U.S. DEPARTMENT OF THE INTERIOR
U.S. GEOLOGICAL SURVEY

Assessment of the Distribution and Resources of Coal
in the Deserado Coal Area, Lower White River Coal
Field, Northern Piceance Basin, Colorado
by
M. E. Brownfield’, L. N. R. Roberts', E. A. Johnson', andT. J. Mercier?

1U. S. Geological Survey, 2USGS Contract Employee
P.O. Box 25046, MS 939, Denver Federal Center

Denver, Colorado 80225

OPEN-FILE REPORT 98-352

This report is preliminary and has not been reviewed for conformity with U. S. Geological Survey editorial
standards (or with the North American 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.

1998



CONTENTS

EXECULIVE SUMIMATY ...evtiiitiiiiieiieetteeie et eetr et e et e sttt e s e s e s bt esaseesbeesmeeesmsessbbe e bteeaseesannsennesenseenbesssnsenns 1
INEPOAUCTION ..neiittieiieieee ettt ettt e e e e st e e s e se e esaeeabesataee e s e bt s st e st ent e saensaaneeentenasesmnaneens 2
PUurpose and SCOPE .......cuoiiuiiiiiiiirie e e e bbb 2
IMEEROMS ...ttt sttt bt et r s s b st be e e n et b e R e a e bRt b ne s 2
GEOLOZIC IMNAPS .vervveeurerererienieesteesteaestssaessaessaesseesseesseessessessesssasssessssessessserssesssesstensesntessesnessessseesseesassnes 2
Geographical DOUNAATIES .........c.eriirtereiiieie ettt ettt et see bt b e e e et ms e e 2
LLOCATION ..ttt ettt ettt ettt e s bt s et et et e e e e s e ebesates e e be bt bt s at e e b e st eabe st ebeebaenbesreraentsabene 3
Previous geologic studies and mMining aCtVILY ....c..coceriririerieiienenieetrceresr sttt ene s esas e 3
GEOPHYSICAL IOZS .eveimeiiiiiiiieiieteeer ettt et b et b st et sn e et naenesaesaaersenn e 7
ACKNOWIEBAZIMENTS ....covniiiiviirieeiiieetietiert e ceee sttt sre e e e r e st s st e se s s e e sre et e e bt saesreesbaembesentenneeseensaens 8
GEOIOZIC SELLIME ...eveevieutiiitieteeiee et ertese et st et et e beseesbteua et et essesaeesbesbaasensesenseestenseanesbansesseenseseesesenerssaseranes 9
Stratigraphy of the Cretaceous and Tertiary Strata of the Lower White River coal field .................... 9
STIUCTUTE ...eveiieeieieeteete et eeretee e e seeaesaeseeseesseaseeseestesaaseesseeneessansessasnssessnteaeensensesraesaenseatansensesseeseeneeneraes 9
Coal Geology of the Deserado Coal ATEa .......c..cccoceeiiieiiinieieiie ettt sttt et r s et e sreseraans 11
STTALIZTAPILY ...-vineeteenirientesiert e e et e ettt et et et e et ettt e st et e s et e emeeat e sent et e s eseeem e et et ebenbeseaeeseneesenssabas 11
C0al AISIIDULION ...ttt ettt ettt e st st b s b e e st e e e e et e st e e be e nesnesae e e st e beeanasbsenn 15
C0AL QUATIEY ...ttt et ettt e et et e bbb et b e et r e b b e ekt er et e b e naeebeea cene 20
MEthOAOIOZY USEA ...cvviiiiiiiiiie ettt csieeta ettt e st e et e esbaesaesse e se e bs e s esteestaeasasaneebesabesnbesaeesatasseaensansesarens 22
€0l RESOUICES ....eeeriniiiiieeiiiriteeie ettt et e b et e et et e e bt e et e e sbe et e sbe st e s st e b e s b eesatemtesuesabeenbeenmtenaessnenss 24
REfErences Gt .......couiiieriiieiiieteri ettt ettt st ettt e s ettt e e bt st at e b e besaesbesatouten 28
FIGURES
Figure 1. Location map of the Lower White River coal field. ..........cccooeeivinieniinininieeeceee e 3
Figure 2. Generalized geologic map of the Lower White River coal field. .........cccccovirinernivinicnnncnneenns 4
Figure 3. Index map showing location of U. S. Geological Survey drill holes and cross sections in the
DeSerado COAL ATEA. ....cccvoiiiiiieirieree ettt ettt e et e be et e e s eesseesa e e s e e e ssessanesbe e b s e rnenesasesaes 6
Figure 4. Generalized regional cross section for part of the Upper Cretaceous and Tertiary rocks in the
Lower White River, Danforth Hills, and Yampa coal fields, northwest Colorado.............ccceccrccvvenncnne 7
Figure 5. Generalized stratigraphic column for a portion of the Upper Cretaceous rocks for the Deserado
COAL ATBA. «.uveuterrenrerseententesteet et et ease s st s at e te st e besae st e eateataasaeseesaanteae et ebeteebeens et sestssesabeuten e s eneerbeanerteobentons 8
Figure 6. Structure contour map drawn on the top of the coal marker sands, coal unit Upper Cretaceous
Mesaverde Group, Deserado coal area, Lower White River coal field, Colorado...........cccccevvvenneeen. 10
Figure 7. Map showing total net coal thickness and overburden thickness categories for the coal unit,
Upper Cretaceous Mesaverde Group, Deserado coal area, Colorado. .........c.c.cccevermnieennicinininniennnnn, 12
Figure 8. Cross section A-A’ of B and D coal zones and the coal marker sands, Deserado coal area. ..... 13
Figure 9. Cross section B-B’ of B and D coal zones and the coal marker sands, Deserado coal area. ..... 14
Figure 10. Map showing total net coal thickness and overburden thickness categories for the B coal zone,
Upper Cretaceous Mesaverde Group, Deserado coal area, Colorado. ..........cccoccvveiniicnniccinnicninnnennne 16
Figure 11. Map showing total net coal thickness and overburden thickness categories for the D coal zone,
Upper Cretaceous Mesaverde Group, Deserado coal area, Colorado. ..........ccccoviveviineninnciciiinniincnnne. 17
Figure 12. Map showing bituminous net coal thickness categories for the B coal zone, Deserado coal
area, Upper Cretaceous Mesaverde Group, Colorado. ........ccccevereiieieineeiencniennteseeneceneesiess e 18

Figure 13. Map showing bituminous net coal thickness categories for the D coal zone, Deserado coal
area, Upper Cretaceous Mesaverde Group, Colorado. ..........cceoveieeieeieeennieninicceeeeeee e e 19



TABLES

Table 1. Locations of coal-exploration holes drilled by the U. S. Geological Survey, in 1976, in the
Lower White River coal field, Colorado. ............ooovreeiiiiiieeeiee e ee et ee e e eesnaeesesennsreeee e essnneens 5

Table 2. Number of samples, range, arithmetic mean, and standard deviation of proximate and ultimate
analyses, heat of combustion, forms of sulfur, and ash-fusion temperatures of coal from the Lower

White coal field, COLOTaAdO. .......ooooveeeeiiiiiieeeieieieeeeeee ettt e e rtabb e e e e s seabbbsesessesbraneeesessbnnans 20
Table 3. Number of samples, range, arithmetic mean, and standard deviation of ash and 39 elements in

coal from the Lower White coal field, Colorado. .........ccvieiiviiiiiiiiiiii ittt et eesnee e sneee e 21
Table 4. Identified total coal resources for the coal unit of the Upper Cretaceous Mesaverde Group,

Deserado coal area, Lower White River coal field.. .....uiiiiiiiiiiiiicieeeee e eerrete e eseveeaesesnans 22

Table 5. Identified coal resource for the B coal zone of the Upper Cretaceous Mesaverde Group,
Deserado coal area, Lower White River assessment area by county, coal ownership, and overburden

CALBZOTIES. ..eeiuiiutirieeiuteetieteete et e et ettt ee bt et e eb b e e b tee e e s eesseesses s e e s e esaesae e bt e bt smaeert e ntenneensteneenesnseeneenseras 23
Table 6. Identified coal resources for the B coal zone, Deserado coal area, Lower White River assessment
area by township, overburden, and net-coal thickness categories. ..........cccccoeveeiecerirninenneeseereenenne. 25
Table 7. Identified coal resources for the B coal zone, Deserado coal area, by overburden, net-coal
thickness, and qUAadrangle CAtEZOTIES.. ........ccevuireeertiiirtetietere ettt sttt neresre s sreeneenee 25
Table 8. Identified coal resources for the D coal zone, Deserado coal area,by county, Federal and
nonfederal ownership, and overburden, CatEZOTIES ....c..cccvuerirverrictinenieneri e neenee 26
Table 9. Identified coal resources for the D coal zone, Deserado coal area, Lower White River assessment
area by overburden, net-coal thickness, and township categories. .........ccoccovrveeniininceiriinnnneeceeee 26
Table 10. Identified coal resources for the D coal zone, Deserado coal area, by overburden, net-coal
thickness, and qUAATANGIe CALEZOTIES. ......cccveeerreeiierieiiieet ettt ettt seeste et e e sre e e e ate e e 27

METRIC CONVERSION FACTORS

Data in this volume are re%orted in customary inch-pound units because the metric system
is not currently in use by the coal 1nd}1$tr{ of the United States. Readers wishing to
convert measurements to the International System of units (SI) may use the following

factors:

U.S. customary unit SI conversion
Acre = 4,046.87 square meters
Acre-foot = 1,233.49 cubic meters
British thermal unit (Btu) = 1,055.056 joules
Btu/lb = 2,326 joules per kilogram
Foot (ft) = 0.3048 meters
Inch (in.) = 0.0254 meters
Mile (mi) = 1.609 kilometers
Pound (1b) = 0.4536 kilograms
Short ton (ton) = 0.9072 metric tons
Square miles (mi?) = 2.59 square kilometers
Ton/acre-foot = (.7355 kilograms per cubic meter




EXECUTIVE SUMMARY

Assessment of the coal resources of the Deserado
coal area, Lower White River coal field, Colorado is
part of the U. S. Geological Survey’s (USGS) “Na-
tional Coal Resource Assessment” (NCRA), a five
year program to identify and characterize the coal
deposits that could potentially provide fuel for the
Nation’s coal needs during the first few decades of
the twenty-first century. For the NCRA, the Nation
was divided into regions. Teams of geoscientists,
with knowledge about each region, are developing
coal data bases and spatial data on land use to assess
the coal resources in each region. Five major coal-
producing regions of the United States being assessed
are: (1) the Appalachian Basin; (2) the Illinois Ba-
sin; (3) the Gulf of Mexico Coastal Plain; (4) the
Powder River Basin and Northern Great Plains; and
(5) the Rocky Mountains and Colorado Plateau. Six
priority regions were designated in the Rocky Moun-
tains and Colorado Plateau Region because of their
current coal production and potential for future de-
velopment. The Lower White River coal field is part
of the northwest Colorado priority region.

The coal quantities reported for this study are
considered resources only and represent, as accu-
rately as the data will allow, the total net-coal in beds
greater than 1.2 feet thick. The coal resources are
reported as “identified” following the classification
of the USGS (Wood and others, 1983). Coal beds in

the Deserado coal area, Lower White River coal field
are contained in the Upper Cretaceous Mesaverde
Group and are laterally discontinuous when com-
pared to many other coal-bearing regions in the
United States. The coal within the study area is con-
sidered to be low sulfur (0.55 percent) and has an
apparent rank of high-volatile C bituminous.

The Deserado coal area contains an estimated
original coal resource of about 440 million short tons
with more than 80 percent of the total coal resource
contained in two coal zones. The coal resources es-
timated for this study do not include the area inside
the Deserado Logical Mining Unit. Although the
study area contains a significant coal resource, the
resource figure does not reflect economic, land-use,
environmental, technological, and geologic con-
straints that may affect the availability and recovery
of the coal. Within the Deserado coal area the re-
coverable coal will be reduced because the two ma-
jor zones are close together and contain partings and
splits that restrict mining. Currently the coal is be-
ing mined in the study area by long-wall methods
from both zones. Coal can be bypassed due to long-
wall mining methods related to adjacent coal beds
and reduced thickness from partings and splits. Al-
though these factors will reduce the amount of coal
that could be recovered, the amount of recoverable
coal was not estimated.
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INTRODUCTION

Purpose and scope

The assessment of the distribution and resources
of the coal in the Lower White River Coal Field of
northwest Colorado is part of the United States Geo-
logical Survey’s National Coal Assessment project
that was initiated in 1994. The goal of the National
Assessment project is to characterize the resource
potential and quality of coal for priority areas in the
United States that will be utilized for the next few
decades. The Lower White River coal field, in
Garfield, Moffat, and Rio Blanco counties Colorado
(fig. 1), is one of the priority areas within the Rocky
Mountain Coal Province (Tully, 1996). Because of
the need to restrict the resource potential to a 10 to
20 year window, only the northern part of the Lower
White River coal field was assessed for this study
and was designated the Deserado coal area (figs. 2
and 3). The study area was determined by analyzing
current mining activity and Federal coal ownership
within the Lower White River coal field. Only one
operating mine, the Deserado Mine, is present in the
study area and there has been no interest in develop-
ing new mines in the Lower White River coal field.
The coal within the study area is mostly owned by
the U. S. Government.

The assessment of the Deserado coal area is
based on data from geologic mapping, outcrop mea-
surements, and drilling that has been conducted in
the study area since the early 1900’s (Gale, 1910).
The deposits of coal are contained in the Coal and
Upper units of the Upper Cretaceous Mesaverde
Group (figs. 4 and 5). The data was stored digitally
and manipulated in a Geographic Information Sys-
tem (GIS) to calculate coal resources within a vari-
ety of spatial parameters that were deemed useful
for land-use planning and potential mining. Total
net-coal resources for the Coal unit and net-coal re-
sources for two major coal zones are reported for the
Deserado coal area. The Deserado Logical Mining
Unit (includes all Federal and State coal leases and
private coal) were excluded in this study.

Methods

In order to assess the coal resources of the
Deserado coal area, we created digital files for vari-
ous geologic features within the study area. The drill
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hole data are stored and correlated in a stratigraphic
data base and graphics software package called
StratiFact (GRG Corporation). The drill-hole data
was then analyzed by a U. S. Geological Survey pro-
gram to determine the net thickness of coal using the
methodology of Wood and others (1983). The spa-
tial data are stored, analyzed, and manipulated in a
Geographic Information System using ARC/INFO
software developed by Environmental Systems Re-
search Institute, Inc. Spatial data that required
gridding for the generation of contour and isopach
maps were processed using ARC/INFO (Environ-
mental Systems Research Institute, Inc.) and Earth
Vision (Dynamic Graphics, Inc.) software. Integrat-
ing the various coverages allowed us to calculate coal
resources and characterize the coal distribution within
a variety of geologic and geographical parameters
using Earth Vision software. The methodology for
estimating coal resources is from Wood and others
(1983) and is reported in detail in the Coal Resource
section.

Geologic maps

Digital maps generated from ARC/INFO cover-
ages for geologic features include the locations of
stratigraphic boundaries, faults, fold axes, and points
where strata are inclined at various ranges of dip.
Data from the State geologic map of Colorado
(Tweto, 1979 and the digital version, Green, 1992)
were used to generate digital maps using ARC/INFO.
The State geologic map in the Deserado area was
compiled from 1:250,000 scale geologic maps
(Tweto, 1975 and Rowley and others, 1979), and
published at a scale of 1:500,000. The generalized
geologic map for this report (fig. 2) was compiled at
1:100,000 scale and was modified using outcrop data
from 1:24,000 scale-geologic maps by Barnum and
Garrigues (1980), Garrigues and Barnum (1980), and
Barnum and Hail (1996).

Geographical boundaries

Geographical boundaries were imported as ARC/
INFO coverages from existing public data bases.
Township boundaries were digitized from the
Rangely NE and Cactus Reservoir 7.5 minute quad-
rangles. Areas of surface and mineral ownership
were obtained from 1:24,000-scale digital compila-
tions from the Craig District Office, U. S. Bureau of















Deserado Mine operated by Western Fuels, Inc. Coal
from the Deserado Mine is transported over a dedi-
cated electric railroad to the Deseret Generation and
Transmission power plant in northeastern Utah. Coal
production averaged 1.44 million tons per year from
1989 to 1994 (Resource Data International, Inc.,
1998). All the coal produced in the Deserado Mine,
or presently projected for future production, is within
the Coal unit of the Mesaverde Group.

Lower White River Coal Field

Danforth Hills Coal Field

Geophysical logs

The borehole geophysical logs used in this study,
supplied by the Bureau of Land Management (BLM)
and the U. S. Geological Survey (USGS), were gen-
erally of good quality and contained natural gamma
and density traces. Twenty-three exploratory holes
were drilled during the summer of 1976 in the Lower
White River coal field by the U. S. Geological Sur-
vey (Garrigues, 1976 and Garrigues and others,
1977). Ten of the 23 holes were drilled in the

Western Yampa Coal Field
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Figure 4. Generalized regional cross section for part of the Upper Cretaceous and Tertiary rocks in the
Lower White River, Danforth Hills, and Yampa coal fields, northwest Colorado. Modified after Brownfield
and Johnson (1984).
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Deserado coal study area (fig. 3). Location and depth
information about these holes is summarized in Table
1. The remainder of the geophysical logs used in the
study are proprietary and were obtained over a 15
year drilling period by several different operators and
organizations, often at different scales. The propri-
etary well log data were supplied by the BLM. Coal
and other lithologic units could usually be interpreted
from the logs with a high degree of certainty because
good natural gamma and density traces were avail-
able. The logs allowed the lithologic contacts to be
upper coal unit estimated to the nearest one half foot. A few of the
— older and poorer quality logs allowed interpretations
main coal zone 55512;"5:,; only to the nearest foot. A few of the most recent,
well-calibrated logs allowed unit picks to the near-
est one tenth of a foot.

As is true of most coal correlation studies, the
degree of certainty varies with distance, local stratig-
raphy, presence of stratigraphic markers, and log
quality. In areas of high drill-hole density it is likely
that a coal bed is continuous within a coal zone be-
lower unit tween selected drill holes. In areas of low drill-hole
density it is unlikely that a coal bed at the same strati-
graphic horizon is continuous within the coal zone
between drill holes. Despite these problems, the
lithologic and stratigraphic log interpretations were
accurately correlated across the study area.

Series Stratigraphic Units

upper unit

—coal marker ss
lower coal unit

Mesa Verde Group
coal unit

Sego Sandstone

Upper Cretaceous
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GEOLOGIC SETTING

Stratigraphy of the Cretaceous and
Tertiary Strata of the Lower White River
coal field

A generalized stratigraphic column for a portion
of the Upper Cretaceous rocks of northwest Colo-
rado including the Lower White River coal field is
shown in figure 4 and a columnar section for the
Deserado coal area in shown in figure 5. The Lower
and Upper Cretaceous Mancos Shale has a maximum
thickness of 5,100 feet (1570 m) within and adja-
cent to the Lower White River coal field and out-
crops north and south of the Deserado coal area and
north and west of Rangely, Colorado (fig. 2). Only
the upper part of the unit is shown in the stratigraphic
columns. All the coal-bearing units considered in
this study are included in the Mesaverde Group of
Late Cretaceous age. Within the Deserado coal area
the Mesaverde Group is approximately 5000 feet
(1500 m) thick and composed of a thick succession
of mostly non-marine sediments which overlie the
marine Mancos Shale. The Mesaverde Group has
been divided into three formation-equivalent strati-
graphic units (fig. 5) by the U. S. Geological Survey
(Barnum and Garrigues, 1980). These three units
are designated the lower unit, coal unit, and upper
unit (fig. 5). The lower unit is roughly equivalent to
the Iles Formation of the Danforth Hills coal field
about 60 miles to the east of the study area and aver-
ages 690 feet (210 m.) thick. The coal unit and up-
per unit are generally equivalent to the Williams Fork
Formation of the Danforth Hills and average about
2130 feet (650 m.) thick (fig. 4). The coal unit was
subdivided into the lower and upper coal units and
the main coal zone in this report. The top of the
lower coal unit is marked by persistent sandstone
beds mapped as the “coal marker sands” by Barnum
and Garrigues (1980).

Overlying the Cretaceous Mesaverde Group
within the Deserado coal area is a Tertiary section of
fluvial and lacustrine sediments assigned to the
Wasatch and Fort Union? Formations of Paleocene
and Eocene age (fig. 4). This section has been di-
vided into the lower member and the main body of
the Wasatch Formation by Barnum and Garrigues
(1980). The lower member consists of shale, mud-
stone, thin, persistent, light-brown sandstone

interbeds, carbonaceous shale with coally lenses, and
local lenses of brown clay-pebble conglomerate.
Locally a white, massive, clay-cemented basal sand-
stone, possible equivalent to the Ohio Creek Forma-
tion, is present (Barnum and Garrigues, 1980). The
lower member is about 360 feet (110 m) thick and
probably at least partially correlative with the Fort
Union Formation about 10 miles east of the study
area (Hail, 1974, Hail and Barnum, 1993). Approxi-
mately 980 feet (300 m) of the main body is exposed
in the study area. The main body consists of lacus-
trine shale and claystone and sandstone interbeds.
The Eocene Green River and Miocene Browns Park
Formations were mapped east of the Deserado coal
area by Hail (1974) and Hail and Barnum (1993).
Quaternary deposits consisting of alluvium, collu-
vium, and terrace gravels are also present through-
out the coal field.

The Deserado coal area includes the coal marker
sands, rocks of main coal zone, upper coal unit of
the coal unit and the upper unit of the Mesaverde
Group; the main body and lower member of the
Wasatch Formation, and Quaternary deposits. The
northern, southern, and western boundaries of the
Deserado coal area were drawn on the top of the coal
marker sands. The eastern boundary was drawn the
base of the Tertiary rocks and the southeastern bound-
ary was drawn at the contact between the Cretaceous
rocks and the Quaternary deposits.

Structure

The Lower White River coal field lies on the
northern margin of the Piceance Basin south of the
Dinosaur National Monument (fig. 1). The Deserado
coal area lies on the northeast flank of the Rangely
Anticline (fig. 2). The axis of the Red Wash Syn-
cline passes through the northern part of the coal area
(fig. 2). A structure map drawn on the top of the
coal marker sands (fig. 6) was constructed using drill
hole geophysical logs (Garrigues, 1976) and outcrop
data from 7.5 minute quadrangle geologic maps
(Barnum and Garrigues, 1980; Garrigues and
Barnum, 1980). The coal-bearing units in the study
are the coal area, north of the axis of the Red Wash
Syncline, the rock units dip more steeply to the south.
No significant faulting is known to occur in the study
area.
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Table 3. Number of samples, range, arithmetic mean, and standard devia-
tion of ash and 39 elements in coal from the Lower White River coal field,
Colorado. (All analyses are in percent or parts per million and are reported
on a whole coal basis. L, less than value shown).

Number of Range Arithmetic Standard
Samples Minimum Maximum mean deviation
Percent
Ash 17 48 25 13 57
Si 17 0.19 7.1 3.3 1.9
Al 17 0.34 26 15 0.62
Ca 17 0.17 14 0.56 0.37
Mg 17 0.046 0.23 0.12 0.061
Na 17 0.077 0.17 0.12 0.023
K 17 0.005 0.21 0.069 0.065
Fe 17 0.094 1.9 0.38 0.42
Ti 17 0.006 0.13 0.079 0.03
Parts per million
As 16 0.25 0.93 0.47 0.22
B 17 30 84 53 14
Ba 17 110 680 360 170
Be 17 0.26L 1.2 0.66 0.32
Co 17 0.58 49 1.6 1
Cr 14 14 21 75 54
Cu 17 2 16 7.2 33
F 17 50 210 110 42
Ga 17 072 77 3.7 1.8
Hg 17 0.01 0.1 0.038 0.026
La 16 6.8L 17 9 3.9
Li 17 17 26 11 57
Mn 17 2.2 540 40 130
Mo 14 0.48 2.3 1.1 0.6
Nb 17 0.72 13 5 27
Ni 17 13 11 4.2 29
Pb 17 1.4 41 75 9.1
Sb 16 0.043 0.63 0.32 0.19
Sc 17 0.58 3.8 2 0.87
Se 17 0.35 23 1.1 0.44
Sr 17 30 270 170 67
Th 17 0.24 7.7 3.3 2.2
U 17 0.26L 34 1.6 0.99
\%) 17 2.1 34 15 8
Y 17 43 18 8.6 3.8
Yb 17 0.21 1.8 0.78 0.43
Zn 17 2.9 30 13 8.5

drill cores within the Lower White River coal field
and the B and D zones in the Deserado coal area.
The coal has a mean heat of combustion of 10,090
Btu/lb, a sulfur content of 0.55 percent, and an ash
yield of 11.6 percent on an as-received basis. Ranges
in values for proximate and ultimate analyses are
given in Table 2. Means and ranges of selected trace-
element data for 17 coal samples from the Lower
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White River coal field and the B and D zones of the
Deserado coal area are given in Table 3 on a whole
coal basis (R.H. Affolter, U. S. Geological Survey,
written commun., 1998). The methods for sampling
and inorganic analysis of coal used to determine the
elements listed are discussed in Golightly and Simon
(1989).
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METHODOLOGY USED

The coal benches and parting thicknesses are
determined from geophysical logs using the natural
gamma and density traces. Coal bed thickness is cal-
culated using the methodology of Wood and others
(1983). After the bed thickness is determined, coals
less than 1.2 feet thick are subtracted before the net
coal thickness is calculated because bituminous coal
beds less than 1.2 feet thick are not considered as
resource (Wood and others, 1983). The thickest coal
is located near the center of the study area, south of
the axis of the Red Wash syncline (figs. 6 and 7).
The coal thins to the east and west along the axis of

the syncline. This variability in total coal thickness
is due to the lenticularity of the coals and the num-
ber of coal beds in the main coal zone and upper
coal unit.

Coal resources in the Deserado coal area are re-
ported in the identified resource category (Wood and
others, 1979). Identified resources are located within
a 3-mile radius of a data point and include the reli-
ability categories measured, indicated, and inferred.
Measured resource category has the highest-degree
of geologic assurance and is located within a 0.25
mile radius of a data point. Indicated resource cat-

Table 4. Identified total coal resources in millions of short tons, for the coal unit of the Upper
Cretaceous Mesaverde Group, Deserado coal area, Lower White River coal field. Resources
are shown by overburden, county, township, quadrangle, and Federal and nonfederal (State
and private) ownership categories. Resources do not include area inside Logical Mining Unit
boundaries. Coal resources rounded to 2 significant figures.

Geographic Category Overburden categories in feet Total
County 0—500 500—000 >1000
Moffat 93 1.8 0 95
Rio Blanco 160 89 95 340
Total 250 91 95 440
Township
T2NR100W 0 0 19 19
T2NR101W 33 0 1.1 34
T2NR102W 5.6 0 0 5.6
T3NR10OW 0 0 3.2 3.2
T3NRIOIW 46 91 72 210
T3NR102W 170 41 0 170
Total 250 91 95 440
7.5’ Quadrangle
Cactus Reservoir 49 64 95 210
Rangely NE 200 27 0 230
Total 250 91 95 440
Coal ownership
Federal 240 91 95 430
Nonfederal 8.1 .28 0 8.4
Total 250 91 95 440
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egory has a moderate-degree of geologic assurance
and is located within an area bounded by a 0.25 to
0.75 mile radius from a data point. Inferred resource
category has a low-degree of geologic assurance and
is located with an area bounded by a 0.75 to 3 mile
radius from a data point. The coal resources esti-
mated for this study do not include the area inside
the Deserado Logical Mining Unit. Estimated coal
tonnages are calculated using the methodology of
Wood and others (1983) and are determined by mul-
tiplying the calculated volume of coal by its mean
density. The volume of coal in the Deserado coal
area is the product of its net thickness times its areal
extent shown in figure 7. The apparent rank of the
coal in the Deserado coal area is bituminous, so an
average density of 1.32 g/cm? or 1800 short tons per
acre foot was assumed (Wood and others, 1983, p.
22). Coal-bed thickness was measured to the near-
est tenth of a foot. Reported coal resource tonnages
were rounded to 2 significant figures. Totals may
not equal the sum of individual categories because
of independent rounding.

In order to better quantify the coal resource found
in the B and D coal zones, various aspects of coal
distribution were analyzed, including overburden and
coal bed thickness. The maximum overburden for
the B and D coal zones was determined by utilizing
structure contours drawn on the top of the coal marker
sands and the surface elevations imported from
1:24,000 Digital Elevation Model for the Cactus
Reservoir and Rangely NE quadrangles. Estimated
coal resources are calculated in overburden catego-
ries of 0-500, 500-1000, and greater than 1000 feet
by integrating the overburden map with the net coal
isopach maps. To quantify the distribution of bitu-
minous coal thickness categories (Wood and others,
1983) of the B and D coal zones, series of isopach
maps were developed that show net coal in thick-
ness categories of 1.2-2.3,2.3-3.5, 3.5-7.0, 7.0-14.0,
and greater than 14.0 feet. Coal resources are re-
ported by thickness category, coal ownership, county,
and quadrangle.

Table 5. Identified coal resource in millions of short tons for the B coal zone of
the Upper Cretaceous Mesaverde Group, Deserado coal area, Lower White River
assessment area by county, coal ownership, and overburden categories. Re-
sources do not include area inside the Logical Mining Unit boundaries. Coal

resources rounded to 2 significant figures.

Geographical category| Overburden categories in feet Total
County 0—500 500—100 >1000

0
Moffat 58 1.1 0 59
Rio Blanco 72 44 42 160
Total 130 45 42 220
Coal Ownership
Federal 120 45 42 210
Nonfederal 5.9 .15 0 6.1
Total 130 45 42 220
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COAL RESOURCES

The total net-coal thickness map (fig. 7) and cross
sections (figs. 8 and 9) demonstrate the variability
in the coal accumulation within the coal unit of the
Mesaverde Group in the Deserado coal area. The
total net-coal ranges from less than 5 feet to more
than 35 feet thick and the number of coal beds varies
from 1 to 10. The coal unit of the Mesaverde Group
in the Deserado coal area, Lower White River coal
field, contains an estimated original coal resource of
about 440 million short tons (Table 4) in the identi-
fied resource reliability category (Wood and others,
1983). The coal resource includes all coal beds
greater than 1.2 feet thick to a depth of more than
1500 feet in the eastern part of the study area along
the axis of the Red Wash syncline. The coal resources
estimated for this study do not include the area in-
side the Deserado Logical Mining Unit. Coal re-
sources were calculated for county, township,
quadrangle, and Federal and nonfederal (State and
private) ownership categories (Table 4). More than
97 percent of the coal in the coal unit in the Deserado
coal area is Federally owned, with more than 90 per-
cent administrated by the Bureau of Land Manage-
ment. Over 77 percent of the total coal is found
within the 1000 foot overburden category with over
57 percent within the 500 foot overburden category.

Over 84 percent of the total coal resource is con-
tained in the B and D coal zones in the main coal
zone, 220 and 150 million short tons respectively;
resources were not calculated for the area within the
Logical Mining Unit. In order to better quantify the
coal resource found in the B and D zones, various
aspects of coal distribution were analyzed, includ-
ing overburden and coal bed thickness. Maximum
overburden for the B and D zones was delineated
and displayed at 500, 1000, and greater than 1000
foot intervals (figs. 10 and 11). Only within the ex-
treme eastern portion of the study area is the maxi-
mum overburden greater than 1500 feet. Estimated
coal resources were calculated in overburden catego-
ries (Tables 5 and 8) by integrating the overburden
maps with the net coal isopach maps (figs. 10 and
11). An apparent rank of high-volatile C bituminous
was calculated for the coal in the Deserado coal area
and is based on analyses from core and mine samples
summarized in Table 2. Isopach maps were gener-
ated that show net-coal thickness categories (1.2-2.3,
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2.3-3.5,3.5-7.0, 7.0-14.0, and greater than 14.0 feet,
Wood and others, 1983) for bituminous coal in the B
and D zones (figs. 12 and 13). Coal resources were
estimated for each of these thickness categories by
township and are listed in Tables 6 and 9. Coal re-
sources were also reported by Federal and nonfederal
(State and private) ownership and county in Tables 5
and 8 and by quadrangle in Tables 7 and 10. More
than 97 percent of the coal in the B and D zones is
Federally owned, with more than 90 percent admin-
istrated by the Bureau of Land Management. About
59 percent of the coal in the B zone and about 57
percent of the coal in the D zone is within the 500
foot overburden category.

Although the Deserado coal area contains esti-
mated original resources of 440 million short tons
of coal, this resource figure does not reflect eco-
nomic, land-use, environmental, technological, and
geologic constraints that may affect its availability
and recoverability (T. J. Rohrbacher, U. S. Geologi-
cal Survey, written communication, 1998). Some of
the economic constraints are costs to build or move
infrastructures such as railroads, highways, and pri-
mary electrical transmission lines. Environmental
restrictions include river valleys, towns and commu-
nities, wildlife habitat, and air quality issues. Geo-
logic constraints include faulting, coal bed thickness,
and the dip of the strata. Any combination of these
constraints and/or restrictions can reduce the amount
of coal that is available and recoverable to 10 to 20
percent of the original resource (Rohrbacher and oth-
ers, 1994).

Within the Deserado coal area the recoverable
coal will be restricted because the two assessed coal
zones (B and D) currently being mined are too close
together and do contain partings and splits that re-
strict mining. Currently the Deserado Mine is pro-
ducing coal by long wall methods from both B and
D within the mine property at different times. Once
the coal is produced from either the B or D zone, the
other zone is removed from the resource base be-
cause of the current mining process. The mining pro-
cedure also reduces the original resource because the
long wall mining equipment was engineered for a
limited range of coal-bed thickness, less than 14 feet.
The thickness of the partings and split§ can also limit
the thickness of the coal bed being mined.
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