGH
PENNINGTON AND LEE SANDSTONES

associated with the vertical profiles shown in Figures 14 to 20.
section number corresponds with the figure number in the text.

Section 15A Highway 421, Harlan, Kentucky

Section measured from top of hill at
(BM 2641), north through road cut.
west line and 2667 meters from south line,

Little Shepard Trail turnoff
Top of section is 5334 meters from
Bledsoe quadrangle, Harlan
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tion of the Appendix contains the sandstone descriptions

The

Co., Kentucky. Measured with Jacob staff and tape by W. O. BeMent and
Paul Edwin Potter, March 1, 1975.

Pennington Formation:

12.

11.

10.

9.

8.

7.

6.

3.

Meters

covered QQ.O..I‘l.l....-.....l.l".........Q...O...l. 3-0"‘
Sandstone, light tan to white, medium grained; massive

bedded I.........'..O.I.’.........‘..C...I.....l..I. 1.5
Sandstone, pink to light gray, fine grained; rippled

with thin crossbeds containing clay pebbles; some

interbedded thin siltstones and gray shale ..cc.cc.. 11.0
Sandstone, light gray, medium to fine grained; massive

bedded with clay pebbles QI....‘.'O..‘............. 2.“
Sandstone, light tan to gray, fine to very fine

grained; horizontally bedded in upper part with

ball-and-pillow structure; lower part is horizon-

tally bedded with a few scattered ‘ripples .and low

angle crossbeds ..C....‘....I.I.....I.............. 6‘1
Sm&mm,mnmmwmmynmmfﬂ&k,m%he

bedded in units 8 to 25 cm; burrowed in upper

part '..0..."0.l......l0.......................‘.O SI8
Sandstone, white to tan, fine to very fine grained;

crossbedded with scattered rippled units cecccececeee 6.1
Siltstone, iight gray; rippled with thin interbeds

of gray shale 0...........'......Q.Q............... 0.9
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4.

3.

1.

Section 15A (Continued)

Sandstone, tan, medium grained; massive bedded
with scattered crossbeds; erosional base cececscee

Siltstone, light gray to dark green; flaser bedded
and rippled with 50 percent interbedded gray
shale; loadcasts abundant; 2.0 meters near
center contains scattered massive beds of fine
grained sand with clay pebbles, 10 percent inter-
bedded gray shale scecececeseccsasscccncenoncasess

Sandstone, light gray, fine grained; massive

bedded -.0.-0.0.‘.0...Q...'o.t..lo.......o....n..

Siltstone, light gray; flaser bedded and rippled
with 50 percent interbedded gray shale ccecceccese

Total

Re i issi [ ‘
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Meters

2.1

7.6

0.9

2.5+

46.9
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Section 15B Hé;ry Bowlin Gap, Whitley Co., Kentucky

Section measu

line, Frakes quadrangle, Whitley Co., Kentucky. Measured with Jacob
staff and tape by W. O. BeMent and M. Loudin, February 15, 1975.

Penning Formation:

7.
6.

5.

4.

3.

2.

1.

Meters
covered .Q..Ol..l.lO‘.....-...;IOOOOC...COGO0.00...0..!0 4.o+

Sandstone, red to tan, medium to fine grained;
micaceous and quartzose in part; crossbedded with
scattered ripple beds near top and lower quarter of
unit; clay pebbles in crossbedded units .ceecceceeccee 7.0

Siltstone, dark gray; rippled with 50 percent inter-
bedded gray shale; scattered thinly ripple bedded
very fine sarld .OII.Illl....I.....'l........'l'...‘. 3.1

Sandstone, white to red, coarse to fine grained; mica-
ceous with local concentrations of heavy minerals;
rippled near top, some horizontal bedding near
center; clay pebbles and quartz granules in massive
beds in loWer PATL eccecssscsscsccassscccacssocvosce 12.9

Shale, light gray, laminated; scattered thinly ripple
bedded gray Siltstone ...I....IC.‘QICI...I.Q.......I 0.5

Sandstone, red to light gray, medium to fine grained;
micaceous and quartzose with heavy mineral concentra-
tions; mostly crossbedded with some horizontal bedding
near top; massive bedded sand near base contains abun-
dant matris, sharp basal contact with underlying

Shale ............."..O............l..l..'...l..... 8.2

Shale, dark gray to black, 1aminated ceececsessssscsss. 1o2F

Total 32.9
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Section 14 - Highway I-75, Jellico, Tennessee

Section measured up northwest face of road cut. Base of section is

2446 meters from west line and 4892 meters from south line, Jellico
West quadrangle, Campbell Co., Tenn. Measured using Jacob staff and
tape by W. O. BeMent, R. Elias and Ho-shing Yu, May 17 and July 1, 1975.

. Pinnacle Overlook Member of the Lee Formation Meters

11. Siltstone, gray; rippled with thin interbeds of
gray s}l.ale l...l.....ll....‘.......'...GIQ....'..... 1.0+

10. Shale, gray; oxidized and iron stained; bleached
White in upper part l‘...............O......'....... 2.0

9., Sandstone, tan to light gray, fine grained; upper
part rippled and flaser bedded with thinly cross-=
bedded clay pebble units; lower part is rippled and
horizontally bedded with sdattered clay pebbles .«... 6.0

8. Shale, dark gray to black; uniform and horizontally
laminated with thin siltstone interbeds; siltstones
show ball-and-pillow structures; scattered ironstone
CONCYetiOonS eecesessscssssessscasasccacssncarcnnecssss 20.5

7. Sandstone, tan, fine grained; massive or crossbedded
in units from 20 to 60 cm. in thickness cececscsccsces 2.0

6. Shale, yellow in upper third with thin gray siltstone
{nterbeds; lower two thirds is gray with scattered
i{ronstone concretions; thin beds of burrowed siltstone
or fine grained, rippled sand with clay pebbles also
present Weevesescescsessssscssssesvenceseensssesenne 13.0

5. Sandstone, upper 3.5 meters is thin ripple bedded,
fine to very fine grained with clay drapes; mnext 2.5
meters—thinly crossbedded with clay pebbles and inter-
bedded gray shale and siltstone; lower 5.0 meters are
gray, fine to medium grained, rippled or crossbedded

. with clay pebbles, heavy mineral concentrations and
DUITOWS eosccasscsoscsssssncssvesscssscssscnssosccsss 11.0

4. Shale, gray, laminated with thin interbedded gray
siltstones showing ball-and-pillow structure; _
scattered beds of very fine grained, light gray sand-
stone with clay pebbles eceeccececcecsccsccccronsoccns 2.2

3. Sandstone, upper 5.5 meters are yéllow, fine grained,
crossbedded with clay pebbles and scattered concen-
trations of heavy minerals; next 10.0 meters are
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Meters
white to yellow, fine to medium grained, massive
or crossbedded; lowest 7.7 meters are medium to
coarse grained, pebbly, massive or crossbedded
with scattered horizontal bedding, erosional
base '..C..‘..‘Q..l00...’0.'...‘......‘.0!.‘00'..... 23.2
2. Shale, brown to dark gray with finely disseminated
pyrite .‘....'CCA...ll..-......‘...'..0'..0.'...‘.... 1.2
i. Shale, dark gray with thin calcareous packstone
interbeds of fossil hash; thinly bedded, rippled
fine grained sandstone lenses in lower part cescceece 7.1
Total 89.2

I
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Section 17 Henry Bowlin Gap, Bell Co., Kentucky

Section measured on east side of road, just below crest of Pine Mountain
on south side of hill. Base of section is 3962 meters from west line
and 2225 meters from south line, Frakes quadrangle, Bell Co., Kentucky.
Measured with Jacob staff and tape by W. O. BeMent and M. Loudin,
February 15, 1975.

lee Formation: Meters
5. covered 0....-...-........0....‘1...........‘0.0..‘. 0.5+

4. Sandstone, red to light pink; fine grained, micaceous
in part; upper part is trough crossbedded; lower
part is thinly ripple bedded with transitional

base .l.............'.'...l.l......0............. 2.1
3., Covered, probably shale or siltStone eceecececcecccccccs 0.6

2. Sandstone, upper third is light pink to light gray,
micaceous in part, predominantly trough cross-—

bedded with some scattered ripple beds near the

top; lower two thirds are orange to light gray,

coarse to medium grained, slightly pebbliferous

with lenses of quartz pebbles, crossbedded with
thicknesses ranging from 20 to 200 centimeters;
erosional base cececcscscscsscacscscannsccccscces 9.1

1. Shale, light gray, silty, predominantly laminated
with scattered rippled units eeececcecccscococscene 0.1+

Total 12.4
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Section 18 Hiéﬁway 25 E, Pineville, Bell Co., Ky.

Section measured along west side of road. Base of section is 5029
meters from west line and 61 meters from north line, Middlesboro North
quadrangle, Bell Co., Kentucky. Measured by W. O. BeMent with Jacob
staff and tape, March 9, 1975.

Lee Formation: Meters
6. Shale, slightly silty in part; gray; laminated ceccee 0.1

S. Sandstone, white to light gray, micaceous in part;
lower third is fine grained with clay pebble
conglomerate along scoured base, massive and
crossbedded; upper two thirds are white to
light gray, fine to very fine grained, predominant-
ly trough crossbedded with scattered ripple beds,
plane bedded near top tevcesesssessscesss. sosesvee 9.8

4. Sandstone, white; silty with thin shaley zones; fine
to very fine grained; ripples ..cceccecccccccecccce 2.4

3. Angular disconformity cececceccccccccccrcsccrccnccces B |

2. Sandstone, white to light gray; medium to fine grained;
alternating units of crossbedding and horizontal
lamination, some scattered rippled zones ccececone 5.1

1. Shale, black; silty; contains thin beds of very fine
grained rippled sandstone, scattered ironstone
concretions ..'....l‘............'O‘.O...l........‘ llm

O ——————————

Total 18.5
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Section 19A Héiry Bowlin Gap, Bell Co., Kentucky

Section measured along east side of road. Base of section is 4100
meters from west line and 1676 meters from south line, Frakes quadrangle,
Bell Co., Kentucky. Measured with Jacob staff and tape by W. O. BeMent
and M. Loudin, February 15, 1975.

Lee Formation: Meters

7. Siltstone, shaley, gray to black; horizontally
laminated, partly covered scccecececsceccecoscocee 1.0

6. Sandstone, pink to light gray; fine to medium grained;
composed of three massive bedded units separated
by crossbedded units; lowest crossbedded unit
contains quartz pebbles eeceeececsccscncoccancccce 14.1

S. Sandstone, pink; fine to medium grained; predomi-
nantly crossbedded with scattered horizontally
bedding ..IOl....Q...n.l..l..'....l'l...l'.l...’.. 2‘4

o
4. Sandstone, pink; medium grained; pebbly; massive
bedded .".I..l....'I............l..ll'.'....'... 2.1

3. Sandstone, pink; fine to medium grained; horizontally
laminated l.'l.O......0............‘.Q'.....ll... 003

2. Sandstone, pink; coarse to medium grained; pebbly;
erosional base ...I......'.........QI.....Q'.'... 1.3

1. Shale, silty; gray to dark green; thin coal and under-

clay .GI..Q..'..Q....I..'..........9............. 1.0“

—————

Total 22.2

i
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Section 19B Henry Bowlin Gap, Whitley Co., Kentucky
Section measured on north side of road. Base of section is 4008 meters
from west line and 1768 meters from south line, Frakes quadrangle,

Whitley Co., Kentucky. Measured with Jacob staff and tape by W. O..BeMent
and M. Loudin, February 15, 1975.

Lee Formation: Meters
7! covered I..‘I'.b...,‘lI.........OIOOQD'..DOl."o.....l..... 1.0+

6. Siltstone, light gray, thin bedded, rippled and horizon-
tally 1aminated ...............‘..................... 0.3

5. Sandstone, red; fine to medium grained; composed of two
massive bedded units with disconformable bases
separating crossbedded units ccecceccscccccvcnccncens 3.5
4. Sandstone, red to light gray; micaceous in part; fine
to medium grained; predominantly crossbedded with some
massive bedded units near Center ceeecsesccscccsscccss 7.9

3. Sandstone, white to light gray; Vvery fine grained; hori-
zontally 1aminated .....".......lI..lOO.......'I.... 0.5

2. Sandstone, mostly red but light gray in lower .5 meter;
medium to fine grained; crossbedded; erosional base . 3.5

1. Shale, dark gray to black, laminated partly covered ce... 1.2

Total 17.9
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Section 20A Highway 25 E, Pineville, Bell Co., ky

Section measured along west side of road, south of intersection of
Highways 25E and 119. Base of section is 5060 meters from west line and
305 meters from north line, Middlesboro North quadrangle, Bell Co.,
Kentucky. Measured with Jacob staff and tape by W. O. BeMent,

February 2, 1975.

Lee Formation: . . Meters
9. Shale, silty, light gray, laminated ceccececcccscccecccce 1.0

8. Sandstone, tan; silty, rippled; interbedded with thin
beds of gray rippled siltStone ceeeececccscccencoss 2.3

7. Sandstone, white to tan; medium to fine grained; cross-
bedded; sandbody may be divided into three wedge
shaped units ranging in thickness from 1.5 to 4.6
meters; crossbed thicknesses range from 15 to 160
CENtiMELerS ececcosccssessossvocscossancscvanssoccss 23.2

6. Siltstone, slightly sandy; dark gray; rippled with some
scaitered horizontal lamination cececccecccccscccccces 8.1

S. Sandstone, tan; fime grained; crossbedded ccececccccnee 1.3

4., Siltstone, dark gray; rippled; contains thin underclay
and coal 25 to 75 centimeters thick (Tunnel Coal) .. 3.1

3. Sandstone, white; medium to fine grained; predominantly
planar crossbeddedl reactivation surfaces common;
micaceous in part; contains scattered laminations
of coaly material cceoeececccssccconscccocanceccncsscs 11.2

2. Sandstone, white to light gray, light pink in part;
medium grained; massive bedded; contains heavy
mineral laminations and concentrations of .coaly
material ..Q...........0......C..C.'..'.l.......".. 5.2

1. Shale, dark gray to black; interbedded with thinly
bedded, light gray to green, rippled siltstones .... 1.0+

Total 56.4
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Section 20B Héﬁry Bowlin Gap, Bell Co., Kentucky

Section measured along east side of road along ingside of curve. Base
of section is 4054 meters from west line and 1372 meters from south
line, Frakes quadrangle, Bell Co., Kentucky. Measured with Jacob staff
and tape by W. O. BeMent and M. Loudin, February 16, 1975.

. Lee Formation: Meters
60 covered ..C......-.l.....-l..:QQ.l..OOQ..O....OO..Q...O. 0.5’*

5. Sandstone, white to tan; fine grained crossbedded with
scattered massive beds; clay pebbles of dark gray
shale near base ......I.....O....l......ﬂ'........... 1.1

4. Sandstone, white to pink; medium to fine grained; pre-
dominantly planar crossbedded; reactivation surfaces
and wedging of units are common with scattered over-
turned crossbeds; contains scattered units which are
horizontally bedded; micaceous in part with
.1 laminations of opaque minerals and coaly material .. 33.0

3. Sandstone, pink; coarse to medium grained; conglomera-
tic; upper part contains scattered pebbles and is
crossbedded; lower part is massive bedded with
pebbles arranged in bands, fragments of coaly
material near tOP eseecsccesncccsccoscccsconcconcaces 5.5

2. Sandstone, pink to light gray; medium grained; sparsely
pebbliferous; crossbedded, erosional base cececccccce 2.1

i. Shale, silty; light gray; predominantly horizontally
laminated with scattered rippled units scceccecccces 1.0+

————

Total 43.2

i
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APPENDIX 6

This section of the Appendix contains the locations of the sand-
stone outcrops used for the paleohydraulic calculations listed in
Tables 16A and 16B.

2-75-B

Outcrop is 3559 meters from west 1ine and 1963 meters from south line,

Frakes quadrangle, Bell Co., Kentucky. Outcrop is located on east side
of road through Henry Bowlin Gap, approximately 182 meters southwest of
where power line crosses road. This sandstone is described in Section

18, Appendix 2, Units 20 to 24.

3-93-1

Outcrop is 3000 meters from east line and 4150 meters from south line,
Norton quadrangle, Wise Co., Virginia. Outcrop is located on south-
west side of Virginia Highway 610, approximately 3.1 kilometers south of
the intersection of Virginia Highway 610 and U. S. Highway 23.

3-71-1

Outcrop is 5697 meters from west line and 716 meters from north line,
Benham quadrangle, Harlan Co., Kentucky. Outcrop is located along east
side of creek, approximately 378 meters north of U. S. Highway 119.
Creek crosses Highway 119 at Blair, Harlan Co., Kentucky.

3-74-1

Outcrop is 3026 meters from east line and 1368 meters from south line,-
Roxana quadrangle, Letcher Co., Kentucky. Outcrop is along west side of
Win Branch Creek, approximately 917 meters north of U. S. Highway 119.

3-52-1
Outcrop is 606 meters from east 1ine and 3154 meters from south line,
Bledsoe quadrangle, Harlan Co., Kentucky. Outcrop is on east side of

creek, approximately 520 meters north of U. S. Highway 119, at Rhea,
Kentucky.
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