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NOTICE

This report was prepared as an account of work sponsored by the United States
Government. Neither the United States nor the United States Department of Energy, nor
any of their employees, nor any of their contractors, subcontractors, or their employees
makes any warranty, express or implied, or assumes any legal liability or responsibility for
the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infrinae privately owned rights.




PREFACE

This report is a geologic screening effort to evaluate areas within eastern Kentucky and
Tennessee that contain sufficient geologic and geochemical characteristics to warrant
industry exploration activity. The results are an integration of contractor report dataq,
maps, and logs generated in the Eastern Gas Shales Project. The areas outlined as
favorable in this report are those in which the likelihood of encountering gas is greater
than elsewhere. Within these areas, local geologic and geochemical factors must be
considered as they can dictate success or failure. It is hoped that this information will
guide industry activity to the areas of high shale gas potential.

C.A. Komar

Project Manager
Eastern Gas Shales
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INTRODUCTION

Dark, organic-rich Devonian shales--distributed across more than 10 states from
[llinois to Pennsylvania and Michigan to Mississippi, in the contiguous Appalachian,
[llinois, and Michigan basins--represent ‘an important natural gas resource. A recent
authoritative estimate indicates in-place reserves of gas in the Appalachian basin,
entrapped in the matrix and fracture systems of the shale, at 277 to 200 trillion cubic feet
(Tcf). Of this, about 20 Tcf of gas are expected to be recoverable using presently
available methods (Pulle and Seskus, 1980).

Although geologic and engineering evidence indicates that the volume of natural gas
in the eastern Devonian shales is enormous, little of the gas can be recovered by
conventional methods. Production to date has been limited to areas where fracturing is
present and geochemical parameters are favorable. As a result, although production of
gas from Devonian black shales began in 1821 with the drilling of a well near Fredonia,
New York, only about 2.5 Tcf of gas have been produced; most (2 Tcf) came from the Big
Sandy gas field in eastern Kentucky (Hunter and Young, 1953). Additional production of
gas from these eastern gas shales depends on identifying favorable areas for exploration
and developing new stimulation techniques that will enhance the rate of gas recovery.

To evaluate the potential of the Devonian shale as a source of natural gas, the U.S.
Department of Energy (DOE) has undertaken the Eastern Gas Shales Project (EGSP). The
EGSP is designed not only to identify the resource, but also to test improved methods of
inducing permeability to facilitate gas drainage, collection, and production. The ultimate
goal of this project is to increase the production of gas from the eastern shales through
advanced exploration and exploitation techniques.

1
The purpose of this report is to inform the general public and interested oil and gas
operators about EGSP results as they pertain to the Devonian gas shales of the
Appalachian basin in eastern Kentucky and Tennessee. Geologic data and interpretations
are summarized, and areas where the accumulation of gas may be large enough to justify
commercial production are outlined.

Locations of Chattanooga Shale gas-producing areas are on the index map (plate 1),
which was compiled using information taken from McFarlan (1950) and Wilson and Sutton
(1976). Other useful sources for reporting current activity in shale exploration were
recent issues of Petroleum Information (1980 a and b).

Publications by Provo and others (1977 and 1978) describe subsurface subdivisions of
the Chattanooga Shale; these subdivisions were based largely on gamma-ray curve
signatures from well logs. Dillman in Blackburn (1980) described the extent and thickness
variations of the Provo subdivisions. Ettensohn, et al. (1979) and Wilson and Ettensohn
(1976 and 1979) used gamma-ray log curves to make semiregional correlations within
eastern Kentucky. Roen (1980) used the same type curves to make long-range correla-
tions with classic Devonian units in New York.




Semiregional structural interpretations were guided by works of McFarlan (1950),
Dever and others (1977), and Fulton (1979). Stress and fracture pattern analyses have
been made by Overby (1976), Komar (1978), and McKetta (1980).

General geochemical presentations are based on information provided in articles by
Dow {1977) and Harwood (1977) and in texts by Tissot and Welte (1978) and Hunt (1979).

Quarterly status reports by Mound Facility plus work by Streib (1980) provided area-
specific information.

Because the data presented in this report are generalized and not suitable for
evaluation of specific sites for exploration, the reader should consult the various reports
cited for more detail and discussion of the data, concepts, and interpretations presented.

SUMMARY AND CONCLUSIONS

Organic carbon contents from fairly widely distributed data points throughout
eastern Kentucky/Tennessee indicate sufficient richness to encourage exploration for gas.
On the other hand, indicators of basin maturity, such as thermal alteration indices of |+
to 2 and vitrinite reflectance of less than 0.6, suggest thermal immaturity (which, in some
respects, contradicts widespread existing dry gas production). Overall, given proved
production and established organic richness, additional drilling for gas in Devonian shales
should be undertaken, particularly along suspected fracture zones associated with
structural anomalies. The most favorable areas are located where adequate thicknesses
of black shale and interbedded greenish-gray shales occur along with fractures.

GEOLOGIC SETTING

Much of the eastern Kentucky/Tennessee portion of the Appalachian basin lies
within the maturely dissected Allegheny or Cumberland Plateau capped principally by
Pennsylvanian strata. To the northwest, the Chattanooga Shale offlaps the Lexington
Dome in a visible outcrop, which physiographically forms the boundary between the
Bluegrass region and the Appalachian Plateau (Swager, 1978, and Haney, 1979). In
Tennessee, except for a small area around Flynn Creek in southern Jackson County, the
offlap along the southeast flank of the Nashville Dome is concealed beneath Mississippian
strata (Hardeman, 1966, and Hershey, 1970). Uppermost units of the Devonian shale
extend westward across the Cumberland saddle between the two domes where patchy
outcrops occur in central-southern Kentucky.

In southeasternmost Kentucky from Bell to Pike Counties, the Chattanooga Shale is
exposed at the base of the Pine Mountain Fault. East of the Pine Mountain/Emery River
Fault System, the Chattanooga Shale appears to thicken to the east as it extends into the
Valley and Ridge Province featured by folded and thrust-faulted strata. The easternmost
counties of Tennessee lie within the Blue Ridge Province where rocks exposed at the
surface have undergone metamorphism, though there are windows in the metamorphosed
rock which reveal relatively undisturbed strata.




STRATIGRAPHY

The name Chattanooga has been applied to the Upper Devonian shale sequence.
Other formation names, adopted before the term Chattanooga gained wide acceptance,
are in use in neighboring states (Conant and Swanson, 1961). The variation in nomencla-
ture between areas is best shown by figure |, from Provo, et al. (1980).

Except where locally absent in south central Tennessee, the Chattanooga or
Devonian shale sequence characteristically is composed of black and greenish-gray shales.
The greenish-gray shales generally are more porous than the black shales, which
establishes an inherent reservoir-source bed relationship. (Fractured black shales alone,
however, may serve as both reservoir and source beds.) The black shales appear to have
relatively greater density of fractures than the greenish-gray shales (Potter, et al., 1980),
thereby allowing gas to migrate from the black source-bed shales into the greenish-gray
reservoir shales. While the relationship between black shales and greenish-gray shales is
important, the focus of this report is principally on the distribution of black shale.

The gamma-ray log, commonly run in exploratory wells in the Appalachian area,
indicates zones of high natural radioactivity, which is considered indicative of organic-
rich hydrocarbon source beds. Based on sample color, these organic-rich source beds
vsually are referred to as black shales, in contrast to the low radioactive, greenish-gray
shales with which the black shales are interbedded. Because of the sharp contrasts on
gamma logs, the stratigrapher can easily identify and correlate individual Devonian black
shales.

The Chattanooga or Ohio Shale is considered Upper Devonian in age. However, in
parts of eastern Tennessee, eastern Kentucky, and western Virginia, the Chattanooga
contains beds of Kinderhook age, Early Mississippian in the upper part, making it both
Devonian and Mississippian in this area. [avorable Middle Devonian black shales do not
extend as far west as eastern Kentucky. They do, however, probably occur in the less
studied, complexly distorted parts of eastern Tennessee east of the Emery River Fault
System. Figure 2 shows an unnamed radioactive unit, probably a Middle Devonian black
shale, at the base of the regional profile. Figures 3, 4, and 5 show the areal extent of
Upper Devonian black shale targets and how eastern Kentucky/Tennessee fits into the
overall Appalachian pattern.

Devonian black shales in eastern Tennessee are highly radioactive on gamma-ray
logs, but aggregate thicknesses as low as 25 to 50 feet between the Nashville Dome and
the Emery River Fault System suggest a meager drilling target. Plate 2 shows a
significant aggregate thickening of Devonian black shales east of the Pine Mountain/
Emery River system. In this complexly distorted region, the black shales should be amply
fractured, thus enhancing production potential. However, Zafar and Wilson (1978) have
pointed out that black shales in samples taken near Big Stone Gap, Wise County, Virginia,
show a southeastward decrease in radioactivity without a corresponding diminution in
black color. (The decrease may relate to changing proportions of marine versus
terrestrial kerogens; hydrocarbon producing potential may remain undiminished.)

Figure 6 is a detailed stratigraphic chart by Provo, et al. (1977). Units of the
Chattanooga Shale, clearly identifiable in outcrop, often can be correlated with counter-
part gamma-ray log units in the subsurface so that widespread correlations are possible.
(Figure 6 incorporates Upper Devonian units of the classic New York section.) The shale
units, in stratigraphically descending order, are the Cleveland, Three Lick, upper Huron,
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Figure 1. Map showing areal variations in formation name for Devonian shale. After
Provo, et al. (1978).
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middie Huron, lower Huron, Olentangy, and Rhinestreet Shales. The Cleveland, upper
Huron, lower Huron, and Rhinestreet are members showing comparatively strong radioac-
tive characteristics.

Cleveland Shale

The Cleveland Shale, Proveo's Unit |, along the Bell and Knox County boundary,
undergoes an apparent lateral gradation from the Gassaway Member of the Chattanooga
Shale in Tennessee (Provo, et al., 1977; Conant and Swanson, 1961). The Cleveland grades
from organic and black shales with phosphate nodules in west-central Kentucky to
greenish-gray shales in eastern Kentucky.

The Cleveland ranges from 40 feet thick in Lewis County in north-central Kentucky
to |0 feet thick in Cumberland County in south-central Kentucky. (All descriptions of
unit thicknesses in this report are taken from Diliman and Ettensohn, 1980b.) In various
parts of Kentucky, the Cleveland is radioactive. An eastward thickening in the Cleveland
accompanies a loss in radioactive character; also, it becomes increasingly difficult to
distinguish upper and lower boundaries. Eastward, it is possible that the Cleveland grades
into the greenish-gray shales of the Chagrin.

Three Lick Member

The Three Lick Member, Provo's Unit 2, characterized by its greenish-gray color, is
a distinctive member lying directly beneath the Cleveland Shale. Dillman in Blackburn
(1980) reports a maximum thickness of 136 feet in southwestern Martin County and a
minimum of 3 feet in Cumberland County. In the central outcrop area, thicknesses range
from 3 feet in Cumberland County to |6 feet in Lewis County. To the east, facies change
and the gamma-ray signature is lost (Provo, et al., 1977). Nowhere does the Three Lick
exhibit any radioactivity. Several descriptions of the Three Lick Member have been
published. Some publications include descriptions of remaining units of the Upper
Devonian Chattanooga Shale. See Provo, et al. (1977 and 1978); Ettensohn, et al. (1979);
Blackburn (1980); and Dillman and Ettensohn (1980a).

Upper Huron Shale

Parts of the upper Huron, Provo's Unit 3, have black shale facies and are
radioactive. Unit 3 ranges from 9 feet thick in Clinton County in south-central Kentucky
to 134 feet thick in Pike County in the east. The shale thickens rapidly toward the east
and grades into the greenish-gray Chagrin. With the diminution of black color comes the

loss of gamma-ray signature, which makes interpreting lower and upper member limits
difficult.

Middle Huron Shale

The middle Huron, Provo's Unit 4, is a nondescript greenish-gray shale member
attaining a maximum thickness of 465 feet in southeastern Pike County. Along the
outcrop belt, it ranges from 2 feet thick in Cumberland County to 65 feet thick in Lewis
County. Nowhere is the middle Huron radiocactive. Unit 4 is the lowest stratigraphic unit
that extends across the Cincinnati Arch (Dillman and Ettensohn, [980b).




This member is significant because of the presence of the fossil algae Foerstia,
which had a brief but flourishing life only in middle Huron time (Schopf and Schwietering,
1970). The algae marks a time-stratigraphic zone that has been mapped throughout the
basin. Placement of Foerstia at a particular depth in a well bore could be indexed to an
event on a gamma-log curve, which might be useful since sharp, distinctive gamma curve
anomalies themselves are uncommon in the middle Huron portion of the Upper Devonian

Shale.

Lower Huron Shale

The lower Huron, Provo's Unit'5, a black shale facies extending over a large areaq, is
distinguished by its high radioactive signature on gamma-ray curves, which allows easy
mapping. In the northern outcrop belt, Unit 5 is 54 feet thick; in the southern outcrop
belt, it is absent. Maximum thickness exceeds 25| feet in southeastern Pike County. The
relative thickness of the lower Huron, compared with that of overlying units, suggests
that, during its depositional cycle, the basin was subsiding more rapidly and had a greater
influx of fill material (Provo, et al., 1977). As with other Devonian black shale units, the
interspersed lower Huron unit may reflect an interlude of relatively greater distal crustal
downbuckling. To the east, a correlative interlude of proximal Catskill clastic overload-
ing might have occurred (Murany, 1980).

Olentangy Shale

The Olentangy Shale, Provo's Unit 6, is greenish gray and shows no radioactivity. In
Pike County, Kentucky, Unit 6 is more than 325 feet thick and perhaps 20 feet thick in
Lewis County some |00 miles to the northwest. The thick Olentangy is composed of the
Angola Shale member of the West Falls Formation and the overlying Java Formation. The
Pipe Creek Shale of the Java Formation, where it can be identified, differentiates the
Java from the Angola. Since the Pipe Creek Shale can be correlated for many miles, it
serves as a useful stratigraphic marker within the Appalachian basin.

Rhinestreet Shale

The Rhinestreet in Kentucky and Tennessee, Provo's Unit 7, is the lowest and least
widespread member of the Devonian shale system. Like the overlying Olentangy, it has a
fairly characteristic gamma-ray curve and, therefore, can be mapped over the approxi-
mately 3,600 square miles where it is present in the easternmost part of Kentucky. In
eastern Kentucky, the upper part of the Rhinestreet is radioactive, as indicated on wire-
line logs. In Martin and Pike Counties, the member is 150 feet thick.

Correlations

As shown in figure 6, the radioactive Pipe Creek Shale has a distinct gamma-ray
signature. Because of this, the Pipe Creek can be locally useful in tracking the pre-
Chattanooga facies. See figure 7.

The Three Lick Member, Provo's Unit 2, correlates with the middle unit of the
Gassaway Member of the Chattanooga Shale in Tennessee and with the lower part of the
Camp Run Member of the New Albany Shale in north central Kentucky and southern
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Indiana. See Conant and Swanson (1961); Lineback (1968); and Provo, et al. (1978). Also,
the Three Lick is considered equivalent to parts of the Chagrin Member of the Ohio Shale
(Swager, 1978).

STRUCTURE

The study area is one where major structural trends intersect. The Rome trough and
related parallel features appear related to the transcontinental 38th parallel lineament as
shown in figure 8 (Heyl, 1972). The Lexington fault system appears to overlie the north-
south boundary of the Grenville facies in basement rocks (fig. 9).

A north-south, probably basement-related, hinge line extends from Lewis County to
Bell County (plate |) (Dillman and Ettensohn, 1980a, p. 32). Another north-south feature,
a major strike slip fault extending through Martin County (fig. 10), has been described by
Lee (1980). Also, the Pine Mountain-Emery River Thrust Fault complex falls within the
study area.

Interestingly, the study area is marked by a conspicuously high amplitude anomaly
on a satellite-derived bulk magnetization map of the United States (fig. |1), though this
remains unevaluated in this report.

In eastern Tennessee and, more particularly, eastern Kentucky, regional southeast
dip off the foreland flank of the Appalachian basin is interrupted by a number of regional
and semiregional structural anomalies. Productive capacity of the Devonian Shale
appears to be related to relatively localized fracture permeability. Since fracturing in
the shale is at least partly related to emplacement and movement of structural features,
the regional and semiregional anomalies are important. Time of emplacement and
movement also are important, particularly post-Devonian activity.

Waverly Arch

The Waverly Arch extends from northern Ohio into northeastern Kentucky. The
arch appears to have been either a low relief feature or an axis of resistance to
subsidence as early as Cambrian and Ordovician time (Dever, et al., 1977, and Woollard
and Joesting, 1964). The arch generally was the site of renewed uplift in |later Paleozoic
time beginning as early as lower Mississippian time (Dever, et al., 1977, and Dohm, 1963).

Plate | shows two segments of the Waverly Arch offset by the Kentucky River Fault
System. The northern of the two segments appears to have undergone relatively greater
uplift in Carboniferous time (Dever, et al., 1977). Because of this, a greater degree of
fracturing in the Devonian Shale might be expected in the northern block, accompanied by
correspondingly better prospects for hydrocarbon production.

Paint Creek Uplift
Movement along the Paint Creek Uplift began in Devonian time and increased during

Mississippian, Pennsylvanian, post-Pennsylvanian, and Cretaceous time (Hudnall and
Browning, 1924 and 1949). The uplift is a north-south trending structure, with about 250
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EXPLANATION
Locations and ages
of Granitic rocks

ez~2.5 %109

sz~ 1.8 x 109

oz~ |, 4 x |09

Xz~ |0 X 10®

Geologic Provinces
8= Superior

S2= Slave >2.5by
W = Wyoming

C)= Churchill > 1.8 by
Co= Central > 1.4 by

G|= Grenville > 1.0 by
Gp= Greenland > 1.3 by

Note: Kentucky outline odded by Spindietop Research B

Figure 9. Location of Kentucky in relation to Precambrian Grenville boundary.
After Spindletop Research Center (1963). From Engle (1963).
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feet of closure (McFarlan, 1950). At the south end of the Paint Creek Uplift in
southeastern Magoffin County, there occurs an apparent contradiction between structural
and isopach contours. Isopach contours of the total shale interval trend fairly uninterrup-
tedly north-south. The strike of structure contours on top of the shale sequence changes
from approximately northeast-southwest to approximately east-west around an indicated
southeast plunging nose (Fulton, 1979). While isopach contours maintain a north-south
trend, they become closer spaced east of western Magoffin County, suggesting that a
north-south hinge line is present along the eastern side of the Paint Creek Uplift (Fulton,
979, and Dillman and Ettensohn, 1980). :

Rockcastle Uplift

The Rockcastle Uplift is described by McFarlan (1950), quoting Jillson, as a closed
anticline about 30 miles long by 10 miles wide in Laurel, Clay and Owsley Counties,
Kentucky. On a regional basis, the uplift appears to lie approximately along a crescent-
shaped regional gravity trend extending from northeastern Indiana, through western Ohio,
and into McCreary and Owsley Counties, Kentucky (McGuire and Howell, 1963). McFar-
lan, quoting Jillson, additionally indicates that no faulting is involved and that structure is
more pronounced in the Mississippian age "Big Lime" (Greenbrier) than in the
Pennsylvanian.

To the northeast, the Rockcastle Uplift appears to terminate against a north-south
trending structural hinge line which extends from Lewis County to eastern Bell County,
Kentucky (Dillman in Blackburn, 1980). The hinge:line in Kentucky might be a southward
extension of an imprecisely delineated north-south trending hinge line in Ohio (Owens,
1967, and Spindletop Research Center, |1963). '

Kentucky River Fault System

The Kentucky River Fault System forms the northern border of the Rome trough.
Both the fault system and the trough fit into the 38th parallel lineament (Heyl, 1972, and
Shumaker, et al., 1966), and both show evidence of Precambrian to post-Pennsylvanian
structural movement (Harris, 1978). In central Kentucky, evidence for the fault system is
exposed at the surface; farther east, such evidence has been uncovered by exploratory
drilling and geophysics.

Irvine-Paint Creek Fault System

South of and parallel to the Kentucky River Fault System lies the Irvine-Paint Creek
Fault System with an approximately counterpart history and description. Both systems, in
eastern Kentucky, are characterized by small grabens with subsidiary faults and folds.
Likewise, both systems seem to have right lateral wrench phenomena associated with
them. In all cases, fractured Chattanooga Shale, and gas-producing potential, might be
expected in association with faults, especially those having histories of reactivation.

Warfield Fault

A first glance at a regional structure map suggests that the Warfield Fault forms
the southern edge of the Rome trough. However, detailed investigation indicates this is




not the case. Rather, the southern edge of the Rome trough appears to be formed by an
unnamed basement fault approximately parallel to and north of the Warfield Fault. This
Cambrian age basement fault, shown on plate |, seems to have several thousand feet of
throw. A passive structure, the Warfield anticline, lies between the south edge of the
Rome trough and the Warfield Fault (Lee, 1980).

The approximately east-west aligned Warfield Fault, Warfield anticline, and south-
ern edge of the Rome trough are transected by a north-south trending strike-slip fault
that has disturbed the Mississippian Newman Limestone (fig. 10). The Chattanooga Shale
in the area is contorted and faulted and presumably is well suited for yielding natural gas.
The intersecting anomalies and contorted shales are located on the north edge of the Big
Sandy gas field.

Pine Mountain~Emery River Thrust Fault

The |25-mile-long Pine Mountain Thrust Fault in southeasternmost Kentucky is
terminated by two transverse tear faults, Jacksboro on the southwest and Russell Fork on
the northzast. Dominant fracture orientations are NI0E and N30W in the area of the Pine
Mountain Thrust (Raymond, 1979). The shale in the area appears to be source rock and
could provr: productive.

Southwest of Pine Mountain, the same rationale could be applied to the Emery River
Fault in Tennessee. Gas shows in the Chattanooga Shale may be associated with fractures
related to the fault system as discussed elsewhere in this report.

GEOCHEMISTRY

As organic matter accumulates and becomes buried, it undergoes changes that,
under the right conditions, lead to the generation of oil and gas. Initially, at very shallow
depths, the buried organic matter undergoes biochemical (bacterial) decomposition. As
time passes, the organic matter is buried deeper, with accompanying increases in
temperatures; biochemical decomposition diminishes or ceases, while thermochemical
decomposition increases. The exten? of hydrocarbon generation from the organic matter
depends on three basic interrelated geochemical factors: (l) concentration of organic
content, (2) type of original organic material, and (3) thermal evolution or maturation of
the material.

Organic Carbon Content

For shales to serve as source rocks for hydrocarbons, their minimum average organic
carbon content should be about 0.5 percent by weight, though some place the lower limit
at 1.0 percent. Generally, the range is about 2.0 percent (Tissot and Welte, 1978, p. 430).
Table | indicates the organic carbon contents of Chattanooga Shale samples from wells in
and near eastern Kentucky/Tennessee (fig. 12). The data are from the Mound Facility.

The five highest average organic carbon recordings from Appalachian basin wells are
presented in table 2; all wells from which samples were taken are located in the western
part of the basin. Matthews, et al. (1980) reported maximum carbon contents from
scattered eastern Kentucky outcrop samples, as shown in table 3. The same authors also



Table 1.0rganic content of Chattanooga Shale samples from key wells. Data from Mound

Facility Quarterly Status Reports.

Organic carbon content
(weight percent)

Well County
Maximum Minimum  Average
(rich) (lean)
KY-2 Martin 7.75 0.09 2.04
Columbia Gas Transmission
Corp., Columbia Gas
No. 20336
KY-4 Johnson 6.98 0.17 2.91
Ashland Oil CO.
R.S. Skaggs-Kelley
Unit No. 3
OH-6 Gallia 11.79 0.20 3.83
Mitchell Energy Corp.
Carpenter No. -5
WV-5 Mason 6.74 0.02 }.33
Reel Drilting Co.
K/K Farm No. 3
VA-I Wise 5.66 0.18 1.96

Columbia Gas Transmission
Corp., Penn Virginia
Corp. Farm No. 20338
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Table 2. Wells with highest organic carbon content. After Zielinski and Moteff

Organic carbon content
Well County (weight percent)
KY-4 Johnson 2.91
Ashland Oil Co.

R.S. Skaggs-Kelley Unit No. 3

OH-3 . Knox 2.23
Thurlow Weed and Associates
Lovise Buckholt No. |

OH-4 Ashtabula 2.23
Monsanto Research Corp.

Bessemer and Lake Erie

Railroad Co. No. 3

PA-3 Erie 2.12
Monsanto Research Corp.

Pennsylvania DER Presque

[sle State Park No. |

KY-2 Martin 2.04
Columbia Gas Transmission Corp.
Columbia Gas No. 20336

Table 3. Organic carbon content of outcrop samples. After Maﬂhewé, et al. (1980).

Maximum organic carbon content

Member (weight percent)
Cleveland 18.0
lower Huron ‘ | 19.7
Sunbury (Lower Mississippian 9.7
Chattanooga (southern Kentucky) 14, |
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report an average carbon content of ||.5 percent for all black shale units in Kentucky.
(Samplings were taken from some of the richest black shale units.) Though sampling and
analytical methods may vary from one investigating facility to another, the results
indicate that the black shale intervals in the Chattanooga Shale in eastern Kentucky
contain adequate amounts of organic carbon to make them precursors to hydrocarbons.

Type of Organic Material

Kerogen, that portion of organic matter in sedimentary rocks that is insoluble in
organic solvents (Dow, [977), can be classified into two types: humic and sapropelic.
Humic organic matter is derived principally from plant tissue, especially that resistant to
rotting. Commonly, humic material is terrestrial in origin and deposited in swamps which
are low oxygen reducing environments and, as a rule, is a source of natural gas.
Sapropelic material is composed principally of fatty material, such as plant spores, and
generally is regarded as marine or lacustrine in origin. Sapropelic material is a source for
oil and gas rather than gas alone. There are few purely sapropelic or humic kerogens;
instead, there are gradations between the two caused by variable contributions between
continental and marine-derived organic matter. This intermediate kerogen (Type Il) is
usuclly more marine based (Tissot and Welte, 1978, p. 144) and is a source of oil and gas.

As kerogen is heated, volatile products such as water and carbon dioxide are driven
off. Decreasing amounts of hydrogen and oxygen are l|eft behind. Graphs can be
constructed showing diminishing ratios of residual atomic hydrogen to carbon (H/C) and
oxygen to carbon (O/C). As volatiles are driven off, H/C and O/C ratios diminish.
Analyses of kerogen from well cuttings or laboratory samples display a unique evolution or
maturation path (fig. 13). The paths indicate whether a particular kerogen is largely
humic (1), largerly sapropelic (I), or intermediate (II) (Hunt, 1979, p. 340). The paths also
indicate the degree of maturation of kerogen, which, in turn, provides insight into the
extent and type of hydrocarbon generation. The relative location of the sample points
plotted on the curve indicate the degree of maturation.

Figure 14 is an H/C versus O/C cross plot of kerogens taken from numerous samples
of the Chattanooga Shale at various depths in the KY-4 well in Johnson County, Kentucky.
Figure |5 shows cross plots of average atomic H/C versus atomic O/C values for all
samples from the KY-4 well in Johnson County, Kentucky, as well as all samples from the
KY-2 probe in Martin County, Kentucky. Additionally, average atomic H/C versus Q/C
values are plotted from other wells in nearby parts of adjoining states. The bias is toward
Type Il kerogen (Tissot and Welte, 1978, p. 448).

Thermal Maturation

Kerogens from Devonian and younger sedimentary rocks contain plant remains
(macerals) that can be identified and classified, and their physical properties studied. Of
the macerals, vitrinite, a plant-derived form of coal found in about 80 percent of all
shales and sandstones, appears to be the most abundant. Each type of maceral reflects
light at a particular value (reflectance). As kerogen and contained vitrinite undergo
linearly increasing temperature, maturation proceeds and reflectance increases exponen-
tially. The maturation changes are irreversible; thus, the extent to which hydrocarbon
may have been generated can be indexed to a maturation scale based on vitrinite
reflectance.
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H/C RATIO
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Figure 15. Cross plots showing average H/C-O/C values of kerogens from METC wells

in and near eastern Kentucky/Tennessee. From Mound Facility (1980).
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Vitrinite reflectance usually is measured on samples immersed in oil, and the value
of reflectance from individual kerogen fragments in the sample is reported as Rg.
Empirically determined ranges of Ry for hydrocarbon generation are;:

Rolpercent) Hydrocarbon Comment

0.45 Oil _Lowest known value for oil generation
0.6 Oil Peak value of oil generation

0.8to 1.0 Oil Oil and wet gas generation
(.3 Oil End of oil generation
2.0 Condensate End of condensate generation

.3 to 3.0 Gas Range for larger gas fields
3.5 Methane End of methane generation

Another maturation indicator is color change in conodonts, kerogen, or both,
(Color-change analysis is a relatively inexpensive and rapid means of determining the
extent of maturation; however, a degree of subjectivity is involved which, perhaps, lessens
accuracy.) As temperatures increase and maturation occurs, conodonts undergo color
changes that have been indexed and correlated with vitrinite reflectance. As with
vitrinite reflectance, | erogen color alterations have been indexed to degrees of matura-
tion. Based on extensive sampling experience, the index is:

Kerogen color | Stage Type hydrocarbon
Yellow-orange |+ Nil, very slight alteration
Orange 2 Oil or wet gas

Brown 3 Oil or wet gas

Dark brown 4 Dry gas or barren

Black 5 Dry gas or barren

\

Thermal alteration indices and vitrinite reflectances, along with expected hydrocar-
bon maturation products, are shown in figure |6. Thermal alteration indices based on
kerogen color alteration were established on samples from Kentucky wells in Martin and
Johnson Counties, as were average vitrinite reflectance values. Table 4 compares these
samples with samples from other nearby wells.

Thermal maturity also can be estimated by measuring the volume of gas (in cubic
feet) given off by a cubic foot of shale. Differences in gas content from the same shale
unit between well sites appears to be controlled by thermal maturity. Offgas volumes and
percent carbon content from specific shale strata have been tabulated for the KY-2 well
and the VA-I well (table 5). Shales in the VA-1 well are regarded as thermally mature,
which might suggest that KY-2 shales are immature by comparison.
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Table 4. Comparison of reflectance and thermal alteration indices of samples from
key wells. Data from Mound Facility Quarterly Reports.

Thermal
Well County Average R, Alteration Condition
index
KY-2 Martin 0.52 [+ to 2
Immature to moderately mature
KY-4 Johnson 0.57 I+ to 2
OH-6 Gallia N.A. 2-to 2
Moderately mature
WV-5 Mason 0.64 2- to 2+
VA-I Wise .02 2+ Mature
Table 5. Comparison of offgas and organic carbon content from Chattanooga Shale

units in KY-2 and VA-I wells. After Zielinski (1981).

Gas volume

(cubic feet of gas per Organic carbon content
Unit cubic foot of shale) (weight percent)
KY-2 VA-I KY-2 VA-I
Cleveland 21.6 70.7 4.77 4.76
Chagrin l.6 6.2 0.6l 0.33
upper Huron 5.7 - 2.81 -
Chagrin-Chemung 5.9 59.0 0.96 .03
lower Huron 14.9 90.3 2.96 2.66
upper Olentangy 10.3 - .00 -
Pipe Creek 9.3 | - 3.57 -
lower Olentangy 8.7 - 0.87 -
Rhinestreet 20.4 - 2.10 -
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FRACTURE AND PRODUCIBILITY INDICATORS

Given the structural features in eastern Kentucky, a variety of related fractures in
the Devonian shale can be expected. For example, north of the Kentucky River Fault
System, along the Waverly Arch, fracture densities in the Devonian shale should be high,
since the arch underwent post-Devonian structural movements (Dever, et al., 1977).

Certain type deformations yield predictable fracture configurations, which, in turn,
respond best to particular stimulation techniques (Overby, 1976; Komar, 1978; and Komar,
et al., 1980). One is an area of low-angle thrust, such as the Pine Mountain (fig. 17) or
Emery or Chattanooga thrust (Harris and Milici, 1977). (Here, however, the Devonian
Shale may be an unattractive target because of inadequate thicknesses.) Fractures also
could result from rejuvenation along deep-seated basement faults (fig. 18). This would
seem to be the case along and within the Rome trough and would relate to the Kentucky
River, Irvine-Paint Creek, and Warfield Faults. The Rome trough, including both
bordering and contained faults, have histories of movement from Precambrian through
Mississippian or Pennsylvanian time (Sutton, 1953, and Harris and Milici, 1977).

Fracture patterns around the Paint Creek Uplift are less easily predicted, since the
structural form and origin of the uplift are less easily categorized than the Rome trough
or Pine Mountain Thrust system. The uplift appears, however, to have had a history of
periodic uplift from Devonian through Cretaceous time (Hudnall and Browning, 1924).

The Rockcastle Uplift appears related to a major gravity anomaly extending at least
across Laurel, Clay, Leslie, and Perry Counties, Kentucky. Reports of movement and
fracturing of Devonian shale along the uplift are not known. However, in view of post-
Devonian involvement of other structures in eastern Kentucky, the Rockcastie Uplift
likely underwent uplift or other movement.

East-west alignments of Devonian shale isopach contours along the northeast edge
of the Rockcastle Uplift may reflect similarly oriented faulting (Fulton, 1979). Frac-
tured, and possibly productive, Devonian shale might be encountered along such faults, if
they exist, as well as in the area of fault intersections with the uplift. (The Devonian
shale is p;oducﬂve at Burning Springs, Wood County, West Virginia on the Burning Springs
anticline.

Low stress ratios have been related to areas of high tensional relief where maximum
natural fracturing should occur. Stress ratios have been indexed so that a value near 0.43
is most favorable whereas a value of 0.7 marks the borderline between favorable and less
favorable areas. Komar and Bolyard, figure 19, show a regional, minimum stress-ratio
zone extending across eastern Kentucky. Extension of the zone northeastward includes
favorable areas of Devonian shale gas production in Pennsylvania, Ohio, and West Virginia,
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GAS PRODUCTION

Historical

The Big Sandy gas field, with the Rome trough cutting across its northern portion,
lies in an approximately triangular area between Perry, Martin, and Pike Counties,
Kentucky. The field has been studied intensely and many descriptive articles have been
published. (See Hunter and Young, 1953; Harris, de Witt, and Colton, 1978; de Wys and
Shumaker, 1978; and Shumaker, 1978.) Exploitable gas accumulation in the field is
controlled by primary pore space being connected through joints, faults, fractures, and
bedding planes (Harris and Colton, 1978).

Though Big Sandy is by far the largest Devonian shale gas tield in the Appalachian
basin, other areas have been productive (Wilson and Sutton, 1976). Nearly all of the fields
(table 6) fall proximate to, if not atop, a major structural anomaly where fracturing in the
shale might be expected. (If any oil has been produced from the shale it has been in
minimal quantities compared to gas.)

In Buchanan County, Virginia, adjoining Pike County, Kentucky, natural gas has been
produced from black shale in the shear zone beneath the Pine Mountain Thrust. Total
shale thickness is reported as 1,000 to 1,500 feet (Young, 1957).

Current

Wells in the Devonian Shale are being completed in the Cutshin area in southeastern
Leslie County, Kentucky (Petroleum Information, 1980a). This new producing area
appears to be a southwestward extension of the Big Sandy field, with gas production from
the shale at approximately 3,900 to 4,300 feet, commingled with that from the shallower
Mississippian Greenbrier and underlying Siluro-Devonian "Corniferous" Limestones.

In eastern Tennessee, recent drilling has indicated production from the Chattanooga
Shale in the approximate centers of both Scott and Morgan Counties (Petroleum
Information, 1980b), which are close to faults or fault-related fractures off the Pine
Mountain-Emery River Fault System. In Scott County, initial gas production was reported
as |10 thousand cubic feet (Mcf) per day from 1,700 to |,745 feet. In Morgan County, gas
from 39 feet of the shale at about 2,255 feet has been commingled with gas from the
Monteagle and Fort Payne with no formation-specific flows indicated.

Drilling reports from eastern Coffee County, Tennessee, show commingled produc-

tion from the Chattanooga Shale and the Trenton. Test information suggests that little
more than local use for the gas might be expected.
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Table 6. Location and year of discovery of eastern Kentucky Chattanooga Shale gas
fields. After Wilson and Sutton (1976).

County Portion of county  Field Year of
discovery
Bell northern Stoney Fork 1952
Boyd northern Ashland 1918
Boyd central Mavity 1967
Clay northwestern Burning Springs 1898
Clay northwestern Little Goose 1967
Johnson southwestern Swamp Ranch 1928
Johnson/Lawrence Redbush 1932
LLawrence southern Cordell 1917
Magoffin central Salyersville 931
Morgan southwestern Grassy Creek 1921
Morgan central | Index 1926
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Future

The Big Sandy area lying approximately between Pine Mountain and the Warfield
Fault is an obvious one for continuing effort (fig. 20) because of the probable presence of
fractures in the Devonian shale related to major structural anomalies, which are
associated closely with gas production. (Drilling depths to the base of the Devonian shale
are shown in figure 2| (National Petroleum Council, 1980).) In addition, in large parts of
eastern Kentucky, production is obtained from pays above and immediately beneath the
Devonian shale--respectively, the "Corniferous" and Greenbrier Formations. Chattanooga
as a piggy-back addition to these objectives should therefore be considered.

The most favorable zone (transposed onto figure 20) in eastern Kentucky appears to
be southeast of the 0.7 index line, which runs through western Boyd, northwestern
Magoffin, northwestern Clay, and central Whitley Counties. Within this area, optimal
chances for fracturing (and hydrocarbon potential) probably lie within the Rome trough,
along the Warfield Fault, Paint Creek Uplift, and the Lewis-Bell County hinge line.
Smaller areas related to local structural anomalies should also be considered. In
Tennessee, the area northeast of the Emery River Fault System appears favorable based
on structural and related fracture considerations.

Figures 3 through 5 are a series of maps showing the areal extent of the various
black shale facies, and equivalents, in the study area. Figure |9 shows favorable stress
ratio parameters throughout eastern Kentucky; plate | shows the general structural
configuration of the region, and figure 22 shows the location of natural gas pipelines in
the northeastern U.S. The favorable areaq, shown in figure 20, includes all or parts of 23
counties in eastern Kentucky and a minimum of 6 counties in Tennessee. Wells
penetrating the Devonian sequence in this area should be evaluated for shale gas
potential, either as a primary target or as a dual completion possibility. Reserve
estimates generated by the National Petroleum Council (1980) provide a state-of-the-art
calculation of reserves in-place for eastern Kentucky (table 7) and Tennessee (table 8).
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Table 7.

Black Shale
Gray Shale

Total Shale
Resource

Table 8.

Black Shale
Gray Shale

Total Shale
Resource

Devonian Shale resource assessment for eastern Kentucky (after National
Petroleum Council, 1980).

LOG DATA SAMPLE DATA
Average Land Average l_and
Thickness Area* Total Thickness Area* Total
(Feet) (Sq Mi) (TCF) (Feet) (Sq Mi) (TCF)
200 12,829 43 249 12,829 53
134 12,829 5 92 (2,829 3
Average Average
Depth Total Average Depth Total Average
(Feet) (TCF) (BCF/Sq Mi) (Feet) (TCF) (BCF/Sq Mi)
1,885 48 4 |,885 56 4

Devonian Shale resource assessment for Tennessee (after National Petrole-
um Council, 1980).

LOG DATA SAMPLE DATA
Average Land Average LLand
Thickness Area* Total Thickness Area* Total
(Feet) (Sg Mi) (TCF) (Feet) (Sq Mi) (TCF)
48 2,338 2 78 2,338 3
30 2,338 0.2 0 2,338 0
Average Average
Depth Total Average Depth Total Average
(Feet) (TCF) (BCF/Sq Mi) (Feet) (TCF) (BCF/Sq Mi)
,395 2 | 1,395 3 12

*Land area encompasses that portion considered as having Devonian Shale potential, and
does not necessarily represent the total area of the state.
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APPENDIX

EVALUATION OF
DEVONIAN SHALE POTENTIAL
IN
KENTUCKY

(Includes Documents, Logs, and Maps in the UGR Information File Concerning Kentucky)

This Appendix is cross-referenced by subtopic. UGR File Accession List Numbers
are indicated for each entry. The first time a particular entry appears, the complete
reference is given. Subsequent references to that entry are only indicated by the UGR
File Accession List Number.
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- UGR #5129
Paper EGS-38

UGR #5130
Paper EGS-60
UGR #5130
Paper EGS5-63
UGR #S130
Paper EGS-99

UGR #133

UGR #176

UGR #5223
Paper EGS-26

UGR #408

"Chemical and Isotopic Composition of Gas from Devonian Black Shale
Canned Core Samples, Martin County, Kentucky, and Wise County, Vir-
ginia.* Claypool, George E., and Charles N. Threlkeld.

"The Eastern Interior Aulocogen and its Relation to Devonian Shale Gas
Production." Harris, Leonard D.

"Natural Gas Occurrence Related to Regional Thermal Rank of Organic
Matter (Maturity) in Devonian Rocks of the Appalachian Basin" Clay-
pool, George E., C.N. Threlkeld, and N.H. Bostick.

"Final Report Under ERDA Contract No. E-(46-1)-8061 submitted to
Morgantown Energy Research Center. Gruy Federal, Inc., November
22, 1976, 45 p. plus 2 maps.

"Characterization and Resource Assessment of the Devonian Shales in
the Appalachian and lllinois Basins." Zielinski, Ronald E., and Steven
W. Nance, Mound Facility, 1979, 16 p.

"Eastern Gas Shales Project Outgassing Analysis--Special Report."
Streib, Donald L.., SAl, METC/CR-80/2, February 1980, 102 p.

GAS PRODUCTION

UGR #056
UGR #058
UGR #099
UGR #101

UGR #S130
Paper EGS-60

UGR #S130
Paper EGS-64

UGR #5130
Paper EGS-74

UGR #176

"Pilot Study of Gas Production Analysis Methods Applied to Cottage-
ville Field." de Wys, Jane Negus, and R.C., Shumaker, WVU, Dept. of
Geol. and Geography, February 1978, 45 p.

"Eastern Kentucky Gas Field: Structural-Stratigraphic Cross Sections
and Potential Production. de Wys, Jane Negus, and R.C. Shumaker.
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UGR #197 "Studies of New Albany Shale in Western Kentucky, Final Report.
Schwalb, Howard R., and Ronald L. Norris, U. of KY, and KYGS, Final
Report under Contract No. EW-78-S-21-8215, DOE/METC/88215-1,
February 1980, 55 p.

UGR #5223 "Inorganic Geochemical Studies of Eastern Kentucky Gas Field(s) and

Paper EGS-16 Comparison with Gas Production. de Wys, Jane Negus, and John J.
Renton.

UGR #5223 "Past and Current Developments for Drilling New Albany Shale Gas in

Paper EGS-3I Western Kentucky." Duffy, Julian, and Howard Schwalb.

UGR #5223 "Parameters of Geologic Structure Which Affect Devonian Gas Shale

Paper EGS-37 Production in West Virginia and Eastern Kentucky--A Progress Report
1978-1979." Shumaker, R.C., et al.

UGR #229 "Gas Production of Devonian Shale Wells Relative to Photo-Lineament
Locations: A Statistical Analysis. Howard, J.JF., S.J. Lahoda, W.E.
Zirk, and C.A. Komar, METC/CR-79/28, April 1979, 17 p.

UGR #262

UGR #415

UGR #509

UGR #510

GEOCHEMISTRY

UGR #018 "Organic Composition of Devonian Shale from Perry County, Ken-

tucky." Lamey, Steven C., and Edward E. Childers, MERC/TPR-77/3,
December 1977, 26 p.

UGR #099

UGR #117 "Geochemical Characterization of Devonian Gas Shale. Zielinski,
R.E., Mound Facility, October 1977, 25 p.

UGR #119 "Physicochemical Characterization of Devonian Gas Shale" Zielinski,
R.E., A. Attalla, E. Stacy, B.D. Craft, and R.L. Wise, Mound Facility,
October 1977, 22 p.

UGR #121 "|solation of Kerogen from Eastern Gas Bearing Shale." Lamey, Steven,
and Edward Childers, METC, July 1978, 26 p.

UGR #123 "Report of Phase Ill of the Multivariate Statistical Characterization of

Geochemical Data Generated by the EGSP for Cores 20403, |1940,
12041, GG5, and 7239." Warshauver, Steven M., WVGS, 1978, 38 p.
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UGR #5129
Paper EGS-4

UGR #5129
Paper EGS-15

UGR #5129
Paper EGS-38

UGR #5130
Paper EGS-63

UGR #5130

Paper EGS-64

UGR #5130
Paper EGS-69

UGR #5130
Paper EGS-20

UGR #5130
Paper £G5-93

UGR #131
UGR #172

UGR #176
UGR #192

UGR #193

UGR #212

"Abundance and Distribution of Some Chemical Elements in the Chatta-
nooga, Ohio, and New Albany Shales in Kentucky." Dennen, William H.,
William H. Blackburn, and Philip A. Davis.

"New Data for Uranium, Thorium, Carbon, and Sulfur in Devonicm Black
Shale, from West Virginia, Kentucky, and New York." Leventhdl, Joel
S., and Martin B. Goldhaber.

"Chemical and Isotopic Composition of Gas from Devonian Black Shale
Canned Core Samples, Martin County, Kentucky, and Wise County, Vir-
ginia." Claypool, George F., and Charles N. Threlkeld.

"Eastern Kentucky Gas Field: Structural-Stratigraphic Cross Sections
and Potential Production Patterns.” de Wys, Jane Negus, and R.C.
Shumaker.

"Use of Internal Surface Area and High-Pressure Methane Sorption Data
to Estimate Capacity for Gas Production from the New Atbany Shale
Group." Frost, Robert R., and Josephus Thomas, Jr.

"A Preliminary Scanning Eiectron Microscopic Study of Organic Materi-
al in the Devonian Eastern Gas Shale." Green, Derry A., and Steven C.

Lamey.

"Summary of Chemical Analyses and Some Geochemical Controls

- Related to Devonian Black Shales from Tennessee, West Virginia,

Kentucky, Ohio, and New York." eventhal, Joel S.

"Geochemical Evaluation of the Eastern GcsAShoIes—-Parf . Mclver,
Richard D., and Ronald E. Zielinski, Mound Facility, for USDOE under
Contract No. EY-76-C-04-0053, September 29, 1978, 33 p.

"Characterization and Analysis of Devonian Shales as Related to
Gaseous Hydrocarbons, Well C-336, Marion County, Kentucky.® Kal-
yoncu, R.J., J.P. Boyer, and M.J. Snyder, Battelle Columbus Labora-
tories, May 16, 1979, 56 p.

"Characterization and Analysis of Devonian Shales as Related to
Gaseous Hydrocarbons, Well O-1, Christian County, Kentucky.! Kal-
yoncu, R.J., J.P. Boyer, and M.J. Snyder, Battelle Columbus Labora-
tories, May 25, 1979, 33 p.

"Characterization and Analysis of Devonian Shales as Related to
Gaseous Hydrocarbons, Well K-4, Johnson County, Kentucky.! Kalyon-
cu, R.J., J.P. Boyer, and M.J. Snyder, Battelle Columbus Laboratories,
August |5, 1979, 46 p. plus appendices.
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UGR #213

UGR #5223
Paper EGS-16

UGR #5223
Paper EGS-17
UGR #5223
Paper EGS-34
UGR #269
UGR #415

UGR #439

UGR #45]
UGR #508

GROUND WATER

UGR #5130
Paper EGS-74

UGR 5223
Paper EGS-37

"Trace Elements, Carbon, and Sulfur in Devonian Black Shale Cores
from Perry County, Kentucky; Jackson and Lincoln Counties, West
Virginia; and Cattaraugas County, New York." Leventhal, Joel S.,
USGS, Open File Report 78-504, 1978, 32 p.

"Pyrolysis of Eastern Gas Shales: Effects of Temperature and Atmo-
sphere on the Production of Light Hydrocarbons."! Chou, Mei-In M., and
D.R. Dickerson.

"Cross-Polarization Carbon-13 NMR of Kerogens from Devonian Shale
and Coal." Beer, Stephen K., and Larry C. Headley.

"Geologic and Geochemical Studies of the New Albany Shale Group
(Devonian and Mississippian) in [lfinois, Final Report." includes "Supple-
ment #1: User's Manual for a Mineral Resources Evaluation System
(MINERS)." Bergstrom, R.E., N.F. Shimp, Robert M. Cluff, L.H. Van
Dyke, J.P. Hoeflinger, and W.D. Brigham, U. of IL and ILGS, under
Contract No. DE-AC2I-76ET 12142, June 30, 1980, 183 p. plus | plate,
and 178 p.

NOTE: This is primarily a report on lllinois. However, the Christian
County, KY, well EGSP No. KY-2 is included since it is a part of the
[llinois Basin.

HYDRAULIC FRACTURING

UGR #5129
Paper EGS-23

UGR #182

"Novel Fracturing Treatments in the Devonian Shale. Cremean,
Stephen P.

"Investigation of Hydraulic Fracturing in Tight Gas Reservoirs." For-
rest, Robert M., and Steven F. McKetta, Col. GSSC, 1979, 14 p.
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KEROGEN
UGR #12]
UGR #5223

Paper EGS-34
LINEAMENTS

UGR #172
UGR #229
UGR #497
MAPS

UGR #M 17

UGR #M35

UGR #M59

UGR #M60

UGR #Mé]
UGR #Mé8

UGR #M105

UGR #MI115

UGR #Ml 16

"East-West Cross Sections, North and South of Rough Creek Fault
System." Schwalb, Howard, and Ronald Norris, KYGS, February 1978, |
map {microfiche).

"Structure and Isopach Map of the New Albany-Chattanooga-Ohio Shale
(Devonian and Mississippian) in Kentucky: Western Sheet." Potter,
Paul Edwin, and Howard R. Schwalb, KYGS, Series X, 1978, | map.

"North-South Cross Section, West Side of Area (Kentucky)." Schwalb,
Howard, KYGS, April 21, 1978, | map (microfiche).

"Isopach Map of Grassy Creek Member of New Albany Shale--Western
Kentucky." Schwalb, Howard, and Ronald Norris, KYGS, November
1978, | map (microfiche).

"North-South Cross Section, East Side of Area (Kentucky)." Haney,
Donald C., U. of KY and KYGS, February 2, 1979, | map (microfiche).

"Landsat Lineaments in Parts of West Virginia, Kentucky, Ohio, and
Virginia." Colton, George W., USGS, | map (microfiche) and 3 p. notes.

"Base Map of Middlesboro Syncline in Kentucky, Virginia, and Tennes-
see." Wilson, Edward N., Jaffrey S. Zafar, and Paul Edwin Potter,
KYGS, 1980, | map (plate).

"Structure Contour Map on the Base of the Cleveland Shale Member
(Unit 1) of the Ohio Shale in Eastern Kentucky." Dillman, S.B., and
F.R. Ettensohn, U. of KY Research Group, METC/EGSP Series No. 514,
1980, | map.

"Structure and Isopach Map of the New Albany-Chattanooga-Ohio Shale

(Devonian and Mississippian) in Kentucky: Central Sheet." Potter, Paul
Edwin, KYGS, Series X, 1978, | map.
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UGR #M1 17

UGR #M 124

UGR #M125

UGR #M126

UGR #M 127

UGR #M128

UGR #M 129

UGR #M130

UGR #M 131

UGR #M 40

UGR #M 14l

UGR #M 142

"Structure and |sopach Map of the New Albany-Chattanooga-Ohio Shale
(Devonian and Mississippian) in Kentucky: Eastern Sheet. Fulton,
Linda Provo, KYGS, Series Xl, 1979, | map.

"lsopach Map of the Cleveland Shale Member (Unit 1) of the Ohio Shale
in Eastern Kentucky.!" Dillman, S.B., and F.R. Ettensohn, U. of KY
Research Group, METC/EGSP Series No. 522, 1980, | map.

"Isopach Map of the Devonian Black-Shale Sequence (New Albany-
Chattanooga-Ohio Shale) in Eastern Kentucky." Dillman, S.B., and F.R.
Ettensohn, U. of KY Research Group, METC/EGSP Series No. 515,
1980, | map.

"|sopach Map of the Lower Huron Shale Member (Unit 5) of the Ohio
Shale in Eastern Kentucky." Dillman, S.B., and F.R. Ettensohn, U. of
KY Research Group, METC/EGSP Series No. 518, 1980, | map.

"Isopach Map of the Middle Huron Shale Member (Unit 4) of the Ohio
Shale in Eastern Kentucky." Dillman, S.B., and F.R. Ettensohn, U. of
KY Research Group, METC/EGSP Series No. 519, 1980, | map.

"lsopach Map of the Rhinestreet Shale (Unit 7) in Eastern Kentucky."
Dillman, S.B., and F.R. Ettensohn, U. of KY Research Group,
METC/EGSP Series No. 516, 1980, | map.

"|sopach Map of the Three Lick Bed (Unit 2) of the Ohio Shale in
Eastern Kentucky." Dillman, S.B., and F.R. Ettensohn, U. of KY
Research Group, METC/EGSP Series No. 521, 1980, | map.

"lsopach Map of the Upper Huron Shale Member (Unit 3) of the Ohio
Shale in Eastern Kentucky. Dillman, S.B., and F.R. Ettensohn, U. of
KY Research Group, METC/EGSP Series No. 520, 1980, | map.

"Isopach Map of the Upper Olentangy Shale (Unit 6) in Eastern
Kentucky.! Dillman, S.B., and F.R. Ettensohn, U. of KY Research
Group, METC/EGSP Series No. 517, 1980, | map.

"Structure Contour Map on the Base of the Java Formation/Olentangy
Shale (Unit €) in Eastern Kentucky." Diilman, S.B., and F.R. Ettensohn,
U. of KY Research Group, METC/EGSP Series No. 509, 1980, | map.

"Structure Contour Map on the Base of the Lower Huron Shale Member
(Unit 5) of the Ohio Shale in Eastern Kentucky." Dillman, $.B., and
F.R. Ettensohn, U. of KY Research Group, METC/EGSP Series No. 510,
1980, | map.

"Structure Contour Map on the Base of the Middle Huron Shale Member
(Unit 4) of the Ohio Shale in Eastern Kentucky." Diliman, S.B., and
F.R. Ettensohn, U. of KY Research Group, METC/EGSP Series No. 511,
1980, | map.



UGR #M143

UGR #M |44

UGR #M 145

UGR #M 146

UGR #M 157

"Structure Contour Map on the Base of the Ohio Shale in Eastern
Kentucky." Dillman, S.B., and F.R. Ettensohn, U. of KY Research
Group, METC/EGSP Series No. 507, 1980, | map.

"Structure Contour Map on the Base of the Three Lick Bed (Unit 2) of
the Ohio Shale in Eastern Kentucky." Dillman, 5.B., and F.R. Etten-
sohn, U. of KY Research Group, METC/EGSP Series No. 513, 1980, |
map.

"Structure Contour Map on the Base of the Upper Huron Shale Member
(Unit 3) of the Ohio Shale in Eastern Kentucky." Dillman, $.B., and
F.R. Ettensohn, U. of KY Research Group, METC/EGSP Series No. 512,
1980, | map.

"Structure Contour Map on the Base of the West Falls Formation
(Rhinestreet Shale, Unit 7) in Eastern Kentucky." Dillman, $.B., and
F.R. Ettensohn, U. of KY Research Group, METC/EGSP Series No. 508,
1980, | map.

"Stratispecific Geochemical Trend Maps for Eastern Kentucky." de
Wys, Jane Negus, WVU, Depf of Geol. and Geogrophy, February 1981,
|68 maps (size 812" x | I"), in one volume.

MIDWAY-EXTRA FIELD

UGR #5223

Paper EGS-37
MINERS SYSTEM

UGR #439

MODELING, DEPOSITION

UGR #508

MOORMAN SYNCLINE

UGR #4397

PINE MOUNTAIN OVERTHRUST

UGR #5130

Paper EGS-99

UGR #5223

Paper EGS-36

REMOTE SENSING

UGR #5008
Paper Vi



UGR #497
ROME TROUGH

UGR #5130
Paper EGS-60

SCINTILLOMETER

UGR #5129
Paper EGS-46

SEDIMENTOLOGY

UGR 300

STATISTICAL ANALYSIS

UGR #415
UGR #£439
STRATIGRAPHY
UGR #009

UGR #012

UGR #029
UGR #113

UGR #5129
Paper EGS-15

UGR #5129
Paper EGS-46

UGR #5130
Paper EGS-60

UGR #5130
Paper EGS-64

"Three Lick Bed: Useful Stratigraphic Marker in Upper Devonian Shale
in Eastern Kentucky and Adjacent Areas of Ohio, West Virginia, and
Tennessee." Provo, Linda J., Roy C. Kepferle, and Paul Edwin Potter,
U. of Cin. and USGS, MERC/CR-77-2, no date, 56 p.

"Lithologic Description of Core Material from Nicholas Combs No. 7239

Well, Perry County, Kentucky." Bryer, C.W., and D.B. Trubo, METC/
TPR-76/2, May 1976, 22 p.

"A Biostratigraphic Analysis of Core Samples from Wells Drilled in the
Devonian Shale Interval of the Appalachian and lllinois Basin.' Martin,
Stephen J., and Ronald E. Zielinski, Mound Facility, July i4, 1978, 24 p.



UGR #5130
Paper EGS-99

UGR #197

UGR 5223
Paper EGS-26

UGR #240
UGR #262
UGR #300
UGR 408
UGR #439
UGR #451
UGR #470
UGR #508
UGR #510
STRUCTURAL GEOLOGY
UGR #101
UGR #102

UGR #S130
Paper EGS-64

UGR #5130
Paper EGS-74

UGR #195

UGR #5223
Paper EGS-37

UGR #5223
Paper EGS-42

UGR #262
UGR #439
UGR #451



UGR #470
UGR #497
UGR #5092
UGR #510

THREE LICK BED

UGR {009
UGR {029

WELL LOGS

UGR #L079

UGR #L081

UGR #4085

UGR #L 154

UGR #L440

"Martin County, Kentucky, Col. GTC No. 20336 Well (Logs)." Columbia
Gas Transmission Corporation, 1976: D, DI, GR, I, N, T.

"Perry County, Kentucky, Hazard Field No. 7239 Well (Logs)." Ken-
tucky West Virginia Gas Company, 1975: AMP, D, GR, N, S, SEISV, T.

"Martin County, Kentucky, Co. GTC No. 20337 Well (Logs)." Columbia
Gas Transmission Corporation, 1976: COMP, D, GR, I, N, SIB.

"Johnson County, Kentucky, Skaggs-Kelly Unit No. 3-RS Well (Logs)."
Ashland Oil, Inc., 1978: D, DI, FIL, GR, LL, N, NOISE, S, T.

"Christian County, Kentucky, J. Ray Clark No. | Well (Logs)." Orbit
Gas Company, 1976: COMP, D, Di, ML, MLL, N, S.

WELL REPORTS, CORE GEOLOGY AND CHEMISTRY

UGR #012
UGR #015
UGR #018
UGR #026
UGR #067
UGR 099
UGR #113
UGR #117
UGR #119
UGR #121



UGR #l 24
UGR #5129

Paper EGS-38

UGR #131
UGR #176
UGR #192
UGR #193
UGR #212
UGR #213
UGR #259
UGR #335

UGR 7408
UGR 7439

"Cliffs Minerals, Inc. Eastern Gas Shales _Project, Kentucky Well #4,
. Phase | Report.™ Field Operations, Cliffs Minerals, Inc., no date, 19 p.

WELL STIMULATIONS AND TESTING

UGR #017

UGR #034

UGR #067
UGR #104

UGR #112

UGR #5129
Paper EGS-21

UGR #5129
Paper EGS-23

UGR #156
UGR #182

"Devonian Shale--Fracturing Fluids Studies,” Chenevert, Martin E.,
Chenevert & Associates, inc., Final Report, September 2, 1977, 24 p.

"DOE-METC Gas Well Testing Service Contract No. EW-78-C-21-8096,
Well Test Analysis for Kentucky-West Virginia Gas Company Well No.
[627." Gruy Federdl, Inc., 2 Vols., January 25, 1979, 39 p. '

"DOE-METC Gas Well Testing Service Contract No. EW-78-C-21-8096,
Well Test Analysis for Columbia Gas Transmission Corp., Well No.
20336." Gruy Federal, Inc., December |9, 1978, 62 p.
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UGR 222
UGR #5223
Paper EGS-31
UGR #252
UGR #253
UGR #2504

UGR #256

UGR #5357
Paper SPE/DOE
8960

UGR #379

"Investigation of Stimulation Technology on Tight Gas Reservoirs of the
United States." McKetta, Steven F., Col. GSSC, 1979, 12 p.

"Summary Report, KY/WV Well #7246." SAl, July 1979, 83 p.
"Summary Report, Columbia Gas Well #20336." SAI, July 1979, 215 p.

"Summary Report, Orbit Gas Co. Well Ray Clark #1." SAI, July 1979,
{85 p.

"Summary Report, Kentucky West Virginia Gas Co. Well ##1627." SAl,
July 1979, 82 p.

"Unconventional Gas Recovery Symposium." Society of Petroleum
Engineers of AIME and USDOE, May 18-20, 1980, 377 p.

"Test Results of Stimulated Wells in Devonian Shales." Kumar, R.M.,
and J.H. Hartsock.



APPENDIX
EVALUATION OF
DEVONIAN SHALE POTENTIAL
IN THE
APPALACHIAN BASIN

(Includes Documents, Logs, and Maps in the UGR Information File Concerning the
Appalachian Basin)

This Appendix is cross-referenced by subtopic. UGR File Accession List Numbers
are indicated for each entry. The first time a particular entry appears, the complete
reference is given. Subsequent references to that entry are only indicated by the UGR
File Accession List Number.



APPALACHIAN BASIN REFERENCES

BRALLIER INFORMATION

UGR #S130 "Preprints for Second Eastern Gas Shales Symposium." 2 Vols., USDOE,
Paper EGS-56 METC/SP-78/6, October 1978, 617 p.

"The Brallier Formation--Upper Devonian Turbidite Slope Facies of the
Central and Southern Appalachian." Lundegard, Paul D., Neil D.
Samuels, Wayne A. Pryor.

UGR #319 "Sedimentology, Petrology, and Gas Potential of the Brallier Forma-
tion--Upper Devonian Turbidite Facies of the Central and Southern
Appalachians." Lundegard, Paul D., Neil D. Samuels, and Wayne A.
Pryor, U. of Cin., DOE/METC/5201-5, March 1980, 220 p.

CLAY MINERALOGY

UGR #140 "Preliminary Report on fthe Clay Mineralogy of the Upper Devonian
Shales in the Southern and Middle Appalachian Basin," Hosterman, John

W., and Patricia J. Loferski, USGS, Open File Report 78-1084, January
{979, 20 p.

CONODONT COLOR ALTERATION

UGR #5129 "Proceedings, First Eastern Gas Shales Symposium, October 17-19,
Paper EGS-40 1977." USDOE, MERC/SP-77/5, March 1978, 783 p.

"Conodont Color Alteration, An Organo-Mineral Metamorphic Index,
and its Application to Appalachian Basin Geology." Harris, Anita G.

CONTRACTORS

UGR #C054 "Characterization and Analysis of Devonian Shales as Related to
Release of Gaseous Hydrocarbons.! Batfelle Columbus Laboratories
Quarterly Reports (DE-AC21-76MC 05205): 78QT, G2-2, Vols., Q3, Q4,
79Q1, Q2.

UGR #C055 "Study of Hydrocarbon Shale Interaction. Juniata College Quarterly
and Annual Reports (DE-AS05-76MCO05197): 77Q1, Q3, Q4, A77, 78Q2,
Q4-4 Vols., 79Q1-4 Vols., A78, 79Q2, Q3, Q4. '

UGR #C051 "Physical and Chemical Characterization of Devonian Gas Shale."
Mound Facility Quarterly Status Reports (DE-AC04-76DP00053): 77Q3,
78QT, QZ, Q3, Q4, 79Q1, Q2, Q3, Q4, 80Q 1, G2, Q3, Q4.

UGR #C071 "Energy Resources of the Devonian Shale in the Appalachian Basin.*
University of Cincinnati (U. of Cin.) Quarterly and Annual Reports
(DE-AC2I1-76MC05201): 77Q3, 78Q2, Q4, AT78, 79Q1, @2, Q3.
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UGR #C 41

UGR #C048

"Shale Characterization and Resource Appraisal of Devonian Black
Shale in the Appalachian Basin." U.S. Geological Survey (USGS) Annual
Report (DE-A12[-78MCI10516): A78.

"Analysis of Structural Geological Parameters that influence Gas
Production from the Devonian Shale of the Appalachian Basin.! West
Virginia, University, Dept. of Geology and Geography (WVU, Depart-
ment of Geol. & Geography) Quarterly and Annual Reports (DE—AC2I-
T6MCO05194): 77Q2, Q3, A77, 78Ql, Q2, @3, Q4, A78-2 Vols., 79Q1, Q3,
Q4, A79-2 Vols., 80Q1, Q2, Q3, Q4, A80-3 Vols., 81Ql.

CORE ANALYSES

UGR #06

UGR #113

UGR #5129
Paper EGS-13

UGR #5129
Paper EGS-14

UGR #5129
Paper EGS-34

UGR #5129
Paper EGS-35

"Stratigraphic and Geographic Distribution of Core in Black Shale
Sequence (Mississippian and Devonian) in Appalachian Basin." Kepferle,
Roy C., and Paul Edwin Potter, USGS and U. of Cin., March 1978, 8 p.

"A Biostratigraphic Analysis of Core Samples from Wells Drilled in the
Devonian Shale Interval of the Appalachian and Illinois Basins." Martin,
Stephen J., and Ronald E. Zielinski, Mound Facility, July |4, 1978, 24 p.

"Physicochemical Characterization of Devonian Gas Shale! Zielinski,
R.E., A. Attalla, E. Stacy, B.D. Craft, R.L. Wise.

"Characterization and Analysis of Devonian Shales: |.  Physical
Characterization.” Kalyoncu, R.S., W.G. Coppins, D.T. Hooie, M.J.
Snyder.

"Characterization and Analysis of Devonian Shales: Gas Composition
and Release Rates." Snyder, M. lack, M.P. Rausch, J.5. Ogden, R.W.
Coutant.

"Geochemical Characterization of Devonian Gas Shale Zielinski, Ron
E.

CROSS STRIKE STRUCTURAL DISCONTINUITIES

UGR #5223
Paper EGS-24

"Proceedings, Third Eastern Gas Shales Symposium." Barlow, Hilma,
Editor, USDOE, METC/SP-79/6, October 1-3, 1979, 542 p.

"Cross-Strike Structural Discontinuities: Their Use in an Exploration
Rationale for Eastern Plateau Province, Appalachian Basin." Wheeler,
L.

ECONOMIC ANALYSIS

UGR #4468

"Quantitative Analysis of the Economically Recoverable Resource."
Pulle, C.V., and A.P. Seskus, SAl, November 17, 1980, 103 p.



ENGINEERING ANALYSIS

UGR 243

FRACTURES

UGR #5008
Paper VI

UGR {040

UGR #059

UGR #064

UGR #5129
Paper EGS-33

UGR #159

UGR #208

UGR #5223
Paper EGS-9

UGR #5357
Paper SPE/DOE
8955

"Analysis of Gas Production for Eastern Gas Shales, Phase Il Final
Report." Intercomp Resource Development and Engineering, Inc.,
Contract No. Ew-78-C-21-8485, November 1979, 32 p. plus tables and
figures.

"Devonian Shale Production and Potential, Proceedings of the Seventh
Appalachian Petroleum Geology Symposium held at Morgantown, W.Va.,
March 14, 1976, Shumaker, R.C., and W.K. Overbey, Jr., Editors,
WVGS, WVU, and MERC, MERC/SP-76/2, 271 p. :

"A Digest of Appalachian Structural Geology." Shumaker, R.C.

"Application of Remote Sensing Studies to the Interpretation of
Fracture Systems and Structural Styles in the Plateau Regions of
Eastern Kentucky, Southwestern Virginia, and Southwestern West Vir-
ginia for Application to Fossil Fuel Extraction Processes.! Werner,
Eberhard, WVU, Dept. of Geol. & Geography, Dec. 1977, 98 p. plus 9
maps.

"Remote Sensing Studies in the Appalachian Plateau for Application to
Fossil Fuel Extraction.! Werner, Eberhard, WVU, Dept. of Geol. &
Geography, 1976, 10 p.

"Remote Sensing Methods for Application of Natural Gas Production
from Fractured Devonian Shale Reservoirs of Western West Virginia."
Werner, Eberhard, WVU, Dept. of Geol. & Geography, in V. 2--ERDA
EGR Symposium, August 30-September 1, 1977, pp. G-14/1 to G-14/7.

"Analysis of Structural Geological Parameters that Influence Gas
Production from the Devonian Shale of the Appalachian Basin' Shu-
maker, R.C., Keith G. Kirk, E.B. Nuckols lil, Brian R. Long.

"Extension Structures in the Central Appalachians."” Berger, Philip S.,
WVU, Dept. of Geol. & Geography, December 1978, 97 p.

"Fractures from Devonian Shale Outcrops Along the Pine Mountain
Thrust." Lee, Kevin D., WVU, Dept. of Geol. & Geography, May 1979,
25 p.

"Late Tectonic Faulting in the Central Appalachians." Berger, P.S.,
R.L. Wheeler.

"Unconventional Gas Recovery Symposium." Society of Petroleum
Engineers of AIME and USDOE, May 18-20, 1980, 377 p.

"Earth Stress Relationships in the Appalachian Basin." McKettaq, S.F.
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ibili i j ies Across the
413 "Feasibility Study on Modeling of Stress ijec'rones

VGR # Appalachian Plateau Province in West Virginia.!! Chang, H.Y.! S.H.
Advani, H.V.S. Ganga Rao, and C.S. Dean, WVU, College of Engineer-
ing and METC, under Contract No. EY-77-X-21-0368, no date, 74 p.

UGR #452 "Possible Interaction Between Thin-Skinned and Bcsement Tectonics in
the Appalachian Basin and lts Bearing on Exploration for Fractured
Reservoirs in the Devonian Shale.! Dean, Claude S., and W.K. Overbey
Jr., MERC, no date, 27 p.

FRACTURE PREDICTION

UGR #137 "Fracture Intensity Predictions for Eastern Gas Shales." Wheeler,
Russell L., WVU, Dept. of Geol. & Geography, Final Report under
Contract EY~77-C-21-8087, Task Order No. 25, December 1978, 62 p.

UGR #5357

Paper SPE/DOE

8955

GAS CONTENT

UGR #5129 "Wireline Logs and Sample Studies in Stratigraphy and Gas Occurrence

Paper EGS-9 of the Devonian Shales Along the Southern Tier Section in Eastern
Kentucky and Vicinity." Wilson, Edward N., Jaffrey S. Zafar.

UGR #5129

Paper EGS- 14

UGR 5129

Paper EGS-34

UGR #5130
Paper EGS-60

UGR #5130
Paper EGS-63
UGR #5130
Paper EGS-70
GAS ESTIMATES
UGR #058

UGR #062

"The Eastern Interior Aulacogen and its Relation to Devonian Shale Gas
Production.* Harris, Leonard D.

"Natural Gas Occurrence Related to Regional Thermal Rank of Organic
Matter (Maturity) in Devonian Rocks of the Appalachian Basin.! Clay-
pool, G.E., C.N. Threlkeld, N.H. Bostick.

"A Practical Approach to Evaluating Shale Hydrocarbon Potential."
Smith, Eric C.

"Devonian Shales as a Source of Gas." Avila, John, in Natural Gas From
Unconventional Geologic Sources, Chapter 5, 1976, pp. 73-85.

"Energy From Shale--A Little Used Natural Resource.” Brown, Porter

.919, in Natural Gas from Unconventional Geologic Sources, 1976, pp. 86~
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UGR 128

UGR #5129
Paper EGS-35

UGR #5129
Paper EGS-40

UGR #5130
Paper EGS-57
UGR #5130
Paper EGS-59

UGR #5130
Paper EGS-70

UGR #176

UGR #5223
Paper EGS-9

UGR #5223
Paper EGS-13

(Abstract
Only)

UGR #275

UGR #319
UGR #452
UGR {468

"Reservoir Engineering Aspects and Resource Assessment Methodology
of Eastern Devonian Gas Shales." Kucuk, Fikri, Javaid Alam, and D.L.
Streib, SAl, prepared for USDOE/METC under Contract No. EY-78-C-
21-8216, October 5, 1978, 47 p.

"Characterization and Resource Assessment of the Devonian Shales in
the Appalachian and lllinois Basins." Zielinski, R.E., S.W. Nance, P.W.
Seabaugh, R.J. Larson.

"Status Report on the Gas Potential from Devonian Shales of the
Appalachian Basin." Robel, Robert J.

"Characterization and Resource Assessment of the Devonian Shales in

the Appalachian and |llinois Basins." ~ Zielinski, R.E., and Steven W.
Nance, Mound Facility, 1979, 16 p.

"A Current Assessment of the Physicochemical Characterization Data
for the Eastern Gas Shales." Nance, S.W., P.W. Seabaugh, R.E.
Zielinski.

"Final Report of Special Geological, Geochemical, and Petrological
Studies of the Devonian Shales in the Appalachian Basin." Potter, Paul
Edwin, J. Barry Maynard, and Wayne A. Pryor, H.N. Fisk Laboratory of
Sedimentology, U. of Cin., under Contract No. DE-AC2I-76MC05201,
January 1980, 86 p.

GAS INDUSTRY INFRASTRUCTURE

UGR #5357

Paper SPE/DOE

8944

"After the Technology, What Happens?" Merril, T.W. Jr.
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GAS PRODUCTION
UGR #040
UGR #0538
UGR #062
UGR #128

UGR #5129
Paper £GS-33

UGR #5130
Paper EGS-59

UGR #5130
Paper EGS-60

UGR #176

UGR ##201 "Devonian Paleocurrents of the Appalachian Basin."
Fdwin, Wayne A. Pryor, Paul Lundegard, Neil Samuels, and J. Barry
Moynard, H.N. Fisk Laboratory of Sedimentology, U. of Cin., METC/
CR-79/22, May 1979, 60 p.

UGR #243

UGR #5357
Paper SPE/DOE
8944

Potter, Paul

UGR {5357 “Economics of Devonian Shale, Coal Seam and Similar Special Appa-
Paper SPE/DOE  lachian Gas Sources.” Miller, R.M., N.E. Mutchler.

UGR #507 "The Importance of Regional and Local Structure to Devonian Shale Gas

Production from the Appalachian Basin." Shumaker, Robert C., WVLUJ,
Dept. of Geol. & Geography, February 1981, 28 p.

"Preliminary Investigation of Market, Institutional and Regulatory

Barriers to Natural Gas Production and Use Within Appalachia.” TRW
November 1977, 32 p. " ,

8945

UGR {452

GAS PRODUCTION BARRIERS
UGR #094

UGR #5357

Paper SPE/DOE
8944



UGR #5357
Paper SPE/DOE
8945

GEOCHEMISTRY

UGR #117 "Geochemical Characterization of Devonian Gas Shale." Zielinski,
R.E., Mound Facility, October 1977, 25 p.

UGR #5129
Paper EGS-13

UGR #5129
Paper EGS-14

UGR #5129
Paper EGS-34

UGR #5129
Paper EGS-35

UGR #130
Paper EGS-57

UGR #5130
Paper EGS-63

UGR #5130
Paper EGS-70

UGR #131 "Geochemical Evaluation of the Eastern Gas Shales--Part |."  Mclver,
Richard D., and Ronald E. Zielinski, Mound Facility, for USDOE under
Contract No. EY-76-C-04-0053, September 29, 1978, 33 p.

UGR #176
UGR #5223
Paper EGS5-13
(Abstract
Only)

UGR #243

UGR #275

UGR {282 "Munsell Color Values as Related to Organic Carbon in Devonian Shale
of the Appalachian Basin.," Hosterman, John W., and Sallie 1. Whitiow,
USGS, Open-File Report 80-660, no date, 8 p.

UGR #446 "Comparative Geochemistry of Devonian Shale Cores from the Appa-
lachian Basin: Mason, Monongalia, and Upshur Counties, West Virginia;
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IN-SITU STRESS

I1linois Basin: Tazwell (sic) County, lllinois; Clark County, Indiana; and
Michigan Basin: Sanilac County, Michigan." Leventhal, Joel S.; USGS,
Open File Report 80-938, 1980, 32 p.

UGR #413

LANDSAT STUDIES

-UGR #5223 "Digital Image Processing and Enhancement of Landsat Data for
Paper EGS-8 Lineament Mapping and Natural Gas Exploration in Appalachian

Region." Wescott, Thomas F., Alan F. Smith.

LINEAMENT ANALYSIS

UGR #5008
Paper V|

UGR #040
UGR #059
UGR #060

UGR #064
UGR #137

UGR {5223
Paper EGS-8

UGR #5223
Paper EGS-24

MAPS
UGR #MO

UGR ##M02

UGR #M05

"Photolineament Mapping in the Appalachian Pleateau and Continental
Interior Geological Provinces--A Case Study." Werner, Eberhard, WVU,
Dept. of Geol. & Geography, in Remote Sensing of Earth Resources,
Shahrokhi, F., Editor, V. 5, March 29-30, 1976, pp. 403-417.

"Preliminary Stratigraphic Cross Section Showing Radioactive Zones in
the Devonian Black Shales in the Eastern Part of the Appalachian
Basin." West, Mareta, USGS, Chart OC-86, 1978, 2 maps.

"Middle Huron Shale Member of Ohio Shale, Isopach Map." Provo, Linda
J., U. of Cin., |976 I map (mlcroﬂche) ‘

"Preliminary Stratigraphic Cross Sechon Showmg Radioactive Zones in
the Devonian Black Shales in the Western Part of the Appalachian
Basin Wallace, Laure G., John B. Roen, and Wallace deWitt Jr.,

- 'USGS, Chart OC-80, 1977, ZmGps
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UGR #M07

UGR #M09

UGR #M12

UGR #M13

UGR #M 15

UGR #M 16

UGR #M22

UGR #Mé68

UGR #M77

UGR #M90

UGR ##99

UGR #M105

"Upper Huron Shale Member of Ohio Shale, Isopach Map." Provo, Linda
J., U. of Cin., 1976, | map (microfiche).

"Preliminary Stratigraphic Cross Section Showing Radicactive Zones in
the Devonian Black Shales in the Central Part of the Appalachian
Basin'  Roen, John B., Laure G. Wallace, and Wallace deWitt Jr.,
USGS, Chart OC-80, 1977, 2 maps.

"Lower Huron Shale Member of Ohio Shale, Isopach Map." Provo, Linda
J., U. of Cin., 1976, | map (microfiche).

UCleveland Shale Member of Ohio Shale, Isopach Map." Provo, Linda J.,
U. of Cin., 1976, | map (microfiche).

"Preliminary Stratigraphic Cross Section Showing Radioactive Zones in
the Devonian Black Shales in the Southern Part of the Appalachian
Basin."! Kepferle, Roy C., Edward N. Wilson, and Frank R. Ettensohn,
USGS, Chart OC-95, 1978, | map.

"Three Lick Bed Member of Ohio Shale, Isopach Map." Provo, Linda J.,
U. of Cin., 1976, | map (microfiche).

"Ohio, Olentangy and Marcellus (?) Shales, lsopach Map." Provo, Linda
J., U. of Cin., 1976, | map (microfiche).

"Landsat Lineaments in Parts of West Virginia, Kentucky, Ohio, and
Virginia." Colton, George W., USGS, | map (microfiche) and 3 p. notes.

"Oil and Gas Data From Paleozoic Rocks in the Appalachian Basin:
Maps for Assessing Hydrocarbon Potential and Thermal Maturity (Cono-
dont Color Alteration Isograds and Overburden lIsopachs).! Harris,
Anita G., l_eonard D. Harris, and Jack B. Epstein, USGS, Map |-917-E,
1978, 4 maps.

"Maps Showing Location of Stratigraphic Cross Sections and Cored Drill
Holes Used in the Study of the Devonian Black Shales in the Appala-
chian Basin.! Roen, J.B., L.G. Wallace, R.C. Kepferle, P.E. Potter, and
W.A. Pryor, USGS, METC/EGSP Series No. 1400, 1980, 2 maps.

"Outgassing Data Summary Report--EGSP." SAl, April 1980, 2 maps
(Plates).

"Base Map of Middlesboro Syncline in Kentucky, Virginia, and Tennes-
see." Wilson, Edward N., Jaffrey S. Zafar, and Paul Edwin Potter,
KYGS, 1980, | map (plate).

MATHEMATICAL ANALYSIS

UGR #468
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MINERALOGY

UGR #5129
Paper EGS-13

UGR #5129
Paper EGS-14

UGR #5130
Paper EGS-70

UGR #139 "Sulfur Isotopes of Iron Sulfides in Shales of the Appalachian Basin:
Influence of Sedimentation Rate! Maynard, J. Barry, U. of Cin.,
November |5, 1978, 27 p.

UGR #5223

Paper EGS-13

(Abstract

Only)

MUNSELL COLOR

UGR #282

ORGANIC RICH FACIES

UGR #368 "Defining Organic-Rich Facies in the Devonian Shale in the Western
Part of the Appalachian Basin." Schmoker, James W., USGS, Open File
Report 80-707, 1980, 12 p.

PALEOCURRENTS

UGR #201

UGR #5129 "Paleocurrent Systems in Shaly Basins: Preliminary Results for Appala-
chian Basin (Upper Devonian)." Kepferle, R.C., Paul {_undegard, J.B.
Maynard, P.E. Potter, W.A. Pryor, Neil Samuels, Fred Schauf.

PALEONTOLOGY

UGR #113

UGR #275

PARSON'S LINEAMENT

UGR #5223
Paper EGS-24
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PETERSBURG LINEAMENT

UGR #5223
Paper EGS-24

PETROLOGY

UGR #5129 "Tioga Bentonite Time-Marker Associated with Devonian Shales in
Paper EGS-10 Appalachian Basin." Dennison, John M., Daniel A. Textoris.

UGR #5130
Paper EGS-70

UGR #275
UGR #319
PHYSICOCHEMISTRY
UGR #1119

UGR #5129
Paper EGS-13

UGR #243

PINE MOUNTAIN OVERTHRUST
UGR {208

UGR #275

REMOTE SENSING

UGR #040

UGR #059

UGR #060

UGR #064

ROME TROUGH

UGR #5130
Paper EGS-60

SEDIMENTOLOGY
UGR #139
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UGR 300

UGR #319

SEISMIC STUDIES

UGR #5129
Paper EGS-53

"Stratigraphy and Sedimentology of Radioactive Devonian-Mississippian
Shales of the Ceniral Appalachian Basin." Provo, Linda J., Paul Edwin
Potter, and J. Barry Maynard, U. of Cin., Final Report under Contract
No. AT(05-1)-1650, April 1, 1975-December 31, 1976, 102 p.

SPECIFIC DEGASIBILITY

UGR #177

STRATIGRAPHY

UGR #5008
Paper VI

UGR 009

UGR #053

UGR #06|
UGR #110

UGR #113

UGR #5129
Paper EGS- |
(Abstract
Only)

UGR #5129
Paper EGS-9

UGR #5129
Paper EGS-10

"The Concept of Specific Degasibility and Its Application to the Gas-
Bearing Tight Formations as Represented by the Devonian Shales of
Appalachia! Schettler, Paul D. Jr., Juniata College, 1979, |4 p.

"Three Lick Bed: Useful Stratigraphic Marker in Upper Devonian Shale
in Eastern Kentucky and Adjacent Areas of Ohio, West Virginia, and
Tennessee." Provo, Linda J., Roy C. Kepferle, and Paul Edwin Potter,
U. of Cin. and USGS, MERC/CR-77-2, no date, 56 p.

"What are Possible Stratigraphic Controls for Gas Fields in Eastern
Black Shale?" Harris, Leonard D., and G.W. Colton, USGS, Oil and Gas
Journal, V. 76, No. |4, April 13, pp. 162-165.

"Stratigraphy of the Devenian Harrell and Millboro Shales in Parts of
Pennsylvania, Maryland, West Virginia and Virginia." Hasson, Kenneth
0., and John M. Dennison, ERRA, Final Report for ERDA under
Contract No. EY-77-C-21-8153, May 1978, 124 p. plus |4 maps.

"Some Preliminary Results of Regional Stratigraphic Studies of the
Devonian Black Shales in the Appalachian Basin.' Roen, John B.,
Wallace deWitt Jr., Roy C. Kepferle, Laure G. Wallace, Mareta West.




UGR #5129
Paper EGS-27

UGR #5130 "A Progress Report of the Regional Stratigraphic Studies of the
Paper EGS-55 Devonian Black Shales in the Appalachian Basin® Roen, John B.,
(Absgroct Wallace deWitt Jr., Roy C. Kepferle, Laure G. Wallace, Mareta West.
Only

UGR #5130

Paper EGS-56

UGR #5130
Paper EGS-57

UGR #S130
Paper EGS-59

UGR #5130
Paper EGS-60

STRESS RATIO

UGR #5357

Paper SPE/DOE

8955

UGR #163 "Devonian Shales of Ohio and their Eastern and Southern Equivalents."
Schwietering, Joseph F., WVGS, METC/CR-79/2, January 1979, 68 p.

UGR #201

UGR #275

UGR #300

UGR #368

UGR #469 "A Preliminary Report on the Stratigraphy of the Previously Unreported
Devonian Ash-Fall Localities in the Appalachian Basin.! Roen, John B.,
USGS, Open File Report 80-505, no date, |0 p.

UGR #471 "Stratigraphy of the Devonian Chattanooga and Ohio Shales and
Equivalent in the Appalachian Basin: An Example of L.ong Range
Subsurface Correlation Using Gamma-Ray Logs." Roen, John B., USGS,
DOE/METC/10866-21, 1980, 26 p.

STRUCTURAL GEOLOGY

UGR #5008

Paper VI

B-13




UGR #£040

UGR #5129
Paper EGS-33

UGR #159

UGR #5223
Paper EGS-9

UGR #5223
Paper EGS-24

UGR #413

UGR #507

SULFUR ISOTOPES

UGR #139

THERMAL MATURATION

UGR #5129
Paper EGS-40

UGR #S130
Paper EGS-57

THREE LICK BED
UGR #009
TIOGA BENTONITE

UGR #5129
Paper EGS-10

TURBIDITE SYSTEMS
UGR #319

WELL REPORTS, CORE GEOLOGY AND CHEMISTRY

UGR #06|
UGR #113
UGR #117
UGR #119
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UGR #13l
UGR #176
WELL STIMULATIONS AND TESTING
UGR #062

UGR #5130
Paper EGS-70

WIRELINE LOG STUDIES

UGR #5129
Paper EGS-9
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APPENDIX

EVALUATION OF
DEVONIAN SHALE POTENTIAL
IN
TENNESS$E

(Includes Documents, Logs, and Maps in the UGR Information File Concerning Tennessee)

This Appendix is cross-referenced by subtopic, UGR File Accession List Numbers
are indicated for each entry. The first time a particular entry appears, the complete
reference is given. Subsequent references to that entry are only indicated by the UGR
File Accession List Number.



TENNESSEE REFERENCES

BRALLIER INFORMATION

UGR #5130 "Preprints for Second Eastern Gas Shales S ium.' 2 Vols.
Paper EGS-56  METC/SP-18/6, October 1978, £17 p, = P oo 2 Vols» USDOE,

"The Brallier Formation--Upper Devonian Turbidite Slope Facies of the
Central and Southern Appalachian.t Lundegard, Paul D., Neil D.
Samuels, Wayne A. Pryor.

CHATTANOOGA SHALE

UGR #364 "The Chattanooga Shale (Devonian and Mississippian) from The Tennes-
see Division of Geology-UU.S. Department of Energy Cored Drill Hole
Number 3,~Hancock "County, Tennessee." Roen, John B., Robert C.
Milici, and Laure G. Wallace, USGS, DOE/METC 10866- 10, May 1980, 35
p.

UGR #428 "The Chattanooga Shale (Devonian and Mississippian) from The Tennes-
see Division of Geology-U.S. Department of Energy Cored Drill Holes
Number 4 and 5, Hawkins County, Tennessee." Roen, John B., Laure G.

Wallace, and Robert C. Milici, USGS and TNGS, DOE/METC/10866/18,
1980, 40 p.

UGR {438 "Stratigraphy of jthe Chattanooga Shale in The Newman Ridge and
Clinch Mountain ‘Areas, Tennessee." Milici, Robert C., and John B.
Roen, TNGS, Final ‘Report under Contract No. EY-76-C-05-5196, Fall
1980, i 14 p. plus 3 plates.

UGR #447 "Geologic Evaluation and Drilling Prognosis for EGSP-Tennessee No. 9
Well, Grainger County, Tennessee.! Cobb, Laverne B., and Paul
Langston, Gruy Federal, Inc., August 24, 1979, 120 p.

UGR #449 "Operational Summary of Devonian Shale Coring Program at EGSP
Tennessee No. 9, January 1980." Cobb, Laverne B., Gruy Federal, Inc.,
February |, 1980, 69 p.

UGR #491 "The Chattanooga Shale (Devonian and Mississippian) from The Tennes-
see Division of Geology-U.S. Department of Energy Cored Drill Holes
Number | and 2, Claiborne County, Tennessee." Roen, John B., Robert
C. Milici, Roy C. Kepferle, and Laure G. Wallace, USGS, METC/CR-
80/ |, January 1980, |1 p.

CLINCH MOUNTAIN

UGR #438

UGR #447




CONTRACTORS

UGR #C054 "Characterization and Analysis of Devonian Shales as Relo'red_ to
Release of Gaseous Hydrocarbons." Battelle Columbus Laboratories,

Quarterly Reports (DE-AC21-76MC05205): 78Q1, Q2-2 Vols., 78Q3, Q4,
79Q1, Q2.

UGR #CQ055 "Study of Hydrocarbon Shale Interaction." Juniata College Quarterly
and Annual Reports (DE-AS05-76MCO05197): 77Q1, Q3, Q4, A77, 78Q2,
Q4-4 Vols., 79Q1-4 Vols., A78, 79A2, Q3, Q4.

UGR #C051 "Physical and Chemical Characterization of Devonian Gas Shale."
Mound Facility Quarterly Status Reports (DE-AC04-76DP00053): 77Q3,
78QT1, Q2, Q3, Q4, 79Q1, Q2, Q3, Q4, 80Q 1, Q2, Q3, Q4.

UGR #C 106 "Evaluation of the Chattanooga Shale in the Tennessee Valley and Ridge
for Natural Gas and Uranium." Tennessee Geological Survey (TNGS)
Quarterly Reports (EY-76-C-05-5196): 77Q1, Q2, Q3, 78Q2, A3, Q4,
79Q1, Q2, Q3.

CORING AND LOGGING PROGRAM

UGR #447

UGR #449

ENVIRONMENTAL IMPACT

UGR #448 "Environmental Impact Assessment, Eastern Gas Shales Project, Ten-
nessee No. 9 Well." Gruy Federal, Inc., September 1979, 85 p.

FRACTURES

UGR #5357 "Unconventional Gas Recovery Symposium." Society of Petroleum

gggtzer SPE/DOE Engineers of AIME and USDOE, May 18-20, 1980, 377 p.

"Perspective on Devonian Shale Gas Exploration: U.S. DOE's Eastern
Tennessee Wildcat.," Dean, C.S.

UGR #494 "Coring, Logging, Stimulation, and Completion of EGSP Tennessee No.
cfs)\ésloel13,8Gromger County, Tennessee." Gruy Federal, Inc., December
’ p.

GAMMA RAY STUDIES

UGR #5129 "Proceedings, First Eastern Gas Shales Symposium, October |7-19
Paper EGS-46 19771 USDOE, MERC/SP-77/5, March 1978, 783 p. - ’

"The Use of the Scintillometer and Gamma-Ray Logs for Correlation
from.fhe Subsurface to the Surface in Black Shale." Ettensohn, Frank
R., Linda Provo Fulton, and Roy C. Kepferle. ’
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GEOCHEMISTRY

UGR #5130 "Summary of Chemical Analyses and Some Chemical Controls Relofed
Paper EGS-93 to Devonian Black Shales from Tennessee, West Virginia, Kentucky,
Ohio, and New York." Leventhal, Joel S.

UGR #250 "Chemical Analysis and Geochemical Associations in Devonian Black
Shale Core Samples from Martin County, Kentucky; Carroll and Wash-
ington Counties, Ohio; Wise County, Virginia; and Overton County,
Tennessee.," Leventhal, Joel S., USGS, Open File Report 79-1503, no

date, 52 p.
UGR #494
HYDROLOGY
UGR #448
MAPS
UGR #M105 "Base Map of Middlesboro Syncline in Kentucky, Virginia, and Tennes-

see.!  Wilson, Edward N., Jaffrey S. Zafar, and Paul Edwin Potter,
KYGS, 1980, | map (plate). .

NEWMAN RIDGE
UGR 438
PETROGRAPHY

UGR #5129 "A Petrologic Study of the Devonian Shales from Central Tennessee and
Paper EGS-17 West Virginia." Sumartojo, Jojok, and Peter Waldstein.

PETROLOGY

UGR #5129
Paper EGS-17

SCINTILLOMETER

UGR #5129
Paper EGS-46

SEISMIC STUDIES

UGR #5129 "Regional Seismic Investigations in Eastern Tennessee.! Tegland,
Paper EGS-30 Edward R., and Lloyd Johnson.

UGR #S130

Paper EGS-80 "Interpretation of Seismic Cross Sections in the Valley and Ridge of
(Abstract Eastern Tennessee." Milici, Robert C., Leonard D. Harris, and Anthony
Only) T. Statler.
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STRATIGRAPHY

UGR #009 "Three Lick Bed: Useful Stratigraphic Marker in Upper Devonian Shale
in Eastern Kentucky and Adjacent Areas of Ohio, West Virginia, and
Tennessee." Provo, Linda J., Roy C. Kepferle, and Paul Edwin Potter,
U. of Cin. and USGS, MERC/CR-77-2, no date, 56 p.

UGR #5129
Paper EGS-46

UGR #5130
Paper EGS-56

UGR #5357

Paper SPE/DOE
8952

UGR #364

UC < #428

UGR #438

UGR #447

UGR #448

UGR #449

UGR #491

UGR 494
STRUCTURAL GEOLOGY
UGR {447

UGR 7494
THREE LICK BED
UGR #009

WELL LOGS

UGR #L.307 ° "Grainger County, Tennessee, Gruy Federal No. | Well (Logs)." Gruy
Federal, Inc., 1980: COMP, D, DI, FIL,LL,N,S.

WELL REPORTS, CORE GEOLOGY AND CHEMISTRY

UGR #5129
Paper EGS-17




UGR #250

UGR #353 "Cliffs Minerals, Inc. Eastern Gas Shales Project, Tennessee Well #9--
Grainger County, Phase | and Phase |l Reports." Field Operations and
Preliminary Laboratory Results, Cliffs Minerals, Inc., January 1980 and
July 1980, 39 p. and 80 p. plus | plate.

UGR #5357

Paper SPE/DPE

8952

UGR #364

UGR #428

UGR #438

UGR 447

UGR #449

UGR #491

UGR #494

WELL STIMULATIONS AND TESTING

UGR #5357

Paper SPE/DOE

8952

UGR #374 "Stimulation and Completion for EGSP Tennessee No. 9, Grainger
County, Tennessee." Rdissi, Ali, Gruy Federal, Inc., June 23, 1980, 26,
p.

UGR #448

UGR #450

UGR #494
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GRAINGER CO. TENNESSEE

EXPLANATION

1Black shale facies

WISE CO. VIRGINIA

200 SCALE . ;370,000

IPE CREEK SHALE MEMBER
-------------------- OF JAVA FORMATION OF NEW YORK

COLUMBIA GAS TRANSMISSION CORP.
PENN VA, CORP. FARM # 20338

20 MILES
I
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TETRA TECH INC,
ENERGY MANAGEMENT DIVISION
COLUMBUS, OHIO

INTEGRATED PROGRAM TO IDENTIFY AND TEST

NATURAL GAS PRODUCTIVITY OF DEVONIAN SH
PROSPECTS IN THE APPALACHIAN,
MICHIGAN AND FloLRLINOlS BASINS.

UNITED STATES DEPARTMENT OF ENERGY
MORGANTOWN ENERGY TECHNOLOGY CENTER

THE
ALE

PANEL DIAGRAM SHOWING DISTRIBUTION

OF

DEVONIAN BLACK SHALES IN PINE MOUNTAIN
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