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Mission Statement

The Kentucky Geological Survey at the University of Kentucky is a State-mandated organiza-
tion whose mission is the collection, preservation, and dissemination of information about mineral
and water resources and the geology of the Commonwealth. KGS has conducted research on the
geology and mineral resources of Kentucky for more than 150 years, and has developed extensive
public databases for oil and gas, coal, water, and industrial minerals that are used by thousands of
citizens each year. The Survey’s efforts have resulted in topographic and geologic map coverage
for Kentucky that has not been matched by any other state in the Nation.

One of the major goals of the Kentucky Geological Survey is to make the results of basic and
applied research easily accessible to the public. This is accomplished through the publication of
both technical and nontechnical reports and maps, as well as providing information through open-
file reports and public databases.

FOREWORD

This annual report provides a summary of the activities of the Kentucky Geological Survey (KGS) during the past
fiscal year (July 1, 1995-June 30, 1996). Virtually every sector of society requires information about the Earth: its re-
sources, geologic hazards, and environments. The Survey has a long tradition of commitment to public service. KGS
staff members provide technical support to numerous Federal and State agencies and serve on 104 committees, boards,
and professional societies concerned with coal, water, oil and natural gas, industrial minerals, and geologic hazards. The
Survey’s public databases on energy, mineral, and water resources are continuously updated and are used by thousands
of citizens, private industry, and government agencies each year. Geologists at the Survey gave 143 presentations to
professional, government, public, and academic groups during the fiscal year and responded to over 12,000 inquiries.

As part of its commitment to public outreach, the KGS launched a World Wide Web site on November 30, 1995.
Located at http://www.uky.edw/KGS/home.htm, the web site has information on rocks, minerals, and fossils of Ken-
tucky, databases and publications available at the Survey, and a summary of research projects. The site is visited by an
average of 65 people daily. More than 12,000 people visited the site from January through June 1996. This is a strong
indication of the value to the public of the information now accessible on the KGS home page.

The task of characterizing Kentucky’s geology and resources continues to evolve as the Survey responds to the pub-
lic’s constantly changing requirements for geologic and resource information. The Survey has a diverse research
program that includes the study of coal resources, industrial and metallic minerals, oil and natural gas, and water re-
sources and hydrology. New projects established in the past fiscal year were made possible by grants from Federal,
State, and other agencies. The Survey’s expertise in coal resource assessment and coal quality analysis is internationally
respected. The Kentucky Coal Resources Information System established and maintained by Survey staff is one of the
largest publicly available coal databases in the United States. The Survey’s expertise in topographic mapping was rec-
ognized by the Federal government when the Geologic Mapping and Hydrocarbon Resources Section was given
responsibility for a major program to digitize Kentucky’s 7.5-minute geologic quadrangle maps for use in geographic
information systems. This project is part of a cooperative program with the U.S. Geological Survey and is expected to
be an ongoing effort in the rapidly expanding field of digital geologic maps and on-demand map production. The Water
Resources Section continues to play a vital role in the State in numerous areas of research: karst hydrogeology, coal-
field hydrology, nonpoint-source pollution, and water supply assessment. KGS scientists also participated in four re-
search consortia: the Illinois Basin Consortium, the Central United States Earthquake Consortium, the Ohio River Basin
Consortium for Research and Education, and the Appalachian Basin Coal Consortium. Further details of the Survey’s
projects and research results are found in this report.



KGS PUBLIC SERVICE
ACTIVITIES FOR FISCAL YEAR
1995-96

Inquiries responded to 12,873
Coal and Minerals Section Professional Staff............cccoovrimmiiiioiiicce 1,011
Geologic Mapping and Hydrocarbon Resources Section Professional Staff .........ccccovvviiviiinnnnnnn. 1,950
Water Resources Section Professional Staff..........cccocoviiiiiiinini 138
Kentucky Ground-Water Data REPOSILOTY .......cccevereieirminnirinininistsisiiccte s e 1,169
Geologic Data Center visitors and phone inqUIies. .........coevevereeueinurinmnininiiiiiicccc e 1,515
Field Office in Henderson, KY ......c.occocoieirieueuieieeeenieieiiieieie ettt 1,383
Publication Sales OFfICE .....ccvveeueirrirreerereeeneereereeete st eeieeitet st eteeas e e s e ess e as e s st ennssane s 5,045
Earth Science INformation CENtET.........ccuerueeueeeeeteeeniereeitetetesiesreaesae e e se s ssesessa e se s st e sneensenen 662

Oil and gas well record products sold 28,122
WEll TECOTAS COPIEA.c.euruveeecuiiiieiicieieiirie ettt 27,221
Electronic-data disks and well lists Provided............coociruiminiminieiioiieiiieieee 198
Computer-generated overlays to tOpOZIaphiC MAPS.......cueurueuruemerrucueiiiiisiiiinine e 703

Copies of electric logs and miscellaneous maps (number of feet) 41,698

Data entry or new records received for oil and gas well records (number of wells)..........cccceeeeee... 3,418

Well Sample and Core Repository

Telephone Inquiries and VISIEOIS .......c.ouirueiriorieirieie e 715
Samples analyzed by Laboratory Services Section 1,461
BHICLS st s T Te e TET e T s Shnsinninannanssbisaionns Festenansorasrnessnssshesnsiasessssnanssassainessiosoniassvessossangeaseinssssiyiorsnecasion 478
TWWALET ....cecemeeeeiessnerersssnesssessseessossassnsessessesssesseessssssssnsessesssessiossesstasessssmsssessasssssessnssnsesssesssessstsssnasssnssassassns 983
Kentucky Geological Survey publications completed 10
Publication and map sales 27,797
PUDIICATIONS SOIA..eeeeeeeeeeeeeeeeeeeeeeeeeeseeeeeeeeeeeeesasesnneeeeeeeesssseseeeasssnnsseseeaeasasssnsnsasaaaaeseseeaannnnsnanassnnsnns 10,137
TOPOZETAPNIC MAPS.....evueuiuciiiiiicicicirinte ettt 13,710
Geologic QUAdrangle MapPS ...........ccouiviueieiririniniiie ettt 3,950
Talks to civic and professional groups 143
Papers by staff members in outside publications 56
Committees, boards, and societies served on 104
INALEONAL . 1cx. cavsssee ososarsrosinsrssvossssnsrsssassenesseanpnspssonseboepssssbsaieseisfagsiesssntassssonssossssass sutssanessnaornosssesasgarssvaarosnoss 39
REZIONAL.....coeueerermeeierreieeniecnesenensasttsessatssssastsiasssssssssssssssesasesasssssssssssssssssssssssastatstsmessismstassssusssssasnsasassnses 7
SHALC ...ccvverierenreieseeisssessssenesnseessesssssessnsssnsssasssassssssssasassasessssessesstseseranssrnasasinnasssntsssasesasassessstsssssesssssasessses 40
LLOCAL....uiieinieeiireuerneensessrestessssnenssnsanssssseesesseenenseneantestsstsstostaserssssnesserssansassessesstssnsestastessesssesstssnssssassussonne 7
University Of KeNtUCKY .....covecceveueucriiuiuiiitiiiiitccccict ettt 11
Grants and contracts in effect 25

COAL AND MINERALS SECTION

Coal

Coal has long been Kentucky’s leading mineral in-
dustry in terms of revenues generated and employment.
The Kentucky Geological Survey has been conducting
research to promote Kentucky’s coal resources since
the beginning of the Survey in 1838. In the 1980’s, the
Kentucky Geological Survey completed its most recent
calculations of the original resource of surface and
near-surface coals in the Commonwealth. These origi-
nal resources were calculated to be 41 billion tons for
the Western Kentucky Coal Field and 64 billion tons
for the Eastern Kentucky Coal Field. A total of 7.5
billion tons of coal has been produced from Kentucky’s
coal fields. Subtracting mined coal and coal lost in
mining (5.1 billion tons) from the original resources
leaves 92.4 billion tons of remaining resources. Deep
coals (below drainage) were not evaluated because of
the lack of subsurface data.

Ongoing research at KGS is examining the avail-
ability of the remaining coal resources in Kentucky.
The remaining resource is subdivided into several
categories: coal available to mining using current min-
ing technology; coal currently restricted from mining
because of technological limitations; and coal not cur-
rently mined because of land-use restrictions. Land-use
restrictions are minor compared to technological limi-
tations (Figs. 1 and 2).

Given the current technology, it is predicted that
mining of the remaining available surface and near-
surface coals can continue for only a few more decades
at present rates of production and current prices for
coal. But Kentucky’s vast amounts of remaining coal
resources that are not currently mineable using stan-
dard technology could be mined if new technologies
are developed. The biggest factor affecting develop-
ment of new coal-mining technologies
is economics; if the price of coal in-
creases, then new technologies will be
developed, and previously unmineable
resources will become mineable.

Three technological limitations are, Mine barriers [

by far, the greatest for mining of the
remaining resources: coal in small re- S"en‘ji':fiﬁg
serve blocks; coal too thin to deep

mine; and coal “sterilized” by mining All land use

(i.e., coal within 40 feet vertically of an
already deep-mined seam).

The most significant technological
limitation is coal too thin to deep mine.
Most of Kentucky’s substantial remain-
ing coal resources are thinner than 42
inches. Although a few deep mines are

Coal too thin

mining coal in this category, such coal deposits can be
difficult to mine. Coals from 14 to 26 inches thick are
not deep-mined without taking part of the roof in the
process; generally, only metallurgical-grade coals,
which bring a high price in the marketplace, are mined
using this method (e.g., Blue Gem coal). New methods
need to be developed to economically mine the huge
resource of thin coal beds. Some companies that design
mining equipment are planning for mining thin-seam
coals.

Companies mining sterilized coal face several chal-
lenges. First, if an older mine has subsided, the roof,
coal, and floor of the overlying coal will be broken up
and no longer flat lying. In such cases, mining could be
physically impossible and dangerous. Second, pillars of
the newer overlying coal, which carry the weight of the
entire overburden, might punch through the roof of the
lower mine. This can also happen during mining below
a pre-existing mine. Room-and-pillar mining below or
above older room-and-pillar mines can be done, but
requires vertically aligning (matching) pillars to dis-
tribute the stresses safely. Matching pillars requires
having accurately surveyed maps of the older mine. In
some cases, accurate maps do not exist and other
methods will have to be developed to provide these
maps. Surveying unvented old mines could be hazard-
ous. Remote-sensing technologies might be developed
that differentiate between coal pillars and mining voids
through tens of feet of rock so that maps could be made
without entering old mines. Robotic surveyors could
also be used to enter old mines to make these maps.

During the past 20 years, most KGS coal-resource
research has been based on 7.5-minute quadrangles.
Coal-availability studies have concentrated on all coals

Oil & gas [

Land-use restriction
Technological limitation

5 10 15 20 25 30 35 40

Average percentage of remaining resources

Figure 1. Representative eastern Kentucky mining restrictions
based on eight quadrangles.



region. The first of these projects is the
National Coal Resource Assessment,

Towns

Oil & gas

All land use
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# Technological limitation

sponsored by the U.S. Geological Sur-
vey. KGS has begun compiling
information for maps of five important

coal beds (Pond Creek, Fire Clay, and

Barriers

Faults

Upper Elkhorn Nos. 1, 2, and 3) in

Sterilized

eastern Kentucky. Information such as
bed outcrop, structure, thickness, zones,

mining

Coal too thin

mined-out areas, and coal quality will

Small blocks

be collected and mapped for each of
these five coals. The U.S. Geological

Survey will then combine these maps
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Figure 2. Representative western Kentucky mining

based on seven quadrangles.

occurring in a few quadrangles selected to represent
coal-producing regions. Information gathered from
these few highly detailed quadrangle studies is now
being used to help understand coal beds on a regional
scale. Regional-scale coal maps will be useful for ex-
ploration and planning of future mines. Several new
studies have begun that examine characteristics of coal
beds at the scale of coal basins. These coal-basin stud-
ies gather information on outcrop area of coal beds,
mined-out areas, thickness and structure of coal beds,
zone relationships, resources, and quality. Among the
products of these studies will be coal-bed atlases that
illustrate all these features. The information used in
these studies will be compiled in a geographic infor-
mation system (GIS) and will be made available
electronically and in paper publications.

The first of these regional studies is the Illinois Ba-
sin Consortium’s Coal Quality Program. In this study,
the Illinois, Indiana, Kentucky, and U.S. geological
surveys are compiling maps for five of the most impor-
tant coal beds in the Illinois Basin (of which the
Western Kentucky Coal Field is a part). This study was
initiated to examine the quality of coal that will be
mined between 5 and 20 years from now. Trace ele-
ments will also be analyzed for most of the samples
collected. The first bed to be examined will be the
Springfield coal. Outcrop, structure, thickness, coal-
quality, and trace-element data will be available on a
CD-ROM. This information will be used by electric
power utilities and coal companies for planning future
mining.

Two new projects in the Appalachian Basin (of
which the Eastern Kentucky Coal Field is a part) exam-
ine coal beds regionally. Both projects will be
conducted by the newly formed Appalachian Basin
Consortium, composed of the U.S. Geological Survey
and the state geological surveys in the Appalachian

with other maps compiled by adjoining

2 state surveys.
The second consortium project is the
ol National Coal Quality Assessment Pro-
restrictions

gram, which will be partially funded by
the Electric Power Research Institute
and several utilities. KGS will be drill-
ing and sampling coals in eastern
Kentucky for quality and trace-element analysis. These
new coal-quality data will be gathered from areas that
will be mined within the next 5 to 20 years. The coal-
quality data will be used to supplement data on the
regional coal-bed maps produced by the USGS Na-
tional Coal Resource Assessment Program.

The Kentucky Geological Survey also has projects
on coal-resource assessment, coal-mining geology, and
coal quality and petrology. Coal-related information
generated by these projects is made available through
the Kentucky Coal Resources Information System
(KCRIS), which is one of the largest publicly available
coal databases in the United States. KCRIS contains
descriptions of coal beds, coal-thickness measure-
ments, coal-quality analyses, and borehole
descriptions. Most of this information is in electronic
form and is continually updated. The Survey also pro-
motes technology transfer through workshops and
publications.

Coal-Resource Assessment

AVAILABLE COAL RESOURCES IN THE
EASTERN AND WESTERN KENTUCKY COAL
FIELDS

Gerald A. Weisenfluh and Robert E. Andrews

In 1983, coal-resource estimates were completed for
the Eastern and Western Kentucky Coal Fields. The
results indicated that, for beds greater than 14 inches in
thickness, 57 billion short tons and 38 billion short tons
remained in eastern and western Kentucky, respec-
tively. While these estimates of total resources suggest
potential for mining to continue for hundreds of years,
this potential may be greatly reduced if land-use and
technological limitations to mining are considered.

Coal Availability for Economic Development is an
ongoing national research program supported by the

U.S. Geological Survey to quantify the impact of min-
ing restrictions. The research results will be valuable
for planning the development of energy resources.

The KGS has prepared detailed coal-availability es-
timates in eastern Kentucky for nine of the 200
quadrangles in the region. These studies have shown
that average mined-out tonnages represent only about
10 to 12 percent of the original resource estimates.
However, the studies also indicate that key coal beds,
such as the Fire Clay and Pond Creek, which represent
a significant proportion of current annual coal produc-
tion, have been extensively mined. In this coal field,
large portions of the original estimates are represented
by coal beds that are too thin to mine by modern un-
derground-mining technology. Moreover, much of the
available coal will be at greater depths than that being
mined at the present time.

In western Kentucky, detailed estimates by quad-
rangle are still being prepared. Two quadrangles were
completed this year and two more are planned for the
coming year. In this region, a significant part of some
coal beds has been rendered unmineable because
overlying or underlying coal beds have been previously
mined. Also, as in eastern Kentucky, some coals have
been extensively mined out. As a result of differences
in physiography and mineral ownership, larger mines
are favored, and small mine blocks are a significant
impediment to the economic development of coal. Fi-
nally, there are significant areas in western Kentucky
where important coals will occur at depths greater than
is economically mineable.

Results from the quadrangles studied, when com-
pleted, will be applied to new regional studies designed
to determine the remaining and available coal resources
for both coal fields.

DEEP-COAL AND ENERGY RESOURCES OF
THE WESTERN KENTUCKY COAL FIELD

David A. Williams and Stephen F. Greb

Western Kentucky coal production is increasingly
dependent on underground mining. Although informa-
tion from operating mines can aid in understanding the
local subsurface resources, subsurface data taken from
mines not currently operating are also needed to accu-
rately assess future coal and energy resources. By
comparing subsurface data from recent mining opera-
tions with borehole data from other parts of the coal
field, an improved understanding of coal-bed depth,
thickness, and quality can be achieved. Because many
of the currently mined coals in western Kentucky con-
tinue into surrounding states, comparisons with
subsurface data from Indiana and Illinois can also as-
sist in understanding the deep-coal and energy
resources in western Kentucky.

The Kentucky Geological Survey has entered into a
multi-year cooperative investigation with the Indiana
Geological Survey, the Illinois State Geological Sur-
vey, the U.S. Geological Survey, the Electric Power

Research Institute, and other industry organizations to
identify and characterize deep-mineable resources in
the Illinois Basin, which includes the Western Ken-
tucky Coal Field. Data from all three states are being
gathered to develop basinwide maps and databases
delineating coal elevation, total coal thickness, clean-
coal thickness, sulfur content, ash yield, and trace-
element content of the major producing seams in the
basin.

To date, more than 4,400 borehole descriptions
have been computerized and correlated; this informa-
tion will be used to plot thickness and elevation data
for the Springfield (W. Ky. No. 9), Herrin (W. Ky. No.
11), and Baker (W. Ky. No. 13) coals in western Ken-
tucky. The same coals are being investigated in Illinois
and Indiana. Trends of thin, absent, and split coal are
being identified. By mapping these coals on a regional
scale, trends for specific characteristics that may be
apparent in part of the basin may be projected into
other parts of the basin where fewer data are available.
In addition, the compilation of data into a common
database will guide future exploration of deep coals by
showing where existing data occur and where more
data are needed.

GEOLOGIC ANALYSIS OF THE COAL-
BEARING ROCKS OF WESTERN KENTUCKY
FOR THE DEVELOPMENT OF COAL
RESOURCES

Stephen F. Greb and David A. Williams

Most of the coal currently mined in western Ken-
tucky is high in sulfur content, averaging well above
the threshold of 1.2 pounds of SO, per million Btu re-
quired by the Federal Clean Air Act. Washing and
other processes remove sulfur and ash from raw coal
and improve western Kentucky coal quality, but even
the cleaned coal is usually above compliance limits.
Low-sulfur coals are mined in western Kentucky, but
are not widespread. Because areas of low-sulfur coal
are not widespread, they have not been widely investi-
gated, and are poorly understood. To understand the
controls on these better quality coals, the coals need to
be sampled as they are mined. If the quality of the coal
in a specific area can be related to the geology of the
surrounding strata, a model can be developed that will
help delineate future areas that have potential for simi-
lar quality coal. Even where the controls on coal
quality are not well understood, a better understanding
of the surrounding strata can aid in more efficient ex-
cavation and improved use of the low- to moderate-
sulfur coal resources in western Kentucky.

In the past year, the Western Kentucky No. 4 coal of
the Tradewater Formation has been studied. This coal
varies in thickness and quality, and has a reputation for
rolling (exhibiting undulating elevations). Although
data are still being collected, several features have been
noted. Many of the rolls or dips in seam elevation
noted in surface mines are related to small faults. Some



of these faults cause small downdrops (grabens). The
coal often thickens and decreases in quality on the
downthrown side of the grabens. These local thickness
and quality changes appear to be related to broader,
regional changes in coal quality. Rolls and dips pose
significant obstacles to mining at the surface and un-
derground. An understanding of these features at the
surface, where they can be easily observed, will aid in
their identification in the subsurface, and lead to safer
and more efficient use of the better quality coal in the
future.

GEOLOGIC ANALYSIS OF THE COAL-
BEARING ROCKS OF THE EASTERN
KENTUCKY COAL FIELD FOR THE
DEVELOPMENT OF COAL RESOURCES

Stephen F. Greb

More than 70 percent of Kentucky’s annual coal
production is from the Eastern Kentucky Coal Field.
Production comes from more than 60 coal beds. Al-
though coals in eastern Kentucky are generally lower in
sulfur content and ash yield than coals in western
Kentucky, coal thickness, coal quality, and the ability
to mine are highly variable. A better understanding of
the variability of these important characteristics can be
obtained from surface exposures of coal-bearing strata.
Often, coal and roof traits uncovered at the surface can
be used to characterize various aspects of coal mine-
ability in the subsurface, where access to the coal is
limited. Coal-bearing strata are continually being ex-
posed by surface mining, deep mines, drilling, and road
construction. Many of these manmade outcrops are
only exposed for a short period before being reclaimed
or overgrown. Therefore, it is important to gather data
on the coal and surrounding strata from these sites.
These data provide valuable information for future
underground mining. New surface data on significant
coal-bearing strata are collected and added to KGS
databases. Collecting these data can help industry and
resource planners better develop coal resources in the
Eastern Kentucky Coal Field.

COAL-BED METHANE AND DEEP-COAL
RESOURCES OF THE EASTERN KENTUCKY
COAL FIELD

Stephen F. Greb

The Eastern Kentucky Coal Field is one of the
world’s most productive coal-mining regions, with a
long mining history. Most of the mining has been con-
centrated in areas where the coal is most accessible,
and the easily recovered resources are being depleted.
Barring changes in coal markets, or new technology,
deeper coal deposits will become increasingly impor-
tant in the future. Predicting coal-bed thickness, coal-
bed quality, and roof-rock trends into unmined areas in
the subsurface requires that correlations be made be-
tween exploratory cores and known mines and
exposures.

Data on deep-coal resources come from core de-
scriptions and geophysical logs provided by private
and government agencies. Thickness and elevation data
from these sources are entered in KGS relational data-
bases for public use. A computerized database of 5,950
subsurface records has been compiled, and is continu-
ally updated as new data are gathered. These records
are used to correlate coal beds and determine bed
thickness and elevations across the coal field. This task
is complex, since many of the mined coals in eastern
Kentucky occur in zones, and splitting of individual
beds is common within a zone.

The same data used to identify potentially mineable
subsurface coals can also be used to identify potential
areas of coal-bed methane. Methane is a gas that can be
hazardous in deep mines, but is valuable as a fuel. Data
are being accumulated to assess the potential for future
coal-bed-methane production in eastern Kentucky.
Very little data exist on gas content of Kentucky coals,
but gas content can be calculated using a standard for-
mula. Data from 704 records in the KGS Coal-Quality
Database were used to calculate estimated gas contents
for coals from both coal fields. Coal beds in both of
Kentucky’s coal fields were found to have coal-bed-
methane potential.

COAL ATLASES FOR KENTUCKY

Gerald A. Weisenfluh, Ernest E. Thacker,

Robert E. Andrews, and Stephen F. Greb

“Available Coal Resources in the Eastern and West-
ern Kentucky Coal Fields” (see above) has identified
the need to conduct resource analyses on a regional
basis. This is because the quadrangle studies tend to be
heavily influenced by local factors. While the quad-
rangle method has been successful in identifying
important issues facing the future of the coal industry,
better estimates of available coal will be obtained from
regional studies. With this goal in mind, the Kentucky
Geological Survey will be participating in the U.S.
Geological Survey’s National Coal Assessment Pro-
gram, which will compile basinwide coal-resource and
mining data for the most important coal beds. The se-
lection of the coal beds to be studied was based on past
production history, and production potential. They are
the Pond Creek, Fire Clay, Upper Elkhorn Nos. 1, 2,
and 3, and probably the Hazard No. 5A, and their
equivalents. Coal availability factors will be incorpo-
rated into these regional resource studies so that the
characteristics of coal to be mined in the future can be
identified.

At this early stage in the project, outcrop data have
been collected for the Pond Creek and Fire Clay coals
in eastern Kentucky. Plans are being made to either
scan or digitize maps showing these data so that out-
crop information can be incorporated into a GIS and
used for resource analyses. Other information, such as
mined-out areas, bed thickness, bed structure, coal

zones, and coal quality, will also be incorporated into A
these maps.

Coal-Mining Geology

MINEABILITY OF KENTUCKY COALS

Stephen F. Greb, Gerald A. Weisenfluh, and

David A. Williams

In this project, mine sites are investigated to docu-
ment coal thickness, coal quality, and trends in mine
roofs and floors in both the Eastern and Western Ken-
tucky Coal Fields. Data on geologic features such as
faults, cutouts, splits, and roof falls must be collected
as they are encountered so that their size, shape, and
trends can be accurately documented. These data can
then be used to help identify similar geologic problems
in other mines. In some cases, trends of specific fea-
tures can be projected in advance of mining so that
potential geologic obstacles can be anticipated in future
mines.

In eastern Kentucky, mines in the Fire Clay, Fire
Clay rider, Taylor-Copland, and Hazard No. 8 coals
were visited during the year. In the Fire Clay and Fire
Clay rider coals, linear changes in thickness that appear
to be related to underlying structures were encountered.
These structures also locally influenced the position of
paleochannels in the roof strata. The channels, in turn,
created cutouts of the coal and in some cases, con-
tained paleoslumps (ancient stream bank collapses),
which caused extremely poor roof conditions. Because
the trends of these features are structurally related, their
occurrence could be projected into unmined areas to
aid future mine planning. Investigations of contour
surface highwalls above the Hazard No. 8 coal have
shown a consistent trend in fractures that may also be
related to regional structures. In addition, the coal ap-
pears to be overlain by quartz-rich sandstones (atypical
for this stratigraphic interval of the Breathitt Group)
that are much harder than sandstones above other coals
in the same area.

In western Kentucky, mines in the Deanfield, Elm
Lick, Mannington (W. Ky. No. 4), Springfield (W. Ky.
No. 9), and Herrin (W. Ky. No. 11) coals were visited
in the past year. Floor dips or rolls were noted in both
the Mannington and Springfield coals. Some of these
features are quite extensive—more than 2,000 feet in
length. Characteristics of these features are being
compiled to predict dips into unmined areas. Apparent
fractures, called “slips” by miners, have also been re-
corded in the Springfield and Mannington coals. These
linear roof fractures may be more than 500 feet in
length. Trends of slip orientations are being compiled
to predict fracture trends into unmined areas. The
dominant north-south trend of these fractures is related
to the regional stress field of the basin, and can be al-
leviated by aligning mine headings obliquely to the
stress field. Secondary trends appear to be related to

local structures and sandstone paleochannels in the
roof, which vary considerably.

APPLICATION OF GEOGRAPHIC
INFORMATION SYSTEMS TO COAL-FIELD
GEOLOGY

Warren H. Anderson

In coordination with the Kentucky Cabinet for Eco-
nomic Development, the U.S. Office of Surface
Mining, the Kentucky Natural Resources and Environ-
mental Protection Cabinet, the Kentucky Department
of Mines and Minerals, and various coal companies,
the Kentucky Geological Survey has completed a new
project to examine the potential uses of reclaimed sur-
face-mined lands. Industrial development on reclaimed
lands is important to provide a stable economic base
for Kentucky’s coal-producing counties. This project
used a geographic information system to evaluate vari-
ous industrial uses, wetlands and wildlife management,
reforestation, and forestry products.

A database listing the locations of existing surface-
mined lands for the Hazard No. 9 and Taylor coal beds
was compiled for Martin County. The Hazard No. 9
coal bed outcrop and locations of surface mines were
plotted at a scale of 1:62,500. Other information plot-
ted included land-use criteria such as population
centers, surface-water runoff, power lines, sewer lines,
and transportation networks. These data were compiled
and manipulated in a GIS. Other features such as roads,
streams, and oil and gas wells were also plotted. These
data will be used by other agencies to determine the
best use of these surface-mined lands.

Coal Quality and Petrography

COAL-QUALITY CHARACTERISTICS OF
MAJOR MINEABLE COAL BEDS IN
KENTUCKY

Cortland F. Eble

The Federal Clean Air Act Amendments of 1990
pose many challenges to the coal-producing and
-utilization industries in Kentucky. The amendments
have placed limitations on the amount of sulfur dioxide
that can be emitted during coal combustion. Much of
the coal in the Western Kentucky Coal Field, which has
a moderate to high sulfur content, cannot be burned
without specialized pollution-control devices. Nearly
half of the coal-fired generating facilities in Kentucky
are equipped with pollution-control devices, which
allow utilities to burn high-sulfur coal in an environ-
mentally safe manner.

In the year 2000, the Clean Air Act Amendments
will require a further reduction in sulfur emissions from
coal-fired power plants. At that time, both in-state and
out-of-state utilities will be faced with some difficult
decisions. Do utilities install more scrubbers and con-
tinue to burn moderate- to high-sulfur Kentucky coal?
Or do they switch to low-sulfur coal exclusively? If
utilities opt for the second strategy, will there be



enough low-sulfur reserves in Kentucky and adjacent
Appalachian states to meet the increased demand, or
will the utilities have to start importing low-sulfur coal
from the western United States? These issues will have
an impact on the coal-mining industry and the consum-
ers of electricity generated from coal-fired power
plants in Kentucky.

Another issue that may affect the electric utility in-
dustry, and ultimately the consumer, is environmentally
sensitive elements in coal and their potential emissions
regulation by the Environmental Protection Agency.
Title III of the Clean Air Act Amendments of 1990
(which addressed acid rain deposition) cites 15 ele-
ments that naturally occur in coal as being potentially
harmful if emitted to the atmosphere during coal com-
bustion. To date, no recommendation has been made to
monitor elemental emissions from coal-fired power
plants. However, any future regulation is likely to have
some impact on Kentucky coal as utilities implement
reduction strategies.

The Kentucky Geological Survey has three active
programs that address the issue of element occurrence
and variability in Kentucky coal. The first project,
which is in its second year and is a cooperative effort
between the Kentucky Geological Survey, Kentucky
Utilities (KU), and the U.S. Geological Survey, sam-
ples feed coal and combustion by-products from KU’s
largest coal-fired power plant (more than 2,000 mega-
watts) in Kentucky. Feed coal, fly ash, bottom ash, and
limestone and gypsum (reacted) residue from flue-gas
desulfurization are sampled, on a monthly basis, to
document the fate and variability of Title III elements
in coal during combustion in large industrial furnaces.

The second project samples, on a monthly basis,
face-channel coal, run-of-mine coal, and preparation-
plant waste products from a large underground mine in
western Kentucky. The goal of this project is to gain a
better understanding of the geologic controls on ele-
ment occurrence and variability in one major, mineable
Kentucky coal bed at the relatively small scale of a
single mine.

The third project is a cooperative effort between the
state geological surveys of Kentucky, Indiana, and Illi-
nois, and the U.S. Geological Survey to identify and
characterize economic coal reserves for future mining
consideration. The results of this study will improve
prediction of the amount and grade of coal that will be
available for mining in the next 5 to 25 years.

The Kentucky Geological Survey continues to
maintain and update a comprehensive, computerized
coal-quality database that includes analytical data for
more than 3,000 coal samples from both the Western
and Eastern Kentucky Coal Fields. Many of these
analyses include trace-element measurements. On an
annual basis, the Survey’s coal analytical laboratories,
which have been in operation since 1989, analyze sev-
eral hundred coal samples. The lab routinely performs
proximate (moisture, volatile matter, fixed carbon, and

ash yield), ultimate (elemental carbon, nitrogen, hydro-
gen, and oxygen), total sulfur content, calorific value,
ash fusion, and X-ray fluorescence analyses, and plans
are being developed to expand the analytical capabili-
ties to include testing for trace elements. This will
allow continuous updating and expansion of the al-
ready very large database so that it may better serve
citizens and industry in the Commonwealth.

Minerals

Industrial and metallic minerals provide society with
essential raw materials for agricultural, ceramic,
chemical, construction, energy, metallurgical, and
manufacturing industries. The Kentucky Geological
Survey investigates the chemical composition, physical
properties, geographic distribution, and geologic set-
ting of industrial and metallic minerals in the State to
provide information on potential resources.

The demand for construction materials points out
the need for a knowledge of resource distribution and
quality. Growing requirements for construction aggre-
gate in expanding urban areas are coupled with a
combination of decreasing availability of aggregate
from local, mostly surface, operations and an increas-
ing resistance from citizens and government bodies to
the opening of new extractive sites. KGS investigations
have indicated that subsurface deposits of limestone
and dolostone in the High Bridge Group (Ordovician)
are potential sources of construction aggregate for the
growing market in the northern Kentucky-Cincinnati
region, but even the proposed opening of underground
mines for aggregate production is encountering local
resistance.

During this fiscal year, the section’s mineralogist,
Warren H. Anderson, was transferred to the Geologic
Mapping and Hydrocarbon Resources Section of the
KGS. The position Mr. Anderson held in the Coal and
Minerals Section will not be filled. Accordingly, the
status of several mineral projects has changed from
active to inactive. Public inquiries concerning mineral
identification and metallic mineral resources should be
addressed to Dr. Garland R. Dever, Jr.

KGS is conducting research projects designed to
provide information needed by the future users and
producers of industrial and metallic minerals. These
projects and some of their results are described in the
following sections.

INDUSTRIAL LIMESTONE AND DOLOSTONE
RESOURCES IN KENTUCKY

Garland R. Dever, Jr.

The availability of limestone and dolostone in Ken-
tucky for industrial raw materials is being investigated
by the Kentucky Geological Survey. Chemical quality
of the stone is a critical factor in determining its suit-
ability for industrial uses. The presence of high-
calcium, high-carbonate, or low-silica stone in deposits

thick enough to mine and currently being exploited for
construction aggregate and agricultural limestone
would permit producers to diversify their markets.

Geologic and economic aspects of the Fort Payne
Formation in western Kentucky were studied by the
Illinois State Geological Survey and KGS. Because of
its relatively high silica content, higher than other car-
bonate rocks in western Kentucky, the stone from the
Fort Payne can meet specifications for special uses,
such as railroad ballast and skid-resistant aggregate.

During the course of a KGS project to determine the
chemical quality of Mississippian limestones and
dolostones in south-central and east-central Kentucky,
variations in stratigraphic units were encountered
across the region. Further investigation by KGS staff
suggests that the variations in the distribution and
thickness of carbonate units reflect the effects of coeval
structural activity, mainly movement along faults. A
completed report detailing conclusions of the study has
been submitted for KGS publication.

NONFUEL-MINERAL STATISTICS

Garland R. Dever, Jr.

The Kentucky Geological Survey is completing a
map (scale 1:500,000) of industrial and metallic min-
eral resources in the State. The map will show the
principal distribution of selected deposits of limestone,
dolostone, clay, shale, sand, gravel, and sandstone, and
metallic and nonmetallic mineral deposits, as well as
the location of active mineral-industry operations.
Compilation of resource distribution was completed
during the year. Final drafting of the map has started
and will be finished in the 1996-97 fiscal year.

The Kentucky Geological Survey monitors the
State’s nonfuel-mineral industries and compiles infor-
mation on industry activities and mineral-related
government actions. This information is used to answer
public-service inquiries and to prepare reviews. Sum-
maries of 1995 industry activities and pertinent
government actions in Kentucky were prepared for
publication in Mining Engineering and in the U.S. Bu-
reau of Mines’ Mineral Industry Surveys and Minerals
Yearbook.

The U.S. Bureau of Mines was abolished, but its
minerals information functions were transferred to the
U.S. Geological Survey in late January 1996. The Min-
eral Industry Surveys, Mineral Commodity Summaries,
and Minerals Yearbook will continue to be published,
and the Kentucky Geological Survey will continue to
provide information for these reviews.

Public Service

EARTH SCIENCE EDUCATIONAL MATERIALS
Part of the mission of the Kentucky Geological Sur-
vey is to provide educational materials on earth science
to the public. As the repository for coal, oil, natural
gas, and water information, and the center for distribu-

tion of topographic and geologic maps, KGS has a
wealth of material used in educational programs. KGS
answers thousands of inquiries on earth science annu-
ally. KGS staff members teach seminars and give talks
on all aspects of earth science, from map reading to
dinosaurs to waste management. Rocks and minerals,
fossils at the Falls of the Ohio, roadside geology along
many State highways, the geologic story of various
State parks, and the geologic history of Kentucky are
just a few examples of the subjects addressed in KGS
earth science education activities.

The number of requests for staff members to help in
earth-science education across the Commonwealth has
increased, and considering the popularity of earth-
science topics, the demand for information will con-
tinue to grow. To accommodate this demand, KGS has
set up a committee to evaluate plans to broaden its
educational programs. Possible programs include
teacher seminars, traveling exhibits, and a centralized
earth science education repository where educators
from around the State could find information they
could use in their classrooms.

“Rocks and Minerals of Kentucky,” a popular book
that includes color photographs and descriptions of
various rocks and minerals, describes most of the min-
erals that occur in the State, from the common calcite
crystals to the rare millerite and Kentucky agate. This
reference book will be of interest to rock collectors and
scientists. An accompanying set of slides of the miner-
als in this book will also be made available for
educational purposes.

A sample set of three rocks and minerals is available
upon request, at no charge, to schools, scouts, and
hobby collectors. KGS also provides assistance in
identification of rocks, minerals, fossils, meteorites,
and manmade alloys.

During this fiscal year, KGS acquired a very large
gypsum crystal from a local limestone company. This
1-ton crystal was carefully transported to the Mining
and Mineral Resources Building at the University of
Kentucky and set on a specially designed display stand
in the foyer of the building. A press conference was
held to unveil the specimen, and stories about and pic-
tures of the specimen were carried in several
newspapers. The specimen has great potential for edu-
cating children about mineral-forming processes.

PUBLIC ACCESS TO COAL INFORMATION
AND COAL-DATA MANAGEMENT

Coal information is made available through formal
publications, open-file reports, presentations to groups,
and computerized databases. The Kentucky Coal Re-
sources Information System (KCRIS) was established
to provide coal-related data to the public. KCRIS con-
tains computerized and open-file coal-quality,
thickness, resource, core-description, and coal-related
engineering data. These data have been collected by



the Survey for the last two decades, and the databases
are continually being updated with new information.

Public requests are answered from the data in the
system. Analytical data from the KGS Coal Laboratory
are also added to the database. KGS personnel work
continuously to code and enter data into the computer
system, and KGS geologists travel throughout the State
to sample coal beds, measure coal-bearing outcrops,
collect core descriptions, and describe core. All coal
data are located stratigraphically, topographically, and
geographically before they are entered into the data-
base.

KGS receives coal samples on a regular basis. Some
of these are from coal beds that require further
stratigraphic identification. The study of fossil spores
and pollen (palynology), chemically released from
coals, can assist in stratigraphic identification of coal
and can provide clues about the origin of coal. Paly-
nological analysis can be conducted at KGS when it is
deemed scientifically important. During this fiscal year
a number of palynological analyses were performed on
coals from both of Kentucky’s coal fields. Results of
these studies are published in the scientific literature.
The Kentucky Geological Survey houses spore samples
(maceration residues) of thousands of Kentucky coal
samples, and maintains slides with the spores and pol-

len on them so they can be viewed under the
microscope.

PALEONTOLOGIC ANALYSIS OF KENTUCKY
FOSSILS

Kentucky, because of its extensive outcrops of
sedimentary rocks, is one of the most famous sources
in the United States for fossils. KGS receives numerous
requests every week from the public concerning fossils
and fossil identification. Occasionally, a scientifically
important fossil is discovered in Kentucky, which re-
quires a more thorough, paleontologic analysis. KGS
must ensure that important fossils discovered in Ken-
tucky receive proper scientific treatment. For example,
an ancient animal trackway discovered in McCreary
County was brought to the attention of a KGS paleon-
tologist, who recognized the trackway as the earliest
known reptile fossil in North America. A scientific
paper fully describing the fossil was published. A press
release brought public attention to the fossil.

In some cases, KGS sends fossils to specialists
elsewhere for analysis. For example, a recently discov-
ered amphibian skeleton has been sent to Texas to be
prepared and studied by a vertebrate paleontologist.
After scientific study has been completed, the specimen
will be returned to Kentucky, where it will be put on
display. This skeleton is the first fossil amphibian
skeleton found in Kentucky.

Elementary school students examine a mineral under a microscope.
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GEOLOGIC MAPPING AND
HYDROCARBON RESOURCES

SECTION

The Petroleum and Stratigraphy Section was re-
named the Geologic Mapping and Hydrocarbon
Resources Section in 1996 to reflect a major change in
the section’s activities. The section has been charged
with a major new program to digitize Kentucky’s 7.5-
minute geologic quadrangle maps for use in geographic
information systems. The new activity is part of a co-
operative program with the U.S. Geological Survey and
is expected to be a long-term effort. The previous ac-
tivities of the section in the areas of oil and natural gas
will not change, and hydrocarbon-resource research
and public service will remain important parts of the
section’s responsibilities.

In addition to its mapping responsibilities, the
Geologic Mapping and Hydrocarbon Resources Sec-
tion provides research and service relating to the
exploration and development of natural gas and oil
resources of the State. Regional geologic research is
vital to understanding the stratigraphic and structural
framework of the State. Such knowledge is critical in
understanding the character and distribution of energy
and mineral resources, as well as the geologic aspects
of environmental issues.

The value of geologic maps to society is consider-
able. The Earth is often considered static. The
mountains and rivers that cross the landscape, and the
bedrock that supports the surface, usually change little
during the course of a lifetime. Geologic and hydro-
logic processes are, however, dynamic. Earthquakes,
landslides, floods, and drought influence our lives.
Human activities, in turn, can alter the geologic history
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of an area and affect the occurrence and impact of
natural hazards. For example, changes in land use can
induce changes in erosion, sedimentation, and ground-
water supply. Information describing the physical
world is critical for identifying solutions to land use
and environmental issues. Geologic maps provide use-
ful information for these purposes. GIS is a powerful
tool for organizing and rapidly accessing information,
which can be used for timely solutions and construction
of models that can be applied to specific resource and
environmental problems. Digital geologic information
is an important building block in such systems. For
these reasons, digital geologic mapping is being em-
phasized at the KGS.

Oil and natural gas continue to be important com-
modities for the Kentucky economy. In 1995 oil and
natural gas production value was more than $180 mil-
lion, bringing more that $8 million in severance taxes
to the State. Nationally, the industry remains in a slump
that extends back to 1986, although natural gas pro-
duction has been rising the last several years. Natural
gas production in Kentucky rose 2 percent in 1995 to
74.8 billion cubic feet (Bcf). Natural gas prices gen-
erally increased through the end of 1995 because
colder weather during the year increased demand. Oil
production continued its decline, falling 13 percent
below last year’s level to only 3.56 million barrels
(MMbbl) in 1995. Most of the State’s oil and natural
gas production comes from stripper wells. In 1995,
nearly 3 MMbbl of stripper oil were produced and 206
stripper wells were abandoned. In the same year, strip-
per-gas production accounted for 66.4 Bcf of natural
gas, and 57 stripper gas wells were abandoned.

The activity summarized in this report is compiled
on the basis of wells drilled, completed, and reported
during the 1995 calendar year. Drilling activity in
Kentucky increased 9 percent to 375 wells reported
complete; overall success rate was 66 percent. During
the year, 957 permits were issued, a drop of about 2
percent from a year ago. Only 12 exploratory wells
were reported drilled, but this drilling resulted in the
discovery of three new fields and pools, three deeper
pools, and seven extensions of existing pools. Total
footage drilled during the year was slightly down from
the previous year to 737,000 feet, with an average well
depth of 1,965 feet.
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Well completions in 'Kentucky in 1995.

The Appalachian Basin of eastern Kentucky contin-
ued to produce the most 0il and natural gas; Leslie
County produced the most oil (543,000 barrels) and
Pike County the most natural gas (26.3 Bcf). Edmon-
son County in west-central Kentucky accounted for the
most permits: 228 permits issued in 1995. The Illinois
Basin continues to have less activity and production
than in the past.

The Devonian Clear Creek play in Edmonson
County, west-central Kentucky, continues to be active.
0Oil production in the county increased nearly 80 per-
cent to 129,000 barrels, propelling

Despite the falling oil production during the past
year, hydrocarbons still represent an important State
and national resource. Hydrocarbons will be important
bridging fuels well into the 21st century, until renew-
able energy resources can be developed. Nationally,
natural gas will play a significant role in the future do-
mestic energy mix, because of its environmental
acceptability, low cost, domestic availability, and im-
portance to the emerging alternative fuels industry. One
of the most significant future natural gas markets dur-
ing the next decade will be electric power generation.
Strong industrial demand is expected to increase annual
U.S. natural gas consumption to 21 Tcf (trillion cubic
feet) by the year 2000, outpacing the growth rate of all
other energy sources. The U.S. Department of Energy
(DOE) has recognized this potential and increased
natural gas-related research funding by more than 2
percent for fiscal year 1996 (the only program to show
an increase), despite massive cuts in other parts of the
program. DOE has also developed the Domestic Natu-
ral Gas and Oil Initiative, which focuses heavily on
increased domestic natural gas production.

The value of natural gas production in Kentucky
continues to outstrip the value of oil production by a
margin of more than 2 to 1. The State has large un-

Edmonson County into the top 10 oil- 8
producing counties in the State. The 74
play continues north to the boundary of
Mammoth Cave National Park, and is
being extended into neighboring Hart
County. The main part of the play is
related to the pinch out of the basal
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is developing as the result of a natural 80
gas discovery in 1994 in the Cambrian
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been permitted. Results from these
other wells remain confidential. Logs
from both of the deep Conoco tests in
the Rough Creek Graben of western
Kentucky in McLean and Grayson
Counties are now available to the pub-
lic. Both Kentucky tests, and a third in
Gallatin County, Ill., were dry holes,
although the one in McLean County
had both oil and gas shows in the pre-
Knox target horizons.
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tapped natural gas resources that include a possible
emerging coal-bed methane resource. With the proper
incentives and support, careful planning and commit-
ment, and pipeline availability, this sector of
Kentucky’s economy could show significant growth
during the next decade, and could provide the Com-
monwealth with a strong energy base, a vital industry,
well-paying jobs, and increased oil and gas revenues,
together with sustainable development.

Recovery of oil and natural gas from known domes-
tic reservoirs is being recognized as an important
source for the future domestic energy supply. Compil-
ing oil and natural gas databases and atlases is a vital
first step in evaluating these resources. Such data will
be useful to reservoir-characterization studies, which
are critical for the future development of exploration
and production strategies.

The deep basins in Kentucky are potentially impor-
tant natural gas provinces. Companies are examining
recently available reflection seismic data for the Rome
Trough and the Rough Creek Graben and discussing
natural gas exploration strategies. The Geologic Map-
ping and Hydrocarbon Resources Section is involved
in several studies of available seismic data for the
Rough Creek Graben and is discussing possible future
cooperative research projects in both basins with indus-
try and academia.

Environmental concerns are increasingly important
in Kentucky as well as the Nation. Surface and subsur-
face geologic information is key to several
environmental issues, including earthquake risk, po-
tential deep-well waste disposal, ground-water
pollution, and NORM (Naturally Occurring Radioac-
tive Material) associated with oil and natural gas
production. The Geologic Mapping and Hydrocarbon
Resources Section is currently participating in the Uni-
versity of Kentucky’s Seismic Network to monitor
earthquake activity in the State and, in particular, the
western Kentucky part of the New Madrid Seismic
Zone. Seismic hazards for municipalities and public
works in western Kentucky are also being assessed.
The section is also participating with the U.S. Geologi-
cal Survey and the Illinois and Indiana geological
surveys in a seismotectonic study of the Wabash Valley
Seismic Zone and adjacent areas.

The Geologic Mapping and Hydrocarbon Resources
Section plays an instrumental role in various consortia
with other state geological surveys (i.e., the Illinois
Basin Consortium, the Cincinnati Arch Consortium,
and the Appalachian Oil and Natural Gas Research
Consortium). The section is cooperating with the U.S.
Geological Survey in several research projects. The
section is also involved in interstate cooperative re-
search with the Petroleum Technology Transfer
Council, which has developed regional offices for the
Illinois and Appalachian Basins.
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Geologic Mapping

DIGITAL GEOLOGIC MAPPING IN
KENTUCKY

Warren H. Anderson, Thomas N. Sparks, and

Lance G. Morris

This new cooperative project with the U.S. Geo-
logical Survey is part of the National Geologic Map
Database. It will make Kentucky the first state in the
Nation to be mapped digitally, which is appropriate
given that approximately 18 years ago Kentucky was
the first major state in the Nation to have complete
geologic map coverage at a scale of 1:24,000. The cur-
rent project would not have been possible without the
first project. When completed, the digital geologic
quadrangle maps will be easily manipulated by com-
puters and geographic information systems.

Large-scale maps are valuable for assessing Ken-
tucky’s natural-resource base; making site-specific
assessments for coal-, mineral-, and petroleum-
resource development; construction and urban devel-
opment; engineering and planning studies; reclamation
projects; water supply; and waste disposal. Large-scale
paper maps are difficult to handle for regional geologic
studies; digital geologic maps offer a greater variety of
products. With digital geologic maps, researchers can
segregate particular lithologic units, commodities, or
geographic areas for study. In addition, quantitative
attributes about these features, such as volumetrics and
resource and reserve estimates, can be easily deter-
mined.

The initial phase of this project will concentrate on
the Hazard District of the Kentucky River Basin. In the
first year, 24 quadrangles from this district will be
digitized. Plans call for another 137 quadrangles to be
digitized over the following 2 years. The Kentucky
River Basin area was chosen because it is rich in natu-
ral resources and is an economic base for the region. It
is also the headwaters of the Kentucky River Basin,
and the hydrogeology and environmental consequences
of mining there can be easily examined.

The maps will be digitized from mylar stable-base
composites. Using black-and-white scanning technol-
ogy, raster image files will be generated and projected
onto a computer screen. Selected raster files will then
be semi-automatically vectorized. These vector files
represent various geologic contacts and structure on the
geologic maps. The files will then be referenced and
entered into Arc/Info GIS software, where attributes
will be assigned; adjacent quadrangle maps will be
joined, and final map files will be plotted. Completed
final maps will be produced at a scale of 1:100,000.

This initial phase of the project will be completed
next year, and continuation of funding will be sought
from the U.S. Geological Survey to complete the re-
mainder of the quadrangles in the Kentucky River
Basin before moving to other areas of the State.



Hydrocarbon
Resources

GEOLOGY AND HYDROCARBON POTENTIAL
OF THE CAMBRIAN GRABENS

James A. Drahovzal, David C. Harris, and

Edward W. Woolery

The goal of this project is to gain a better under-
standing of the geologic evolution of the Cambrian
Rough Creek Graben and Rome Trough as a means of
evaluating their hydrocarbon (especially natural gas)
potential. Several aspects of this study are being car-
ried out concurrently, and have the overall goal of
providing information on the pre-Knox interval of the
two rift basins. This project includes several related
studies that were formerly separate projects:
“Stratigraphy and Sedimentology of Pre-Knox Sedi-
ments in the Rome and Rough Creek Grabens,”
“Seismic Processing and Interpretation of the Eastern
Rough Creek Graben,” “Regional Geology of the
Kentucky-Ohio Trough,” and “Regional Structural
Cross Section, Illinois Basin, Western Kentucky.” Re-
gional reflection seismic data are being sought,
particularly from major oil and gas companies.

Previous work on a deep well drilled by Conoco in
the Rough Creek Graben in McLean County was pre-
sented at the Eastern Section of the American
Association of Petroleum Geologists annual meeting in
the fall of 1995. The results of this study, which will
include a detailed well description, are being prepared
for a KGS report that will be published in 1997. This
initial work will be expanded into a joint project with
the Illinois State Geological Survey to study all three
deep wells drilled by Conoco in the Rough Creek Gra-
ben. This project is being conducted in cooperation
with the Illinois Basin Consortium, and an annex
agreement has been written outlining the project goals.
Conoco has informally agreed to provide as much pro-
prietary data as possible and is fully supportive of the
project goals. Information to be contributed includes
seismic data, thin sections of core and well cuttings,
and digital log data. A summary report, to be prepared
within the first year, will provide industry with basic
data and interpretations from the three wells.

The results of a study on submarine basin-floor fans
and fan deltas in the Rough Creek Graben, western
Kentucky, was also presented at the Eastern Section of
the American Association of Petroleum Geologists’
annual meeting in the fall of 1995. These fan deposits
constitute a potential natural gas reservoir facies in
parts of both the Rough Creek Graben and the Rome
Trough. A KGS report outlining areas of potential fan
deposition is planned for next year.

As part of a cooperative seismotectonic research
project with the U.S. Geological Survey, a basement
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map of the Wabash Valley is being compiled. Regional
reflection seismic data, controlled by sparse deep-well
data, have been used to interpret the top of the Knox
Group, the base of the Knox Group, and the top of the
Precambrian unconformity. A regional velocity model
has been applied to the data to derive depth to the Pre-
cambrian unconformity. Contouring of the Precambrian
surface is still being completed. The map will be com-
pleted in the fall of 1996, and will be published by
KGS. The results of this study will be combined with
maps of the Illinois and Indiana parts of the Wabash
Valley area to produce a basement map for the entire
area, to be published by the U.S. Geological Survey.
The results of some of this work, outlining the evidence
for three Precambrian-Cambrian rift sequences, were
presented at the Seismological Society of America’s
annual meeting this spring in St. Louis.

Four manuscripts on the East Continent Rift Basin
are being prepared, and will be published later in the
year or in 1997; two of the manuscripts are in the re-
view stage. One on the sedimentary petrology and one
on the mafic rocks will be published by KGS. The
third, on the structure based on potential field data, is
being rewritten for outside publication. The fourth pa-
per was presented at the Seismological Society of
America’s annual meeting in St. Louis and is planned
to be developed into a paper for a special volume of
Seismological Research Notes that will be issued next
year or early in 1998.

A 1994 gas discovery in the Rome Trough in Elliott
County resulted in several additional wells being
drilled in the area in 1995 and 1996. Results of these
new wells are still confidential, but a summary article
was published in the Oil and Gas Journal in February
1996 to provide details of this deep gas play to indus-
try. This paper may also attract industry funding for
additional work in the Rome Trough. A preliminary
top-of-basement structure map was also published by
KGS for eastern Kentucky that will relate to future
work on the pre-Knox interval in the Rome Trough and
associated structures.

During the year, a U.S. Geological Survey Profes-
sional Paper was published on an interpretation of a
northwest-oriented reflection seismic line extending
from Caldwell County, Ky., through Hicks Dome in
Illinois. This is the first in a series of interpretations for
the Rough Creek Graben area, which is being studied
by the Illinois Basin Consortium and the U.S. Geologi-
cal Survey. Three other lines, all of which partially
cross western Kentucky, are being interpreted by a
group of scientists from the four geological surveys. A
paper was given at the Eastern Section of the American
Association of Petroleum Geologists’ annual meeting
in the fall of 1995 on the basin-floor fan deposits of the
Rough Creek Graben and their possible natural gas
resource implications. A preproposal to study the deep
basin and the natural gas potential was presented to the
U.S. Department of Energy in the winter of 1995. Dis-

cussions on the preproposal are under way with DOE
and Conoco.

THE ATLAS OF MAJOR APPALACHIAN GAS
PLAYS

James A. Drahovzal, Brandon C. Nuttall, Anna

E. Watson, and Theola L. Evans

This 3-year project was initiated October 1, 1991,
with funding from the DOE Morgantown Energy
Technology Center. Activities are coordinated with the
Ohio, Pennsylvania, and West Virginia geological sur-
veys through the Appalachian Oil and Natural Gas
Research Consortium of West Virginia University. The
project consists of six tasks: (1) major play definition,
(2) data collection and compilation, (3) atlas prepara-
tion, (4) atlas review, (5) atlas printing, and (6)
technology transfer.

The project is complete, with only final publication
of the atlas remaining to be accomplished. Implemen-
tation and coordination of the electronic database is
complete. KGS staff studied and authored reports on
play 14, the Middle Devonian-Lower Mississippian
fractured shales; play 21, the Lower Devonian-Upper
Silurian unconformity (Corniferous); play 23, the Up-
per Silurian Lockport-Big Six; play 28, the Ordovician
bioclastic carbonate (Trenton); play 30, the Middle
Ordovician St. Peter sandstone and Wells Creek For-
mation; and play 32, potential plays of the Rome
Trough and basal Cambrian. Additional regional plays
that are important in Kentucky include play 3, the Up-
per Mississippian Mauch Chunk sandstones (Maxon);
play 4, the Upper Mississippian Greenbriar-Newman
Limestone (Big Lime); and play 7, the Lower Missis-
sippian Fort Payne Formation.

Reports on the Lockport-Big Six, Ordovician bio-
clastic carbonate, and pre-Knox plays have been
prepared and submitted for Kentucky Geological Sur-
vey publication. The remaining reports written by KGS
personnel will be submitted later for publication. The
atlas is expected to be published in the summer of
1996.

GAS RESERVOIR CHARACTER OF DEVONIAN
SHALES OF KENTUCKY

James A. Drahovzal and David C. Harris

This project is designed to provide a better under-
standing of the spatial distribution of high-yield natural
gas zones within the State’s Devonian gas shales and to
stimulate the exploration and development of this im-
portant resource.

A proposal written in cooperation with faculty of the
University of Kentucky Departments of Geological
Sciences and Engineering was submitted to the Na-
tional Science Foundation. The proposal requested the
purchase of a trailer-mounted minivibrator to be used
to acquire high-resolution p- and s-wave seismic re-
flection data. If funded, this instrument will be used to
target potential Devonian shale reservoirs, particularly
in western Kentucky. All other aspects of this study are
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currently inactive, pending outside funding and the
necessary staff expertise.

STRATIGRAPHY AND RESERVOIR
SEDIMENTOLOGY OF MISSISSIPPIAN
CARBONATES IN KENTUCKY

David C. Harris and Thomas N. Sparks

The goal of this study is to interpret the stratigraphy,
structure, depositional history, and geologic controls on
hydrocarbon reservoir development a<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>