U.S. DEPARTMENT OF THE INTERIOR

U.S. GEOLOGICAL SURVEY

Preliminary investigations of the distribution
and resources of coal in the
Kaiparowits Plateau, southern Utah
by

R.D. Hettinger, L.N.R. Roberts, L.R.H. Biewick, and M.A. Kirschbaum

U.S. Geological Survey
P.O. Box 25046, MS 939, Denver Federal Center
Denver, Colorado 80225

OPEN-FILE REPORT 96-539

This report is preliminary and has not been reviewed for conformity with U.S. Geological Survey
editorial standards (or with the North America Stratigraphic Code). Any use of trade, product, or firm
names is for descriptive purposes only and does not imply endorsement by the U.S. Government.

1996



CONTENTS

Page
Tt UL AT YU '] o 4= T PPN 1
T 1o o 18 Tox 1o o SRS 2
0T oo LYY T aTo ST oto] o 1= EEPR S SSSPPP 2
1Y =1 o T PO PPPPR SRR 2
Lithologic and stratigraphiC Gatal............uuuiiuuiiiiiii e e e e ae e e e e e e aaaaaaaaees 2
(7T 0] (o o | o3 g =T o 10 3
GeographiC BOUNANES ... 3
I Yo o ] o USRI 3
Previous geologic studies and MiNiNg ACTIVILY .........coouuuiiiiiiiie e 5
F o L0 Y T=To To o 0[] ] £ 6
LC1=To] (oo [TorST =Y 1 1] o [F USSP UURTR SRR 9
General stratigraphy of Cretaceous and Tertiary strata of the Kaiparowits Plateau ............................ 9
Detailed stratigraphy of the Upper Cretaceous Straight Cliffs Formation ............cccccoviiiiii. 9
] (1 [ (1 = 14
Coal distribution, quality, and resources in the Calico and A-SEQUENCES ..........ceevvrerrvirimrriiniiiiieeaaeeeeeaens 20
(@0 T= 1o 15511 ] o101 i o] o H PP PPRPTR PRI 20
Coal diStribULION iN OULCIOPS ....cevvveiiiieiiieiiiieiiieiieeear e e e e e e s s e e e e e e e e e e e aeaaaeeaaeeas 20
Coal distribution in the SUDSUITACE ..........coooi i 20
(O 1o U= 11V PPPPPP PO 23
COBI RESOUICES ...t et e ettt e e e e e e e ee e e e ettt e e e eeeeeeee e et bt s e eeeaeeesessaaa s aeeeeeeesestrnnnnnes 23
Geologic restrictions to coal availability ... 26
(@74 o 1H ] {0 [T o I P PEPP S OPPPPRRRRR 27
C0al DA TNICKNESS ...ttt ettt ettt e et e e et e e e e e e e e e e e e e e e e e e e e aaaaaaaaaaaaaaaaens 27
DT o J 0111 = > USSP 44
COAI FESOUICTE SUMMIATY ...uiiteteieteeeeesestieeaeeeaeessasssssaaeeeaaeeaasssssaeaaaaeessaasssssseeeeaesaaansssssesaaaeeessansssnnnnaeneesanns 44
R (=] (=] eI ol (=T [T SPP 46
Y o] 011 T [ G PSPPSR 50
Y o] 0= o [ GO R TP OPPPPPPPPPPRN 57
F Y o] 01T T [t G TSP UPRPUTR TR 64

PLATE

1. Preliminary investigations of the distribution and resources of coal in the Kaiparowits Plateau, south-
ern Utah
Figure A. Location of drill holes, measured sections, and control points
Figure B. Location of lines of section for transects A-A', B-B', and C-C'
Figure C. Coal correlations in the Calico and A-sequences along cross-section A-A'
Figure D. Coal correlations in the Calico and A-sequences along cross-section B-B'
Figure E. Coal correlations in the Calico and A-sequences along cross-section C-C'

FIGURES

1. Location of Kaiparowits Plateau, Utah
2. Index map for 7.5' quadrangles and townships in the Kaiparowits Plateau, Utah

3. Generalized geologic map showing outcrops of Upper Cretaceous and Tertiary rocks in the
Kaiparowits Plateau, Utah



4. Paleogeographic map of the central part of North America during the Coniacian and Santonian Stages
(88.5-83.5 ma.) of the Cretaceous Period
5. Stratigraphic divisions of the Straight Cliffs Formation
7. Responses of gamma ray and bulk density logs to lithologies in the Calico and A-sequences
8. Isopach map showing the combined thickness of the Calico and A-sequences
9. Structural features and inclination of strata within the Kaiparowits Plateau, Utah
10. Structure contour map of the Calico sequence boundary
11. Isopach map of net coal in the Calico and A-sequences
12. Coal distribution in the Calico and A-sequences
A. Coal distribution along A-A'
B. Coal distribution along C-C'
C. Locations of A-A' and C-C'
13. Map showing areas of reliability for coal resources in the Calico and A-sequences
14. Mineral ownership for areas underlain by the Calico and A-sequences
15. Overburden on the Calico sequence boundary
16. Distribution of 1.0-2.4 foot thick coal beds in the Calico and A-sequences
A. Isopach map showing net coal in beds 1.0-2.4 feet thick
B. Isopleth map showing the number of coal beds that are 1.0-2.4 feet thick
17. Distribution of 2.5-3.4 foot thick coal beds in the Calico and A-sequences
A. Isopach map showing net coal in beds 2.5-3.4 feet thick
B. Isopleth map showing the number of coal beds that are 2.5-3.4 feet thick
18. Distribution of 3.5-7.4 foot thick coal beds in the Calico and A-sequences
A. Isopach map showing net coal in beds 3.5-7.4 feet thick
B. Isopleth map showing the number of coal beds that are 3.5-7.4 feet thick
19. Distribution of 7.5-14.0 foot thick coal beds in the Calico and A-sequences
A. Isopach map showing net coal in beds 7.5-14.0 feet thick
B. Isopleth map showing the number of coal beds that are 7.5-14.0 feet thick
20. Distribution of 14.1-20.0 foot thick coal beds in the Calico and A-sequences
A. Isopach map showing net coal in beds 14.1-20.0 feet thick
B. Isopleth map showing the number of coal beds that are 14.1-20.0 feet thick
21. Distribution of coal beds that are greater than 20.0 feet thick in the Calico and A-sequences
A. Isopach map showing net coal in beds that are greater than 20.0 feet thick
B. Isopleth map showing the number of coal beds that are greater than 20.0 feet thick
22. Map of the Kaiparowits Plateau showing areas where coal beds are: 1) greater than 3.5 feet thick, 2)
under less than 3,000 feet of overburden, and 3) inclined by less thahdig
TABLES
1. Coal mining history in the Kaiparowits Plateau, Utah
2. Stratigraphic summary of Upper Cretaceous and Tertiary strata in the Kaiparowits Plateau, Utah
3. Geologic publications regarding Upper Cretaceous and Tertiary strata in the Kaiparowits Plateau,
Utah
4. Coal quality summary for samples collected from cores of the Calico and A-sequences in the
Kaiparowits Plateau, Utah
5. Coal quality summary for samples collected from mines and outcrops within the Calico and A-
sequences in the Kaiparowits Plateau, Utah
6. Coal resources in the Calico and A-sequences in the Kaiparowits Plateau, Utah
7. Estimated coal in beds ranging from 1-2.4, 2.5-3.4, 3.5-7.4, 7.5-14.0, 14.1-20.0, and greater than 20.0

feet in thickness within the Calico and A-sequences, Kaiparowits Plateau, Utah



EXECUTIVE SUMMARY

This report on the coal resources of thRlateau are lateralljiscontinuous relative to many
Kaiparowits Plateau, Utah is a contribution to thether coal bearing regions of the United States. That
U.S. Geological Survey's (USGS) “National Coak, they end more abruptly and are more likely to
Resource Assessment” (NCRA), a five year effort foagment or split into thinner beds. Because of these
identify and characterize the coal beds and coal zowbksracteristics, the data from approximately 160 drill
that could potentially provide the fuel for the Nation'soles and 40 measured sections available for use in
coal-derived energy during the first quarter of théis study are not sufficient to determine what
twenty-first century. For purposes of the NCRAyroportion of the resources is technologically and
study, the Nation is divided into regions. Teams etonomically recoverable.
geoscientists, knowledgeable about each region, are The Kaiparowits Plateau contains an original re-
developing the data bases and assessing the soakce of 62 billion short tons of coal in the ground.
within each region. The five major coal-producin@riginal resource is defined to include all coal beds
regions of the United States under investigation aggeater than one foot thick in the area studied. None
(1) the Appalachian Basin; (2) the lllinois Basin; (3)f the resource is recoverable by surface mining.
the Gulf of Mexico Coastal Plain; (4) the Powdddowever, the total resource figure must be regarded
River Basin and the Northern Great Plains; and @jth caution because it does not reflect geologic,
the Rocky Mountains and the Colorado Plateau. Sechnological, land-use, and environmental restric-
areas containing coal deposits in the Rocky Mountdions that may affect the availability and the recover-
and Colorado Plateau Region have been designatedf@sty of the coal. At least 32 billion tons of coal are
high priority because of their potential for developmentnlikely to be mined in the foreseeable future be-
This report on the coal resources of the Kaiparowitause the coal beds are either too deep, too thin to
Plateau is the first of the six to be completed. mine, inclined at more than 12or in beds that are

The coal quantities reported in this study ateo thick to be completely recovered in underground
entirely “resources” and represent, as accuratelyraming. The estimated balance of 30 billion tons of
the data allow, all the coal in the ground in bed®al resources does not reflect land use or environ-
greater than one foot thick. These resources amental restrictions, does not account for coal that
gualified and subdivided by thickness of coal bedspuld be bypassed due to mining of adjacent coal
depth to the coal, distance from known data pointseds, does not consider the amount of coal that must
and inclination (dip) of the beds. The USGS has n@main in the ground for roof support, and does not
attempted to estimate coal “reserves” for this regiaiake into consideration the continuity of beds for
Reserves are that subset of the resource that caulding. Although all of these factors will reduce the
be economically produced at the present time. amount of coal that could be recovered, there is not

The coal resources are differentiated intsufficient data available to estimate recoverable coal
“identified” and “hypothetical” following the resources. For purposes of comparison, studies of
standard classification system of the USGS (Woadal resources in the eastern United States have de-
and others, 1983). Identified resources are thasemined that less than 10 percent of the original coal
within three miles of a measured thickness value, argsource, in the areas studied, could be mined eco-
hypothetical resources are further than three milesmically at today’s prices (Rohrbacher and others,
from a data point. Coal beds in the Kaiparowits994).



INTRODUCTION Methods

Purpose and scope In order to assess the coal resources of the
Kaiparowits Plateau, we have created digital files for

An assessment of the distribution and resourcérious geologic features within the plateau. These
of coal in the Kaiparowits Plateau of southern Utadpatial data are stored, analyzed, and manipulated in
is presented in this report. Results of the Kaiparowésseographic Information System (GIS) using ARC/
Plateau study include a preliminary delineation ®FO software developed by the Environmental Sys-
thick coal deposits and a coal resource estimate tteahs Research Institute, Inc. Spatial data that re-
can serve as a baseline for other efforts to furthgsire gridding for the generation of contour and
assess the coal resource in terms of its availabiligppach maps are processed using Interactive Sur-
and recoverability. The Kaiparowits Plateau projetace Modeling (ISM) [Dynamics Graphics, Inc.].
is part of the United States Geological Survey’s N&ontour lines generated in ISM are then converted
tional Coal Resource Assessment project that wiagp ARC/INFO coverages using a program called
initiated in 1994. The goal of the National AsseséSMARC which we received from the lllinois State
ment is to characterize the resource potential a@gological Survey. We have also collected and cre-
guality of coal for the entire Nation, with emphasi@tEd additional coverages in ARC/INFO that define
on those coals that may be of importance during tWarious geographic boundaries within the vicinity of
first quarter of the next century. The Kaiparowit1e Kaiparowits Plateau. Integrating these various
Plateau is one six priority areas within the Rock§pverages allows us to calculate coal resources and
Mountains and Colorado Plateau region. TH&aracterize coal distribution within a variety of geo-
Kaiparowits Plateau contains about 1.5 percent |8gic and geographic parameters that can be selected
the Nation’s total coal resource in the lower fortyaccording to an individual’s needs. The following
eight States, if compared to the figures of Averiaragraphs discuss procedures used to produce the
(1975). various coverages used in the assessment.

The assessment of thm_'—: Kaipa_rowits Plateau Li?thologic and stratigraphic data
based on data from geologic mapping, outcrop mea-
surements of stratigraphic sections, and drilling that Ljthologic and stratigraphic data are based on
has been conducted in the region since the late 1960is: interpretations of geophysical logs from 139 com-
Deposits of coal are contained within the John Henpgny coal test holes and 22 oil and gas holes as well
Member of the Straight Cliffs Formation, and alas published descriptions from 6 U.S. Geological
though the distribution of coal has been well doc&urvey drill holes and 46 measured stratigraphic sec-
mented on outcrop, its distribution in the subsurfatens. Drill hole data have been provided by 5M,
has remained largely unknown due to the proprietanc., PacificCorp Electric Operations, Andalex Re-
status of company data. However, recently releasgslirces, Oryx Energy Company, the Bureau of Land
company drill-hole data and drilling by the U.SManagement, and the Petroleum Information Corp.
Geological Survey provide new insight into the sulll data point localities are shown on plate 1 (fig.
surface aspects of these coals. We have integrad¢d Data are identified in appendix 1, and lithologic
these recently released data with additional publishexd stratigraphic interpretations for each data point
geologic data to construct coal correlation charts aack also provided in appendix 1.
maps that show various aspects of coal distribution Lithologic interpretations on geophysical logs
in the Kaiparowits Plateau. These data are storg@dre made from a combination of natural-gamma
digitally and manipulated in a Geographic Informggamma ray), density, resistivity, and neutron logs
tion System to calculate coal resources within a vaad company descriptions of core and drill-hole cut-
riety of spatial parameters that are useful faings. Sandstone was interpreted from a moderate-
land-use planning. Coal resources reported in thesponse on natural gamma and resistivity logs.
investigation are for total in-place coal in the Johvudrock was interpreted from a high natural gamma
Henry Member and do not indicate the amount ahd a low resistivity response. Coal was interpreted
coal that can be economically mined from thiom a low natural gamma and density response and
Kaiparowits Plateau. a high resistivity and neutron response. Coal bed



thicknesses were interpreted from density logs wh&urvey EROS Data Center in Sioux Falls, South
ever possible and recorded to the nearest 1 foot; cDakota. Areas of surface ownership were digitized
beds less than 1 foot thick were not included in tifiewm 1:100,000-scale quadrangles by the Bureau of
assessment. Thicknesses of more than one coal lbadd Management and Geographic Approach to
have been combined if an intervening parting is thiflanning (GAP) in 1993. Areas of coal ownership
ner than either the overlying or underlying bed afere obtained from 1:100,000-scale digital compi-
coal according to methods of Wood and othelstions from the former U.S. Bureau of Mines In-
(1983, p. 31, 36) and the thickness of the partingntory of Land Use Restraints program and the
is not included. PLSS coverage. County and State lines were ob-
Stratigraphic interpretations were based on lith@ined from 1:100,000-scale Topologically Integrated
logic stacking patterns in each drill hole and on caBeographic Encoding and Referencing (TIGER) files
relations to cores and outcrops where coeval rogk®duced by the U.S. Bureau of the Census in 1990.
have been measured and described. Some sti®tirface topography was obtained from a 1:250,000-
graphic interpretations were based on lithologic decale U.S. Geological Survey Digital Elevation
scriptions from published measured sections ambdel of the Escalante quadrangle.
from texts in geologic reports. Stratigraphic corre- .
lations were difficult using original geophysical log-ocation
traces because they were recorded using various . . . :
scales and deflection patterns. In order to make the The Kaiparowits Plateau is located in the south-

best correlations, all geophysical logs were digitizé'¥,1ESte_rn part of tr;eKCoIoraddogla;_e?(;J 8rovu;ce ‘an
and plotted using uniform scales and deﬂecticf?{mu':"ehS parts o fEane Iant Har e _”oun ISSGI e
patterns. Selected digitized log traces are shoWffen the towns of Escalante, Henrieville, and Glen

in correlation charts on plate 1 (figs. C, D, and E anyon City, in southern Utah (fig. 1). I,r,' this re-
ort, any further use of the word “plateau” refers to

Geologic maps the Kaiparowits Plateau. The northern boundary of
_ _the Kaiparowits Plateau merges with the Aquarius

ARC/INFO coverages for geologic features inp|ateau and is arbitrarily delineated by the
clude the locations of stratigraphic boundaries, fau'fﬁaunsaugunt fault, volcanic rocks of Tertiary age, and
fold axes, and areas where strata are inclined at vgiis 112 line of longitude (fig. 1). Elsewhere, the
ous ranges of dip. These data were digitized usiggge of the Kaiparowits Plateau is defined by the
ARC/INFO. Geologic contacts, fold axes, and faulig;ge of Upper Cretaceous strata (fig. 1). The
were digitized at a 1:125,000-scale from a ge‘)'o%iparowits Plateau covers approximately 1,650
map of the Kaiparowits coal-basin area (Sargent ag@l,are miles: it extends 65 miles north to south, 20
Hansen, 1982). The base of the Drip Tank Memhgfles across its northern boundary, and 55 miles
was digitized from a 1:100,000-scale geologic maRross its southern boundary. The plateau is a dis-
of Kane county (Doelling and Davis, 1989). Thgected mesa that rises as much as 6,500 feet above
range-of-dip map was compiled at a 1:125,000-sc@g surrounding terrain. Elevations range from about
from structure contour lines and from dip measurg-ooo feet above sea level in the south near Lake
ments published on 1:24,000-scale geologic mapgjell (fig. 1) to about 9,800 feet above sea level in
the Kaiparowits Plateau. the north near the Aquarius Plateau; some erosional
remnants in the northern part of the plateau are as
high as 10,450 feet above sea level. The landscape

ARC/INFO coverages for geographic boundaridés defined by four sets of cliffs and benches that form
were imported from existing public domain data step-like topography between the Aquarius Plateau
bases. Township boundaries were obtained fronaad Lake Powell (Sargent and Hansen, 1980). The
1:24,000-scale Public Land Survey System (PLSSYraight Cliffs form a prominent escarpment that
coverage produced by the Automated Geograplgistends northwest to southeast along the plateau’s
Reference Center (AGRC) in Salt Lake City, Utaleastern flank; the escarpment is as high as 1,100 feet
Towns and roads were obtained from 1:100,000-scaleng Fiftymile Mountain (fig. 1). The northern part
Digital Line Graphs created by the U.S. Geologicaf the plateau contains lands within Dixie National

Geographic boundaries
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Figure 1. -- Location of Kaiparowits Plateau, Utah, east of 112° of longitude. The plateau is delineated by the base of Upper
Cretaceous rocks except along its northern boundary where it merges with the Aquarius Plateau. Inset map shows the
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Table 1. Coal mining history in the Kaiparowits Plateau, Utah. Total coal production at each mine is

estimated from average annual production reported in Doelling and Graham (1972). Mine and 7.5'
guadrangle locations (queried where uncertain) are shown on figures 1 and 2, respectively. Table

is modified from Doelling and Graham (1972).

Mine Location 7.5 Producing coal zone Years Estimated total
quadrangle or formation of production production
(short tons)

Alvey NW1/4 sec. 12, T.36 S., R. 2 E. Canaan Creek Alvey coal zone 1952-1962 12,000
Bryce Canyon NE1/4 sec.21, T42S.,,R. 1 W. Fivemile Valley Dakota Formation 1939-1970? 1,000
Coal and Coke Intermittent

Cherry Creek SE1/4 sec.8,T.35S.,R. 1 E. Griffin Point Alvey coal zone 1962-1964 420
Christensen SW1/4 sec. 36, T.35S.,R.2 E. Canaan Creek Christensen coal zone 1893-1930 100
Corn Creek SE1/4 sec.5,T.35S,,R. 1 E. Griffin Point Rees coal zone? unknown unknown
Davis NE1/4 sec. 36, T.36 S.,, R.2 W. Pine Lake Henderson coal zone 1952-1953 100
Dakota Coal Mine NE1/4 sec. 30, T.35S.R. 3 E. Dave Canyon Dakota Formation unknown unknown
Dakota Coal Mine NW1/4, sec. 7,T.43S.,R. 4 E. Lone Rock Dakota Formation Abandoned, 1913 145
Pollock SE1/4 sec.25?, T.36 S., R.2W. Pine Lake Henderson coal zone 1920-1925 unknown
Richards SE1/4,sec.35,T.35S.,,R.2 E. Canaan Creek Christensen coal zone 1913-1928 15,000
Shakespeare NW1/4 sec. 23, T.36 S.,, R.2 W. Pine Lake Henderson coal zone 1952-1964 5,800
Shurtz SW1/4 sec.35,T.35S.,,R.2 E. Canaan Creek Christensen coal zone 1913-1928 1,500
Schow SW1/4 sec.36,T.35S.,R. 2 E. Canaan Creek Christensen coal zone unknown unknown
Spencer SW1/4 sec.3,T.42S.,R. 3 E. Tibbet Bench Christensen coal zone ? 1910-1913 115
Winkler NW1/4 sec. 12, T.36 S.,, R. 2 E. Canaan Creek Alvey coal zone 1920’s unknown

Forest, and the southern boundary of the plateau cbave been held by at least 23 companies (Doelling
tains lands within the Glen Canyon National Recrand Graham, 1972, p. 98-99), and about 1,000 com-
ation area (fig. 1). Bryce Canyon and Capitol Repiny coal test holes have been drilled in the plateau
National Parks are located west and east of the fldim Kohler, U.S. Bureau of Land Management,

teau, respectively (fig. 1). 1991, oral communication). Plans were made in 1965

to develop a 5,000-megawatt coal-burning power
Previous geologic studies and plant but were revised in the mid 1970's to a 3,000-
mining activity megawatt generating plant after controversy over en-

, , _ _ _vironmental issues (Sargent, 1984, p. 8).
Coal in the Kaiparowits Plateau region was firgt onstruction plans were finally discontinued be-
mined by settlers in the late 1800’s near the town @f ,se of government action and pending lawsuits
Escalante, and small mines produced coal for l0¢&}er environmental concerns (Sargent, 1984).
needs until the early 1960’s. Locations of the abafiyrrently, only a few companies retain coal leases
doned mines and adits are shown on figure 1. P[9the area.
duction figures from Doelling and Graham (1972, p. The U.S. Geological Survey conducted investi-
71) shown on table 1 indicate that less than 50,0§&tions to study the geology and assess the region’s
short tons of coal have been mined from thghal resources. Stratigraphic investigations resulted
Kaiparowits Plateau. in formal divisions of some Upper Cretaceous and
Although coal investigations were first reportedertiary strata (Peterson, 1969b; Bowers, 1972, re-
in the Kaiparowits Plateau by Gregory and Moorspectively). Other sedimentological investigations
(1931), it was not until the early 1960's that energjemonstrated the detailed relationships between coal-
companies expressed an interest to commercidhgaring continental and related marine strata and pro-
develop coal in the region. Since then, coal leasaded sequence stratigraphic divisions for the Upper



Cretaceous rocks (Shanley and McCabe, 1995al. Coal discoveries made during the 1960’s re-
Shanley and others, 1992; McCabe and Shanleylted in higher estimates, and Peterson (1969a, p.
1992; Hettinger and others, 1994; Hettinger, 1993)19) estimated the potential coal resource for the
Information obtained from coal drilling projects waglateau to be about 40 billion tons for beds greater
reported by Zeller (1976, 1979) and Hettinger (1998an 1 foot thick and less than 3,000 feet deep.
1995). Geologic maps were published at scales@delling and Graham (1972, p. 102-106) stated that
1:24,000 for twenty-five 7.5' quadrangles within thenost of the coal in the plateau is minable only by
plateau (fig. 2), at 1:125,000 for the entirenderground methods, and they reported a coal re-
Kaiparowits Plateau (Sargent and Hansen, 1982), asifve of about 15 billion tons for all beds greater than
at 1:250,000 for the Escalante 1x2 degree quadrargléet thick and less than 3,000 feet deep. Both
(Hackman and Wyant, 1973). Peterson (1969a, p. 221) and Doelling and Graham
The U.S. Geological Survey has also publishd#i972, p. 102) estimated that about 4 billion tons of
a series of 1:125,000 scale maps that address gaml could be mined. Coal resource estimates were
logic factors that may affect coal mining within thelso reported in 12 of the 7.5' quadrangles in the pla-
Kaiparowits Plateau. Results of these studies wéeau (appendix 2) by Doelling and Graham (1972)
summarized by Sargent (1984). These maps shamd by the U.S. Geological Survey. These resource
drainage patterns and stream-flow data (Price, 197&3timates total only about 11 billion short tons of
water quality (Price, 1977a, 1979), ground-wateoal, but they are generally determined for limited
availability (Price, 1977b), scenic features and landed thicknesses and limited areas in each quadrangle.
forms (Carter and Sargent, 1983; Sargent and Hansen
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Coal resources of the Kaiparowits Plateau have
been estimated by Averitt (1961), Peterson (1969b),
and Doelling and Graham (1972) and include coals
in the John Henry and Smoky Hollow Members of
the Straight Cliffs Formation as well as the Dakota
Formation. Initially, Averitt (1961) estimated that
the Kaiparowits Plateau contained 3 billion tons of
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Table 2. Stratigraphic summary of Upper Cretaceous and Tertiary strata in the Kaiparowits Plateau,
Utah. Lithologic descriptions and depositional interpretations are based on Sargent and Hansen
(1982), Bowers (1972), Peterson (1969a, b) and Shanley and McCabe (1991).

Age Formation Thickness Description and depositional interpretation
(ft)
Miocene Osiris Tuff 0-600 Gray, purplish-gray and red-brown welded ash-flow tuff. Volcanic.
Eocene Variegated Sandstone Member Red, pink, and purplish-gray, very fine to coarse-
and Wasatch Fm 1,350- grained sandstone, mudrock and minor conglomerate (0-600 ft). Fluvial.
Paleocene 1,650 White Limestone Member Light-gray to white, crystalline limestone and minor

mudrock (0-600 ft). Lacustrine.
Pink Limestone Member Gray, tan, white, pink or red, fine-grained clastic limestone,
mudrock, sandstone, and minor conglomerate.(0-900 ft). Fluvial.

Paleocene? Pine Hollow 0-450 Lavender to red and gray mudrock and limestone with coarse-grained, pebbly
Fm sandstone in lower part. Low energy fluvial and lacustrine.
Paleocene? Canaan Peak Gray, tan, and brown conglomerate, conglomeratic sandstone, and minor gray and red
and Fm 0-900 mudstone. High energy fluvial.
Late Cretaceous
Kaiparowits Greenish- and bluish-gray, fine-grained, silty sandstone with subordinate beds of
Fm 600-3,000 mudrock and limestone. Low energy fluvial (meandering river) and floodplain.
Wahweap Light-gray and brownish-orange, fine- to medium-grained sandstone interbedded with
Fm 900-2,600 gray mudrock and shale. Upper part is dominantly sandstone. Fluvial and floodplain.

Drip Tank Member (140-400 ft) Light-gray, medium- to coarse-grained sandstone,
conglomeratic sandstone, and minor mudrock. Braided river.

Straight John Heny Member(600*-1,500 ft) Light-gray to brown, veryrfe to medium-grained
Late Cliffs sandstone; minor coarse-grained and conglomeratic sandstone; olive-gray, brown, and
Cretaceous Fm 1,000- black mudrock, and coal. Nearshore marine, estuarine, paludal, and alluvial.
2,000 *Thickness based on subsurface data.

Smoly Hollow Member (20-300 ft) Upper part is light-gray, medium- to coarse-
grained and pebbly sandstone (Calico bed). Lower part is fine-grained sandstone,
mudrock, and coal. Braided river (Upper part), coastal plain and paludal (lower part).
Tibbet Caryon Member (60-185 ft) Yellowish-gray and grayish-orange, fine- to
medium-grained sandstone with siltstone and mudrock in lower part. Estuarine and
nearshore marine.

Tropic Shale 600-900 Gray shale with thin beds of siltstone and fine-grained sandstone in upper part.
Offshore marine.
Dakota Upper member (0-68) Light-brown, fine-grained to fine-grained sandstone
Formation 15-250 interbedded with gray mudrock. Coastal plain, brackish water, and nearshore marine.

Middle member (4-76) Gray to brown, very fine grained to fine-grained sandstone
interbedded with yellowish-green mudrock, carbonaceous mudrock and coal. Low
energy fluvial, floodbasin, and paludal.

Lower member (0-66) Gray to brown conglomerate and fine- to coarse-grained,
pebbly sandstone and minor carbonaceous mudrock. High energy fluvial.




GEOLOGIC SETTING of coal in the Dakota Formation is not well known,
but proximate and ultimate analyses of a coal sample

General stratigraphy of Cretaceous and from the Dakota Coal Mine in the Lone Rock quad-
Tertiary strata of the Kaiparowits rangle (table 1), reported by Waldrop and Peterson,
Plateau (1967), yielded 11,370 Btu/lb on a moist, mineral-

. . _ matter-free basis and an apparent rank of subbitumi-
Geologic cross sections by Lidke and Sargefgus A using the Parr Formula described in American

(1983) indicate that as much as 7,500 feet of Uppgéciety for Testing and Materials (1995).
Cretaceous strata and 3,000 feet of Tertiary strata

underlie the Kaiparowits Plateau. Upper Cretacedetailed stratigraphy of the
strata include, in ascending order, the Dakota Fdpper Cretaceous Straight Cliffs
mation, Tropic Shale, and Straight Cliffs, Wahweajsormation
Kaiparowits, and Canaan Peak (lower part) Forma-
tions (table 2). Paleocene strata include the Canaan Puring the Late Cretaceous, the region now oc-
Peak (upper part), Pine Hollow, and Wasatch (|0W§t|apied by the Kaiparowits Plateau was located at a
part) Formations (table 2). Eocene strata include fpleolatitude of about 4N. (Irving, 1979; Beeson,
middle and upper part of the Wasatch Formatidi984) on the western margin of the Western Interior
(table 2) and Miocene rocks are in the Osiris Tufieaway (fig. 4). Shorelines were oriented approxi-
(table 2). The Dakota Formation, Tropic Shaléately N.43W.-S.43E. (Peterson, 1969b; Shanley,
and Straight Cliffs Formation are exposed along?91, Roberts and Kirschbaum, 1995) (fig. 4). Sedi-
the mardns of the plateau but are buried by young&fent deposited in the region of the Kaiparowits Pla-
strata in the plateau’s central areas (fig. 3). Thicleau was supplied from the Sevier Highlands, located
nesses, lithologies, and depositional settings for CA&0 miles to the west (Peterson, 1969a). Approxi-
taceous and Tertiary strata in the plateau afately 1,100-1,600 feet of strata were assigned to
summarized in table 2; additional sedimentologicdhe Straight Cliffs Formation by Gregory and Moore
stratigraphic, paleontological, and palynological datd931). The formation was initially mapped along
are provided in publications cited in table 3. the plateau’s southern fland divided into lower
Coal in the Kaiparowits Plateau is contained idhd middle members and an upper sandstone mem-
the Dakota Formation and the Smoky Hollow anker (fig. 5). The middle member contains a minor
John Henry Members of the Straight Cliff's Forma&oal zone (that includes a white sandstone marker
tion (table 2). The deposits of coal in the upper p&d), a major coal zone, and an upper barren zone
of the Smoky Hollow Member and John Henry Mendfig. 5).
ber are described in detail throughout the remainder Peterson (1969b) formally divided the Straight
of this report. Coals in the Dakota Formation arfdliffs Formation, in ascending order, into the Tibbet
lower part of the Smoky Hollow Member are deCanyon, Smoky Hollow, John Henry, and Drip Tank
scribed only briefly here, because they are generdiigmbers (table 2, fig. 5). Outcrops of the John Henry
thin, lenticular, and too deep to be mined in the forand Drip Tank Members are shown in figure 3.
seeable future. The basal 25 feet of the Smoky HBEterson (1969a, b) interpreted the Tibbet Canyon
low Member contains as many as four beds of c@ld Smoky Hollow Members as a regressive strati-
that are generally less than 2 feet thick; coal beds gfaphic succession, of middle to late Turonian age,
as much as 3 feet thick in the Wide Hollow Resegonsisting of shallow marine and beach deposits in
voir quadrangle and range from 4 toegtfthick in the Tibbet Canyon Member and coal-bearing coastal
the Lone Rock and Smoky Hollow quadrangles (figlain strata and braided river deposits in the Smoky
2). Coal is found in the Dakota Fortiea along all Hollow Member. Braided river deposits are con-
areas of outcrop except in the Seep Flat quadrangl®ed in the Calico bed (fig. 5) located in the upper
(fig. 2). The Dakota Formation contains as many part of the member. Peterson (1969a, b) interpreted
seven lenticular beds of coal that are generally lgbsit the Calico bed was truncated by an unconformity
than 2 feet thick; however, some coal beds are 4fg. 5) of late Turonian to early Coniacian age.
feet thick in the Dave Canyon, Henrieville, and Widdowever, the unconformity has not been recognized
Hollow Reservoir quadrangles (fig. 2). The qualitgn the western flank of the plateau, and Shanley and
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Table 3. Geologic publications regarding Upper Cretaceous and Tertiary strata in the Kaiparowits
Plateau, Utah.

Formation Authors of investigation and references

Wasatch, Pine Hollow, and Bowers (1972)
Canaan Peak Fms.

Kaiparowits Fm. Lohrengel (1969)
Wahweap Fm. Peterson (1969a), Eaton (1991)
Straight Cliffs Fm. Peterson (1969a, b), Orlansky (1971), Doelling and Graham (1972), Vaninetti (1978), Johnson and Vaninetti

(1982), Eaton (1991), Shanley (1991), Shanley and McCabe (1991), Shanley and others (1992), McCabe and
Shanley (1992), Hettinger and others (1994), Hettinger (1995), Nichols (1995)

Tropic Shale and Dakota Fm. Lawrence (1965), Peterson (1969a), May and Traverse (1973), Gustason (1989), Eaton (1991), Kirschbaum
and McCabe (1992)

others (1992) have reinterpreted it as a ravineméh®69b) include equivalent strata throughout the
surface cut by marine transgression. The John HeRiparowits Plateau.
Member is early Coniacian to late Santonian in age Recent stratigraphic and sedimentological
(Eaton, 1991) and consists of coal-bearing contingnvestigations by Shanley and McCabe (1991) have
tal beds that grade eastward into a vertical stackregulted in the identification of four unconformity-
near-shore marine strata (Peterson, 1969a, bpunded sequences within the Straight Cliffs
Shoreface sandstones are named A through G (fgrmation. The unconformities are located in the
5) and are the dominant lithology along the Straigffitbbet Canyon Member, near the base of the Calico
Cliffs escarpment. Continental strata within the Jolyed, within the A-sandstone, and near the base of the
Henry Member contain coal in the lower, ChristenseDrip Tank Member. The unconformities are named
Rees, and Alvey coal zones (fig. 5) as defined biye Tibbet, Calico, A-, and Drip Tank sequence
Peterson (1969a, b). The Drip Tank Member Boundaries, respectively, and each overlying
constrained to a late Santonian or early Campanigsquence is named after its basal unconformity (figs.
age (Eaton, 1991) and consists of sandstone tBa). The sequence boundary unconformities are
is interpeted to have been deposited in a fluvial erecognized by facies that have shifted abruptly
vironment (Peterson, 1969a, b). basinward over regional surfaces of erosion. The
The nomenclature of Peterson (1969b) has begisinward facies shifts are characterized by fluvial
applied to most areas mapped in the southern afili estuarine strata juxtaposed over finer grained
eastern parts of the Kaiparowits Plateau. Howevebastal plain and shoreface deposits (fig. 6) and are
on the western flank of the plateau, the formationd®cumented by Shanley (1991), Shanley and others
simply divided and mapped into lower and uppg1992), and Hettinger and others (1994). Deposition
parts (fig. 5). The lower part contains a basal marifigeach sequence is interpreted to be controlled by
sandstone (fig. 5) that is equivalent to the Tibbfitictuations in base-level. Each sequence boundary
Canyon Member, and a white marker sandstone (fihconformity is interpreted to have been cut during
5) equivalent to the Calico bed. The upper part cagfall in base-level, and each overlying sequence is
tains the Henderson coal zone (fig. 5) (defined lyeposited during a subsequent rise in base-level.
Robison, 1966) at its base and is capped by a thigkring the initial stages of base-level rise, incised
massive sandstone (fig. 5) that is equivalent to th&lleys are backfilled by fluvial, estuarine, and
Drip Tank Member. Strata between the white markefioreface strata that are capped by a maximum
sandstone and thick massive sandstone are equiiarine flooding surface; these successively
lent to the John Henry Member. Correlations bgeepening upward successions are interpreted as
tween the various units and members are showntiginsgressive systems tracts (TST) (fig. 6). Overlying
figure 5 and are based on Doelling and Gra(f8v2) aggradational and progradational deposits of marine,
and Bowers (1973c, 1975, 1983, 1993). In this repagbal-bearing coastal plain, and alluvial strata are
all further references to the nomengta of Peterson deposited during a slower rate of base-leisd and
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Figure 5. -- Stratigraphic divisions of the Straight Cliffs Formation used for mapping and stratigraphic studies in various parts
of the Kaiparowits Plateau. Position of age boundaries are approximate.

are interpreted as highstand systems tracts (H®Bsal part of the Drip Tank sequence (Hettinger,
(fig. 6). 1995). The logs and cores shown in figure 7 provide
The Calico and A-sequences contain all of thie basis for interpreted depths to the Calico and Drip
coal within the John Henry Member and upper parank sequence boundaries that are given for other
of the Smoky Hollow Member (figs. 5, 6). The Calicdrill holes in the plateau in appendix 1. Down-hole
and Drip Tank sequence boundaries are easily rédepths to the Calico and Drip Tank sequence bound-
ognized on geophysical logs and are useful corretaies are used to construct isopach maps that portray
tive horizons throughout the plateau. Examples e thickness and deformation of coal-bearing strata.
geophysical log signatures and core descriptions for The Calico and A-sequences underlie an area of
the Calico and A-sequences are given in figure ahout 1,300 square miles within the Kaiparowits Pla-
The Calico sequence boundary is recognized byeau. Their lines of outcrop are nearly identical to
high natural gamma response (fig. 7) that is producgmdse of the John Henry Member at the scale mapped
by a thick paleosol beneath the Calico bed (Hettinggrfigure 3. The Calico and A-sequences have a com-
1995). The Drip Tank sequence boundary is intégined thickness of approximately 600-1,600 feet (fig.
preted at or near the base of blocky log signatui®s about 75-400 feet of strata are in the Calico
(fig. 7) that are a response to thick sandstone in #equence and 525-1,200 feet of strata are in the
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stratigraphic divisions are compared to formal stratigraphic nomenclature. Diagram is modified from Shanley (1991). Position of age
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A-sequence. The combined sequences are 750-8%3%t Chance, and Coyote Creek-Billie Wash syn-
feet thick throughout much of the southwestern aetines (fig. 9). The northeastern flank of the central
south-central parts of the plateau and graduabgsin is defined by the westwardly dipping limb of
thicken in the northern parts of the plateau. The she Dutton monocline, and its western flank is de-
quences are thickest near the Straight Cliffs escafiped by eastwardly dipping limbs of the Johns Val-
ment, where they contain thick aggradational stacks anticline and East Kaibab monocline (fig. 9).
of shoreface sandstone and mudrock; conversely, $ieata are inclined by less thahtBroughout most
sequences are thinnest in the central part of the plaithe plateau (fig. 9). However, beds dip as much as
teau, where they contain the greatest amount 28 along a westwardly dipping homocline near the
mudrock and coal. These thickness variations weggyn of Escalante, 30on the eastern limb of the
probably controlled, in part, by the differential comjohns Valley anticline, 45along the Dutton mono-
paction of sandstone, mudrock, and peat. Thickine, and 80along the East Kaibab monocline (fig.
nesses of the Calico and A-sequences are baseql;pnAreas where strata are inclinetltd &, 6° to
interpretations of geophy_sical logs from 149 dr_iﬂzc, 12 to 25, and greater than 2&re also shown
holes, 36 measured sections, and 7 control poifSigure 9 and are based on recorded strikes and dips
listed in appendix 1. Thicknesses from measurgline field and structure contour lines published in
sections are based on the stratigraphic interval %%‘ologic maps referenced in figure 2. Dips in the
tween the base of _the Calico bed and base of .the q5igsy Lake, Five Mile Valley, and Lower Coyote
Tank Member. Thicknesses at the control points aggying quadrangles (fig. 2) are based on photographic
_based on_general stratigraphic information p“b“Shﬁﬂerpretations by Detterman (1956), McQueen and
in geologic maps. Ray (1958), and McQueen (1958).

There are relatively few faults in the Kaiparowits
Plateau; most are located around its peripheral areas

Strata within the Kaiparowits Plateau are inclingdig. 9) and displacements are generally insignificant
along numerous northerly trending folds that plungelated to the potential mining of the coal (Doelling
into a deep central basin containing the Table Cliffand Graham, 1972). Faults having significant

Structure
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displacenent include the northeast-trending
Paunsaugunt fault and the bounding faults of the Jake
Hollow graben, located along the plateau’s northern
margin (fig. 9). The Paunsaugunt fault has as much
as 2,000 feet of displacement and truncates all coal-
bearing strata along the northwestern flank of the
plateau (Doelling and Graham, 1972). The Jake-
Hollow graben extends about 6 miles, is 0.5-1.0 mile
wide, and has as much as 500 feet of displacement
(Bowers, 1973b). Northeast-trending faults on the
west-central flank of the plateau near Henrieville (fig.
9) have a strong right-lateral strike-slip component
and 200-250 feet of vertical displacement (Bowers,
1983). Further south, the East Kaibab monocline is
cut by numerous southeast-trending faults ( fig. 9)
that have only minor displacement (Bowers, 1983,
1993). The southern margin of the plateau contains
several additional northwest-trending faults that
extend less than 10 miles and have less than 50 feet
of displacement (Peterson, 1967; Waldrop and
Sutton, 1967a; Zeller, 1990a).

Deformation of coal-bearing strata in the Calico
and A-sequences is shown on a structure contour map
of the Calico sequence boundary (fig. 10). The se-
guence boundary is 4,500-9,000 feet above sea level
on outcrop and 2,000 feet above sea level in the Table
Cliffs syncline (fig. 9). The structure contour map
reflects most of the major folds shown in figure 9
and indicates that the folds are not related to com-
paction of coal-bearing strata. The map is based on
measured elevations of the sequence boundary at 64
drill sites, estimated elevations at 102 drill sites (ap-
pendix 1), and subcrop elevations inferred at 50-100
feet below the mapped base of the John Henry Mem-
ber around the entire perimeter of the plateau. Esti-
mated elevations of the Calico sequence boundary
at drill sites are made where drilling was terminated
less than a few hundred feet above the sequence
boundary and are based on correlations to nearby drill
holes where the sequence boundary was penetrated.
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Figure 10. -- Structure contour map of the Calico sequence boundary. Sequence boundary elevations are based on 166 drill sites.

The Calico sequence boundary occurs from 50-100 ft below the John Henry Member, therefore an inferred elevation of the

sequence boundary was used at numerous locations along the outcrop where the John Henry Member was mapped. Data points
are identified on figure A of plate 1 and sequence boundary elevations are provided in appendix 1.
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COAL DISTRIBUTION, QUALITY, from outcrops are summarized for each 7.5' quad-
AND RESOURCES IN THE rangle in appendix 3. In general, coal beds in the

Kaiparowits Plateau have been reported to split and
CALICO AND A-SEQUENCES

pinch out rapidly on outcrop and are difficult to trace
The Calico and A-sequences (figs. 5, 6) contagcause they are commonly burned an(_j covered by
coal in the Henderson coal zone, the lower coal zofP€ Wash and talus. Coals are extensively burned,
and the Christensen, Rees, and Alvey coal zones. Ppd are still burr_ung, in parts of the East Of Navajo,
Henderson and lower coal zones are in the Calit¢§edle Eye Point, Smoky Hollow, and Sit Down
sequence, and the Christensen, Rees, and Alvey &gfich quadrangles (fig. 2). Baked rocks in these
zones are in the A-sequence (fig. 5). We descriBgas may extend more than 200-300 feet into the
these coals in sequence stratigraphic context becagy@surface (Peterson and Horton, 1966; Peterson,
unlike formational contacts of the John Henry Mend-967). The Henderson zone is 5-50 feet thick on
ber, the Calico and Drip Tank sequence boundarftcrop and contains as much as 29 feet of coal on

provide excellent marker horizons that can be tracét¢ northwestern flank of the plateau in the Pine Lake

on geophysical logs throughout the plateau. quadrangle (fig. 2). Coals in the Henderson zone
thin to the south and pinch out completely on the
Coal distribution southwestern flank of the plateau in the Horse Flat

I-beari in th i q guadrangle (fig. 2). The lower zone is exposed only
Coal-bearing strata in the Calico and A-S&, he southern flank of the plateau, where it is as

quephcesdeggenqlasfmuch ast ?0 m'I?S from r:ro]rtf;gmch as 40 feet thick and contains as many as four
south an miles from east 1o west across In€ Riayq of coal that are 1-7 feet thick. The lower zone

teau. Outcrop investigations reveal that coal is with¢§ split by the A-sandstone and the upper split is ex-
distinct zones along the peripheral areas of the p sed in the East of Navajo and Needle Eye Point

teau. On the eastern flank of the plateau, the AL , .
bearing interval is 500-700 feet thick. Coals are | adrangles (fig. 2). Outcrops of the Christensen

the lower coal zone, and the Christensen, Rees, ér?c?e are 70-130 feet thick and contain as many as

Alvey coal zones that intertongue with, and pinc%IX beds of coal that are 1-30 feet thick. The Rees

out eastward into, thick deposits of shoreface strgt%nne IS 70-2vO?]fEegth|cfk n olt{[Lcrtoprs a;_dzgcicntail?si alf
in the A-sequence (fig. 5). The coal-bearing interv%]: y as seven beds of coal that are eet thick.

thins to less than 50 feet on the plateau’s west Ktcrops of the AIv_ey zone are 40-160 feet thick and
flank where the only coals are within the Henders ve as many as eight beds of coal that are 1- 20 feet

zone (fig. 5) in the Calico sequence. SouthwestwafiCk- These collective coal zones contain as much
thinning of coal-bearing strata is seen in outcrops 8f /0 féet of net coal in outcrops located in the Sit
the plateau’s southern flank. The full extent of tHaoWn Bench and Smoky Hollow quadrangles (fig.
coal-bearing interval is revealed only by drill-hol@); the coal beds thin to the west and less than 3 feet
data collected from the plateau’s interior region whep coal remains in the Nipple Butte quadrangle (fig. 2).
the net coal accumulation is greatest. These d
show that the distinct coal zones located along t
peripheral areas of the plateau tend to merge and loseA broad three-dimensional view of coal distri-
their identity in the subsurface of the plateau’s intgytion throughout the subsurface of the Kaiparowits
rior. The following paragraphs provide a summany|ateau is demonstrated in three correlation diagrams
of coal distribution based on outcrop investigationg,own on plate 1 (figs. C, D, and E) and a net coal
and a detailed analysis of their distribution in thi%opach map shown in figure 11. The geographic
subsurface. distribution of net coal in the Calico and A-sequences
(fig. 11) is based on coal measurements from 158
drill holes and 45 measured sections listed in appen-
Outcrop investigations cited in figure 2 providéix 1. Cross sections A-A" and B-B' are oriented
maps and measurements for coal beds within sgerpendicular to paleoshorelines; A-A' extends 25
eral distinct coal zones located along the peripherailes northeast from Tibbet Canyon to Left Hand
margins of the plateau. Published coal thickness d@allet Canyon (fig. B on pl. 1). Cross section B-B'

??al distribution in the subsurface

Coal distribution in outcrops
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extends 11 miles northeast from the plateau’s intet feet thick (Hettinger, 1995); clastic strata in the
rior region to Alvey Wash (fig. B on pl. 1). Cros®-sequence are dominantly tidal and coastal plain
section C-C' is oriented nearly parallel tm origin and include some shoreface deposits.
paleoshorelines; it is located 9-12 miles southwest Areas where net coal accumulations exceed 100
of the Straight Cliffs escarpment and extends a dfgeet are located approximately 8-15 miles southwest
tance of 19 miles (fig. B on pl. 1). Stratigraphic coref the Straight Cliffs escarpment (fig. 11) and are
trol for the cross sections is provided by measurgiwed along depositional strike in cross section C-
sections at Alvey Wash (map number 177), Left Ha@l. As much as 160 feet of net coal is contained in a
Collet Canyon (map number 196), and Tibbet CaB00-600 foot thick interval and coal beds are as much
yon (map number 211) and by core collected froas 59 feet thick. Net coal accumulations of 150-160
CT-1-91 and SMP-1-91 (map numbers 5 and 6, ifeet have been drilled at map localities 8, 9, 12, 13,
spectively); map numbers are shown on plate 1 (fit01, and 108 (fig. A on pl. 1), which are located about
A). The measured section at Alvey Wash was pubd-12 miles southwest of the escarpment. Core SMP-
lished by Zeller (1973d), measured sections at LAH91 shows that these areas contain thick coal beds
Hand Collet Canyon were published by Petersamboth the Calico and A-sequences; clastic strata are
(1969a) and Shanley (1991), and the measured seostly tidal and fluvial in origin, although some
tion at Tibbet Canyon was published by Shanlehoreface deposits remain in the Calico sequence
(1991). Cores CT-1-91 and SMP-1-91 are describ@dettinger, 1995). Coal beds in areas of maximum
in Hettinger (1995). accumulation are concentrated in pods that extend
The net coal isopach map (fig. 11) and cross séaterally for about 1-3 miles. The pods eventually
tions (figs. C, D, E on pl. 1) demonstrate that variaplit into distinct coal zones that can be traced for
tions in net coal accumulation in the Calico anskveral miles. Examples of pods are seen at locality
A-sequences are related to the distance from the (B-B', C-C') between the depths of 1,595 and
paleoshorelines that the original peat accumulatdd670 feet and at locality 22 (B-B') between the
Along the Straight Cliffs escarpment, highstand ddepths of 1,315 and 1,472 feet. Within the areas of
posits of both sequences are dominated by shorefagerall thick coal accumulation, several localities
sandstone and mudrock and contain only minor bdasve a relative paucity of coal; as little as 70 feet of
of coal. As viewed along depositional dip in crosset coal was drilled at localities 15, 87, 94, and 152
sections A-A' and B-B', thick coals are located inffig. A on pl. 1). Geophysical logs from these locali-
mediately landward (southwest) of the shorefaties show a marked increase in sandstone as com-
sandstone pinch-outs. Shoreface sandstones ingheed to nearby areas, and coal correlations are
Calico sequence extend about 15 miles southwest itgatative. Although not proven, these areas may
the plateau’s interior region, and thick beds of coeépresent localities of northeast-flowing
are not found in the Calico sequence along the egsteofluvial systems.
ern part of the plateau. In contrast, aggradational The net coal isopach map (fig. 11) and cross sec-
stacks of shoreface sandstone in the A-sequemiod A-A' (fig. C on pl. 1) show that net coal accu-
pinch out within 1-7 miles of the escarpment. Meanulations and coal bed thicknesses decrease
sured sections in Alvey Wash (Zeller, 1973d) and Lefbuthwest of the areas of maximum accumulation.
Hand Collet Canyon (Shanley, 1991) show th& measured section described in Tibbet Canyon, lo-
within 2.5 miles of the escarpment the A-sequencated 22 miles southwest of the Straight Cliffs es-
contains about 30 feet of net coal in the Christensearpment, shows that the A-sequence contains about
Rees, and Alvey coal zones. The coal zones are séffafeet of net coal in beds that are all less than 3 feet
rated by thick clastic wedges consisting of shorefattéck, and only a few minor beds of coal remain in
sandstone. These clastic wedges thin and chatige Calico sequence (Shanley, 1991). The measured
facies to the southwest; their thinning is accompsection also reveals that clastic deposits of both se-
nied by an increase in net coal. Eventually, the ceplences are predominantly alluvial and, to a lesser
zones merge and their boundaries become indistirdegree, tidally influenced in origin (Shanley, 1991).
A drill-hole core collected 5 miles from the escargstill further southwest at Rock House Cove (fig. B
ment at CT-1-91 reveals that the A-sequence cam pl. 1), both highstand deposits are entirely allu-
tains 61 feet of net coal in beds that are as muchvé in origin and contain no coal (Shanley, 1991).
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Figure 11. -- Isopach map of net coal in the Calico and A-sequences. Net coal values represent all coal beds that are more
than 1 foot thick and are determined from 209 data points listed in appendix 1; data points are identified on figure A of plate 1.
Isolines over areas where coal-bearing strata are eroded (gray stipple) represent restored values.
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The profile of net coal distribution in the Calico Ranges in values for proximate and ultimate
and A-sequences is shown by two graphs (fig. 12nalyses, as well as moist, mineral-matter-free BTU/
Graph A-A' (fig. 12) is constructed along deposiib and apparent rank, are reported in table 4 for coal
tional dip using the same drill-hole data shown itollected from cores. We have also determined arith-
cross section A-A’ (fig. C on pl. 1), and graph C-@hetic means from proximate and ultimate analyses
(fig. 12B) is constructed along depositional strikeeported in Doelling and Graham (1972, p. 123-127)
using the same drill-hole data shown in cross sdor samples collected from mines and outcrops.
tion C-C' (fig. E on pl. 1). The vertical axis in eaclArithmetic means and apparent ranks calculated from
graph shows the net coal accumulation recordedtlase average values are reported in table 5; the range
drill holes along the line of section, and the horizowf proximate and ultimate values is summarized in
tal axis records the distance between drill holes. Batppendix 3. Apparent ranks determined from
graphs also show net coal accumulations within bedmples collected from cores range from subbitumi-
thickness categories of 1-3.4, 3.5-14.0, and greateus B to high-volatile A bituminous coal (table 4).
than 14.0 feet; bed thicknesses are based on data pte apparent rank of samples collected from out-
vided in appendix 1. Graph A-A' shows that co&kops and mines (as determined from average values
distribution, as viewed along depositional strikeaf proximate and ultimate analyses) ranges from sub-
takes on the shape of a bell curve, in which thin cdatuminous B to high-volatile C bituminous coal
beds and net coal accumulations of less than 20 f@able 5).
are located along the flanks of the curve and thick
coal beds and maximum coal accumulations of &9al Resources

guéh ﬁs 15?hfe:at IO (r:]cugy the_gegtelr E[)rflihe crurve. f?;‘?ih The Kaiparowits Plateau contains an estimated
~~ shows thatalong deposttional strike, areas ottiGr i 5| coal resource of 62.3 billion short tons (table

coal ac_cumulation t"’}k? on the shape_ ofa more Sinu% gvithin the Calico and A-sequences. That original
curve, in that three distinct areas having thick coal be al resource includes all coal beds that are greater

and net coal accumulations of 120-160 feet are se&agn 1 foot thick, as deep as 8500 feet, and within

rated by two areas where net coal accumulations Afss0 square mile area where the entire coal-bear-
only 60-70 feet and thick beds are absent. ing interval is preserved (fig. 11). Coal tonnages are
Coal quality calculated using the methodology of Wood and oth-
ers (1983) and are determined by multiplying the

Coals in the Kaiparowits Plateau are reported to bstimated volume of coal by its average density. The
subbituminous C to high-volatile bituminous A in rankolume of coal in the Calico and A-sequences is a
(Doelling and Graham, 1972, p. 93). Proximate apdoduct of its net thickness and its areal extent as
ultimate analyses are provided from about 100 cadlown in figure 11. The average density of bitumi-
samples collected from abandoned mines and outcrapsis coal is 1,800 short tons per acre-foot (Wood
located throughout the plateau (Doelling and Grahand others, 1983, p. 22). An average bituminous rank
(1972, p. 123-127). Analyses of coal from core DH4i% assumed for coal in the Calico and A-sequences,
are also provided by Doelling and Graham (1972, lmased on analyses from mines and cores summarized
126) (information by Bowers (1973c) indicates that DHiA tables 4 and 5 and appendix 3. The original re-
lislocated 150 feet northwest of map number 151 (fgpurce area shown in figure 11 contains most areas
Aonpl.1)inT.35S., R. 2W.). Additional quality datavhere State and Federal coal leases and Federal coal
are reported for coals collected from three cores (K{irospect permits were issued prior to 1972, as shown
DR, CT-1-91, and SMP-1-91) drilled by the U.S. Gedn Doelling and Graham (1972, p. 100-101). Doelling
logical Survey; the cores are collected from localitiesd Graham (1972, p. 106) reported that underground
4,5, and 6 , respectively (fig. A on pl. 1). Proximataining is the most likely method for extracting coal
and ultimate analyses of samples collected from Kif-the plateau, and although all localities within the
DR are reported by Zeller (1979) and Affolter and Hatebported resource area would have to be mined by
(1980); analyses of samples collected from CT-1-91 amaderground methods, much of the coal is too deep or
SMP-1-91 are provided by Brenda Pierce (U.S. Gedoo thin to be economically mined in the foreseeable
logical Survey, unpub. data, 1996). future.
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Figure 12. -- Coal distribution in the Calico and A-sequences. A, shows coal distribution along A-A', which trends perpendicular to the
paleoshorelines. B, shows coal distribution along C-C', which trends parallel to the paleoshorelines. Horizontal axes show distance
between drill holes; vertical axes show the cumulative coal thicknesses for beds that range from 1-3.4, 3.5-14.0, and greater than 14 feet
thick. C, shows the locations of A-A" and C-C'; stratigraphic correlations are shown in figures C and E of plate 1. Drill hole locations are
shown on figure A of plate 1; coal bed thicknesses are listed in appendix 1.
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Table 4. Coal quality summary for samples collected from cores of the Calico and A-sequences in
the Kaiparowits Plateau, Utah. Coal zone queried where uncertain. Apparent rank calculated using
the Parr formula (American Society for Testing and Materials, 1995).

Moist-,
Coal zone | Moisture Volatile Fixed Carbon Ash Sulfur Heating value Mineral- Apparent Rank
% Matter % % % % Btu/lb Matter-Free
Heating value
Btu/lb

Coals sampled from core K-DR-1 (map no. 4, figure A on plate 1)

Alvey 19.7-20.4 34.7-35.1 37.0-37.7 7.2-8.2 1.0 9,440-9,510 10,240-10{440 Subbituminous
(2 samples) B

Rees 15.6-18.4 29.6-35.0 29.9-36.3 10.3-24.9 0.6-p.7 7,640-9,280 10,450-10,460 Subbituminous
(3 samples) B
Christensen| 19.7-21.1 33.3-34.7 39.8-40.9 4.4-5.8 0.5{0.6 9,830-9,860 10,320-10,520 Subbituminous
(3 samples Aand B

Coals sampled from core SMP-1-91 (map no. 6, figure A on plate 1)

Rees ? 8.2-9.7 41.7-43.9 41.8-44.7 2.7-812 0.4-p.7 11,488-12[381  12,390-12,760 High volatile C
(6 samples) Bituminous
Rees 0.7-7.8 27.9-50.7 24.9-45.4 4.3-42.5 0.5-2.3 6,962-12,387 12,700-18,710 High volatile B
(17 samples and C
Bituminous
Christensen 5.5-7.9 35.3-44.5 34.6-48.0 2.3-24.7 0.341.0 9,464-12/477 12,360-13,590 High volatile B
(13 samples and C
Bituminous
lower (15 45-7.1 35.4-46.5 32.1-45.5 3.5-26.4 0.4-2.3 9,002-12,620 12,610-16,720 High volatile
samples) A, B,and C
Bituminous

Coals sampled from core CT-1-91 (map no. 5, figure A on plate 1)

Christensen| 8.5-15.5 34.5-41.1 34.8-4.6 3.7-1Y.6 0.42.2 9717-11721 11,110-12,590 Subbituminous
(23 samples A to High
volatile C
Bituminous

Coals sampled from core DH-1 (150 ft northeast of map no. 151, figure A on plate 1)

Henderson 9.4-18.9 32.4-38.2 26.4-35.6 8.4-29.9 NR 9,740-10,800 11,010-1{,350 Subbituminous
(5 samples) A

Additional coal resources underlie thd notimpossible. However, coal tonnage estimates have
Kaiparowits Plateau’s eastern and southern flanlksen made previously for many of the 7.5' quadrangles
where the coal-bearing interval is partially erodethat contain the eroded areas, and these estimates are
The eroded areas are shown in gray stipple in figusported in appendix 3.

11. Coal resources were not calculated in these ar- The original resource is reported in identified and
eas because the resources would have to be déigpothetical reliability categories that are based on
mined from individual beds based on their outcrdpe distance that the resource is calculated from a
geometry and thicknesses. Unfortunately, most codkta point. Identified resources are located within a
in these areas are mapped in zones rather than iRdmile radius of a data point and hypothetical re-
vidual beds, and recorded coal thickness cannotdmirces are located beyond a 3-mile radius from a
applied to specific coal beds. In addition, the zones diaga point (Wood and others, 1983). Although con-
commonly burned and covered by slope wash over lafgkence levels have not been established for these
outcrop areas, making resource determinations diffictdliability categories, they reflect decreased levels of
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Table 5. Coal quality summary for samples collected from mines and outcrops within the Calico
and A-sequences in the Kaiparowits Plateau, Utah. Arithmetic means are reported for moisture,
volatile matter, fixed carbon, ash, sulfur, and heating value and are based on proximate and ultimate
analyses from about 100 samples reported in Doelling and Graham (1972, p. 123-127). Moist- and
mineral-matter-free heating values and apparent ranks are determined from these average values.
Apparent rank calculated using the Parr formula (American Society for Testing and Materials, 1995).

Coals collected from mines

Volatile Fixed Heating Moist-, Mineral-Matter-
Coal zone Moisture Matter | Carbon | Ash | Sulfur value Free Heating Value Apparent Rank
% % % % % Btu/lb Btu/lb
Alvey 16.4 38.4 38.0 7.3 0.6 9,350 10,150 Subbituminous B
Rees 5.0 41.4 48.7 5.0 0.7 11,600 12,270 High volatile C
Bituminous
Christense 6.7 39.2 44.2 7.3 2.1 11,60 12,640 High volatile C
Bituminous
Henderson 18.7 39.1 36.5 8.6 1.0 9,260 10,210 Subbituminous B
Coals collected from outcrops
Volatile Fixed Heating Moist-, Mineral-Matter-
Coal zone Moisture Matter | Carbon | Ash | Sulfur value Free Heating Value Apparent Rank
% % % % % Btu/lb Btu/lb
Alvey 11.3 40.2 41.7 6.6 0.9 10,310 11,110 Subbituminous A
Rees 10.3 41.0 39.3 9.2 1.1 9,250 10,280 Subbituminous B
Christenser 10.9 38.8 43.1 7.2 0.9 10,390 11,280 Subbituminous A
Henderson 20.5 36.1 371 8.3 0.9 9,000 9,890 Subbituminous B

accuracy for calculated resources based on their disfigure 14. County locations are shown in figure 1;
tance from a data point. Approximately 47.2 billiotownship and 7.5' quadrangle locations are shown in
short tons of coal (76 percent of the original resourdg)ure 2. Of the 62.3 billion short tons of coal reported
is calculated for areas located less than 3 miles fréon the original resource, approximately 57.2 billion
a data point and is therefore considered to be an idehort tons (92 percent) are Federally owned; of the re-
tified resource (table 6). About 15.1 billion shoriaining 5.1 billion short tons, 4.7 billion tons underlie
tons of coal (24 percent of the original resource) @eas where the surface is owned by the State, and 0.3
calculated for areas that are located more than 3 mfdon tons underlie areas where the surface ownership
from a data point and are considered to be a hyp®private. Approximately 27.7 billion short tons of coal
thetical resource (table 6). Identified and hypothe@® within Garfield County and 34.6 billion tons are
cal resource areas are shown in figure 13 and ¥fighin Kane County (table 6). Coal resources within
based on the distribution of 209 coal data points; tR8Ch 7.5 quadrangle and township are reported in ap-
hypothetical resources areas generally reflect wh&@dix 2. Coal resources reported within these more
coal measurements are lacking because coals aré&stricted areas are useful because they can be com-
ther thin or deeply buried. pare_d to resource estimates made in the previous inves-
Coal resources were reported for areas in t@ations cited in figure 2.
Kaiparowits Plateau where coal is owned by the Fe@'eologic restrictions to coal availability
eral Government, as well as for areas that underlie Kane

and Garfield Counties and for each 7.5' quadrangle and In order to better quantify the original coal resource
township. Areas of Federal coal ownership are showfthe Calico and A-sequences, varioyseass of coal
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Table 6. Coal resources (in millions of short tons) in the Calico and A-sequences in the Kaiparowits
Plateau, Utah. Resource reliability categories are defined in Wood and others (1983). Areas having
identified resources are within a 3-mile radius of a data point and areas having hypothetical resources
are beyond a 3-mile radius from a data point. Resources represent all areas of the plateau where
the entire coal-bearing section is preserved (fig. 12) and are calculated using an average density of
1800 short tons per acre-foot for all coal beds thicker than 1 foot. Resources are reported in
overburden and reliability categories for each county.

ESTIMATED COAL RESOURCES (in millions of short tons)
County Reliability Overburden (thickness in feet) Total
0-1,000 | 1,000-2,000, 2,000-3,000 3,000-6,000 > 6,00D

Garfield| Identified 2,780.2 6,629.7 3,143.8 4,381.6 76.2 17,011.5
Hypothetical 61.2 364.3 1,320.4 7,296.9 1,659.1 10,701.9
Subtotal 2,841.4 6,994.0 4,464.2 11,678.5 1,735.3 27,7134

Kane Identified 13,227.0 9,219.5 7,672.7 77.3 0 30,196.5
Hypothetical 304.5 150.7 3,326.7 618.7 0 4,400.6
Subtotal 13,531.5 9,370.2 10,999.4 696.( 0 34,597.1
Total 16,372.9 16,364.2 15,463.6 12,374.5 1,735.3 62,310.5

distribution were investigated, including overburdeof coal are under less than 3,000 feet of overburden,
coal bed thickness, and dip of strata. and 14.1 billion short tons of coal are under more
than 3,000 feet of overburden.

In order to check the accuracy of the overburden

Maximum overburden overlying coal in thd"aP shown in figure 15, it was compared to an over-

Calico and A-sequences has been delineated utifrden map constructed for the Christensen coal zone
ing the topography of the Calico sequence bounddy Hansen (1978b). The two maps generally com-
(fig. 10) and surface elevations imported from B2re favorably in most areas of the Kaiparowits Pla-
1:250,000 Digital Elevation Model constructed by—:‘au; mlnqrdlscrepgnmes are attributed to gene_ralltles
the U.S. Geological Survey. Maximum overburddfl the Digital Elevation Model and the use of differ-
lines are shown on the resultant map, figure 15,%&'[ horizions. However, overburden differences of
1,000, 2,000, 3,000, and 6,000 foot intervals. TRE much as 500 feet are found in the northeastern
maximum overburden map indicates that coals in tRg"t Of the plateau in the Griffin Point quadrangle
Calico and A-sequences are less than 2,000 feet dg@F 2) where overburden is affected by the Jake
in all areas of the Kaiparowits Plateau except for thi2llow graben (fig. 9). Additionally, our overburden

central basin, where maximum overburden rangédues are as much as 1,000 feet too thick in the ex-

from 2,000 to 8,500 feet. Estimated coal resourcé&me northeastern part of the plateau (central part of

are calculated in overburden categories of 0-1,000¢ Posy Lake quadrangle, fig. 2), where thick succes-
1,000-2,000, 2,000-3,000, 3,000-6,000, and greaté"S of shoreface strata are located between the lower-
than 6,000 feet by integrating the overburden mHH)St beds of coal and the Calico sequence boundary.

(fig. 15) with the net coal isopach map (fig. 11). Cogh, 4/ ped thickness

resources in each category are reported in table 6.

About 32.7 billion short tons of coal are under less The Calico and A-sequences contain as many
than 2,000 feet of overburden, 48.2 billion short toras 30 beds of coal that range from 1 to 59 feet in

Overburden
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coal-bearing interval where coal beds are greater than 1 foot thick.

28



111°

I 38
Scale 1:500,000
5 10 15 20
[ [ [ |
MILES
Coal ownership
O Federal
Bl State or private
______ Northern boundary
of Kaiparowits Plateau
Outcrop of Calico
sequence boundary
_ J AN EE mm mm A
(m = = =
i . .ll ________ SN mm oA\ _ RTE
| | N T.40,
"""""""" -. . """" ... """" .. . """" .. . """""""""""""""""""""""""""
0 | ] |
37112 111:?:7

Figure 14. -- Mineral ownership for areas underlain by the Calico and A-sequences.
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thickness. In order to better understand the distriblable 7. Estimated coal tonnages (in billions of
tion of these coal beds, we have constructed a sefie@t tons) in beds ranging from 1-2.4, 2.5-3.4,
of isopach maps that show net coal in bed thickneks8-7-4, 7.5-14.0, 14.1-20.0, and greater than 20.0
categories of 1.0-2.4, 2.5-3.4, 3.5-7.4, 7.5-14.0, 14{g€t in thickness within the Calico and A-
20.0, and greater than 20.0 feet (figsAZHA), re- _Sl_e_quences’ Kaiparowits Plateau, Utah.
spectively. The number of coal beds within eadH ckness categories used here are standard for

. . L estimating resources of bituminous coal (Wood
thickness category is shown in figureB1%1B, re- an& others, 1983). Tonnage estimates are

sp_ectively. Each_ isopgch map h_as been CONSHUCEER jated using an average density of 1800 short
using coal data listed in appendix 1. The estimatggls per acre-foot for coal and represent all areas

coal resource in each thickness category is listedginthe plateau where the entire coal-bearing
table 7. However, the sum of coal tonnages frogaction is preserved.

each individual thickness category in table 7 is only

55 billion tons, about 12 percent less than the 62 IfiRal bed thickness in feet , b_E”’?‘“matid rtlonnage
lion short tons reported in table 6 for the original (in billions of short tons)
coal resource. This discrepancy appears because the 1-24 7

area mapped for each coal thickness category IS ;534 4

slightly underestimated, because an artificial value -of

. . . . . 3.5-7.4 15

zero” was assigned to data points that lack coal within

the specified bed thickness category. The discrepancy 7.5-14.0 13

is relatively minor, and the isopach maps and re- 141200 8

ported tonnages in each category provide a rea- 200 5

sonable estimation of coal distribution by bed thickness
Coal beds less than 3.4 feet thick are widely dis-

tributed across the entire resource area. As man AR

22 coal beds range from 1 to 2.5 feet in thicknegs

and have a maximum net accumulation of 30 fe :
55 well as several areas that are 2-17 miles long and

(fig. 15A, B). As many as nine coal beds range from, o ,
2.5 to 3.4 feet in thickness, and the maximum n@tg miles wide in the central regions of the plateau

L . : : ig. 21A). As many as three beds of coal are greater
accumulatl'on in this category is 27 feet (f'gA.l7 than 20.0 feet thick, and as much as 59 feet of coal is
B). Approximately 11 billion short toref coal are in

beds that range from 1 to 3.4 feet in thickness (tablegﬁmamed in 1 bed (fig. 21 B). Approximately 16

Coal beds between 3.5 and 4.1 feet in thickneis lion short ton_s of poal are in beds that range from
o . .1to 59 feet in thickness (table 7). However, cur-
are also distributed widely throughout the plateau

but they occupy a slightly smaller area than do cod snt longwall mining technology can economically

in the thinner categories. As many as nine bedse&(ftr"’lct no more than 14 feet of coal from beds of

coal range from 3.5 to 7.4 feet in thickness, and th%’%’ thickness (Timothy J. Rohrbacher, U.S. Geologi-

beds have a maximum net accumulation of 65 fe Surve_y,_ oral commun., 1996). Therefore, on_Iy
(fig. 18A, B). As many as seven beds of coal are 7glout’s billion short tons of coal are actually avail-
14.1 feet thick, and these beds have a maximum ﬁgle for mining from these thicker beds. Th.|s .5 bil-
accumulation of 66 feet (fig. 20B). Approximately ion ton figure does not account for any restriction to

28 billion short tons of coal are in beds that ran@gining other than bed thickness and is determined

from 3.5 to 14.1 feet in thickness (table 7). y treating _egch mapped bed shqwn in figurei 20
Coal beds greater than 14.1 feet thick occupy ﬁﬂd 2Bas ifitwas only 14 feet thick.

elongated area situated in the central region of the

Kaiparowits Plateau (figs. 2021B). The elongated

area is about 20 miles wide in the northern part of

the plateau and narrows to about 10 miles wide in

the plateau’s southern areas. As many as four coal

beds range from 14.1 to 20.0 feet in thickness and

have a maximum net accumulation of 71 feet (fig.

, B). Coal beds greater than 20.0 feet thick oc-
py an area along the northern part of the plateau
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Figure 16A. -- Distribution of 1.0-2.4 foot thick coal beds in the Calico and A-sequences. Isopach map showing net coal in
beds 1.0-2.4 feet thick.
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Figure 16B. -- Distribution of 1.0-2.4 foot thick coal beds in the Calico and A-sequences. Isopleth map showing the number

of coal beds that are 1.0-2.4 feet thick.
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Figure 17A. -- Distribution of 2.5-3.4 foot thick coal beds in the Calico and A-sequences. Isopach map showing net coal
in beds 2.5-3.4 feet thick.
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Figure 18B. -- Distribution of 3.5-7.4 foot thick coal beds in the Calico and A-sequences. Isopleth map showing the number

of coal beds that are 3.5-7.4 feet thick.
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Figure 19A. -- Distribution of 7.5-14.0 foot thick coal beds in the Calico and A-sequences. Isopach map showing net coal
in beds 7.5-14.0 feet thick.
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Figure 19B. -- Distribution of 7.5-14.0 foot thick coal beds in the Calico and A-sequences. Isopleth map showing the
number of coal beds that are 7.5-14.0 feet thick.
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Figure 20A. -- Distribution of 14.1-20.0 foot thick coal beds in the Calico and A-sequences. Isopach map showing net
coal in beds 14.1-20.0 feet thick.
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Figure 20B. -- Distribution of 14.1-20.0 foot thick coal beds in the Calico and A-sequences. Isopleth map showing the
number of coal beds that are 14.1-20.0 feet thick.

41



111°

Scale 1:500,000

5 10 15 20
[ [ [ |

MILES

Contour interval is 10 ft

Area where coal-bearing strata are
eroded; isolines over eroded areas
represent restored values of net coal

————— Northern boundary of Kaiparowits Plateau

[ Data point

Outcrop of Calico
sequence boundary

T.40S.

112 111°

Figure 21A. -- Distribution of coal beds that are greater than 20.0 feet thick in the Calico and A-sequences. Isopach map
showing net coal in beds that are greater than 20.0 feet thick.
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Figure 21B. -- Distribution of coal beds that are greater than 20.0 feet thick in the Calico and A-sequences. Isopleth map

showing the number of coal beds that are greater than 20.0 feet thick.
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Dip of strata At least 32 billion short tons of coal are not likely

_ to be mined in the foreseeable future because of geo-
Based on studies conducted by the former Uiggic and technological restrictions that included

Bureau of Mines between 1985 and 1993, undeferhurden, dip of strata, and coal bed thickness.
ground mining is most efficient in areas where stragyysical and economic constraints generally limit
are inclined by less tharf:gunderground mining is ¢rrent longwall and continuous mining to depths of
difficult where strata are inclined betweersid 12 o5 than 3,000 feet, to strata that are inclined by less
and it is not feasible where strata are inclined mq§g,, 12 and to coal beds that are more than 3 feet
than 12 (Timothy J. Rohrbacher, U.S. Geologicahick: additionally, only 14 feet of coal can be mined
Survey, oral_ commun., 1996). Inclinations of strata,m peds of any thickness (Timothy J. Rohrbacher,
are shown in figure 9 for ranges of ® &, 6" 0 5 Geological Survey, oral commun., 1996). These
12°,12°t0 25, and greater than 25Coal resources oyerpurden and bed thickness limits are supported
within each category of inclination are calculated a summary given for 81 current longwalls oper-
integrating the dip-of-strata map (fig. 9) with the nefiej in the United States by 30 companies (Merritt
coal isopach map (fig. 11). Approximately 49.8 bilz,q Fiscor, 1995, p. 32-38). Approximately 18 bil-
lion short tons of coal are contained in strata that &, short tons of coal are not likely to be mined be-
inclined by less than5.6 billion short tons are in 5 ;se they are in areas where overburden is greater
strata that dip betweerf @nd 12, and 6.9 billion han 3 000 feet or where strata are inclined by more
short tons of coal are in strata that dip more thgfy, 15 Coal tonnages in these areas are calcu-
12°. These tonnages comprise 80, 9, and 11 percgty by integrating the dip of strata, net coal iso-

of the original resource, respectively. pach, and overburden maps (figs. 9, 11, 15,
respectively). An estimated additional 14 billion
COAL RESOURCE SUMMARY short tons of coal are not likely to be mined from the

remaining areas of the Kaiparowits Plateau because

Although the Calico and A-sequences contain éimey are in beds that are less than 3.4 feet thick (11
original coal resource of 62.3 billion short tons, thisillion tons) or cannot be extracted from beds that
large resource figure must be regarded with cauti@re more than 14 feet thick (3 billion tons). These
because it does not reflect economic, land-use, erceal tonnages are determined by integrating the over-
ronmental, technological, and geologic restrictiorimirden and dip-of-strata maps with resources deter-
that may affect its availability and recoverabilitymined from coal isopach maps (figs AL&7A) and
Peterson (1969a) estimated that only 10 percentbafd maps (figs. Z) 21B).
the coal in the Kaiparowits Plateau could be recov- Approximately 30 billion short tons of coal are
ered with the technology of that time. Similar estin areas of the Kaiparowits Plateau where geologic
mates for the Appalachian coal region (Rohrbachewnditions are more favorable for current under-
and others, 1994) also indicate that less than 10 mmeund mining technology (fig. 22). These beds of
cent of an original coal resource can be mined aodal are in areas where overburden is less than 3,000
marketed at a profit. feet thick and strata dip less tharf 1Zhe coal ton-

Land-use and environmental considerationsge is estimated for all beds of coal that are more
that may affect the economics or availability othan 3.5 feet thick, and coal tonnages in beds that
coal in the Kaiparowits Plateau include the impaate thicker than 14 feet thick are calculated as if they
of mining and coal utilization on air and wateare only 14 feet thick. These coal tonnages do not
quality in nearby National Parks and Recreationadflect potential land-use or environmental restric-
Areas, regional populations, grazing, and land suliens, nor do they account for additional coal that
sidence above mined areas (Sargent, 1984). Theagnot be mined due to the discontinuity of coal beds,
issues may be significant; in 1976, several cordeal that may be destroyed by the mining of adja-

panies dropped their plans to construct a coal-bugent strata, or coal that must be left in the ground for
ing power plant in the region due to Governmeggof support.

actions and pending lawsuits over environmental
issues (U.S. Bureau of Land Management, 1976;
Sargent, 1984).
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