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ABSTRACT OF THESIS

STRATIGRAPHY OF THE UPPER DEVONIAN-LOWER MISSISSIPPIAN

SHALE SEQUENCE IN THE EASTERN KENTUCXY OUTCRCP BELTS

The Devonian-Mississippian black-shale sequence in the two -eastsTn
Kentucky outcrop belts has a characteristic internal stratigrachy which
allows definition of three types of stratigraphic units. Six lithe-
stratigraphic, seven radiocactive-stratigraphic and Two hiostratigraphic
units are defined in this study, and are laterally extensive throughout
the sastern Kentucky outcrop belts. The radiocactive units can be cor-
related into the subsurface by comparison of gamma-ray logs with radio-
activicy profiles generated for ocutcrop exposures. Relative changes in
radicactivity within continuous black-shale sequences are easily iden-
tified on radiocactivity profiles, but are lithologically indistinguish-
able in the outcrop. As the shale sequence thins towards the seuth-

" westert parts of both outcrop beilts; intarmal stratigraphic units also-
thin proportionally. Eventual pinch outs occur in the lower Darts of
the sequence as it onlaps the Cincinnati Arch in the east-central Ken-
tucky outcrop belt. :
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INTRCDUCTICN

The Upper Devonian-Lower Mississippian, black-shale seguencs in the
east-cantTal Kentucky ocuzcTop belt, and in the Pine Mountéin outcsTop delt
#as sTudied during this project. The purpose of this project was to de-
termine possible intermal stTatigraphy within tais uniform blackfshale
sequence which would be useful for further exploitation of contained hy-
drocarbons, as well as for comparison and cor:elazicn with the betzaz-
knocwn, black-shale séquenczs in adjacent states and the subsurface unizs
of Prove (1977). This study is based on a detailed physical characteri-
zation of 18 black-shale sacrtions inm csmtzal and 2astern Kenrtucky and
Tennessae. These section desc:iptians.are included in Appendices A-C.

The Devonian-Mississippian, black-shale sequence is a distincsive
mit in bofh outcIop exposure and in supsurface cuttings and geophysical
logs. D;spite the distinctive nature of the sequencs throughout the
#estarn Appalachian 3asin, the intermal stratigraphy of this unit was
previcusly largely unknown in eastern Kentucky. Moreover, throughour
parts of the Appalachian 3asin cthese shales are important producers of
natural gas (Avila, 1976). Hence, because of their widespread distzibu-
tion, distinctive nature and economic potential, it is imporzant that
an intsrnal stratigraphy be determined as a framework for geologic

undarstanding and economic exploitation of these shales.
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LOCATION

The Devonian-Mississippian shale sequence outcrops in two distince
belts in easterm Kemtucky. Thé largest of these is a northeast-southeast,
arc-shaped outcrop belt on the east flank of the Cincinnati Arch from
Lewis Co@ﬁr to Cumberiland County, Xemtucky (Figure 1). This outczop
belt, occurs within the knobs or knobstone escarpment which forams the
physiographic boundary between the Bluagrass region and the Appalachian
Plateau. The sections in this belt range in thickness from more than 481
m (200 ft) to less than 9.Z m (30.0 ££).

The sscond cutcrop belt trends northeast-southwest from Pike County
to Bell f.'.mmty in eas;terxmost Kantucky (Figure 1). In this region, the
black-shale sequence is exposed along the base of the Pine Mountain
' thrust block and actsd as the incompetsnt unit along which most of the
thrusting occurzed. Therefors, the black shales in this outcrop belt
are usually highly fractured and foided. The sections in this belr
range in thickness from more than 260 m (850 £t) to less than 56 a (182
£t); this variation is largely due to fawvlting. The four cross sections
shown in Figures 1, 4, 5, and 7 are based on sections £rom these two cut-
cTop belts.

The location of each section from each cutcTop belt is shown in
Figure 1. More detailed locations with Carter Coordinates ares provided

in the introductory paragraphs of each descriptionm in Appendices A-C.°
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PROCEDURES.

. Each ‘section was measured, described, sampled and photogfaphed.
Because these shales are commonly very radicactive, jamma-ray smmission
levels were recorded at 0.8 m (2.5 ££) intervals along the vexrtical
sectionx with a2 scintillomster-.

One of the most difficale parts of the study was iocating suitable
black-shale e:go's&:es‘. Accsassible black-shale exposurss were found by
examining: geologic quadrangle maps, conml:j.ng with know]%le persans
and driving through the Knobs area of eastsrn Kentucky looking for suit-
able cutcrops.

Cnce suitablecuf:raps were locatad, a procsdure suggestad by Dr.
Roy C. Kepferle and Dr. Paul E. Potter involving three traverses was
used for outcrop characterizarion. On the first traverse, the secticn
was measured with a Jacab's staff, Abney level and tape neasurs, where
neesded; each section was markad with brightly-colored flags of engineer-
ing tape at 1.5 a (5 £t) intervals. On the second traverse, each sec-
tion was physically described, ncting lithslogy, lamination character,
sedimentary strucTares, grain size, color, burrows, fossils and ocz:nrrenée
of pyTite and phosphats nodules. Alsc on the second traverse, each sec-
tion was sampled at 1.5 m (5 £t) intervals and at :a;n'y intervening inter-
vals where changes ix lithologic charactsr or other interesting features
occurred. On the thixd H::zvefsa, radicactive emmissicn levels were re-
corded at 0.3 @ (2.5 ££) intervals with a portable scintillation counter.
After each section was described, the alevation at the base of the sec-
tion was found with an altimeter adjustad to a neardy bencimark. Where
+he base of the section was coversd, the slevatiom was taken at the
base of the prominent Three Lick Bed. This information is easily entered

4
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ints a computaer system for regional analysis or compariscn with sm@sur-
faca data.
Basad on these data collectad in the field, two stractigrapaic pro-

filas wer= compiled for each section desczribed. A lithologic colmm was

1]

L S P PP S| gy

3 P . P ed mew wlaa 3 a PP W 3 Ted s
1T drawn for each section based on the field descripticn of thickness,

[g])

bedding, fossils and. lithology. Both lithologic and bicstratigrapaic.
data are contained on these columns. A second profiles was formed by
plotting gamma-ray emmission levels against black-shale thickness above
the base of the cutcrop (Appendices A-C; see Ettensohn and others, 1373).
This kind of profils reveals a persistent seduencs of radioactive umits
which was first recognized by Provo (1577). The lithologic:' columms,
section descTiptions and radiocactive profiles aTe. included in Appendices

A-C.
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STRATIGRAPHIC NOMENCLATURE

Introduction

The: Upper Devonian-iower Mississippian black-shale sequence under-
lies mcﬂoitheeastmanicml United Statas. The sequencs can be
traced foom Alabama to scutherw Cana.dz and underiies some 500,000 square
Tiles of the continent (Prova, 1577). Iz additiom to being widespread,
. it is a verydistincrive sequence in surface exposures, subsurface auttings,
gamma-ray logs and other geophysical logs. Thersfors, over la.:ge. pacts
of its distributiom, the sequence has been mapped and subdivided for
many years Tesulting im a staggering amount of data. Despize all this
study, the black-shale saquence in eastern Kentucky is still not ade-

quately understood ar correlated.

Previous Studiass

Stratigraphic subdivisicns have been adopted for the black-shale
sequence in many of the regions where it is found, and in many cases,
these subdivisions do not directly correlate across regional houndaries.
Inx the process of determining which subdivision and stTatigraphic nomen-
clature should be used in easterm Kentucky it was necesssary to examine
all the stratigraphic nomenclazure used in both this and surrounding re-
gions. Figure2 summarizes the most commonly used nomenclatures for the black-
shale sequencs in southern Chio, southerm Indiana, Temessze, and Ken-
tucky.

The formational nomenclature used in this study is the same as that
used by the U.S. Geological Survey-fentucky Geological Survey joint mapg;-
ing program in Kentucky. This prog=am used the Chic, Sunbury, New Albany,

and Chattancoga as formational names for the black-shale sequence in var-
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icus parts of easterm Kentucky. However, no attempt was made duzing the
program to subdivide these units or to ~mzz.ka detailed correlaticns between
them. Figure 1 shows the ar=al emm£ vof the various black-shale form-
ations in eastera Xentucky.

Many detailasd reports onm the stratigraphy of these formations al-
ready exist, but they ares generally limized, regional studies. Campbell'’s
study in 1946 was probably the first major stratigraphic study of this
black-shale sequencs. Campbell (1946) divided the New Albany Group of
southern Indiana inzo formations and corTelarsd these into csntral Xen-
tucky. In the same paper, he divided the Chattancoga Shale of scuthern
Kentucky and Tennessee into members. For comparison of his subdivisions
refer to Figur=2. In 2 well-organized summary of the Devonian-Mississip-
pian stratigraphy of Chio, Hoover (1960) presents a generalized stwati-
graphic nomenclature for the Ohioc Shale, as well as undsrlyiag and over-
lying units (Figure2). Conant and Swanson (1961) provide a detailed
stratigraphic study sf the Chattancoga Shale and overlying Mississippian
shales in Temnessees and southern Kentucky. Much of their stratigrashic
nomenclature is based upon an earlier detailed study of the Devonian-
Mississippian shale saquencs in Tennessee by Hass (1956) . Studies of
the Chattancoga and New Albany Shales were‘ conducted by Comant and Swan-
son (1961} and Lineback (1968). Linebhack (1%68) §nggests a modified
stratigraphic nemenclature for Indianz (Figure 2), but alsoc discusses
enviromments of depositomw. Provo (1977) discussed the stratizraphy of
the Devonian-Mississippian shale sequence in the central Appalachizn
Basin, and found seven intarmal stratigraphic units which she feels can
be correlated over much of the basin. These stratigravhic studiss and

mapping by the joint U.S. Geological Suxvey-Kentucky Geological Suxvey
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mapping program provide the nomenclatorial framework used for the black-
shale formations in this study. The actual corwelation of various units
within the Chia, Chartiancoga and New Albany Shales is discussed in the
section on caorrelations.

Although only a few fossils commonly occur in the black sihale, a
number of studies have described them and their use in biostratigraophy,
correlation, and interpretation of depositicnal environments. Various.
marine and terrestTial plant fossils ars most abundant in the black shales.
White and Stadnichenko (1923), Read (1836, '1937), Hoskins and Cross
(1951), Winslow (1962), and Schwietering (1979) have described many of
these plant fossils. értain brachicpods are alsc locally commem in
these shales, and these have been descnibed by Campbell (13946). Con-
adents, which.aie very important for carrelaticn and biostTatigrapay in
the black shales, have-bee? described by Huddle (1933), Hass (1947, 1$53),
and Conant and Swanscn (1%961).

Black-shale per==graphic studies are f2w in number and mest have
been done for economic purposes. Petrographic studies by Theissen
(19258}, Patchen and Larese (1975), and Harvey and others (1977) are the
nmost notable.

The age of the shale sequencs and its envircrment of depositiom is
another prominent groblemw dealt with in black-shale literature. Hoover
(1960) refers ta it as the black-shale problem. Placsment of the Devonian-sis-
sissippian boundary has been problematic and many authors, such as Swart:

1923), Savage (1930), Keyes (1933), Hass (1963), and Ccnant and Swanson 1861);
Have addressed themselves to this topic. The depositional envircnments of the
black shale sequencs= is also contruversial, but can be divided into Two

schools of thougnt. Tae f£irst school of thcught maintains 2 deep-watar
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origin; workers sucit as Rich (iSSl) and Lewis and Schwietering (1971)
have supported this view. A second school of thought maintains a shal-
low-water origin, and this view has been supported by Stockdale (1939),
Conant (1956), Swansom (1956) and Conant and Swansom (1961). More
;-ecsnt wark on the depositional emviromment of these black shalas sug-
gests that deptir is not necassarily the most critical factor in black-
shale depositon, but rather, the formation of a thermally stratified
water column. Such suggestions have been made by Lineback (1968), Gris-
fith (1977), and Prove (1977).

Age- of the Shale Sequencs

In order to establish a basic stratigraphic framework in which to
work, it was .first necsssary to define the approximate location of the
Devonian-Mississippiam- boundary. Because it was not within this’ scope
of this study to do detailed conodont biostratigraphy, in order to placs
this boundary, . Yiostratigraphic. determinations made in the course of
the U.S. Geological Survey-Kentucky Geological Suzvey joint mapping
program wers relied upon. Conodont studies by Hudéle (1966, written
commmication) and laterconfirmations from Harris (1977, personal commmica-
tion) indicate that the Ohio Shale in east-csnrral Kantucky is entirely
Late Devonian in age.. The Chio Sha.].é cutcrop along the northern part
of the Pine Mountain outcTop belt is also assumed to be Laze Devonian
in age (Alvord, 1971). The Chic Shale is overlain by the Bedford Saale
or by both Bedford Shale and 3eres Sandstome (Figure 3). The Bedford
Shale is probably of combined Devemian and Mississippian age similar to
the Louisiana Limestone of Illinois (Huddle, written commumication, 1963).
Although the Berea Sandstone has never been formally datsd, it is tradi-

tionally assumed to be earTly Mississippian because iz liass between the
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Berea, Chio and New Albany Shale in eastsrn Kentucky.
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Sedford Shale, the upper part of which is most likely Mississippian,
and the Sunbury Shale, whichk is definitely Mississippian. The black
Sunbury Shale contains an abundant conodont fauna which indicates an
early Mississippian age (Huddle, writtenr communication, 1966).

Socuthward along the: outczop belt, both the B3edford and B;rea thin
and. are completsly absenc ix east-central Kenmciy (Peck, 1967; Weir,
1976), so that Mississippiam black shales equivalent to the Sunbury diz-
ectly overlie Devoniamr black shales equivalent to the Chio Shale. At
this. point on the cutcrop faelt where Devonian and Mississippian black
shales are na longer separatsd by intervening formarions, the black-
shale sequence is called the New Albany Shale. Paleonmtology also
suggests that the lcv‘vemcst portions of the New Albany Shale az‘.;- Middle
Devoniamr in age (Lewis, 1971). ’

Earther south along the east-central Kentucky outcrop belt, cono-
dont studies also indicata that black shales of Mississippian age pinch
out, leaving a black-shale sequence entirely laze Devonian in age. This
sequence is called the Chattancoga Shale. However, along the souther:
part of the Pine Mountain outcrop belt, the Chartancoga Shale is both
Mississippian and Devonian in age (Miller, 1965). Further details om
these ages are provided by the following authors:

a) Ohio-Bedford-Sunbury sequence (Hoover, 1960; Prove, 1977).

b) New Albany (Campbell, 13946; Lineback, 1963).

¢} Chattanooga in east-cesntral Xentucky (Hass, 1956; Conant and
Swanson, 1961).

d) Chattanooga in Pine Mountain (Swartz, 13823; Miller, 1963).
It is important to not2 that there is still mich controversy rTe-
gasding the exact age of the Devonian-Mississippian black-shale sequencs

Tom place to place and by no means will this study solve all of these
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problems.

One problem wnich should be clarified further is that of nomemciature.
The names of the stzatigraphic subdivisions used in Figure 2 refer wm™ par-
ticular type localities. Although the names are typically used beyond
type localities to indicate homotaxial umits, they are not necessarily
wholly ccrrgla:ive- ix a time-stratigraphic or rock-stratigraphic sense.
In order to facilitate rock-stTatigraphic corTelation within the miform
black-shale sequencas of the Chio, New Albany and ChatTancoga Shales, an
internal stratigraphy needs to be found in these sequences. The inrernal
| sm:ignphis: umits discussed in the next part of this study are ased Ior

corre=lation.
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INTERNAL STRATIGRAPHY

Intzroduction

The Upper Devonian-lower Mississippian black-shale sequence in
eastern Kantucky consists predominantly of two lithologies. The mosT
commonr lithology is a brownish-black, organic-rich shale. A second -
lithology consists of lesser amounts of greenish-gray, organic-def:’.cient
shale. Cone-in-cone limestone (Plate 1), dclomi.tes and sandstones occur
locally in very small quantities. At the RU-L locality, a very unusual,
2.5 ca (1 in)‘ lens of coal was found. The predominant. black and green
.shales generally occur in a persistent vertical sequence which is dis-
cussed in this sectiom.

In add:.non to lithologic sequence, it has been found that the

radicactive emmission levels along an cutcop section varies vertically

. . . - . L . i
in a consistant fashion. Most of the radiocactivity in these shales: S
TS
. . . . . . ;oA
comes from uranium and thorium in zlose assaciation with orzanics. Y

!
t
oA
P

e
-

When radicactive profiles from the ocutcrop are comparsd with gamma-ray /

logs from the subsurface, a smlan.ty in the pattern of emmissions is P, ),
T T

notad. These patterns were £irst noted by Provo (1977). The discovery \\ '/ . ji(‘

Y

of similax patterns from radicactivity profiles of surface exposures has \
enabled the definition of radicactive umits and invernal correlation be- |

tween the surface and subsurfacsa. These radiocactive units form the basis }

/

of the internal stratigraphic framework discussed hersin. /
The consistent presencs of certaim fossils in parts of the shale
sequence also provide some stratigraphic control. The persistent pre-
sence of these fossils at csrtain stTatigraphic horizoms is the basis for
the two bicsmti;_n'aphic zones discussed in this sectiom.
In order to show the stratigraphic relationships of the Chio, New

14
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Albany and Chattanooga Shales, it is first necessary to define an intar-
nal stTatigraphy that is correlative throughour eastarn Kentucky. Tais
internal stTatigraphy is based upon the outstanding @asily identifiad
physical characteristics of the shale sequence. In this case, lithelogy,
radicactivity and paleontology provide the best means of understanding
stratigraphic re=lationships. Each of these areas will be discussed in
detail below.
Although some- pre=isr to differentiates this sequencs on the basis

of age, where possible, iﬁ is discussed here as 3 whole. In other words,
when the tazm shals sequencs is used hers it refers to toth the Devonian

and Mississippian black shales as well as the grsen shales and siltstones

contained betweemn and within the black shale sequence.

Lithostratigraphy

The stratigraphic nomenclaturs d.iséussed previcusly was largely
based on lithology. Duxring fhe study of the shale sequence for this re-
pore, lithology was also a major factor in determining internal strati-
graphy because the lithologic units persist in the same order thrsughout
the sections measured in eastern Kemtucky. This persistance is shown
in Figures 4 and S.

The uppermost lithostrarigraphic unit in the shale secquencs is the
Lower Mississippian, Sunbury black shale. It is herein called the upper-
most black-shale nember (Figurel(). This unit is present in the LEZ 1,
FL-1, RW-Ll, BA-L and LT-1 sesctions (Appendices A and 8) and ranges from
4.4 m (14.3 £2) t0 7.3 m (24.0 ££) thick. It is charactaristically a
laminated orownish-black, organic-rich shale. It commonly contains phospate

and pyTitenodules as well as inarticulate Lingula and Orbiculoidea brachi-.

pods. It is a ddistincrive unit in cutsTop because it Typically foras a
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massive ledge overhanging the less re2{8tant Bedford Shale. This shale,
like some of the lower black shales, exhibits a distinctive weathering
pattern termed "couplet weathering' by Dr. Paul E. Potter (personal com- '
munication, 1976). The tarm "couplet weathering'' r=fers to equidistantly
spaced. alternating resistant and reentrant beds a f=w centimeters thick
whi:k octur in weathered vertical sections.

The next lower Lithostratigraphic unit consists of the»:-iississiﬁpian
Berea Sandstone and the Devonian-Mississippian Bed:‘t;rd Shals, named by
Newberry (1870). The Berea is composéd. of sandstone and siltstone beds
wizh minor- geen:i:sh-grar, organic~deficient shale lenses, and the 3ed-
ford is characteristically composad of greenish-gray, organic-deficient
shale with minor amo;znts of phosphate and pyrite nodulss. The Zedford-
Berea sequences is found in the LE~1, FL-1, RW-1, BA-1, LT-1, and PX-1l
sections (Appendices A and B) and ranges frem 3.1 m (10.0 £t) to 18.6 2
(60.0 £t) thick. A comprehensive study of the relationships and age of
ther Bedford-Berea sequencs is summarized by deWwitz (1951, 1970). This
saquence is hersin called the green shale and light siltstone litho-
stratigraphic wnit (Figure 10). This lithostratigraphic umit is easily
recognized in outcrop because it is light-colored and forms a reentrant
betwesn the dark-colored resistant shale ledges of the overlying Sumbury
and the underiying Chio Shales. The Bedford-Berea sequence is present
along the east-cantral Kentucky out::rop belt just north of PO sectionand
along the Pine Mountain oﬁt:‘m‘g belt south to the LT-1 section. The
Bedford-Berea thins southward and is absent south of the 3A-1 section

Figure 4). Therefore, where the 3edford-Ber=a sequencs exists, it
separates the similar lithologies of the Mississippian Sunbury Shale and

the Devonian Chio Shale, but where the .3edford-3ere=a sequence is missing,

16 .
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the contact between the Sunbury Sﬁale equivalent and the Chio Shale equivalent
i.é lithologically indistinguishable. This combined Mississippian-oevon;
ian, black-shale sequence is called the New Albany Shale. Although
lithology offers no aid in distinguishing Mississippian and Devomian
black shale, the radicactivity profiles discussed in a later sectiom will
Teadily do this.

Underiying the Bedford-B8erea sequencs is a unit of Upper Devonian
age composed entirely of black shale. It is designated hersin the upper
black-shale member. This upper black shale can be seen in all the meas-
.ured sections (Appendicss A and 3) except in the FL-1 section (Appatdix
A) where it was cover;d- The unir ranges from 34.1 m (110.0 f£) to 3.1 m
(10.0 £t) thick, and thins to the scuthwest in both outcrop belts (Figz-
ures 4 and 5). It is characteristically a brownish-black, laminated,

' organic-rich shale and contains abundant phosphate nodules, Lingula and
pyrité nodules. I characteristically forms steep ledges with "couplet
weatherin.g" and is easily distinguished in ocutcrops.

Underlying the upper black-shale member is the upper intsrbedded
member callad the Three Lick Bed by Prove and others (1977). This unit
is also persistsnt throughout eastern Kentucky as shown in Figures 4 and
5. It is found in all measured seczions except the Fl-1 section (Appen-
dix A) wher= it was coversd. This unit ranges from 0.9 m (53 £t) to 43.4 m
(140.0 £2), but characteristically is only 0.9 @ (3.0 ££) cto 4.7 a (15.0
££) thick (refer o Figure 4). The upper interhedded member generally
consists of three graemish-gray, organic-deficient shales intsrbedded
with two brownish-black laminated, organic-rich shales. Each of the
beds is generally less thanm 1.0 @ (3.2 £t) thick. The g-wen shales in

this unit commonly contain Lingula, vertical Li:ig:la. burTows, and some
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unidentified horizental burrows. The black shales, except for their
thinness, are typical of other black shales in the sequence. This unit
is easily distinguished in ocutcrop because the intarbeds of green shale
forr three small reentrants. This unit also thins to the scuthwest as
" shownr in Figure S. |

A lower black-shale unit underlies the Three Lick Bed, and paxrts of A
this unit can be seemx mghmt eastarn Kentucky (Figures 4 and 3).
This unit ranges from 4.7 m: (1S.0 ££) to more than 21.7 m (70.0 £}
thick. The lower black shale comtains brownish-black, laminated, hemo-
geneous, organic-rich shale as well as pyrite nodules, bedded pyrita,

. and discontinucus cone-in-cone limestones. The umit also contains the
pelagic alga Foerstia and the large spore Tasmanitss. The unit is alse
persistent throughout eastsrn Kentucky, although the lowermost part of
the unit is not present in the CU-L section whers the entire shale se-
quence thins as it onlaps the Cincimmati Arch (Figure 4, Appendix A,
section CU-1).

Underiying the lower black shale is the lower intarbedded unit which
contains brownish-black, organic-rich shale interbedded with greenish-
gray dolomitic shales. This unit varies from 2.2 m (7.0 ££) to more than
21.7 = (70.0 ££) thick. This lithostratigraphic wit is also persistant
throughout most of eastsrn Kentucky, except in the CA-1l, RU-1 and CU-i
sactions in southern east-centzal Kentucky (Appendix A and Figurs 4].
The entiTe black-shale sequencs thins and this unit seems to pinch out
as the sequemnces onlaps the Cincimmati Arch in Casey County, Kentucky
(Figure 4). This unit contains abundant pyrite nodules, Dedded pyTite
and Tasmanites. In the LEZ-1 seczion (Appendix A), large caTbonate

conczetions (up to 2.5 m (8.0 £¢) in diameter) were found in this unis.
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In the outcrop of easternm Kentucky, the lower interbedded umit is.
tle lowermost lithostratigraphic unit of the Upper Devonian black-shale
sequence which can be correlated throughout this region. Photographs
of the lithostratigraphic units described above are shown in Plate 2,
and photograpns of particular fossils, nodules and sedimentary features
are shown in Plzma\I.

Two localized lithostratigraphic units wers described at the base
of the Upper Devenian section in parts of the east-central Kentucky aut;
cTop belt. Iz the PO-1 and ES-L sections, the Duffin Sandstome Member
‘underlies and intertongues with the lawer interbedded unit of eack sec-
tion. The Duffin is . characterized by intsrbedded dolomites, dolcmici
shales, dolomitic sandstones and black shales. The unit ranges Som
conly a few centimetsrs to 7.8 m (2S5 £t) thick and unconformably over-
lies an irregulaz-exposﬁ:gé}su:faca on the 3oyle Dolomite. It commonly
contains flow rolls which wers noted in the ES-1 section (Appendix A).
Scme umusual 3oyle-Duffin-Ohio (New Albany) re=lationships are discussed
by McFarlan and Whits (1952).

In the CA~1 and RU-1 sections (Appendix A), a basal sandstone or
"lag zone'* called the Kiddville layer is present. This layer comtains
peobles of cherwT, phosphate and black shale in a matrix of iron-rich,
quartiose sandstome. This unit is commonly less than 1.0 m (3.2 ££)
thick. Agaim, this lithostratigraphic unit is very localized and lies
unconforaably on Crdovician strata.

The above generzlized descriptions of these lithostratigraphic umits
characterize the sections measursd in easter: Kentucky. For more com-
plete descriptions and examples of each uniz, refsr to the outcTop

descTiztions in Appendices A and 3.
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PLATE 1
Plan view of cone-in-cone limestone stracture
(magnification X0.5).

Cross-sectiocnal view of cone-in-cone limestone
(structure (magnification X1).

Phosphat- nodules (magnificaticn X0.3).

Foerst:.a. thalli (Protosalvinia fucara)
(ma.gm.flcz.t:.on XZ)

Foerstia fruiting bedy (Protosalvinia ravemma)
(magmification X3).

Lingula sp. (cf. L. spatulara, Vanuxem)
(magm.ncat:.on X1°5)-

Lingulipora sp. (cf. L. williamsana, Girty)
(magnification X2).

Pyrite nodules in plan view (magnification X0.3).

Pyrite framboids in plan view (magnification
X0.7) .
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PLATE Z

Photograpn of upper part of Morshead section
(Appendix A, Sectiom RW~1) showing Sunbury
and Bedford Shales. '

Photograpn of Three Lick Bed (Provo and
others, 1977) in the Morehead Section
(Appendix A, Section RW-1) averlain by the
upper black-shale, lithostratigraphic unit.

' Photograph of middle part of Powell County

sectiomr (Appendix A, Section PO-1) showing
lower black-shale, lithostratigraphic unit.

Photograph of base of Morshead section
(Appendix A, Section RW 1) showing the lower
black-shale, and lower interbedded-shale
lithostratigraphic units.
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/ Radioactive Units

Gamma-ray logs from well bores have been used extensively to cor-
relate parts of the ipper Devonian-lower Mississippian shale sequemce in
the subsurfacs. However, until the recent advent of radiocactivity pro-
files from surfaces exposures, there was no real way to make detailed cor-
relations from the- surface tg the subsurface. Radioactivity profilas are
essentially synthetic gamma-ray logs made from surface exposures. These
profiles are made by plotting scintillometer readings, recorded at uni-
form intervals omn the cutcrop, against formation thickness. Radioac-
tivity profiles were made for each measured section (Appendices A-{).

Oncs persistent radicactive units are defined, these profiles can then
be used to correlata from the subsurface to the surface and from omt-
crop to oﬁ:crcp.. This aethod of correlation was.suggested to the éuthor
by Dr. Linda Prove Fultom and is documented by Provo and others (1977)
and Ettensohn and others (1978).

In Figure 6, the right column is a subsurface gamma-ray log with
the seven radicactive units defined by Provo (1977). Five of these sevenunits
corrTelate with the gamma-ray log of the well in the center column which is very
near the outcrop belt just east of the Cincinmati -Arch. Finally, cthe radioac-
tive units from the gamma-ray logs on the right two columms are correlated
with similar units from the radicactivity profile gf the RW-1 ocutczTop sectiom.
Five of the units from the subsurface correlate directly with the five
wmits f-om the radicactivity profile generated from the RW-1 sscticn by
plotting the scintillometer readings against cutcrop thickness. Tais
Figure dembnst:ates that radiocactivity profiles from surface exposurss
can be used far correlation with black shale in the subsur<ace. Figures

5 and 7 show the correlation of radicactive profiles along tie section
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of cutcrops in eastarm Kentucky.

The radicactive units involved in these corrslations are recagniie
by specific patisrms and combinations of high-radioactive (positive) zmd low-
radigacTivity (negative) deflections to the right and lef< respectively. The
following descriptions of the radiocactive u:ru.ts are charactaristic of the units
along the cutcrop belt. The radiocactivity profile of the RW-L referencs
section (Figure 8) shows these characteristic radioactive units.

The upperzost radicactive unir is the Sunbury Shale which shows 2
very strong high-radicactivity.deflec:icn; iz is radicactive unit S iz
this study. The high-radicactive defleczion Zzem this unit is appareztly
relatad %o a high concsntration of uranium and thorium in this organic-
rich black shale. Underlying the Sunbury is the 3edford-3erea sequence
herein called radicactive unit B. This interral exhibits a very sTtItug
low-radiocactivisy deflectiom due to the presence of orgzanic-deficient
gray shales and siltstones. The next radiocactive unit is called mic 1
and generally shows 2 high-radiocactivity deflection wihich is somewnat
less (Figure 38) than the deflection of radiocactive unit S. CUnderiying
wmit 1 is radiocactive unit 2 which shows three low-radicactivity deflsc-

tions and two high-radicacrzivity deflactions caused by three green shzles
interbeddad with twe black shales. The next radiocactive wnic is unic 3
which shows a high-ra&ioactive deflection wich less pesitive deviation
than that seen in either radicactive untts S or L (Figure 3). Uait 3

is underiain by radicactive unit 4 which shows 3 loweradiocactive deflac-
tion with less negative deviationm than that seen in radioactive umit 2
(?igure 3). The lowermost radicactive uni= seen inn cutcTop, unit 3,

exhibits a sequence of alternating high-radicactivity and loew-radicactiv-

ity deflactions, although the unic is aore hiznly radicactive cverzll
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(Figuze 9). As illustrated in Figures S and 7, these L.mits are pre-
sent along both 6ut:rcp belts and are present throughout the subsurfacs
of eastern Kentucky (Figure 35).

The radiocacrtive units described above form useful stratigraphic
divisions within continmuous black shale sequencss that are lithologically
indistinguishable. Two specific examples of this are found in the east-
central Kentucky cutcrop sections (Appendix A). The first example is
the differentiation of two radicactive units within the lower black-shale
lithostratigraphic unit. 3ecause the lithologies of radicaczive umits 3
-and 4 ar= essentially the same, the contact bYetween them is lithological-
ly indistinguishable, but the radiocactive profiles show a positive devia-
tion in unit 3 and a negative deviation in unit 4; therefore, this con-
tinuous lawe: black-shale unit can he b;'oken down into two distinet radio-
active units. In addition, the differentiation of this contimuous unit
can be used to correlats the black-shale sequence of eastarn Kentucky
with stratigraphic terminelogy in other areas. This is shown in Figuse
10 and discussed in detail in the saction on corwslartions.

Another example of stratigraphic differentiation based on radiocac-
tive units occurs in the PC-1 sectiocn (Figure @) of the New Albany
Shale. Near the top of the bhlack-shale séquence in this section, the
radiocactive profile shows 2 very strong high-radiocactivity deflection.
This deflection seems to be vefy similar to and in the proper position
for the Sunbury Shals witick can be seen in the LT-1, FL-1 and AW-1 sec-
tions (Appendices A and 3). In these secticns, the 3edfcrd-3erea se-
quence lithelogically separatss the similar lithologiss of the uppermost
and uvper black shale lithostratigravhic units. In the PC-1 saction

(Figure 9, however, the 3edford-3er=a sequencs has pinched cur :his
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far south (Peck, 1967 and Weir, 1978), and the ccntact between tie Devon-
ian upper black shals and the Mississippian uppermost black shale is
iithologically indistinguishable. Many authors including Huddle (1935,
1934), Campbell (1946), Hass (1947), Hoskins and Cross (19S1) and Weir
(1976) have agreed that the upper part of the New Albany Shale is Mis-
sissippian in age, and this has been provem in eastarn Xentucky by con-
odont studies (Weir, 1976). Hence, although conodont studies prov:‘.de a
way of saparating Mississippian and Devonian parts of the New Albany
Shale, such studies are much oo laboriocus and time-consuming to be used
in the fi2ld. Ccnodont studies have clearly shown that the very high
radicactivity deflection atop the New Albany Shale in parts of eastern
Kentucky (Figure 3) represent a Mississippian Sunbury equivalent.

Hence, because the EﬁSsissippia.n black shale seems to be much more radio-
active than underlying D.evcm.an black shales, it is pessible to use tie
positive deflection atop the New Albany to approximate the Mississippian-
Devenian boundary in the fisld. A similar high-radicactivity deflectiom
in the VA-1 and VA-2 sections (Appendix B) is tentatively interpreted

to represent a Sunbury equivalent although there is no supportive pale-
ontological evidencs.

This brief dascsiption of these radiocactive units serve as an ex-
planation for introducing them as. informal infernal stratigrapnic units.
The use of these units for stratigraphic correlation is illustrated in
Figure 10, and their actual correlationm within the sections is shown in

Figures S and 7.

Informal Biostratigraphic Zomes
Fossils whnich are commonly found in the Upper Devonian-Lower Mississip-

Jiazn shale sequence include the small spore-like Tasmanicss, the chitino-
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-phosphatic tests of the- inarticulate brachiopods Lingula and Orbicmloidae,

thin films of coalified Callixylon logs, the pelagic alga Foerstia, var-
ious conodonts and fish plates. One unusual fossil was collacted fIom
t’he upper part of the New- Albany Shale during field work for this study.
This fossil was tantaﬁvely identified as a Lepidostrobilus, and collect-
ed. by Miller (personal communication, 1973).

Twa of the above fossils occur persistently in respective parts of
the black-shale sequencs and. are termed informal biostratigraphic zones.
These two informal unmits will be refered to as the Foerstia Zone and the
Lingula zone. The conodonts have been studied and ar= gcod age indi-

cators, but are not easily identified in the field. On the other hand,

the Foerstia and Lingula zones are easily identified in hand samples with
the naked eye. | ) | |

The informal unit whick is called the Lingula zone is restricted to
those radicactive units above unit 3 (exclusive of unit 3) and to the
lithestratigraphic units above the lower black-shale member (see FiguTe
10). Plate 1 contains two figures of Lingula. Figure 7 is Lingula and
was found in the Sunbury Shale in the LT-1 secticn (Appendix B), amnd
Figure 6 is Lingula and was found in the MA-1 section (Appendix A).
Within radicactive unit 2 of the MA-L section (Appendix A), Lingula werse
found in living position. They wers ariented vertically atop small ver-
tical burrows within greenish-gray shales. The greatest abundance of
Lingula sheils are found within the black-shale units overlying the
Three Lick Sed whers they are preserved as thin carbonized £films paTal-
lel to bedding planes. Only in the PU-1 section (Appendix A) have
Lingula been found below the Three Lick Bed. Although it is impossible

to define a Lingula-bearing ded as either Mississippian or Devonian in
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age, the presence of Lingula generally indicates that tae stTatigraphic
position of the bed is within or above the Three Lick 3ed (radioactive
unit 2). The common restriction of the chitino-phosphatic brachicped
Lingula to the upper part of the Mississippian-Devonian shale sequencs,
is the basis for defining an informal Lingula biostratigraphic zone.
Tﬁe—secand.;nfbrmal,biost:ztigrzphic,:cne is called the FoesTix
Zone by Schopf and Schwietering (1970). Foerstia wa$~criginally named
by White and Stadnichenks (1923) and was thought to be a sourcs for scme
of the petrolemm in black shales. Schwietering and Neal (1978) desc:ibe
Foersria as "being small carbanacsous compressions that are.oval ta bilo-
bate in outline and have a cellular pitted suzxfaces. They occur as dazk
flattened fragments on bedding planes" (Plate 1, Figure 4 and 5). Hass
(1956) describes the stratigraphic position of Foerstii as being corr=la-
vive with the Late Devonian conodont assemblages within the lcwer'éassa—
way Memper of the Chattanooga Shals. The radieactivity profile of the Gass-
away referesnce section (DE~1l, Apprendix C) suggests that the lower Gass-
away Member is equivalent to radicactive unit 3 oT correlative with the
upper part of the Huron Memper in the Ohio Shale (Figure 10). The
Foerstia Zone described in the sections measured in east-csntTal Xentucky
(Arpendix A) was found in radicactive umits 4 and 5. Radicactive units
4 and 5 aze equivalent to the lower and middle members of the fuzon Shale
in easTern Kentucky (Figure 10).- Schweitering and Neal (1978) place
their Foerstia Zome in the West Virginia correlative of }he ngon Hem—
ber. Schopf and Schweitsring (1370) place the Foerstia Zone i; the Huron
Mempers alsa. The Foerstia Zone is 2 good st':afig:aphic indicazor beczuse
iz is easily identified and occurs in the same relative stratigrapnic

sosition tirsughcut eastern Lantucky. Althcugh the maximum rTange



UGR File #29

Dennis Ray Swager 36
Univ. of Kentucky
1978

of Foerstia appears to be throughout the Huron Memuer and its-equivalents
in the Appalachian Basin, in easterm Kentucky, the Foerstia Zone appears
£o be more narrowly resteicted to the lower parts of radicactive unit 4

and the upper parts of radiocactive umit 5 (Figure 10).

Summary
Withinm this sectior of this study, three-.types- of intsrmal strati-
graphic units are discussed. Each type of unit is useful in the inter-
pretation of stratigraphic relatiomships and corzslation of units within
the U‘pper Devonizan-Lower Mississippian shale sequencs. The relationships
and correlations suggestad im this pa.éer (Figure 10) are based on a

symthesis of all three, and are discussed in the following sectiom.
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CORRELATICNS

Introduction

Definition of internal radicactive units has greatly enhanced cor-
relation within the black-shale seaquence. Figures 5 and 7 show the re-
sults of corr=lation along the cutczop belts. The pinching cut of scme
units and the thiming of othés are concs2pts which would have be'en very
dz.ff:.mlt t§ demonstrate in uniform black-shale sequencsas without the use
of radioactive stratigraphy. These radicactive units, however, are oanly
paxt of .thetnta.].‘smtilg'::zphic:, £ramework. The relationships and cor-
relacions betueen these radicacrive umits, the biastratigraphic umits,
the lithostTatigraphic units and units from adjacsnt areas must also be
considersd. These correlaticns are shown in Figure 10 and discussed in

the following sectionms.

’

Sumbury Shale (Radiocactive Unit S)

The Sunbury Shals is recognized in the northeastarn portions of both
ocutcTop beits in eastern Kemtueky (Figere 1). In these areas, the under-
lying Bedford-Berea saquence serves as a basal lithnlogi§ boundazy. The
uppermost black-shale lithostratigraphic umnit (Figure 10) is correlative
with the Sunbury (radicactive uniz S). The Sunbury is squivalenmt to the
upper part of the Clegg Creek Member of the New Albany Shale in west-cen-
tzal Kentucky (Lineback, 1970), and more specificzlly a corralative of
the Jacob's Chapel and Henryville 3eds of the Clegg Creek Member (Figure
10). The Sunmbury Shale is not corrTelative with any pars of the Chattano-
oga Shale in south-central Xentucky (Hass, 1956), but is correlative with
the upper part of the Big Stone Gap Member of the Chattancoga Shale in.

the southerx Pime Mountain outcTop belt (Appendix 3, Sec=ions VA-L and
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VA-2). The uppermost paTts of the Lingula zone include the Sunbury Shale

(Figure 10).

Bedford-Ber=a Sequencs (Radiocactive Unit 3)

The Bedford shales and siltstones ars probably both Mississippian
and. Devenian ix age- whereas the Ber=a sandstones are= wholly Mississippian
in age (de WitT, 1951). This sequencs is recognized ix Chioc as a 'delta.ic
sequence (Hoover, 1960). The Bedford Shale is present in the northeast-
ern part of both outcrop belts in easterw Kentucky, and serrss to separ-
ate the similar lithologies of the Sunbury and uppermost jares of the
Chio Shale. In west-csntral portions of Kentucky, the Bedford is cor-
relative to porrions of the Clegg Cresk Member of the New Albany Shale
(Lineback, 1970). Cooper (1948) states that the Bedford is sgquivalent
to the Underwacd Bed of the New Albamy Shale based on brachicpeds. No
part of the Chattanooga in south-ceantral Kentucky is correlative to the
Bedford (Figure 10), but the Big Stcne Gap member of the Chatzanooga in
the southern Pine Mountain cutcrop belt does pruobably contain correlatives
(Appendix B, sections VA-1 and VA-2). The Bedford-Bersa seguence is
wholly correlative with the green shale and light siltstone lithostrarti-

graphic unit of this study.

Radicactive Unit L _
 Radicactive unit 1 is wholly corTelative with the upper black shale
lithostratigraphic unit of this study, a.nd..is contained within the Lingula
zone (Figure 10). Uniz I is corTelative to the Claveland Member of the
Ohio Shale (Provo, 1S77) and to portions of the Clegg Creek Member of the

New Albany Shale of west-central (entucky (Lineback, 1970). Furthermore,

Cocper (1548), statas that concreticns in the Falling Runm 3ed of the New
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Albany Shale in wesT-central Kentucky contain fauna correlative with the
Cleveland Shale of Ohio. Unit 1 is equivalent to the upper Gassaway Mem—
ber of the Chartancoga Shale (Appendix C, section DE-1) in centTal Tennes—
see based om similar radicactivity profiles. In the southern part of
the Pine Mountain ocutcsop belt, radicactive unit 1 is inclﬁded. as pa:t

of the Big Stone Gap member of the- Chattancoga Shale (Appendix B, sec-
tion VA- and. VA-2). -

Radicactive Unit‘ 2
The Three Lick Bed (Provo and others, 1377) is equivalent t:.: parts
of the Chagrin Member of the Chio Shale and to internal radicactive umit
2. The Chagrin is essentially corzedarive with the interbedded zone of
the Camp Run Member of the New Albany Shale- (Lineback, 1570). Unit 2
is also correlative with the middle part of the Gassaway Member cf the
Chatrtanocoga Shale in Teﬁessee and south-csntral Xemtucky (Prove, 1977,
and Appendix C, seczion DE-1). Parts of the middle gray siltstone mem-'
ber of the Caat=ancoga Shale in western Virginia and eastam Tannesses
are probably correlative to radiocactive it 2 (Miller, 1963). Radio-
active umit 2 is the same as the upper interbedded lithostratigraphic
wmit of this study and is included in the lowermosT part of the Lingula
zone (Figoze 10).
Radicactive Unit 3
Radicactive unit 3 is included in the upper part of the lower black-
shale lithostratigraphic unit of this study (Figure 18). Unic 5 is de-
fined as the upper part of the Huron Member by PTovo (1877). Limeback
(1970) statas that the Morgan Trail Member of the New Albany Sanalz in

Indiana and western fentucky is. probably eguivalent t3 the HuTon Membper
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(radiocactive units 3-3) of the Ohio Shale in Ohio and eastern Kentucky.
Unit 3 is correlative with the lower Gassaway Member of the Chattanocoga
Shale in cantral Temnesses based on radicactivity profiles (Appendix C,
section DE-l), and possibly to parts of the middle grzy siltstone and
lower black-shale members of the Chattancoga Shale in easterm Tennessee

and western Virginia (Miller, 1963). See Figure 10 for the relationships

descTibed above.

Radiocactive Unit 4

Unic 4 is equivalent to the lower part of the lower black-shale
lithostratigraphic unit of this study, and to the aiddle Huron Member
of the Qhio Shale (Prove, 1977, a.nd. Figure 10). This unit is also
equivalent to parts of the Morgan Trail Member of the New Albany Shale
im south-centTal Kentucky, and to the Upper Dowellton Member of the Chat-
tanooga Shale (Figure 10, and Appendix C, section DE-1) in centTal Ten-
nessee and south-central Xentucky based on radicactivity profiles and
sequencss. Part of the lowef b-laa:k-shale member of the Chat:ano.oga
Shale (Miller, 1963) in central Virginia and eastern Tennessee are pro-
bably correlative to radicactive unit 4. Lower parts of unit 4 are also

included ix the Foerstia Zone.

Radicactive Unit S
Radicactive unit 5§ is the lower interbedded lithostratigraphic umit
of this study. It is corTelative with the lower part of the Huron Mem-
ber of the Chio Shale (Prove, 1977). Unit S is also probably equivalsnt
to parts of both the Morgan Trail and the Selmier Members of the New Al-

bany Shale in west-csntzal Kentucky (Figures 10). Uniz 5 is correlated

with the lower Dowelltown Member of the ChatIanooga Shals in sasterm



UGR File #29

Dennis Ray SwageTr

Univ. of Kentucky

1978 42

Temmessee (Provo, 1977, and Appendix C, section DE-1). ITr is probably
eqﬁiva.lent to parss of the lower black shale member of Miller (1965) of
the Chattancoga Shale in western Virginia. and eastern Tennessee. Upper

parts of this radicactive unit are also included in the Foerstia Zome-.

Summazy

The schematic cToss-sections inm Figures 4, 5 and 7 show the cor-
relation of intsrmal stratigraphic umits of the black-shale sequence
' along both ocutcTop belts in easterw Kentucky. In some measured sections
(Appendices A and Bj same of the units ars not exposed due ts cover, but
where good exposures are found, recognition of tﬁe intearnal stratigraphic
saquence is not difficult. Recognition of these intermal umits has made
correlation possible and reveals that these units ars -l-aterally continu-
ous throughout most of eastarm Kentucky (Figures 4, S and 7). As the
shale sequence onlaps the Cincinnati Arch in Russell and Cumberland
counties, Xentucky (Figure 7), the lower portions of the shals sequence
(Tadicactive Aunits 4 and 5) are not recognized because of thinming and
eventual pinch cuts om the Cincimnati Axch. This seems to indicate .
that either the subsidence of the Appalachian Basin was slower near the
Cincimmati Arch or the rate of sedimentation was less in this avea. The
correlations suggested im this sectiom (Figure 10) axe based on obserred
contimiity of lithestratigraphic and radioactive-stratigraphic internal

units iz easterm Kemtucky outcTops as well as literaturs cited.
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PALECENVIRONMENTAL REVIEW

The depth of the Appalachian Basin during deposition of the shale
sequence tas heen a,‘ contToversial topic in the literature. Many theories
of depositionm have been introducad. Deep-watsr origins have been sug-
gested by Rich (1951) and Lewis and Schwietaring (1971). Shallow-satsr
origins are supportad by Stockdale (1939), Conant (1956), Swanson ﬁSSG) >
Conant and Swanson (1361), Breger and Brown (1963), Lineback (1968} and
Provo (1977). '

It has been suggestad by.both Lineback f1968) and Provo (1977) that
the depth of the basin is not the essantial contTolling faczor for de-
position of black-shale sequencss, because modern black muds ars being
depositad in 2 wide range of depths (Twemhof=l, 1339 and StTom, 1939).

A more critical factor in the deposition of black muds is mersly am
envircﬁment suitable {or the formation and preservarion of abundanr or-
ganics. Two scurces of orzanics in the shale are indicated. Organic car-
bon was derived from terrestrial floras, and caTzried into the basim by
stTeams. ther crgandics, such as the pelagic alga Foerstia and abundant
plmﬁm were @marine in origin.

Most authors support the theory that the shale sequenc= was deposit-
ed during anoxic bottom conditions, but suggest different metheds for
producing such conditioms. The desp-watsr origin of Rich (1951), the
shallow-water origin of Conant and Swamson (1961), the algal Slpgatant of
Lineback (1968, 1970) and the barred-basin origin of Whitshead (1973) all
can account for the anoxic cqndi:icns, as can the stratifisd-watar-column
origins. oﬁl Byers (1977) and Heckel (1977). These two authors sugges:
aodels of deposition Zor Pennsylvanian black shales, but the pycnocline
theory of 3yers (1977) and the thermocline (quasi-estuaTine cizsulation)

43
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theory of Heckel (1977) could be modified to fit palegenvircmmencal con-
ditions for the Devonian-Mississippian shale sequencs. 3oth of these
Zodels suggest an.ocsanographic mechanism in which quasi-estuarine cir:ﬁ-
lation accounts for abundant orgamic production in uppermost, oXygemated
parts of the watsr column and organic pfeservation in the lowermost,
anoxic parts of the columm. A mmber of modifications, however, need to
be made in thé:e- models before they could be applied successfully to the
Late Devonian situation, and this is beyond the scope of this current
study. Furthermors, detailed paleocuzrTent, paleoclimare and paleoecol-
ogical examinations of black-shale facies in the Appalachian. Basin aTe
needed before more specific palecenvironmental intarpretations and models

can be defined for the Mississippian-Devonian shale sequencea.
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CONCLUSIONS

Based on the descoiption of 18 measursd sections in eastern Lenctucky,

north-central Tennessee and west-centzal Kentucky, and a review of the

literaturs, the following conclusions are drawn:

L. This study of the Devonian-Mississippian black-shale sequence in

eastern Kentucky shows that this lithologically uniform sequencs
can be intarnally subdivided and corz=latad.

Three types of stTatigraphic subdivisions wers defined: litho-

© stratigraphic;, bisstTatigraphic and radicactive umits.

Six lithestrarigraphic units wers defined and traced alomg the
QutcTop belt. THese aTe the Sunbury (uppermost black shale) .
of Mississippian age, 3edford-Berea sequence (green shale and
light siltstones) of Mississippian and Devonian age and four
lithostratigraphic units within the Devonian black shalas (the
upper black shale, the uprer interbedded shale, the lower
black-shale and the lower intesrbedded-shale units).

Based onmr the cor:e_la.ticn of these lithostratigraphic units
along the outcrep belt, all the umits thin to the scuthwest as
they onlap the Cincimmati Arth, and parts of the two lowermost
units were not deposited on the arch. The Bedford-Berea se-
@ce also is zbsent socuth of the BA-l section.

Two persistent informal biostratigraphic zones were defined in
the Devcnian-MissisSippia.n black-shale segquencs of 2astarwy
Kentucky. The upper zone is hersin called the Lingula cone and

¢ontains the Sour upper lithostratigrpahic units.. The lower

Forsstia zone contains parts of the two lower lithostrazigmavphic
unizcs.

45
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Qf the seven radicactive-stratigraphic units derined by Provo
(1977) in the suﬁsurface, the uppermost five units have been
consistantly recognized in eastern Xentucky outcrop.

Based on the correlation of these radiocactive units along the
outcrop belts, all the units thin to the ssuthwest as they on-
lap the Cincimmati Arch, and the two lowermost units (mits 4
and 5) are absent near the apex of the arch.

The onlapping relationships of the lower intsrnal units of the
shale sequencs show the Bevenian-Mississippian sea was tTans-
gressive and the proto-Cincimmati Arch was a2 positive feature
at this time.

The Devenian-Mississippian boundary was defined by radicactive-
stratigraphic units in the New Albany Shale of easz-csmntral fen-
tucky and in the Chattancoga Shale of southern Pine Mountain.
Conodont evidence (Weir, 1976) supports this boundary approxi-
mation of ks New Albany Shale.

The black-shale sequences was most likely formed at the Dase of
a vertically stratified water colum, wheréin abundant organics
could be producsd in the upper oxygenated parts of the colmﬁn

and could be preserved by anoxic conditicns near the bass.
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APPENDIX A - DESCRIPTION OF CQUTCROP SECTICNS IN THE
EAST-CENTRAL CENTUCKXY QUTCRCP BELT
LEWIS COUNTY SECTION (LE #1)

This section contains an incompletes sequencs of the Chic Shale uncon-
formably overlying the Bisher Limestone. The base of the saction is
located. along Highway 10, 3.7 kilcmeters (2.3 miles) westT of Vanceburyg
in Lewis County, Xentucky (Section 21-Z-74, 200' FNL x 400 FWL). The
contact with the 3isher occurs in a creek valley just south of the high-
way. The elevation of thart contact is 160.0 meters (525 feet) abave sea
level. The upper part of the section is 0.5 kilometers (0.3 miles) north
west of Vancsburg alqng Highway 8. The entire section is locatsd on the
Vanceburg Quadrangle. The section was measursd using Jacob's staff, Abney
level, tape and scintillomstar by Demnis Swager, Frank Ettensoln, Mike
Miller and Dom Chesmut om August 26, 1977.

Chio Shale (incomplets2): . Thickness
Meters (Feet)

(1) Shale, brownish-black (5 YR 2/1), silty,

fissile laminatad; contains pyrite

nodules, coalified logs, plant debris;

¢contains cone-in-cone limestones .

0.06 = (0.2') thick locatsd 36.7 m

(120.5"), 40 m (131.3') and 4l.1 m

(134.8') from the base of saction;

forms a blocky, jeintad cliff with

"eouplet weathering.'” 13.3 (43.5)

(Nate: Due to developing soil horizom
and vegitation csver, the upper
part of the saction was un-

. measurable, and the top of the
formation indiswinguishable. The
tarm "couplet weathering'' refers
to equidistantly spaced altsrnating
resistant and reentrant beds which
occur in weathersd vertical secticnms.

(2) Snale, brownish-black (3 YR 2/1) same as
wmis 1 (without cone-in-cone limestones). 10.4 (4.0



)

4)

(3}

(6)
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Claystone, greenish-gray (5 GY 4/1) Thickness
interbedded with shale, brownish-dblack Meters

(5 YR 2/1); shale is  in Z small beds
in basal 0.1 m (0.3") of unit; clay-
stone is iron-stained; forms reentrant 0.1

Shale, brownish-black (5 YR 2/1),

laminated, very fissile; contains a

large carbonats concrstion. 13.1 m

(65.5') from base of section: contains

large, laterally-linked Foerstia in

zone 20.9 m (68.5') to 21.5 m (70.6")

from base; contains abundant Tasmanites,

carbonized plant fragments; forms reentTant

with '""couplet weathering.'’ 10.7

Shale, brownish-black (5 YR 2/1), very

fissile; contains carbonate nodules up .

ta 1.5 m (5') x 1.9 m (6.2') in

dimension; shale draped over nodules;

Tasmanites common; some intarbedded

claystone, greenish gray (5 GY 6/1);

interbeds up to 0.2 m (0.6') thick. 1.7

Shale, brownish-black (5 YR 2/1), very
fissile; contains carbonate nodules
(semi-elliptical in shape) up ts 0.9 m
(3') x 2.1 @ (7") in dimemnsion; contains
Tasmanites; weathered surfaces is iron-

stained; forms blocky, jointed ledge. 4.0

Shale, greenish-gray (5 GY 6/1) inter-

bedded with shale, brownish-black

(5 YR 2/1); green shales are up to

0.7 m (2.3') thick; black shales are

ug toc 0.2 m (0.5') thick, forms blocky,

jointed cliff. Z.L

Cover=d interval within Chio Shale 2.6

Claystone, light greenish-gray

(3 GY 38/1); contains some brownish-black

(5 YR 2/1) fragments; unit is highly

weathered; forms reentrant above basal

contace. Q.4

43

(Feet)

(0.5)

(35.2)

G.7

(13.2)

(6.8)
(8.5}

(1.2)

Disconformicy

Thickness of Qhio Shale in section 45.3

(148.4)
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3isher Limestone {incomplete): Taickness
Meters (Feet)

(10) Claystone, moderate reddish brown
(1T R ¢/68); resembles 3isher; forms
punky residiunm. 0.2 (0.7

Total Thickness of Section 45.5 (14%-.1)

(Note: The contacT is questionable.)
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FLEMING COUNTY SECTICN (FL #1)

This section contains the- complete Bedford Shale and partial sections
of the Chio and Sumbury Shalss. The section is exposed in a series of road-
cats omr the east side of Kentucky Highway 559, 2.6 kilome:ers (1.6 ailes)
northeast of 'N‘a.lliﬁgford. iz Fleming County, Kentucky. It is located on the
Burtonville Quadrangle (Section l-#-71, 3000' FNL x 1250' FEL), and the top
of the Chic Shale is 317.Z metars (104b feet) above sea level. The section
was a;easured. using hand level and tape; samples and scintillcmetar readings

wers gathersd on July 25, 1977 by Demnis Swager and Joim Goble.

Sunbury Shale (incomplete): Thickness
Meters {(Feet)

(1) Shale, brownish-black (5 YR 2/1) to
black (N2), fissile, laminated with
silcy layers, subconchoidal fracture;
contains abundant Lingnla and Tasmanites;
has z strong petrolif=rous odor; rorms '
jointad ledges with "couplet weathering.'™ 4.4 (14.3)

Bedford Shale:

(2) Shale, olive-gray (5 YR 4/1) to greenish-
g2y (5 YR 2/1), clayey, irrsgular bedding;
forms talus coversd slope and had %o be

trenched; contains horizontal burrows. g. (31.2)

n

Chio Shale (incomplete):

(3) Shale, medimm gray (N3) to light greenish-
gzay (5 YR 8/1), clayey, dolomitic; forms
2 reentrant 0.3 (2.5)

(4) Shale, brownish-black (3 YR 2/1), very
fissile, laminated with silty layers;
contains pyrits and phosphate nodules;
contains bedded pyrite; contains
abundant Lingula; has strong petro-
lifercus odor; forms jointad cliffs ~
with distinet "couplet weathering." 12.7 (41.3)

Three Lick 3ed:



&)

(6)

N

(3)

(9)

(10)

83 Y]
(i2)

i3
(14)
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Mudstone, greenish-gray (3 GY 4/1);
contains. traces of pyrite; contains
burTowed zone 4-7 cx thick at the
base; unit is iron-stained and forms
TeentTanc.

Shale, brownish-black (5 YR 2/1), clayey,
£issile; contains weathered pyrite
ncdules; contains rare Tasmanites;

@it is iron-stained and forms a

jointed ledge.

Mudstone, greenish-gray (5 GY 4/1);
same as wif 5, but ne Linﬂa.
found .

Shale, browmish-black (5 YX Z/1);
same as unif 6. .

Mudstone, greemnish-gray (5 GY 4/1);
same as unit S. |

Total Three Lick Bed

Shale., brownish-black (5 YR 2/1), clayey,
fissile; contains pyrite nodules;
contains horizontal burrTows; it is
iron-stained and covered with talus;
contains possible syneresis cracks.

Covered interral within the Ohio Shale

Shale, brownish-black (5 YR 2/1};
same as wit 10.

Covered interval within the Chioc Shale

Shale, brownish-black (3 YR 2/1), silty,
very fissile; contains syneresis cracks;
contains common Tasmanites; contains
burrows in the lower part of unit; forms
jointesd ledge witir petrolifercus odorT.

(Nots: Unit 5 ocutcsops in a small
czeek just east of the highway.)

(15) Coversd interval within the Chioc Shale

52
Thickness

Metars {Feet)
0.4 1.4)
1.5. (4.8)
0.4 (1.2)
0.3 (2.6)
0.9 (2.9)
3. (12.9)
1.2 (3.8)
1.4 (4.5)
2.1 7.09)
5.3 (17.5)
1.1 (3.3)
10.0 (32.9)



(16)

17
(18)
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Thickness

Meters (Feet)
Shale, brownish-black (5 YR 2/1),
silzy, very fissile; contains
pyrite nodulas; contains Tasmanites,
fish platess and a zone of Foerstia
0.8 m (2.7') above base of unit;
forms: jointed iron-stained ledge-. 2.6 (8.5)
Covered interval within the Chio Shale 3.1 (10.2)
Shale, brownish-black (5 YR 2/1), fissile,
laminated with silty layers; contains
Tasmanites; weathers to a light brown
(5 YR 5/6); forms. a blocky, jointad
ledge ' Q.7 (2.3)
Thickness of Ohio Shale in section 45.0 (147.3)
Total thickiess.of section 53.9 (193.0)
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RCWAN COUNTY REFERENCE SECTICON (RW #1)

This section contains the complets Chio Shale, Bedford Shale and
Sunbury Shale. The base of the section is on the south side of Imtar-
state 75, 2.3 kilometers (1.4 miles) east of the Bath-Rowan County line
(section 1-T-71, 900" FNL x 1100' FWL). The upver section is on the
n;orth. side of Intsrstaze 75, 5.0 kilcmetars (3.1 ng..les) from the Bath-~
Rowanr County line (sectiom 25-U-72, 1100' FNL x 600" FEL). The saction
is on the Farmers Quédrange, and the elesvation of the base of the Chio
Shale is 216.5 meters (710' feet). The section was measur=d using hand
level, Jacob's staff, tape and scintillometesr on October 17, 1976 by

Dennis Swager, Frank Ettansohn, Paul Potter, Roy Xepferle and Jomm Gobla.

Thickness
Borden Formation (incomplete): Metexrs (Feer)
Henley Bed of the Farmers Member—

(1) Mudstone, greenish-gray (5 GY 6/1);
contains small interbeds of siltstone;
contains glauconitz filled burr=ows;
contacrt with Sunbury sharp; forms
TeentIaMt. 1.7 (5.8}

(2) Shale, brownish-black (5 YR 2/1) o
) (N1); contains abundant pyrite nodules;
caontains common Lingula; weathers
yellowish-oranges (5 Y 8/1); forms
cliff; contains basal lag zone witdh .
conedonts,£ish plates and woody fragments. 5.9 (19.4)

Bedford Shale:

(3) Shale, olive-gray (5 Y 4/1)-(3 Y 6/1),
silty, slightly calcar=ous; contains
siltstone lenses and cone-in-cone
limestones; contact sharp with Ghio
Shale; heavily stained with lizonise:
forms reentrant. 6.6 (21.

4
(V7]
o
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Ohioc Shale:

(4)

(5)

(6)

7

(8)

(%

(10)

(11)

(12)

Shale, brownish-black (5 YR 2/1), fissile,
laminated, semi-conchoidal Ffractures;
contains abundant pyrite nodules,
phosphate nodules and woody STagments;
contains abundant Lingula (increasing
near top); forms blocky, jointed cliff,

Shale, greemish-gray (35 GY 4/1), clayey,
thinx bedded; contains some pyrite nodules;
contains rare Lingula; forms reentTant

Shale, brownish-black (5 YR 2/1), vexry
fissile, thimily laminated; contains a
discontimous cone-in-cone limestone;
contains pyrite and narcasite nodules;
forms resistant outcrop

Shale, greemish-gray (5 GY 4/1); same
as mnit 5 (withour Lingula).

Shale, brownish-black (5 YR 2/1); sane
as umit § (without cone-in-cone
limestone)

Shale greenish-gray (3 GY 4/1); same-
as it 7.

Total Thre=e Lick Bed

Shales, brownish-black (5 YR 2/1), fissile,
Iaminatad with silty layers; contains 3
discontimious cone-in-cone limestones,
dark yellowish-orange (10 YR 6/6);
coutains abundant Tasmanites, coalified
logs; contains dendritic bturrows; foras
resistant ledge

Shale, brownish-black (5 YR 2/1); same
as mit 10 (without the cone-in-cone
limesTones).

Shales, dark greenish-gray (5 GT 4/1),
interbeds of shale, brownish-black

(5 YR Z/1) present; black shale comtains
abundant Foerstia; forms slight reentrant
with '""couplet-type! weathering.

5é
Thickness

Metars (Feet)
14.8 . {48.5)
0.3 1.1
1.3 (4.1)
8.3 {1.1)
Q0.7 Z.4)
0.7 (2.2)
3.33 {10.9)
12.0 {39.3)
17.6 (57.7)
0.9 (2.8)
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(13) Shale, brownish-dlack (5 YR 2/1), silty,
fissile, laminated; contains irregulax
shaped pyrite nodules and bedded pyrite;
contains coalifiasd logs; weathers light
brown (5 YR 3/6); forms a jointed ledge

14) Shale, brownish-bilack (5 YR 2/1) inter-
bedded with greenish-gray (6/1) shale;
Beds are 5 to 7 centimetsrs thick;
black shals contains Foerstia; graen
shale contains burrows; forms a rsentTant

(15) Shale, brownish-black (5 YR 2/1), fissile,
laminated; contains pyrite nodules and
burrows; forms blocky, jointed, resistant
ledge.

(16) Shale, brownish-black (5 YR 2/1), £issile,
thinfly laminated; conrains a 6 cm basal
lag zone with woody fragments and quartz
pebbles .

Total Chic Shale

Disconformity

Crab Orchard Formation (incomplets):

(17) Shale, dark greemish-gray (5 Y 5/1); intar-
bedded with doleomite, light brown (5 YR 5/6);
dolomite is in stringers from 0.1 m (4") to
0.2 m (3" thick; shale weathers to light
brown (5 YR 5/6); unit forms reentIant.

Total thickness of Section approximately

57
Thickness

Metsrs (Feet)
6.8 (21.8)
2.6 (8.5)
1.5 (4.9)
0.7 (2.4)
60.0 (196.8)

2.4+ (8+)
76.6 (251)
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BATH COUNTY SECTION (3A #1)

This is a partial section of the Chic Shale exclusive of eitier
bottom or top, but does expose the Three Lick 3ed very well on the fiTst
ledge of the quarry. The quarry is located approximatsly 0.3 kilometers
(300 yards) west of Kentucky Highway 211, 2.7 kilometers (1.7 miles)
south of Salt Llick in Bath County, Kemtucky. The quarwy is on tie Salt
Lick Quadrangle (sec=ion 23-T-71, 2000' FEL x 1300' FNL), and the base of
the Three Lick Bed is 256.3 meters (342 feer) above sea level. Tie
section was measursed and described using hand level and tape on November
7, 1976 by Demnis Swager, Johm Goble and Mike Miller. The radicactive
profile was measured ‘with a scintillometer on May 12, 1977 by Demnis
Swager and John Geble.

Chio Shale (incompleta): Thickness
Meters (Feer)
(1) Shale, brownish-black (5 YR 2/1) to

black (N2), fissile, silty, laminated

with silty layers; has subconchoidal

fracture; contains abundant Lingula;

forms a jointed c¢liff with "couplet

weathering.” 12.3 (42.2)

(Note: The exact top is indistinguishable,

but the last black shale was
found at the top of wmit 1.)
(2) Shale, brownish-black (5 YR 2/1), clayey,

laminated, fissile; contains pyrite

nodules; basal contact sharp; forms

jeinted, iren-stained ledges. 4.3 (14.3)
Three Lick Bed:

(3) Mudstone, gre=enish-gray (5 GY 8/1},
clayey; pyrite nodules common; contains
TUMeTOUS burTows; forms an iron-stained ‘
resentrant; sharp basal contact. 0.5 (2.0}
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Shale, brownish-black (5 YR 2/1),
laminated, fissile; contains pyrite
nodules; weathers to a light brown
(3 YR 5/6); forms a slight ledge.

Modstone, greenish-gray (5 GY 8/1):
samer as unit 3; weathers to a dark
reddish-brown (10 R 3/4)

Shala, brownish-black (5 YR 2/1);
same as Wit 4.

Mudstone, greenish-gray (5 GY 3/1)
same as wnit S.

Shale, brownish-black (5 YR 2/1),

silty, laminazed, fissile; contains
abundant pyrite nodules and bedded
pyrite; contains discontimuous
cone-in-cone limestones, medium-gray
(N3); limestones vary up to 0.2 m

(0.7") in thickness; contains

abundant Tasmanites; forms jointsd
blocky ledges with ""couplet weathering."

Total thickness of Qhic Shale in section

60

Thickness
Meters (Feet)
0.7 (2.2)
0.3 (1.0)
0.7 (2.3)
Q0.5 1.7
23.5 (76.3)
43.6 (143.1)
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PONELL CCUNTY SECTION (PQ #1)

This section contains the complets New Albany Shale and partial
sections of the Boyle Dolcmite and New Providencs Shale. The section
is exposed and was measured om the north side of the Mountain Parkway,
0.4 kilometers (0.25 miles) west of the Clay City Interchange in Powell
County, Kenmckjr cn the Clay City Quadrangle (sectiom 12-Q-67, 100°'

FSL x 1000' FWL). The upper part of the séc;i_on was measured and
described in 2 quarry, 0.5 kilometers (0.3 miles) north of Highway 11
alcng the east side of Highway 10S7 in Powell County, Kentucky on the
Levee Quadrangle (section 3-Q-67, 0' FSL x 750' FWL). The section was
neasured and described by Demmis Swager and Roy C. Kepferie with Jacob's
staff, Abney level and tape. Scintillometsr readings wers taken by
Frank R. Ettensoim, Johx Goble and Les Booth. Sampling was completed

by Mike Miller and Les Booth on May 19, 197‘?’.. The base of the New Albany

Shale is 197.3 meters (647 fset) above sea level.

Borden Formation (incomplete): Thickness
Meters (Feet)
New Providence Shale Member (incomplete):

(1) Mudstone, greenish-gray (5 GY 6/1);
contains small intarbedded siltstone
layers; contains clayey phosphate
nodules; contains Tanaurcus burrows;
weathers to a yellowisia-gray (5 Y 8/1);
mudstones form reentrants and siltstone '
form resistant layers. 2.4 (38.0)
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Thickness
Metars

Disconformity

New Albany Shale

(B

(3)

(4)

(3)

(8)

M

(8)

Shale, brownish-black (5 YR 2/1),
very fissile, thix laminae, silty;
contains pyrite and phosphate nodules;
contains discontimuous cone-in-cone
linestones, medium gray (N3) up to
0.2 m (0.6') thick, limestones

gesur at 0.5 m (1.8'), 2.9 m (9.6'),
3.2 m (10.6') and 6§.3m(20.8') from
the base of unit; phosphats nodules
occur 6.7 m (22.1') from the base:

of unit and are oriented 230° -320°

in strike; contains Tasmanites and
burrows; unit forms jointed, blocky
¢liff and has ''couplet weathering.” 14.0

Three Lick Bed:

Mudstone, light gray (N6), crumbly

taxture, silty, pooriy laminatad,

cohesive; iron-stained surface;-

forms reentrant with sharp basal

contace. - 9.3

Saale, brownish-black (3 YR 2/1),

very fissile, laminatsd; contains

pyTite nodules; contains rare

Tasmanites; burrowed at basal

contact. 0.5

Mudstone, light gray (N6); same
as unic 3. 0.1

Shale, brownish-black (5 YR 2/1);
same as wmit 4. 0.5

Mudstone, light gray (N6); same
as uwmit 3. a.4

{Feet)

(46-0)

(¢.9)

(1.6

(0.5}

(1.8)

(1.4)

Total Thre=e Lick Bed 1.8

(6.9)

Shale, brownish-black (5 YR 2/1),
laminarted with silty layers, fissile;
contains pyrits nodules; contains
continuous cone-in-cone limestones,
medium gray (N3), less than 0.9 m
{0.3") thick oczurring im six distinece
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— Thickness
Metears (Feet)

horizoms: 1.5 = (5'), 1.9 m

(6.2'), 3.7 m (12.0'), 43 m

(14.0'), 5.3 = (17.3') abave

the base of uniz, and at the base

of unit; contains coalified plant

f£ragnents; contains abundant

Tasmanites; forms resistant outcrop

with '"couplet weathering." 3.8 . (28.8)

(3) Shale, brownish-black (5 YR 2/1);
same- as unit 8§ without the cone-in-
cone limestones; contains abundant
Foerstia im a zome 7.9 m (26') thick
begum.mg 4.3 m (14') from base of
unit; unit had to be trenched in aress.
where talus covered. . 14.0 - (46.0)

(10) Mudstone, dark greenish-gray (5 GY 4/1)
to grayish-brown (5 YR 3/2) inter-
bedded with shale, black (N1); black
shale beds up ta 0.3 m (1.0') thick at
base; contains pyrite nodules; contains
abundant Tasmanites; contains Condrities
and Tanaurocus burrows; contains larze
continuocus burrowed bed l1.1 m (36.57)
from base of formation; unit forms slight
reentrant with '"couplet weathering' (the
base of each "couplet" is burrowed.)

(91}
(7]

(10.7)

(11) Shale, brownish-black (5 YR 2/1) to
grayish-black (N2); contains pyrits
nodules along bedding planes; contains
abundant Tasmanites; unit weathers to
light gray (N7); forms a ledge with
massive blocks and.'"couplet weathering”
in upper 2.1 m (6.8'). 2.5 (8.3)

(12) Shale, brownish-black (5 YR 2/1) inter-
bedded with brownish-gray (5 YR 6/1)
dolomitic mudstone; black shale is
fissile with platy laminae; beds are
from 0.6 = (0.27) thick to 0.2 m (0.6°)
thick; contains a zone of lenticular
burrows in upper 0.3 m (0.9') of unmit;
it is heavily izrom-stained. 2.8 (?.Z)
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Thickness
Meters

13) Mudstone, clive~gray (5 Y ¢/1), silty,
dolomitic, very £issile; contains a
discontinuous dolomite stringer 0.2 m
(0.6") thick; contains rare Tasmanites;
unit is jointed, iron-stained, and forms
Tesntrant. ‘ 1.3

(Feet)

(5.8)

Total New Albany Shale 49.0

1160.3)

Boyle Dolomite (incomplets):

(14) Dolomite, medium gray (5 Y 6/1), sucTosics
contains. large vugs filled with dead oil,
calcite and dolamite crystals; contains
nodularly bedded chert up te 0.2m(0.7')
thick; contains silicified corals,
bryozoans and crinoids; unit weathers
to grayish-orange (10 YR 7/4). 1.3

(1S) Dolomite, medium gray (5 Y 6/1),
sucTosic; contains large joints
filled with brown shale, greem and
gray clays, siltstonres and quartz
pebbles. 0.3

(4.2}

(2.8)

Totzal Boyle Dolomits= ) Z.1

(6.8)

Total Thickness of Section §3.5

(195.4)
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-ESTILL CCUNTY SECTION (ES #1)

This section contains the complete New Albany Shale, 2 pareial
section of the Boyle Dolomite and passibly part of the Irvine
Formation. The sectiom was described in a series of r;Ja.d. cuts on
the north side of Kentucky Highway' 52, west of Irvine in Estill County,
Kentucky. The sectiom is located on the Panola Quadrangle (section 13-
0-66, 1900¢ FSL x 100' FEL), and the base of the New Albany Shale is
226.6 meters (743 feet) above sea level. The section was measur=d and
described by Demnis Swager, Johﬁ Goble, and Mike Miller on May 24, 1977
using hand level, J‘ac::i:'s staff and tape. The section was sa.mpled-and

a radioactive profile compiled on the same date.

Thickness
Irvine Formation (incommlets): Meters (Feet)

(1) Shale, light greenish-gray (5 GY 8/1),
argillaceocus and clay, grayish-orange
(10 YR 7/4); this was found at the top
of the road cut and no thickness was
estinated. ? ™

(Note: According to the geologic
quadrangle, there should be
Irvine on the top of this ocut-
crep. The few chips of shale
are the only evidencs that it
exists there.)

Disconformity
New Albany Shale:

(2) Shale, brownish-black (5 YR 2/I),
fissile, siltys contains pyrits
nodules and phosphate nodules;
contains Tasmanitas; forms a
massive ledge with "couplet
weathering” (Not sure of top due
to developing soil horizem.) 7.0 (22.9)
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- Thickness
Meters

Three Lick Bed:

(3)

(4)

sy

(6)

7

()

(9

Mudstone, greenish-gray (5 GY 4/1) to
light gray (N3); burrowed at the base;
heavily iron-stained; forms reentTant. 0.1

Shale, brownish-black (5 YR Z/1), very
fissile, laminated; contains pyrite
nodules; contains a discomntinuous
cone-in-cone limestone; contains

Tasmanites; forms an iron-stained ledge. 0.7

Mudstone, greenish-gray (5 GY 4/1); same
as unit 3. 0.1

Shale, brownish-black (S YR 2/1); same
a2s unit 4 without the cone-in-cone
limestone. 4 0.5

Mudstone, greenish-gray (5 GY 4/1); same
as r_mit 3. _ 0.2

68

(Feet)

(0.4)

(2.3}

(0.4)

1.7}

(Q.6)

Total Three Lick Bed 1.6

5.4)

Shale, brownish-black (5 YR 2/1),
laminated, fissile; contains pyrite
nodules and bedded pyrite; contains
cone-in-cone limestones at 235.2 n
(76'), 25.3 m (83') and 25.9 m (35")
frem base of unit; contains Tasmanites

.and- coalified plant fragments;

contains a zome of abundant Foerstia

between 17.4 m (56.9') and 13.3 m

(60.0') from the base of formation;

forms z jointed . ledge with ""couplet

weathering." 13.9

Shale, brownish-black (5 YR 2Z/1),

£issile, laminated with silcy layers;

contains few pyrite nodules and bedded

pyrite; contains abundant Tasmanites

and. plant fragments; forms iron-stained,

jointed cliff. 2.5

(45.4)

(7.7
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Thickness
Meters

Shale, brownish-black (5 YR 2/1)
interbedded with gray (N8) dolomitic

" ¢laystone; black shales contain pyrite

(11)

az

(13

(14)

(13)

jointed, massive ledge.

nodules, burrows, plant fragments and
Tasmanites; gray claystones contain
pyrite nodules; gray beds are foom
0.2 m (0.7') to 0.3 m (1.0') thick;

for?f', reem:rams . 1.8

Shale, brownish-black (5 YR 2/1); T
contains little or no silt; contains.

pyTite nodules; contains Limgula

fragments and Tasmanitss; forms a

(V)
-

Sha.].e,~ gray (N6), dolomitic; inter-
bedded with brownish-black (5 YR 2/1}

_ silty shale; gray shales~are in five

beds about 0.1 m (0.4') thick which
form reentrants. o 1.0

Shale, brownish-black (5YR Z/1), "
laminated, fissile; comtains abundant
Tasmawitas: forms a small- continucus -

. ledge-. 0.2

Dolomite, medium gray (N3) to light

gray (N6), silty; contains numercus

burTows near the base of unit; forms

a2 highly jointed reentrant which

weathers to a mass of chips. 2.7

Dolomite, medium gray (N3), sucrosic;

contains silicified coralline fragments;

contzins a high amount of vugular

poTusity; weathers to a slight reentrant. 0.8

(Note: The two dolomite units 14 and 15
are in a portion of the outcrop
which seems to be slumped. They
contain flow rolls surrounded by
bands of black shale in this
slumped sectiom. Unit 14 is nor
contimious across the outcTop, but
it pinches cut at the slumped ar=s.}

63

{Feet)

-(8-0)

1z.2)

G-2)

' (0.5)

£2.2)

.7
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Thickness
Meters {(Teer)

(16} Shale, brownish-black (T YR 2/1),
laminated with silty layers; contains
abundant Tasmanites and burrows near
the top; forms an iron-~stained ladge
with '"couplet weathering.' S B 2.2 . 7.3

35.2 (115.6)

Total New Albany Shale
Disconformity R
Boyie Dolomite: T

(17) Dolcmite, medium light gray (N6), siltys

interbedded with medizm gray (N3) lime-

stone; dolomite contains quartz pebbles,.

shale:.clasts, silicified brachiopod,

¢Tinoid and coralline fragments; lime-

stone contains .3 small brownish-black

(S YR 2/1) shale interbeds up to 0.1 m

(0.3") thick; unit contains vugular

porosity, stylolites along bedding :

Planes, and a stromg petroliferous odor. 4.2 (13.6)
(18) Dolomite; mediumr Iight gray- (N6) ;5 same

as the dolomite of unit 17; contains . . . S

TaTe® burrows. : ) c.3 (1.1

(18} Coquina, clay sized matrix cementing
adundant silicified brachioped shells. 0.1 (0.3

Total Boyle Dolomite | - 4.6 (15.0)

Total thickness of section . 39.8 (130.6)
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MADISON COUNTY SECTION (MA #1)

This section conta.i:'zs ant incomplete sequence of the New Albany Shale.
The top of the section is approximately the top of the Fformation, but
due- zo the d.evelope;i. soil hortzom at the top of the quarTy the uppex
comtact is indistinguishable. The entire Three Lick Bed is well exposed
in the wall of this quarry or borrow pit. The section was measured 0.1
kilometers (100 yards) southwest of Kentucky Highway 21, 2.4 kilometers
(1.5 miles) west. of its intsrsection with Interstats 75 at the Berea
exchange in V!a.dison Cm.mty' Kentucky. The section is locatad on the
Berea. Quad::angle (section 6-M-63 16Q0" FNL x 2153' FEL), and the base
of the Three Lick Bed is 318.1 meters. (1,043 feet;)- above sea level.
Mea.sm—ix;g, ‘describing, Sampling ind radicactive profiling were conducted
by Dennis Swager, John Goble and Mike Miller on Aéril 16, 1977 with the
.use of hand level, t@e and. scintillometar.

_ _ Thickness
New Albany Shale ’ Meters ‘ (F eet)

(1) Shale, brownish-black (5 YR 2/1),
fissile, laminated with silty layers:
contains large phosphats nodules (up
to 0.4 m (1.2') across); contains
. abundant Tasmanites and plant fragments. 1.6 (5.2)

(Ngte: The developing soil horizomr at ths
top of the borrcw pit makes the
upper contact of the New Albany

' Shale indistinguishable.)

(2) Shale, brownish-black (3 YR Z/1): same as
" unit I; contaixs abundant pyrita nodules
and. framboids; contains twe small
continuous cone-in-cone limestones at
1.6 7 (3.3') and 4.2 m (13.3') £rom base
of unit, forms blocky, jointed ledges. 4.3 (15.8)
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Thickness
Meters (Feet)

Three Lick 3Bed:

(3) Claystone, gzreenish-gray (5 GY 4/1);
contains pyrite nodules; contains
abundant burrows; forms an iron-
stained resentrant. . . , 0.2 (0.8}

(4) Saale, brownish-black (5 YR 2/1},
fissile; contains pyrite and
phosphate ncdules; contains Foerstia;

highly bu:rcwed.;'forms resistant bed. 0. (1.0

2

(5) Mudstone, greenish-gray (5 GY 4/1);
contains pyrite nodules; cocntains
abundant large Lingula (up to 4
centimeters i length); contains
prolific lenticular and vertical
burrows; forms reentrant. 0.1 (.33

(6) Shale, brownish-black (5 YR 2/1);
same- as unit 4; contains rhombohedral :
£ish plates. 0.3 (1.0

(7) Mudstone, greenish-gray (5 G 4/1); :
' same as unit S. 0.1 (0.3)

Total Three Lick Bed: 1.0 (3.4

(3) Snale, browaish-black (5 YR 2/1),

fissile laminated with silty layers:

contains pyrite nodules, bedded pmt°

and cubic pyrite c:ystals, contains

small phosphate nodules in upper lL.5 m

(5.07) of unit; contzins plant fragments

and burrow-motztling in upper 4.6 m (15.0');

forms massive, jointed ocutcsop with

"couplet weathering.” 6.6 (21.3)

Total thickness of New Albany Shale 14.0 45.9)
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MADISON COUNTY SECTICN (MA #2)

This section contains a nearly complete section of the New Albany
Shale exposed in a series of road cuts along the north-bound lanes of
Interstate 75 near the Berea ;xchange- in Mison County, Kentucky. It
is located om the Berea Quadrangle (sectionr 7-4-63, 575' FNL x 660"

FNL}, and the base of the New Albany Shale is 295.9 metars (570 feet)
above sea level. Nearly all the section had to be trenched in order to |
remove the large amount of regolith covering it, and in areas was
completely ccvergd- The sectiéﬁ was‘ozi.gin'a.lly measured by Dennis Swager
and John Goble on June 1, 1977 using hand level, tape and scintillometer.
T was remeasured with a Jacob's staff and Abney level on July 7, 1977
by Roy C. Kepferie, Demnis Swager and John Gaoble.

Thickness
New Albany Shale: Meters: (Feet)

(1) Unsure of lithology, but above cutcTop
of unit 2, the secticn is covered by a
developing soil horizon contaizning
chips of gray shale which loock like the
New Providence. Top is indistinguishable
and elevation uncertain. 1.5+ {5.0+)

(2) Shale, brownish-black (3 YR 2/1), very
fissile, laminarsed with silty layers;
contains. large elliptical phosphate
nodules; contains a few discontinuous
cone-in-cone limestone beds; contains
abundant pyrite and marcasits nodules;
contains abundant Tasmanites; has a
previlent petroliferous odor; forms
small talas covered outcrous w:Lth
"couplet weathering." 3.3 (27.2)

Three Lick Bed:
(3) Shale, greenish-gray (5 GY 6/1), fissile,

burrowed; contains Lingula; forms iron-
stained reentrant. 0.2 {0.3)
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Shale, brownish-black (5 YR 2/1),
fissile; contains abundant Tasmanites;
burrow motTtled; forms reentrant.
Shale, greenish-gray (5 GY 6/1); same
as unitc 3.

Shale, brownish-black (S YR 2/1); same-
as unit 4; contains small discontinuous
cone-in-cone limestone near the top.

Shale, greenish-gray (5 GY 6/1); same
as unir 3.

Total Three Lick Bed .

Shale, brownish-black (5 YR 2/1), fissile,
laminated with paper-thin silty

lavers; contains pyrite nodules; contains
small, discontinuous cone~in-cone _
lizestone 0.3 m (2.5') from the top of
unity contains abundant Tasmamites.

Covered Interval within New Albany Saale

Shale, brownish-black (5 YR 2/1) inter-
bedded with gray (N4) dolomitic shale;
black shales contain pyrite nodules,
bedded pyrite, Lingula and plant frag-
ments; dolomitic beds are less than 0.3 o
(1.0') thick; unit is mostly covered with
a few T=sistant outcrops; OULCIOPS are
highly jointed. '

Total New Albany Shale

Lizestone, moderate yellowish-brown

(10 YR §/4), dolomitic; contains
nodularly bedded chert, shale clasts,
vugs £lled witir quartz and dolomite
cTvstals, stylolitss along bedding
Planes, and silicified crinoid,
brrozoan and coralline fragments; forms
z resistant cliff. .

Total Thickness of Section

(Note: Scme of the lower parts of the section
were described from the walls of the

quarry or borrow pit located about

76

Taickness
Meters (Feet)
0.3 (1.1)
3.2 (0.5}
0.3 (1.1)
g.4 (1.3)
1.4 (4.3)
8.0 26.1)
3.0 (5.9)
3.1 (10.3)
25.3 (33.3)
4.5 (1s.0)
29.9 (98.3)
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SO0 meters east of the Interstate road
cuts. The Three Lick Bed was well
exposed in this pit.)
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PULASKT CCUNTY SECTION (PU #1)

This section contains the completa thickness of the Chatancoga shale
and partial sections of both the Boyle Colomite and the Bordem Formation.
The sectiomr is locared 6.8 kilometers (4.2 miles) west oT WesT Samerset
along Ringgold Road im Pulaski County, Kentucky. The sectiom is located
~ om the Delmer Quadrangle (sectiom 19-#-58, 2850 FSL X 2400' FEL), amd
the base of the Chattanooga Shale is 219.0 meters (718 feet) above sea
level. The secrtion was mezsured and described using Jacob's stafs,

Abney level and tape. Samples and radiocactive readings wers takan 2v
Dennis Swager and John Goble om July 12, 1977.

: Thickness
Borden Formation (incomplete): Meters (Feet)

Nancy Shale Member (incomplete):

(1) Shale, light greemish-gray (5 GY &/1),
silty; contains dissiminated pyrite and
glauconite; comtains reworked phosphate
nodules near the base; contains geodes
filled with quartz and hematite; contains
abumdent crinocidal debris; forms talus
covered clifls

W
w

(18.0)

Discouformity
Chattanooga Shale:

(2) Shale, brownish-black (5 YR Z/1),
laminated with paper-thin silty layers;
contains abundent pyrite nodules; contains
phosphats nodules in upper 2.4 metsrs
(8.0'); contains abundent Tasmanitss;
umit forms jointed ledges with "couplet
weathering''; upper part of unit is covered
and had tz be- t—enched 4.2 (13.7)

Three Lick Bed:

(3) Shale, brownish-black (5 YR 2/1) inter-
bedded with 3 small greenish-gray mudstones;
Tasmanites and abundent burrows It upper
contacts; zudstones contain pyrite nodules
and Lingula and are up to O.lm (0.3")}
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Thickness
Meters (Feet)

thick; all contacts are sharp; unit forms
a slightt reentrmat : Q.8 (2.7)

(4) Shale, brownish-black (4 YR 2/1), laminated
with silty layers at base- (becomes less
silty upward); contains pyrite nodules;
contains abundent Tasmanitss and rare
Lingula fragments; forms cliffs with .
"eouplet weathering'' 9.7 (31.7)

Duffin Layer:

(5) Sandstone, olive-black (5 Y 2/1), medium
grained, well rounded; contains phosphate
pebbles, pyrite ncdules: and chert pebbles;
contains basal lag zone of £ish plates and

plant debris; forms reentzant Q.3 (1.0)
Total Chattancoga Shale 15.0 (49.1)
Disconformity

Boyle Dolomite (incomplete):

(6) Dolomite, olive-gray (5 Y 4/1); contains
nodulariy-bedded chert, and pyrites
nodules; contains silicified brachioped,
bryozoan and crinoid debris; contains
vugs filled with dolomita and calcitse
crystals; contains stylolitss along

bedding planes; forms sharp cliff 2. (7.8)

(7]

Thickness of Section : 22.38 (74.7)
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CASEY COUNTY SECTION (CA #1)

This section contains the complete New Albany Shale and partial
sections of both the Drakes Formation and the Borden Formatiom. The
section is exposed omr the west side of Kentucky Highway 127, 0.3
kilmters (0.2 miles) noxrth of Liberty in Casey County, Kentucky.
The section is on the Liberty Quadrangle (section 25-K-56, 500' FSL
x 2250' FWL), and the- base of the New Albany Shale is 259.6 meters -
(851 feet) above sez level. The section was measured using hand level
and tape; radicactive profile takem with a scintillometer; and
completely sampled om July 28, 1977 by Demmis Swager, John Goble,
and Mike Miller.

Thickness
Meters (Feet)

Borden Formation (incomplets):
New Providences Shale Member (incomplets):
(I) Shale, greenish-gray (5 GY 8/1), silty; laminated

with glauconitic layers; covered with soil
horizen; had to be trenched . . . . . . PR 1.5 (5+)

Disconformity
New Albany Shale (ccmpletsa):

(2] Shale, brownish-black (5 YR 2/1), very fissile,
iamipated with silty layers; contains pyrite
nodules; contains abundant, bored phosphata
nodules; contains a quartz nodule (possibly a
pseudomorph after anhydrits); forms a2 jointed
Cliff _ . & h s e e e et e e e e e e e .. 2.8 (8.3)

(3) Shale, brownish-black (5 YR 2Z/1); same as unit
Z; forms ""couplet weathering” . . . . . - . . 0.3 2.7

Threes Lick Bed:
(4) Shale, brownish-black (3 YR 2/1); eccurs in two

beds intarbedded with mudstone, olive gray (5 Y 4/1);
cccurs in three beds less than 0.03 m (0.1') thieck;



(5

(6)

P!

(8)

-
Uncunfor?ity

UGR ~1.e #es
Dennis Ray Swager
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Thickness
Meters

shale is burrowed at the upper contacts;
tone is burrowed throughout; mottled in
appearance; forms slight reentrant . . . . . 0.3

83

(Feet)

(2.5)

Shale, brownish-black (5 YR 2/1); same as

unit 3; contains one continucus cone-in-cone
limestone bed 4 centimeters thick, 1.0 m

(3.4") from baseof wmic . . . . . . . . - = 7.4

Mudstone, gre=enish-gray (5 GY 4/1); inter-

bedded with shale, brownish-black (5 YR 2/1);
Shale is fissile, silty contains abundant

burrows and Tasmanites; beds are up to IS

cm thick; forms siight reentzant . . . . . . (0.4

Shale, medimm gray (5 G 6/1), silcty,
dolomitic; contains pyrite nodiitles; contains
fractures or veins filled with calgite . . . 0.2

Shale, brownisn-black (5 YR 2/1), fissile,
laminated with silty layers; contains basal

lag zone of sandy, dolomitic, '"punky,'

clayey material (possibly equivalent to the
Kiddville layer) 0.1 o (0.3') thick; basal ‘
contact irregular; forms ledge . . . . . . . 0.3

(24.4)

(1.4}

(0.6)

(1.1)

Total New Albany Shale in sectiom. . . . . . 12.8

(42.0)

Drakes Formation (incomplete):

(9

Preachersville Member (incomplets):

. Shale, light greenish-gray (5 GY 3/1) inter-

bedded with dolomite, olive-gray (N2); shale

is dolomitic, irregularly bedded; dolomitas

are discontimucus stringers up to 0.2 = (0.837}
thick, wavy bedded; forms jointed, steep, talus-
covered GIiSS. . . . . . .. . . o . o . o e - 5.5

(18-

Total Thickness of section approximately . . 19.383

(65+)
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RUSSELL COUNTY SECTICN (RU #1)

This section contains the complets Kiddville layer and
Chattancoga Shale and partial sectioms of the Fort Paynme Formatiom
and Cumberland Formation. The section is expased in a series of
road cuts on the south side of Xentucky H:.ghway 379, 3.4 kilomet=rs
(2.2 p.iles) west of Creelsbore in Russell County, Kentucky. Th=
section is located on the Creelsboro Quadrangle (Section 15-E-52,
1500' FNL x 222S' FEL). The section was measursd using hand levels
and tape; radicactive profile taken with a scintillometer; and com-
pletely sampled by Demnis Swager and Jomn Geble om. July 3, 1977. The
base of the Chattanocogz Shale is 203.7 meters (663') above sea level.

Fort Payne Formation (incomplete): Thickness
Matars (Feet)

(1) Shale, greenish-gray (5 YR &/1), silty;
contains-silica filled geodes with doubly-
terminatad gquartz crystals; contains
phosphate nedules . . . . . . . . . - . - . 1.5 (5)

Disconformity

(nots: Contact is clear, but green shale
may bhe equivalent to the Maury
Formation.)

Chattancoga Shale (complets):

(2) Shnale, brownish-black (5 YR 2/1), fissile,
laminarted; contains pyrite nodules; contains
large bored phosphate nodules; forms jointed,
blocky ledges . . . & « ¢ ¢ ¢ ¢ o ¢ o = + = 2.6 (8.5)

Thr=e Lick Bed:

(5] Shale, brownish-black (5 YR 2/1) intesrbedded
with shale, brownish-gray (S5 YR 4/1); black
shales are burrowed at the top and bottom;
gray shales (equivalent to Three Lick Bed)
are burTow mottled; forms a slight —eemtTant 0.4 (1.2)

(note: Only one of the Three Lick 3eds was
definitely identified.)



4)

(5}

(6)

)

(8)

(9)

(10}

(1)

(12)

(15)
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Shale, brownish-black (5 YR 2/1}, same as
mit 2. . . . . . . . . . .. . . 0.7

Shale, brownish-black (5 YR 2/1); laminated

with silty layers; contains bedded pyrits and
pyrite nodules; contains a discontinuous

detrital coal bed 0.03 meters (0.1') thick

(3.1 meters (10') from the base of the

secticn); forms. blocky, jointed ledge. . . . . 5.7

Shale, brownish-black (5 YR 2/1), silty,
fissile; contains pyrite ncdules; contains
carbonized plant fragments; forms ledge. . . . 0.%

Mudstone, greenish-gray (5 GY 4/1) ; forms: _
reentrant. .. - . . o - . e e s e b e e e e .. 0.L

Shale, brcwnlsh-black (5 YR 2/1); same as :
MRIT 8 & o . C ik LT e e e e e s e e e e e .1

Mudstone, greenish-gray (5 GY 4/1); same as
uniz 7; contains burrows and burrow:
moetling . . . . . 4 o . - . . P+ 1 X

Wmit 6 . . . ¢ h oo e e .. e e e e e e . 0.3

TEENTYIANT. . . . e o - . . 0.1

Shale, brownish-dlack (S5 YR 2/1); silty,

fissile; contains pyrite nodules; contains
coalified logs; contains a zone of pyriti.ed
burrows 0.8 o (2.S5') above base of shale;

forms joinves cliff. . . . . . . e e e e e e 1.5

(18.7)

(1.3}

(0.4)

(0.2)

(0.3}

.1

(0.5}

Kiddville Layer:

Sandstone, medium grained, well rounded;
contains quartz pebble conglcomerate near
the base; contains phosphatas nodules,
glauconits pebbles and semibedded globulax

chert nodules; forms reentrant . . . . . . . - 0.3'

(1L.0)

Total Chattancoga Shale. . . . . . . +. « « « .« 12.4

(40.5)

86

Disconformicy

(14)

Dolomits, medium gray (NS), sandy; contains
semibedded chert, quartz veins; weathers to

a2 clayey residum; forms a ledge at very base of
toadecut. . . . . . .. .. e e e e e e e e . 1.22

(4.0)

Approximate thickness of sectiom . . . . . . .37

(49.3)
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CUMBERLAND COUNTY SECTION (CU #1)

This sec"..ion.. contains the complets Chattancoga Shale and partial
sections of the Fort Payme Formation and the Cumberliand Formation.
The section is exposed on the north side of Kentucky Highway 90, 4.03
kilometers (2.5 miles) east of Burkesville in Cumberland Csunty,

Kentucky. The section is on the Burkesville Quadrangle (section 21-D-50

b4

1250* FNL x 1400' FWL), and the basa of the Chattancoga Shale is 194.0
meters (636') above sea level. The section was described, measur=d and

scintillometer readings gathered by Demnis Swager and John Goble on
July S, 1977.

Thickness
Fort Payne Formation (incomplete) : Metsars (Feet)

(1) Shale, dark gray (N3), contains
brachiopod and crinoid debris; by
dolomits, medium gray (NS); contains
quartz geodes; foms cliff at top of
A4 CAT . & b h t e e e e e e e e e e . 9.8 (32.3)

(2) Mudstone, greenish-gray (3 GY 4/1);
contains possible reworked phosphate
nodules; forms reentrant and had to be
trenched . . . . . ... ... .. .. . . 0.1 (0.2)

Disconformity

Total Fort Payme in sectiom. . . . . . . . 9.9 32.5

(3) Shale, brownish-black (5 YR 2/1); contains
PYTite nodules and phosphate nodules
(0.1-0.2Z m. in length); comtains
abundant nggla f-agments, forms blocky,
Joimted <lizx, | |, | _ . _ . _ . ... .. 1.3 (4.3)

(4) Shale, brownish-black (5 YR 2/1); same
as it 3, but contains bedded pyrite;
contains one of the Three Lick Beds:
mdstone, olive gray (5 Y 4/1) burTow
mottled; mudstone exists 3.5 = (17.9")
above base of shale. . . . . e e e . . . 6.8 (22.2)

(5) Shale, brownish-black (3 YR Z/I), contains
40% pyritized burrows, coalified logs and
woody Sragments. . . . . . . . . . . o . . 0.1 (0.1)
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Thickness
Meters (FTeet)
(6) Sha.-.., orownish-black (5 YR 2/1),
fissile, 'silty; contains pyritz and
marcasite nodules; contains a basal
sandy lag zone 4-3 cm thick coversd
by 0.03 @ (0.1') of mudstone; g*een:.sh-
gray (S5 GY 4/L). . . . . ... . . . . . 0.6 1.3
Disconformicy
Total thickness of Chattancoga Shale . . . 8.7 (28.3)
(7) Dolomite and dolomitic limestone,
very light gray (N7), fine grained,
silty; contains dendritic weathering
forms on bedding surfaces. . . . . . . . . 6.1+ (20+)

Total thickness of section . . . . . . . .24.7

(31.0)
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APPENDIX 3 - DESCRIPTION OF QUTCROP SECTICNS ALONG THE PINE MOUNTAIN
THRUST BELT QF EASTERN KENTUCKY
PIXE CCUNTY SECTICN (PX #1)

This section contains incomplete exposures of the Chio Shals and
Berea Sandstone along the access road to the Jolmson Brothers Limestone
Quarry. The quarzy is located just off of Kentucky Highway 137,. 3.5
kilometers (5.3 miles) south of Elxhorn City in Pike County, Kentucky.
The section is located on the Hellier Quadrangle (section 25-T-86,

875" FNL x 1000' FEL). The section is exposed along the Pine Mountaiﬁ
Thrust Fauls, and tfxe base of the section is in contact with Pennsylvanian
sandstones and shale. T?xe section was measured using Abney level,
Jacob's staff, tape and Brunton compass. Samples and scintillometer
readings were taken at regular intervals by Demnis Swager, Mike Miller
and Catherine Swager on Decesmber 13, 1977. Much of the lower section

was covered by talus and recsnt slide material.

Thickaess
Berez Sandstone (incomplete)}: Meters (Feet)

(1} Siltstone, medium gray (NS), massive
bedding (beds are up to 1.0 m (3.2')
thick); contains some small green
shale partings; shale is silty and
makes up about 5% of total; unit
weathers to a dark yellowish-orange
(10 YR 6/6); forms 2 cliff made up
of larze blocks. 7.6 25.0)

Disconformity
Chio Shale (incomplets=):

(2) Shale, brownish-black (5 YR 2/1) to
grayish-black (N2), very fissile, laminated
with silty layers; contains pyrits nodules;
contains Lingula and Tasmanites; parts of
unit are talus coversd; forms iron-stained
ledges. 10.7 (35.9)
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Shale, brownish-black (5 YR Z/1); same
as unit 2; beds are folded, faultad and
contorted.

Shale, brownish-black (5 YR 2/1), £issile,
laminated with silty layers; contains pyrite
nodules; comtains Lingula im upper part of
unit; Tasmanites present near base; contains
some tectonically disturbed bedding; forms
resistant ledges.

Shale, brownish-black (5 YR 2/1) inter-
bedded with medium gray (N6) mudstcone;
shale is silty, fissile; contains pyrits
nodules and herizontal burrows; mudstone

. 1s moldable, burrowed and contains pyrite

nodules; it forms slight talus-covered
Teentrant.

Shale, olive-black (3 Y 2/2), fissile,
silty; contains plant fragments; beds
are fractured; forms ledges.

Mudstone, greenish-gray (5 GY &6/1} inter-
bedded with brownish-black (5 YR Z/1)
shale; mudstone makes up 80% of unirc,

is fractured and jointed; shale beds ar=
less than 0.3 m (1.0') thick; shale is
fissile, silty; unit forms reentrant
with black shales forming resistant beds.

Covered interval within Chic Shale.

Mudstone, greenish-gray (5 GY 6/1);
same as muistone in unis 7.

Covered interval wichin Ohio Shale.

Mudstone, greenish-gray (5 GY §6/1)
interbedded witir black (N1) shale;
mudistone makes up about 60% of total
uritT; black shale is £fissile, £oactured;

‘contains Tasmanites; wnit forms a

TeentTant.

Caver=d interval within the Chic Shale.

Thickness
Metars

2.1

20.4

45.8

9.3

6.9

119.6

2.1

10.7

(2]
*
~3

92

(Feet)

(7.0)

(67.0)

(150.0)

(32.0)

(22.5)

(382.0)

(7.0)
(35.0)



(13}

(14)
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Shale, brownish-black (5 YR 2/1),
fissile; rich in organics, highly
fractured; has petrolifercus odors
forms small ledge.

Covered interval within the- Chio Shale.

Shale, brownish-black (5 YR 2/1);
same- as it 13; contains Tasmanites.

Thickness of Chia Shale

Thickness of Section

33
Thickness
Meters (Feet)
7.8 (Z5.0)
4.6 (1s5.0)
1.5 (5.9)
2539.2 (343.5)

266.8 (8374.5)
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LETCHER COUNTY SECTION (LT #1)

This section contains the complets 3edford-3erea sequencs and
partial sections of the Chio Shals and Sunbury Shale. The sectiom is
located in a3 road cut‘ abour 4 kilometasrs (2.5 miles) west of Cumberland
in Letcher County, Kemtucky, along highway 160. The section is om the
Louellen Quadrangle (section 2-F-78, 2750" FSL x 85Q' FEL). The-top
of the Ohio Shale is 463.6 metars (1520 fzet) above sea level. A brief
description was takem along with a radicactive profile on April 15, 1378
by Frank R. Ettsnsohn and Dennis Swager.

Thickness
Sunbury Shale- (incomplete): Metesrs (Feet)

(1) Shale, brownish-black (3 YR 2/1)
to black (N1), silty; contains
abundant Lingula and Orbiculoidea
brachiopods; forms cliff and .
talus. covered siope. . . . . . T e e . 7.3 (24.9)

(note: The top of the Sunbury is
coversd, but the thickness
here is very close to the
total thickness of the
Formatiom).

Bedford Shale:

(2) Shale, dark greemnish-gray (5 GY 4/1),
silty; contains some small siltstone
beds in upper §.1 = (20'); contact
with the Sunbury had to be trenched;
forms sta2ep talus covered slope. . . . . 8.6 (28.0)

(3) Covered interval within the Bedford .
Shale. . & ¢ ¢ e e e e e e e s eme .- 2.14 (7.0)

(4) Shale, dark greenish-gray (5 GY 4/1);
same 3as wnit Z, but without siltstome
DedS - . - . . - - - - . e e e e e .. 2.14 (7.0)
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Ber=a Sa:nd.sténe :

() Sandstone and siltstome, light
brownr (5 YR 5/6); wavy bedding;

forms a prominent ledge. . . . . . .

(nota: The Berea seems to be

. Pinching our withim the
Bedford shale. It is
possible that some of the
siltstone beds in the
upper Bedford are Berea
equivalents.)

Bedfbrd Shale (continued):

(6) Shale, daxk greenzsh-gray (5 GY 4/1)
same as unit 4 . . . c e e e .

Total Bedford Shale. . .
Ohio Shale (incomplete):

(7) Shale, brownish-black (5 YR 2/1),
silty, fissile; comtains phosphate
nodules and pyrite nedules; contains
some folded and fﬁulted.beds forms
2 cliff with suggest;on of '"'couplet
weathering.” . . . . o e e e e e .

Approximate thickness of section . .

S&

of Kentucky
Thickness
Meters (Feet)
. 2.5 (8.0)
. . 2.3 (3.0) .
. . 15.4 (30.0)
3.7 (12.0+)
. 28.9 - £34.0)
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CUMBERLAND GAP SECTION (VA #1 and VA #2)

These sections contain partial exposures of the Chattancoga Shale
and the Grainger Formation. The base of sectiom VA #1 is in a road-
cut om the east side- of Highway 23E about 1.6 kilometers (1.0 miles)
south of the Kentucky - Virginia line near Cumberland Ga;p in Lee County,
Virginia. The section is located on the Middlesboro South Quadrangle
(section 16-B-71, 400' FSL x 1500' FWL). The section was measured using
Abney Ieve.L, Jacob's staff, tape and Brunton compass. The section was
measured, sampléd. and scintillometer readings taken by Dennis Swager and
Mike Miller cn- December 17, 1977. The single exposure of the Chattancoga
Shale is broken down into two separats secTions because there is 2 fault.

of unknown dispacement or relative moticm locatsd about(15.3 neters (50

feet) from the base of section VA #1. \/7/

Thickness

Grainger Formation (incomplete): MeteTs (Feat)
(1) Shale, greemish-gray (5 YR 6/1) to

dark greenish-gray (5 YR 4/1); contains ,

siderite nodules; forms talus coversd / //\ :

slope. 13.3 (50.0)
(2) Shale, brownish-black (5 YR 2/1), very U -

fissile, laminatsd with silcy layers,

contains abundant elliptical phosphats

nodules; shale is folded, fractured,

fanlted and distorted; contains slicken-

sides; contains horizontal burrows; beds

are dipping from 11° - 16° from horizontal;

forms jointed cliZfZ. ’ 0.7 (2.4)
(3) Covered interval within the Chattancoga .

Shale. 4.6 (15.0)

(4) Shale, brownish-black (5 YR 2/1); same as
mnit 2; contains pyrite nodules; contains
a cone-in-cone limestone bed 10.7 a (33')
from base of unic. 18.8 (34.4)



(5)

(6)

(8

(9)

(1a)

(2a)
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Thickness
Metars

Shale, brownish-black (5 YR 2/1), fissile,
paper<thin laminae; fractured and faulted;

forms a talus coversd slope with some

Tesistant ledges. 7.4

Shale, brownish-black (5 YR 2/1) interbedded

with three greenish-gray (5 GY 6/1) mud-

stones; shale beds are 1.5 m (5.0') thick

and mudstone beds are less than 0.5 = (1.3")

thick; shale is same as unit S; mudstones

contain pyrite nodules and are fractured;

forms cliff with 3 reentrants. 5.9

Claystone, greenish-gray (5 GY 6/1); contains
pyrite nodules; unit is fractured and dips

10% from horizontal; forms a reentTant and

had to be trenched. 0.4

Shale, brownish-black (5 YR 2/1}, very

fissile, ted and fractured; contains
slickensides; contains a small fault with

0.8 m (2.5'") of offset; forms a resistant

ledge-. 1.0

Claystone greenish-gray (5 GY 6/1); same
as unit 7. Q.7

S9

(Feet)

(24.3)

Thickness of Chattanooga Shale in VA #2 37.

)

(122.4)

Shale, brownish-black, fissile, laminated

with silty layers; folded and crenulatad

beds; contains slickensides; dips ac 8°

from the horizcntal; upper part of wnit is

coversd and fanlted with unknown displace-

nent. 4.5

Interbedded shale and mudstone; shale
makes up 40% of total unit; shale beds
are up to 1.1l m (3.5') thick; beds are
dipping at about 3° from horizontal. 4.9

Shale, brownish-black (5 YR 2/1) inter-

bedded with greenish-gray mudstone; shale

makes up abcut 20% of total unit; shale

contains pyrite nodules; is fractursd

with slickensides present; forms reentTant:
dipping between 5° and §° from horizomtal. . 2.

O

(15.0)

(15.0)
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Thickness
Metars (Feer)

(4a) Shale, brownish-black (5 YR 2/1);
Same as unit la; bedding is dipping
from 8% to 17° from horizontal. 1.1 (3.3)

(5a) Mudstone, greenish-gray (5 GY 6/1)
interbedded with brownish-black (5 YR 2/1)
shale; same as unit 3a; beds are dizping
at 17° £Tom horizontal. 5.2 [17.0)

Thickness of Chattancoga Shale im VA #1 18.4 (60.0)

Thickness of Chattancoga Shale in torzl

axposure. 55.7 (132.4)

' Thickness of total exposure. 71.0 (232.4)
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APPENDIX C - DESCRIPTION OF REFERENCE SECTIONS OF TENNESSEE OUTCROP
HAMILTON COUNTY, TENNESSEE SECTION (HA #1)

This section, the type locality of the Chattanocoga Shale, is on
the side of Cameron Hill in Chattanooga, Hamilton County, Tennesses.
The section is on the Chattancoga Quadrangle (sectiom 15-185-52E, 300
FNL x 850' FEL). Sampling and measurements completed on April 7, 1973.
Measurements by Roy Kepferle and description by Frank Zttenschn, Roy
Kepferle, Ed N. Wilsom and J. Zafar. .

Fort Payne Formation (incomplets): Thickness
: Metars : {Feet)

(1) Limestone, olive gray (5 Y 4/1), fine
grained, dense, argillacsous; thin,
irregularly bedded; bedded and nodulazr
chert common throughout; disconformably

overlies Maury Formation . . . . . . . . . 1.5+ (5.0+)
Maury Formation: -

(2) Shale, greenish-gray (5 GY 6/1),

irregularly laminated to massive
- claystone, silty; upper 0.1 m {0.3')

contains quartz gecdes (< 0.03 m) and
lensoid masses of grayish-green
(10 G 4/2) glauconitic clays; under-
lying parts of shale contain four
irregular horizoms of platy, cylindrical
and nodular phosphate concretions; '
upper surface weathered to yellowish-

orange (10 YR 6/6) coloT . . . . . . . . . 0.6 1.9)
(3) Saale, -gTay R 4/1),
i > silty; contains

. burrow mottling (7) . . . . . 4 - e - . . 0.1 (0.3)

Total Maury Formatiom. . . . . . . . . - . 0.7 (2.2}

Chattanoega Saale:r

(4) Shale, light brownish-gray (5 YR §/1)
to grayish black (N2); upper surfaces
irregular; mottled due o weathering;
upper surfaces weather to 3 dark :
yellow=-orange (10 YR 6/6) color. . . . . . 0.1 (0.2

102
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Thickness
Meters {Feet)

(5) Shale, brownish-black (5 ‘{R 2/1) to
gzayish-black (N2), silt shattered,
fractured and sl:.ckens:.ded. throughout;
laminae are contorted and faulted; dull
earthy lustar excspt on slip planes
which have a hard brilliant luster;
rare phosphate nodules; small marcasite
nodules common which weather, leaving .
voids on outcrop surfacs. . . . . . . . . 2.5 (7.7

' (6) Fault gouge, moderate yellowish-orown

(10 YR 5/4), dusky yellowish brown

(10 YR 2/2), and dark yellowish-

orange (10 YR 6/6); breeciated,

oxidized and weathered shale along a

small thrust fault; contains

irregular boudins of clayey, yellowzsh-

gray (5 Y 7/1) sandstone . . . ... 0.2 (0.7

(7) Shale, brownish-black (5 YR 2/1) ta
grayish-black (N2), silty; shattered,
fractured and. slickensided throughout;
laminae faulted; dull earthy luster
except along slip planes which have hard
brilliant luster; basal 0.03 m (0.1') is
hard and indurated, contains color
mottling and concretionary, bedded
limonites masses; disconformably lies
on Rockwood Formazion . . . - . . - + - « 0.9 (3.0}

Total thickness of Chatzancoga Snale. . . 3.5 (11.68)

Rockwood Formation:

(8) Shale and claystone, greenish-gray .
(5 GY 4/1), light green (5 G 7/4}
and dark red (3 R 2/6); contains
thin siltstone stringers; uppermost
0.2 m (0.5') contains bedded
limonitic concretionary masses;
has irrsqular surface; weathers to 3
dark yellowish-orange (10 YR 6/6) . - - . 1.3 (5.0+)

Approximate thickness of section. . . . . 7.3 (23.8)
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DEXALB COUNTY, TENNESSEE SECTION (DE #1)

This section contains the standard resfersnce sections on% the
Gassaway and Dowelltown Members of the Chattanocoga Shale. It is exposed
in a2 road cut along the east approach to Sligo Bridge on Tennessee State
Rout= 26, 11.3 kilcometers (7 miles) east of Smithville in De-Kalb
County, Tennessee. The section is located om tie Sligo Bridge Quad-
rangle (section 8-7S-46E 11,600° FNL x 11,800' FWL). The section was
measured and described by Frank R. Ettensohn and Demnis Swager om April
13, 1973.

" Thickness
Fort Payne Formation (incomplate): Meters (Feet)

(1) Limestone, olive gray (3 Y 4/1),
finegrained, dense, argillacsous;
thin, irregularly bedded; bedded
and nodular chert common through-
QUT. v v « « o« ¢ = ¢ = « o = o = o v « » 3.1+ 10.0+)

Maury Formaticn:

(2) Shale, medium bluish-gzay (5 3 5/1)
to greenish-gray (5 GY 6/1), laminated,
silty; contains four horizons of
phosphate nodules which occur as
balls, discs and plates; thizd
horizonm contains reworkesd, elongate
forms; Lingula abumdant, . . . . . . . . 0.4 (2.0)

(3) Sandstone lag, olive black (3 Y 2/1)
to olive gray (5 Y 4/1), pocorly
sorted, argillaceocus, pyritic;
contains reworked, randomly-oriented
phosphate nodules; unconformably
overlies an irregular surface on
the Chattanooga Shale . . . . . . . - - 0.1 (0.3)

Totzl Maury Formatiowr . . . . . . . . - 0.1 (2.3

Chattanooga Shale:
Gassaway Member:

(4) Shale, grayish-black (N2), massive, silty;
contains paver-thin brownish-gray silty
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Thickness

Meters (Feet)

partings; scattered phosphatza and

pyrite nodules and thin lenses of

marcasite; rare coalified, wacdy

fragments; upper surfacs marked by

Arregular coating of glauconitic

Clay. ¢ ¢ ¢t b b i e e e e e e e - § (6.9)

(5) Shale, interbedded olive gray (5 Y 4/1)
and grayish-black (N2), silty; gray
shale intsrbeds range from 0.1 m
(0.2'). t0 0.L. m (0.3') thick; gray
shales show some burTow mottling; :
weathers rubbly. . . . . . .. .. .. .. 0.7 (2.2)

(6] Siltstone, light brown (5 YR 5/6),
laminated and interbedded with shale,
grayish-black (N2}, silty; black
shales are burrowed and the silt-
stone is stained with hematite and
liesegangsS. « ¢ + ¢ ¢ o ¢« v s e s e . . Q.1 (0.2}

(7) Shale, grayish-black (N2), silty,
massive . . . . L L . L. 0 h e e e e . Q.5 (1.6)

(83) Shale, ixterbedded olive-gray
(S Y 4/1) and grayish-black (N2},
silty; burrow-mottling; weathers
Tabbly. . . . . o0 . .. e e e e e e e e 0.1 (0.3)

(3) Shale, grayish-black (N2), silty,
massive; contains paper-thin, brownish-
gray (5 YR 4/1) silty laminae;
centains a few thin layers of olive
gray (5 Y 4/1) shale at the base. . . . . 1.7 (5.3)

Total Gassaway Member . . . . . . . . . . 5.1 (16.7)

Cowelltown Membexr:

(10} Shale, interbedded olive gray
(3 Y 4/1) and grayish-black
(N2), siloy - . & v ¢ & v i e e e e e e . 0.2 (0.9)

(11) Bentonite (Center Hill), light
brownish-gray (5 YR &/1) silty;
contains abundant crystalline
material, maica flakes; pyritic,
turrowed; possible Lingula; weathers
with a prominent whits (0 to pale .
orange (10 YR 8/4) eolor. . . . . . . . . 0.1l (0.2)
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Thickness
Metears (Feet)

(12) Shale, interbedded medium bluish-
gray (3 3 5/1) and olive-black
(5Y 2/1), silty; burrow mottled;
small marcasite ncdules; plant
fragments in gray shale; contains
prominent dark yellowish orange-
(10 YR 6/6) silty, limonitic horizen
S cax thick a= 2.8 @ (9.2') above :
o = 3.4 (11.9)

(13) Shale, grayish-black (N2), silty,
massive to laminated; rare pyrite
ncdules; rare paper-thin brownish-
gray (5 YR 4/1) silty laminae; at
the unconformably overlying irrsgular
surface on the Leipers Formation, occurs
a thiz, medium gray (NS) laminated,
sandy lag zone < 0.04 m thick . . . . . . 2.1 (7.0)

Total Dowelltown Member . . . . . . . . . §5.7 (13.8)

Toral Chazttanooga Shale . . ¢ ¢ =« ¢ +» = 10.3 (35.5)

Leipers Formatiomr

(14) Limestone, brownish-black (5 YR Z/1) at
top to bluish-gray (5 3 7/1), silty,
argillaceocus; contains shale inter-
beds; burTowed., . . . . . .. . ¢ . o + . 1.5+ (5.0+)

Apvroximate thickness of seczion. . . . . 16.2 (53.0)
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BULLITT COUNTY SECTION (BU #1)

This exposure contains the complete New Albany Shale a.x}d. partial sec-
tions of the Beechwood Member of the Sellersburg Limestone and the New
Providence Shale. The base of the section is exposed in the bed af Slate
Run Creek at the Sugar Tree picnic area of Bernheim Forest. It is on the
Shepherdsville Quadrangle (sectiom 4-Q-47 3000' FSL x 1300° FWL). The
elavariom at the base of the New Albamy Shale is 168.3 meters (Sssifeet) .
above sea level. The section was neasur=d using Abney level, Jacob's
staff and scintillometer on June 5 and July 13, 1978 by Framk Ettessonmn,
Demnis Swager, Mike Miller and bon Chesmut. 'Samp]-.es were collectsd, and
radicacrive readings wers recorded on the t'rave:.:se up the creek bed.

Thickness
Borden Formatiom (incomplete): _ Meters (feet)

New Providencs Shale Member (incomplete):

(1) Shale, olive gray (5 Y 4/1) to greenish-gray
(S GY 6/1); contains glauccnitce, phosphate
and siderite nedules; shals is clayey; con-
rains some crinoidal debris; unit forms a
low-angle slope 6.1 (20 =)

New Albany Shale (complets):

(2) Shale, brownish-black (5 Y 2/1), fissile,
laminated with silty layers; contains
ameboid-shaped phosphats nodules, large
carhonate-rich septarian nodules and py-
rire nodules; contains dissimenatsd py-
rite throughout; unit forms resistant
cutcrop and large bedding-plane surfaces
are exposed in cTeek bed. 11.3 (37.0Q)
(Note: Unit Z is probably equivalent o

the Clegg Creek Member of New
Albany Shale)

(3) Shale, dusky-brown (S YR 2/2) <@ dusky
yellowish-brown (10 YR 2/2) interhedded
with claystone, greenish-gray (5 GY 6/1);
claystone beds aze less than 0.3 a (1.0")
+hick and occur between 7.6 m (25') and
4.6 m (15.0') f=om the base of section;
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Thickness (feer)
Meters ‘

claystone contains horizontal burrows;
unit forms a cliff with "couplet-type’
weathering. . . . . . . . . . . . .. e e .. 9.2 (30.0)

(Nots:. Parts of Unit 3 are probably
equivalent to the Three Lick
Bed of Qhio Shale)

Shale, brownish-gray (5 YR 4/1) to
brownish-black (5 YR 2/1) intarbedded
with claystone, greenish-gray (5 GY
6/1) and dolomitic shales, datrk green-
ish-gray (5 G 4/1); shale contains
abundant Tasmanitss and rare Linguia;
claystone and dolomitic shalss con-
tain horizontal and vertical burrows;
thin lag zone at base of section con-

tains phosphate nodules and quartz sand. . . . . 4.6 (15.0)
Total New Albany Shale 25.1 (82.07
Unconformicy

Sellersburg Limestone (incomplete): -

(3

Bgec.“:wood. Member (incompleta):

Limestone, light gray (N7), fine-grained,
thin, izregular bedded; contains phosphats
nodules near the top; contains abundant
crinoidal debris; upper surface is very
irregular; contact with overlying lag zone

is sharp; unit weathers to large slabs.. . . . . 1.5 (5.9)

Total Thickness of Section BU #1. . . . . . . . 32.7 (107.9)
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