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Summary of results of the Coal.Resource Occurrence and Coal

Development Potential mapping program in part of the Powder

River Basin, Montana and Wyoming

by 

Virgil A. Trent

Abstract

As an aid to leasing, the recently concluded (1982) Coal Resource Occurrence and 
Coal Development Potential (CRO/CDP) mapping program of the U.S. Geological Survey 
provides information about unleased Federal coal resources. For the Powder River Basin 
of southeast Montana and northeast Wyoming, 243 CRO/CDP map reports at a scale of 
1:24,000 on 7 1/2-minute quadrangles were published, and the coal resource data were 
entered in the National Coal Resources Data System (NCRDS).

Tertiary coal beds in the Powder River Basin are the Nation's largest resource of 
low-sulfur subbituminous coal. Some lignite is present in quadrangles along the eastern 
margin of the basin; however, more than 98 percent of the unleased Federal coal 
resources in the Powder River Basin are subbituminous in rank. Estimates from the 
CRO/CDP program indicate that the total nonleased Federal coal in Tertiary beds in part 
of the Powder River Basin is approximately 775 billion short tons. Not included in the 
above estimate are coal beds less than 5 feet thick, beds under more than 3,000 feet of 
overburden, previously leased coal, and non-Federal coal. About 70 to 80 quadrangles, 
for the most part on the west and south sides of the basin, may have significant reserve 
base coal in Tertiary beds that were not evaluated. Of these, 44 quadrangles in the 
Sheridan, Buffalo, and Lake DeSmet coal fields of Wyoming almost certainly have large 
coal resources. The total original coal resources in the Powder River Basin would 
probably exceed 1 trillion short tons if the coal resources in these excluded beds and 
areas were added to the total nonleased Federal coal resources.

Surface-minable nonleased Federal coal in that part of the basin evaluated consists 
of about 74 billion short tons in Montana and 125 billion short tons in Wyoming. Coal- 
bearing areas are classified as having HIGH, MODERATE, and LOW coal development 
potential (CDP). These areas are characterized as having overburden-to-coal ratios of 1- 
10, 10-15, and 15 plus, respectively. The CDP area outlines follow legal subdivisions on 
quadrangle maps; the smallest size area shown is 40 acres. The best of the nonleased 
Federal coal resources in the Powder River Basin is about 100 billion short tons of 
surface minable (less than 500 ft of overburden) HIGH development potential coal of 
which about 62 billion short tons are in Wyoming. The total of nonleased Federal coal 
resources between 500 and 3,000 ft of overburden in the 243 quadrangles is roughly 576 
billion short tons 67 billion in Montana and 509 billion in Wyoming; these resources have 
a LOW CDP for mining. However, roughly 75 billion of the 509 billion short tons of 
unleased Federal coal resources in areas 6, 7, and 8 of Wyoming have a HIGH 
development potential for in situ gasification. The current (1984) status of the energy 
market ($1.12 per gallon for gasoline), however, dims the development prospects for in 
situ gasification projects in the Powder River Basin.



One of the primary benefits of this study is that the coal resources with HIGH and 
MODERATE development potential for surface mining and for in situ gasification are 
located by 7 1/2-minute quadrangles on regional small-scale index maps of the Powder 
River Basin. In the basin, 198 quadrangles contain more than 1 million short tons each of 
unleased strippable Federal coal of HIGH and MODERATE development potential. On 
the average, 31 percent of the area covered by the quadrangles has a HIGH development 
potential for surface mining. Of the 243 quadrangles tallied, 32 percent of the area, on 
the average, was eliminated from the estimate because it included nonFederal coal land, 
leased coal, or contained no coal beds more than 5 feet thick. A more thorough 
basinwide coal-resource assessment can be made after ail 70 to 80 excluded quadrangles 
are evaluated, especially the 44 quadrangles in the Sheridan-Buffalo area that have great 
amounts of coal.

The principal contribution of this study is that the classified coal-resource data 
published in 243 separate reports are tabulated and presented in this summary report. 
Clearly, this will afford government, industry, or other interested parties the opportunity 
to examine and evaluate a great deal of coal-resources data for the Powder River Basin 
more easily and quickly.

INTRODUCTION

Two laws passed in 1976 the Federal Coal Leasing Amendments Act and the 
Federal Land Policy and Management Act, P.L. 94-377 and P.L. 94-579 respectively  
requires that a comprehensive inventory of unieased Federal coal lands be made available 
to the public. The U.S. Geological Survey (USGS) began a Coal Investigations Program in 
fiscal year 1977 designated as the Coal Resource Occurrence and Coal Development 
Potential (CRO/CDP) map study of nonleased Federal coal(Wayland, 1981). The primary 
objective of the CRO/CDP program was to "determine the reserves of unleased Federal 
coal and to characterize for Federal land-use planning, the relative development 
potential of each leasable 40-acre tract" (Wayland, 1981, p. 543). The CRO/CDP 
program was officially completed in 1982, and all the contracted map reports for the 
Powder River Basin have been published. The CRO/CDP program was only part of a 
much broader ongoing USGS coal-investigations effort designed to provide timely 
information on coal resources and coal lands for the Nation. The agencywide work 
included the l:100,000-scale coal folio series undertaken by the Geologic-Division; the 
Energy Lands Program; the National Coal Resources Data System (NCRDS); the Water 
Resources Division regional work involving water quality studies; and exploratory coal 
drilling by the Geologic Division and Conservation Division (the Conservation Division 
was merged initially into the Minerals Management Service, MMS, and now is part of the 
Bureau of Land Management, BLM).

Furthermore, additional coal-resource studies in the Powder River Basin were 
completed by USGS geologists from 1975 to 1981; some of the reports of these 
investigations that are listed in table 2 provide more detailed coal-resource tonnage 
estimates than are available in the CRO/CDP reports.

By June 1982, 243 7 1/2-minute quadrangle coal resource reports covering parts of 
the Powder River Basin had been published as open-file reports of the U.S. Geological 
Survey. The reports are listed in table 1, and the quadrangles are identified on map A of 
the accompanying plate. The CRO/CDP map reports were compiled from ail publicly 
available coal-resource information including well data. Except for a few quadrangles 
completed by USGS geologists, fieldWork was not an integral part of this mapping 
program. The USGS found it necessary to issue contracts for most of the work in order 
to meet the time limitations of lease negotiations. Two private contractors did most of 
the work in the Powder River Basin. In Montana, 95 CRO/CDP quadrangle reports were 
done by the Colorado School of Mines Research Institute, Golden, and in Wyoming,'134 
quadrangle reports were completed by IntraSearch Inc. of Denver, CO (see table 1). The
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Geological Survey geologists completed 14 quadrangles, most of them in the Birney- 
Broadus and Moorhead coal fields in Montana (see map A). The contractor's work was 
monitored at different stages of completion by USGS/Conservation Division geologists to 
ensure that contract specifications were met.

Although the CRO/CDP map program provides coal-resource information needed 
for leasing purposes, from a resource-assessment standpoint it has several limitations: (a) 
only unleased federally owned coal was appraised the estimates include only Tertiary 
coal beds and exclude coal beds less than 5 ft thick and all Cretaceous coal beds; (b) 
Indian tribal lands are excluded from the estimates; (c) quadrangles in the western 
Powder River Basin of Wyoming were not evaluated in the CRO/CDP program because 
several detailed coal-resource studies in the Sheridan-Buffalo area were already 
completed by USGS geologists (see table 2), and also there was a lack of time and money 
to devote to that area; (d) some additional quadrangles in the basin straddle Indian 
Reservation boundaries and as much as 90 percent of the coal in the quadrangles was 
excluded; and (e) other largely unassessed quadrangles probably containing large 
quantities of coal are in the Sussex coal field along the southwestern margin of the basin 
in Wyoming. Nevertheless, this inventory effectively locates most Federal unleased 
strippable and in situ gasification coal of HIGH and MODERATE development potential 
in the evaluated part of the Powder River Basin.

Geographic setting

The Powder River Basin is a large north-northwest-trending topographic and 
structural basin in northeastern Wyoming and southeastern Montana. It is in the 
Northern Great Plains province (physiographic) where sedimentary rock underlies more 
than 20,000 square miles (mi ) of land between the Bighorn Mountains to the west, the 
Laramie Mountains to the south, and the Black Hills to the east. Northward, the Powder 
River Basin is separated from the Williston Basin by the Miles City arch (McGregor, 
1972, p. 269). Coal-bearing rock underlies about 16,000 mi of land , of which nearly 
10,000 mi are in Wyoming and 6,000 mi in Montana. Virtually all of Powder River 
County and parts of Big Horn, Rosebud, and Custer Counties, Montana, are in the 
northern Powder River Basin. All of Campbell County is in the southern Powder River 
Basin, as well as parts of Sheridan, Crook, Weston, Nibrara, Converse, Natrona, and 
Johnson Counties, WY (map A). The main drainages are north- and northeast-flowing 
tributaries of the Yellowstone River Rosebud Creek, Tongue River, Powder River, and 
the Little Powder River. The central part of the basin in Wyoming is also traversed by 
the northeast-trending Belle Fourche River, which is a tributary to the Cheyenne River 
farther east. The southern part of the basin is drained by streams that join the North 
Platte River, which then flows eastward to a junction with the Missouri River. The 
average altitude in the basin is 5,000 ft (McGregor, 1972, p. 270).

Scope of present study

The results of the CRO/CDP map program in part of the Powder River Basin were 
published in 243 separate quadrangle coal resource reports (see table 1). I reviewed each 
of these map reports before the coal-resource data were entered into the National Coal 
Resource Data System (NCRDS), Reston, VA, 22092. The purpose of this report is to 
summarize the results of the review and to compile in a compact format the coal- 
resource data obtained from the 243 CRO/CDP map reports.

In order to evaluate a large amount of information on Federal coal resources, I 
prepared tables and maps showing the significant coal-resource data. Cumulative totals 
for the different categories of unleased Federal coal resources are given in tables 3-12
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and the locations of the coal resources are shown on quadrangle index maps (B and C of 
plate 1). Simultaneous use of the tables and maps allows a reader to locate and compare 
the large quantities of unleased HIGH and MODERATE development potential strippable 
Federal coal, and to determine where Federal coal has a HIGH and MODERATE potential 
for in situ gasification development

To facilitate reporting of the unleased Federal coal resources in the part of the 
Powder River Basin studied, I divided the area by State: Montana and Wyoming. The 
quadrangles are numbered consecutively from west to east and from north to south as 
you would read a book. The quadrangle number is the key to locate each quadrangle on 
the accompanying small scale maps (A, B, and C), to the correct reference (name) in the 
table of references (table 1), and to the different classes and amounts of coal resources 
reported in tables 3-11 for that particular quadrangle. Furthermore, each State is 
divided into smaller coal resource areas: five in Montana and four in Wyoming (see 
map A). No rule or pattern was used to determine the boundaries of the smaller coal- 
resource areas. The coal-resources subtotals for these areas are the principal subtotals 
of tonnages shown in the tabular compilation (table 12) of the unleased Federal coal 
resources in the studied part of the Powder River Basin.

Sources of data

The primary sources of coal information used in the compilation of the map reports 
are given in the "References ci-ted" section of each published quadrangle report. The 
contractor or geologist compiling each of these reports used all published and unpublished 
coal data available at the time. Most information came from reports of previous 
investigations, interpreted oil-well logs, and coal borehole studies. For example, the 
USGS and Montana Bureau of Mines and Geology have carried out extensive core-drilling 
programs in the Powder River Basin since 1968 (Matson and Blumer, 1974). Most coal 
data incorporated into the CRO/CDP quadrangle reports were derived from earlier 
geologic investigations by USGS geologists. Twelve coal fields had been described in 
Wyoming (Glass, 1978) during earlier geologic studies of the Powder River Basin, and 
nearly the same number of coal fields are discussed in geologic reports on Montana (see 
lists in Warren, 1959, and Olive, 1957, p. 4-6).

There was a wide divergence in the amount and timeliness of coal data available to 
the compilers of the CRO/CDP reports. For some quadrangles, much recent surface and 
subsurface information was available on which to base the coal resource estimates, but 
for others, information is based on only a few wells and sparse coal outcrops. Therefore, 
the availability of coal-resource information can be characterized as sporadic of course, 
the areas that yield the most coal-resources information are areas where coal mining has 
taken place. Many coal-resource reports are old (pre-1930), but much of the basic coal 
data that they contain is still valid. On the whole, all coal-field reports such as the 
Powder River (Stone and Lupton, 1910), Gillette (Dobbin and Barnett, 1927), and 
northward extension of the Sheridan coal field (Baker, 1929) contain valuable data but 
lack recent data required in preparing modern coal-resource studies.

Land use and ownership

About 87 percent of the land area in the basin is used for agricultural purposes, and 
roughly 90 percent of that area is rangeland suited for cattle and sheep grazing (U.S. 
Bureau of Land Management, 1981, p» 40). What crops there are consist mainly of 
dryland hay, both grass and alfalfa, or grain. Other land uses and designations include 
mining, oil and gas, transportation networks, national forests, Indian reservations, 
recreation areas, and urban areas.

Land ownership in the Powder River tiasin is controlled at present by four major 
classes of owners: (1) the Federal Government, (2) State government, (3) private sector,
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and (4) the Crow and Northern Cheyenne Indian Tribes. Nearly 60 percent of the land 
surface in the Powder River Basin is privately owned, according to estimates using 
Bureau of Land Management (BLM) land ownership maps for the region (U.S. Bureau of 
Land Management, 1974-77). The Federal Government controls about 27.5 percent of the 
surface area, the State(s) have jurisdiction over 7.5 percent, and the Indian tribes own 5 
percent of the surface rights in the basin. Coal ownership, on the other hand, is divided 
approximately as follows: 70 percent, Federal Government; 17.5 percent, private sector; 
7.5 percent, State governments; and 5 percent, the Crow and Northern Cheyenne Indian 
Tribes. Until about 10 years ago, Federal coal land could be leased more or less on 
demand, but currently all Federal coal leasing is on the basis of competitive auctions. 
All the leased coal shown on the CRO/CDP map reports was leased before competitive 
auctions were required by law.

Before 1862, all land in the Powder River Basin was in the public domain, having 
been acquired by the United States as the result of the Louisiana Purchase in 1803. 
Congress passed several Homestead Acts (1862, 1909, and 1916) and other statutes in 
order to encourage settlement and convert much of this land to private ownership. Thus, 
millions of acres of public land were opened to entry and settlement for agricultural 
purposes. A homesteader retained the surface and mineral rights on his "patented land" 
if he acquired it before 1909. After certain "separation laws" were passed by Congress 
from 1907 to 1910, these rights were split, and the Federal Government retained the coal 
rights on lands sold thereafter. The Federal Government has emerged as the largest 
holder of coal (mineral) rights in the Powder River Basin(US&S, 1973).

Additional large acreages in the region termed "school lands" were transferred to 
State ownership. Specifically, sections 16 and 36 in every township were given to the 
State, with the stipulation that the income from these lands be used to support public 
education. The State controlled all surface and mineral rights in these areas.

Another significant land grant was given to the railroads in 1864 as an incentive to 
build railroads and to open the area to commerce. Under its provisions, title to all odd- 
numbered sections in an area 60 miles on each side of a railroad right-of-way was 
granted to the railroads traversing the area. Thus, Burlington Northern, Inc. (then 
Northern Pacific Railroad), shares the coal rights about equally with the Federal 
Government in part of the northern Powder River Basin around Colstrip, MT. The 
pattern of ownership commonly is referred to as "checkerboard," for obvious reasons.

Finally, the Crow and Northern Cheyenne Indian Tribes own both the surface and 
coal rights on their respective reservations in the northern Powder River Basin, and the 
Crow Tribe owns the coal under some land where they relinquished the surface rights.
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GEOLOGIC SETTING 

Stratigraphy

A thick sequence of sedimentary rocks, whose ages range from Cambrian to 
Quaternary, unconformably overlies the Precambrian crystalline basement complex in 
the Powder River Basin of Montana and Wyoming. As much as 18,000 ft of sedimentary 
rocks has been estimated to overlie the axial trough of the basin adjacent to the Bighorn 
and Laramie Mountains (McGregor, 1972, p. 269-270). The coal-bearing Cretaceous and 
Tertiary strata are among the youngest rocks in the basin. The outline of the Powder 
River Basin shown on maps A, B, and C of this report is at the boundary of the coal-



bearing rocks in the basin or at the base of, the Upper Cretaceous Mesaverde Formation 
(Glass, 1980, p. 99; Lewis and Hotchkiss, 1981). Many Tertiary coal beds are separated 
by different rock sequences from thin shale beds on the one hand to strata hundreds of 
feet thick on the other that range from coarse sandstone or conglomerate to siltstone, 
claystone, and shale. Cretaceous coal beds are interbedded in similar types of rock but 
are generally less than 10 ft thick and much less numerous. Because the Cretaceous coal 
beds are generally thin and for the most part lie very deep in the basin, they are 
unimportant from a resource standpoint. No estimates of Cretaceous coal resources are 
presented in the CRO/CDP study.

Cretaceous beds

The Upper Cretaceous Mesaverde Formation is a 500-ft-thick unit cropping out 
along the western and southern flanks of the Powder River Basin. It pinches out 
northward and eastward halfway across the basin and is believed to be equivalent to the 
lower part of the Upper Cretaceous Adaville Formation farther west in Wyoming (Glass, 
1978, p. 4-5). The Mesaverde beds consist mostly of sandstone, siltstone, and shale that 
contain thin coal beds on the southern flank of the basin. These beds reportedly have 
been penetrated in oil and gas well tests in the subsurface of the southwestern part of 
the basin. Mesaverde Formation coal beds have been variously described as clean, dirty, 
or shaly beds generally less than 1 foot thick (Glass, 1980, p. 100-102).

The Upper Cretaceous Lewis Shale conformably overlies the Mesaverde Formation 
in the western Powder River Basin and is laterally equivalent to the uppermost Pierre 
Shale in the eastern part of the basin (Breckenridge and others, 1974). The marine Lewis 
or laterally equivalent part of the Pierre Shale consists mostly of (a) dark-brownish-gray, 
silty or sandy shale, (b) dark-gray or black shale (locally bentonitic), and (c) light-gray 
bentonitic shale with thin beds of bentonite and limestone. The exposed thickness of the 
Lewis or Pierre Shale is roughly 1,100 ft in the vicinity of Recluse, WY (Kent and 
Berlage, 1980). According to R. 3. Weimer(1960, p. 17), the Lewis Shale correlates with 
the Bearpaw Shale in Montana and was deposited during the last transgression (eastward) 
of the Cretaceous sea. The Lewis or Pierre Shale is transitional into the overlying Fox 
Hills Sandstone or the continental strata of the Lance Formation.

The Upper Cretaceous Fox Hills Sandstone conformably overlies the Lewis or Pierre 
Shale in the Powder River Basin. Composed of brownish-gray sandstone, siltstone,* and 
some thin beds of sandy shale, its exposed thickness is about 200 ft in the area of 
Recluse, WY (Kent and Berlage, 1980). Together with the Lance Formation, the Fox 
Hills Sandstone constitutes an important aquifer in the basin (Lewis and Hotchkiss, 
1981). The Fox Hills Sandstone is usually classified as a barrier bar sand of a marginal 
marine facies that was deposited during the last regression of the Cretaceous sea.

The Upper Cretaceous Lance Formation is a 2,500 ft thick unit that overlies the 
Fox Hills Sandstone, and in turn the Lewis or Pierre Shale and the Mesaverde 
Formation. It crops out on the east and west flanks of the basin, and is covered to the 
south by Tertiary rocks. The Lance Formation is composed of carbonaceous and 
bentonitic sandy shale and siltstone; locally a fine- to medium-grained silty sandstone 
containing thin coal beds is the dominant iithology (Lewis and Hotchkiss, 1981). This 
formation thins northward and has no commercially valuable coal beds except in the 
southwestern part of the basin. Several coal beds near the base of the formation exceed 
3 ft in thickness in the Glenrock-Big Muddy area, and in Coal Basin No. 1 of the Sussex 
coal field. The coal beds mined in the Glenrock area averaged about 6 ft thick.' Coal 
beds mined near Big Muddy and Casper, WY were all less thafi 3 ft thick (Glass, 1980, p. 
102-103).

Tertiary beds



The thickest and most valuable coal .beds of the Powder River Basin are in the 
Paleocene Fort Union Formation and the Eocene Wasatch Formation. The Fort Union 
Formation is a most prolific coal-bearing rock unit that ranges from 2,000 to 3,000 ft in 
thickness (Glass, 1980, p. 104). The thickest and most widespread coal beds are in the 
Tongue River Member, which locally is as much as 2,100 ft thick. Typically, the Tongue 
River Member consists of sandstone, siltstone, mudstone and shale, carbonaceous shale, 
and thick beds of coal (Kent and Berlage, 1980). The middle and lower members of the 
Fort Union Formation are, respectively, the Lebo and the Tullock Members. The Lebo 
comprises sandstone, clay stone and shale, carbonaceous shale, and thin beds of coal; the 
Tullock Member comprises sandstone and silty shale, carbonaceous shale, and thin beds of 
coal (Kent and Berlage, 1980). The coal beds in the two lower members are not thick or 
widespread enough to be considered as commercially valuable for coal resources (Glass, 
1978, p. 20-21). Coals in the Tongue River Member are best developed in the northern 
and eastern parts of the Powder River Basin. Noteable are the 8 to 12 subbituminous 
coal beds cropping out along the Tongue River valley from Monarch, WY to Decker, MT 
(Law, Barnum, and Wollenzien, 1979) and in the Birney-Broadus coal field of Montana 
(Warren, 19.59). Another thick coal bed was found by drilling along the Powder River 
midway between Buffalo and Gillette, WY. This deposit, which has a maximum 
thickness of about 205 ft, is termed "Big George" and results from the coalescing of 
thinner coal beds of the Fort Union Formation (oral commun., Bion H. Kent, USGS, 1982).

The Wasatch Formation, which has as many as eight thick widespread coal beds and 
is as much as 2,000 ft thick, overlies the Fort Union Formation. It crops out over the 
Buffalo-Lake DeSmet area and much of the central part of the Powder River Basin, 
mostly in Wyoming. East of Buffalo and Lake DeSmet, the Wasatch Formation consists 
of conformable continental deposits of sandstone, shale, and coal having no marked 
difference in lithology from the Tongue River Member (Olive, 1957, p. 15-16). To the 
 west near the mountains in the Buffalo-Lake DeSmet area, though, an angular 
unconformity divides the Wasatch into two distinct conglomeratic members (Mapel, 1959, 
pp. 62-66). The angularity of the discordance between the two members diminishes 
abruptly eastward from the mountains and passes into a conformable sequence of more 
than 1,000 ft of sandstone, shale, subbituminous coal, and lignite. The predominant color 
of the Wasatch Formation is moderate yellowish brown. Locally, the coal beds that have 
burned underground have altered the overlying rocks to bright-red clinker; this material, 
being resistant to erosion, caps most divides and buttes in the eastern part of the area. 
The thickest Wasatch coal is at Lake DeSmet on the west side of the basin north of 
Buffalo, WY. There the Healy coal bed locally exceeds 225 ft in thickness in drill holes 
(Mapel, 1959, p. 84-85). It is the thickest coal bed described in Wyoming and probably in 
the United States. Generally, the Wasatch coals are thickest and most widespread in the 
western and central parts of the basin (Glass, 1978, p. 21).

Structure

The Powder River Basin is a broad asymetrical syncline whose axis trends north- 
northwest along its western side adjacent to the Bighorn Mountains(McGregor, 1972, p. 
269-270). In Montana, the structural axis trends northward through the Strowd Creek 
quadrangle (No. 86), which is in the trough of the basin (Mapel, Martin, and Butler, 1978, 
p. 5). Most central and eastern parts of the Powder River Basin, including much of the 
area discussed in this report, are situated along the homoclinal east limb of the fold 
where most beds dip westward at less than 2° and commonly less than 1°. In general, the 
Cretaceous rocks on the flanks of the basin dip more steeply than the Tertiary strata, 
which are nearly flat-lying except along the west and south flanks where locally 
Paleocene beds dip as much as 25° (Glass, 1978, p. 20). Although normal faulting 
displaces outcropping rocks in many parts of the basin, faults are relatively rare, except 
along the western margin particularly in southern Johnson County. Most faults in the
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Sussex area about 50 mi north of Casper, \tyY, trend northeastward, and have maximum 
apparent vertical displacements of 300 to 400 ft.

Economic geology 
Oil and Gas

Large quantities of energy resources including oil and natural gas, uranium, and 
coal have been discovered and are being produced from the Powder River Basin (Keefer 
and Schmidt, 1973). Exceeded in size only by the Williston Basin in the Rocky Mountain 
structural province, the Powder River Basin ranked first in the province in petroleum 
production and exploration activity from 1957 to 1971. It has been an important source 
of oil and gas since the early 1900's and, by 1972, had yielded 1.3 billion barrels of oil 
(McGregor, 1972, p. 269-270). Production has been largely from Cretaceous sandstone 
reservoir stratigraphic traps. Several large oil accumulations have been discovered, 
including the Salt Creek, Bell Creek, Clareton, Glenrock, Lance Creek, Dead Horse 
Creek, and the Hilight fields. Nearly half the oil produced in Wyoming as of 1972 was 
from fields in the Powder River Basin. There are still many townships where potentially 
productive sand strata less than 10,000 ft below the surface have not been tested by 
drilling. Exploration activity in the Powder River Basin is also likely to increase 
markedly in the sparsely drilled deeper parts of the basin. The concept of the 
stratigraphic trap was first described in this basin and, after World War II, it became a 
widely accepted exploration tool. The Powder River Basin, in fact, is notable for its 
many different types of petroleum traps and has proved to be a veritable laboratory for 
the study and development of petroleum-exploration techniques (McGregor, 972, p. 269- 
270).

Almost the only geologic evidence used in compiling some CRO/CDP map reports in 
the more deeply buried parts of the Powder River coal basin was obtained from coal-bed 
thicknesses and depths determined during exploration drilling for oil and gas. After 
recognition of the importance of the drilling information provided by the petroleum 
industry, the designers of the CRO/CDP program determined that by annotating the 
CRO/CDP maps with the latest geologic information, the maps could be kept up-to-date 
and used as guides to further exploration. This use of the CRO/CDP map as a growing 
library of geologic data could help geologists to find new oil and gas fields in the Powder 
River Basin and expand knowledge about the coal resources.

Uranium

The uranium industry in Wyoming had expanded very rapidly, as of 1978, so that its 
production of uranium oxide (U^Oo) was approaching that of New Mexico, the Nation's 
leading producer (USBM, 1979, p. *J. A significant part of this uranium production comes 
from two districts in the central part of the basin where uranium-bearing rocks were 
first discovered in the 1950's, and from the southern Powder River Basin district just 
north of Douglas, WY (Keefer and Schmidt, 1973). During the late 1950's, more than 40 
companies were involved in planning, exploring, mining, and milling in Wyoming, whereas 
a few years earlier only 8 companies were operating. Most current mining operations are 
open-pit mines; however, owing to increased exploration activity and discovery of ore at 
greater depths, companies are planning to open more underground mines (USBM, 1979, p. 
4).

Whether or not the uranium ores in the Powder River Basin are surface- or deep- 
mined, any associated coal should also be recoverable as a byproduct, depending upon the 
economics of fuels at that time.

Coal
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In this study, the coal resources are the chief interest. The greatest long-term 
energy source in the Powder River Basin is its immense quantities of low-sulfur 
subbituminous coal. Coal production from the Powder River Basin leads all other basins 
in the western United States: it is the principal reason that Wyoming now ranks 3d and 
Montana 10th in the Nation after Kentucky (1) and West Virginia (2) in coal output (U.S. 
Department of Energy, 1983, p. 2). There are six coal-fired electric powerplants at four 
localities in the Powder River Basin that have a total generating capacity of about 1,870 
megawatts (Shifflett, 1982). Most coal mined in the Powder River Basin is exported to 
other steampowered electric generating plants (Keefer and Schmidt, 1973) in the 
midwest and south-central United States (USBLM Draft EIS, 1974, v. 1, p. 35). Only a 
minor part of the basin's coal production is consumed in the Powder River Basin 
powerplants.

Coal production:   Huge quantities of low-sulfur subbituminous coal have been identified 
in thick strippable beds in the Powder River Basin of Montana and Wyoming. Coal 
production from the basin has increased rapidly over the last several years from 7.4 
million short tons at 8 surface mines in 1970 to 115.3 million short tons from 22 surface 
mines in 1982, and an estimated 135.8 million short tons in 1984 (Coal Week, 1984, Vol. 
10, No. 52, p. 1). The almost "steady-state" increase in Powder River Basin coal 
production beginning in 1973 the year of the OP EC petroleum embargo is shown by 
figure 1. Powder River Basin coal production can be readily compared with increases in 
the total U.S. coal production through the same period of years; from 612.7 million short 
tons in 1970 to an estimated 874 million short tons in 1984 (Coal News, 1985, No. 4757, p. 
1; fig. 1). Note that dips in the national coal production in 1971 and 1978 are not 
reflected in the Powder River Basin coal production curve. The percentage of the 
national coal output produced in the Powder River Basin has increased steadily from 1.2 
percent in 1970 to 15.5 percent in 1984; an increasing proportion of the total United 
States coal production is coming from the Powder River Basin. Most of the nearly 19 
million short tons increase from 1978 to 1979 came from one new mine and expanded 
production at the other operating mines near Gillette in Campbell County, WY.

An in-depth study of world coal supply and production has been made by A.M. 
Clarke, of the British National coal Board (written commun., unpubl. data, 1983). 
Briefly, his research suggests that in projecting coal output for very large coal basins 
over long-term time intervals (15-20 years), the rates of coal production have a 
momentum of their own. The coal-production rates continue on the same gradient 
regardless of fluctuations (blips) caused by ups and downs of the business cycle, wars, 
labor problems, or changes in technology. He also believes that coal is a unique 
commodity because even though it is being depleted worldwide, its long-term future 
price trend will be downward.

Future coal production from the Powder River Basin is projected to increase more 
slowly during the next few years because of a lessening of electric-power requirements 
and business activity. Using the long-term coal production trends shown by figure 1, I 
estimate that the total United States coal production will be about 1 billion short tons by 
1990 and that about 230-250 million short tons/year of coal will be produced from the 
Powder River Basin in 1990. A more optimistic estimate has been published by Data 
Resources, Inc., an econometric forecasting service. Coal production from the Powder 
River Basin is projected by this firm to increase 14.4 percent in 1984 and in 1985, and 
they estimate that 409 million short tons of coal will be produced from the Powder River 
Basin in the year 2000 (Coal Week, 1984, p. 3).

Coal rank and quality;   Most coal beds in the Powder River Basin are subbituminous in 
rank and low in sulfur. In spite of the relatively low heating values, the low-sulfur 
content has made Powder River coal a prized fuel because little or no cleaning is 
required to meet established emission standards. In general, most thick Powder River
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coal beds contain less than 0.5 percent sulfur, have ash contents of 5 to 8 percent, and 
have relatively low heating values (all on an as-received basis).

Coal rank in the Powder River Basin of Montana ranges from lignite A along the 
eastern margin of the basin to subbituminous B, which predominates to the west (see 
table 13 for explanation of coal rank). Lignite underlies the northeastern part of the 
basin in a strip two to three quadrangles wide where the strata were less deeply buried 
along the edge of the basin. This rather limited area of lower rank coal is a southward 
extension of the Tertiary Fort Union lignite field in North Dakota and Montana 
(Trumbull, 1960). In the CRO/CDP reports, the coal resources in 14 quadrangles in 
Montana (see tables 4, 5, and 6) are designated as lignite in rank. Probably the coal in 
other nearby quadrangles also is lignite, but the necessary analytical data are lacking to 
document the rank. The approximate 8.7 billion short tons of lignite that underlies the 
14 quadrangles constitutes only 1 percent of the total unleased "reserve base" coal in 
part of the Powder River Basin. With few exceptions, the coal beds in this part of the 
basin are low in sulfur (less than 1 percent) and have low to moderate ash contents. 
Heating values on an as-received basis determined from coal samples range from roughly 
6,500 Btu/lb. along the eastern side of the basin to about 9,500 Btu/lb. in the vicinity of 
Decker, MT(Matson and Blumer, 1974, p. 13).

The rank of the thicker and more important coal beds in the Wyoming part of the 
Powder River Basin (Paleocene Fort Union Formation and Eocene Wasatch Formation 
coals) ranges from lignite A in the northeast tcTsubbituminous C or B over much of the 
remaining basin area (Glass, 1978, p. 20). The subbituminous Tertiary coals have as- 
received moisture contents of 20 to 30 percent (mean value is 26.3 percent) and about 
equal percentages of volatile matter and fixed carbon. For the coal beds currently being 
mined in northeastern Wyoming, the sulfur content ranges from 0.45 to 0.6 percent, the 
mean value being 0.54 percent (Glass, 1978, p. 8). The ash content for coal samples from 
the Wyoming part of the basin ranges from 4.4 to 11.4 percent the mean value is 7.9 
percent. The heat-content values for coal samples from this part of the basin range from 
7,550 to 8,700 Btu/lb., and the mean value is 8,300 Btu/lb. (all values were determined on 
an as-received basis) (Glass, 1978, p. 8). Generally, coal beds in the Northern Great 
Plains, including those in the Fort Union Formation of Montana and Wyoming, contain 
appreciably lesser amounts of most chemical elements of environmental concern than do 
coal beds in other areas of the United States (Hatch and Swanson, 1977, p. 147).

The only bituminous coal beds in the Powder River Basin are in some Cretaceous 
strata along the western and southwestern margins of the basin where folding is more 
pronounced. Studies have shown that coal from most beds in Wyoming can be washed to 
reduce its ash content to within suitable yield limits (Glass, 1978, p. 9); however, this is 
not done to Powder River Basin coal. Also, most Wyoming coal is non-agglomerating and 
may be carbonized in fluidized systems (Glass, 1978, p. 12-13), although the end product- 
-a lump char is relatively weak.

CRO/CDP PROGRAM SPECIFICATIONS AND PRODUCTS

The CRO/CDP map program was undertaken in order to locate the coal beds and 
furnish resource estimates on unleased Federally owned coal that would support future 
lease sales by the Department of the Interior in several western coal basins. They 
required that before leasing could begin, the unleased Federal coal resources must be 
classified into tonnage categories of surface-minable coal, deep-minable coal, and in situ 
gasification coal. Also, Congress required that further knowledge of the general rank 
and quality of the coal resources was to be determined. To help set priorities for the 
leasing, the relative development potentials were calculated for surface-mining and in 
situ gasification in order to serve as guides for land-use planning by the Bureau of Land 
Management (BLM). Because the congressional mandate was interpreted to mean that all 
unleased Federal coal had to be inventoried as soon as possible, the program was
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Table 13 .--Classification of coals by rank^,* (from Wood and others, 1983)

Claat Group

I. Anthracite* 2. Anthracite

  1. Low volatile

2. Medium volatile

3. High volatile A
   .   bituminoui coal II. Bituminous

-4. High volatile B
bituminoui coal

5. High volatile C

bituminoui coal

1 . Subbituminoui A
coal

III. Subbituminou* 2. Subbiluminoui B

coal
3. Subbituminoui C

coal

_ . , . . 1 . Lignite A 
IV. Lignite ~* . 

s 2. Lignite B

Fixed Carbon

Liiniu, perceni

(Dry. Mineral

Matter-Free Ba*i*)

Equal
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Greater
Than

OJ)

92
fl£

7(1

fn

    

    

    

    

    

____

    

_____

Leu

Than

98

92

Of

70

69

   

   
   

   

___

_____

___

Volatile Matter

Limiti, percent

Dry. Mineral-

Matter-Free Basis

Greater

Than

2

14

22

31

   

   
   

_____

___

.   

. _____

Equal

or

Lew
Than

2

8

14

22

31

  

  

  
  

_____

___
 
_____
  

Calorific Value

Ijmin BTU per
pound (Moist,*

Mineral-Mattcr-Free Basu)

Equal

or

Greater
Than

____________

14000°

13000°

II 500
10500

10500

9500

8300

6300

Leu

________

______

14000

13000
11 500

II 500

10500

9500

8 300 
6300

Agglomerating Character

».

/ nonagglomeraiing
1

commonly agglomerating1

agglomerating

nonaggiome rating

AThi* classification doe* not include a few coal*, principally nonbanded varieoe*. which have unu*ual phyucal and chemical propenie* and which come within the limit* of fixed carbon or 
calorific value of (he high-volatile bituminout and lubbituminoui rankj. All of (hese coal* either contain ICM than 46 percent dry, mineral-malter-free fixed carbon or have more than 15 MX) 
mout. mineral-maner-iree Britiah thermal unit* per pound.

*Moi*t reien lo coal containing iu natural inherent moiMurc but not including visible waler on the turface o£ the coal.

^If agglomerating, daaufy in low-volaiik group of die bituminou* daa*.

DCoal* having 69 percent or more fixed carbon on die dry, mineral-matter-free baai* *hatl be dauiAed according to fixed carbon, rcgardleu of calorific value.

Elt ii Rcogniied dial there may be oonaggion.erac.ng varietie* in tbe*e group* of (he bituminoui da**, and there are notable exception* in die high-volatile C bituminou* group.

'ASTM, i98i. p. 215.
 Modified from ASTM. 1981.



accorded a high-priority status. According, to the original plan, nearly 1,400 quadrangle 
map reports at a scale of 1:24,000 would be required to encompass all known recoverable 
coal resource area(s)(KRCRA) in several Western U.S. coal basins. As of March 1980, 10 
firms had undertaken CRO/CDP contracts; the Geologic Division of the USGS also was a 
contractor in the program. Contracts for 805 quadrangles were made through fiscal year 
1979 (Wayland, 1981, p. 544). When the contracting program began, the Department of 
the Interior had not decided on the priority of areas for leasing. Later, the Powder River 
Basin and Green River-Hams Fork area of the Wyoming region, and the Uinta- 
southwestern Utah region were designated as priority areas for the initial resumption of 
general coal leasing.

Work on the CRO/CDP map program in the Powder River Basin was begun by USGS 
geologists in 13 quadrangles, most of which are in the Moorhead and Birney-Broadus coal 
fields, Montana. A total of 243 quadrangles in the Powder River Basin (108 in Montana 
and 135 in Wyoming) were evaluated under this program. Work in a significant number of 
7 1/2 minute quadrangles, about 70 to 80, for the most part on the west and south sides 
of the basin, was never scheduled for completion in the CRO/CDP program. Most 
important, about 44 of these unevaluated quadrangles are in the western Powder River 
Basin where the Sheridan, Buffalo, and Lake DeSmet coal fields of Wyoming contain 
large quantities of coal. These quadrangles were not evaluated because of a lack of 
money and a shortage of time to prepare lease schedules; furthermore, several detailed 
coal-resource studies in these areas already completed by USGS geologists (see table 2) 
provide the data needed for leasing. Additional unevaluated quadrangles are in the 
Sussex coal field along the southwestern margin of the Powder River Basin. The 
unevaluated quadrangles on the east side of the basin probably contain little or no 
reserve base coal. Because not much drilling information is available for most of these 
southwestern quadrangles, geologic data are insufficient and there is little basis upon 
which to offer these Federal lands for coal leasing (oral commun., Mr. Charles Wilkie, 
BLM, Casper, WY, 1983). Funds were not available for exploration coal drilling because 
of budget limitations for the completion of the designated quadrangles in the CRO/CDP 
program. Thus, the compiled coal resource information contains significant gaps because 
of the exclusion of these areas of the Powder River Basin.

Reserve base problem

Two USGS definitions for reserve base are used in this report. When the USGS 
geologists began work on the 13 quadrangles in Montana at the start of the CRO/CDP 
program, no formal contract specifications had been set. The program managers agreed 
that the reserve base should include identified subbituminous coal beds 60 in. or more 
thick to maximum depths of 1,000 ft, and that the stripping limit for surface-minable 
coal be 200 ft. These limits conform to the accepted definition and criteria for the 
reserve base in standard use at that time,-USGS Bulletin 1450-B(USBM and USGS, 1976, 
p. B5). However, when the USGS contract specialists and monitors later wrote the 
CRO/CDP program specifications for the private contractors, they changed the limiting 
depth criteria for surface-minable coal to 500 ft, and the criteria for reserve base coal 
to a depth limit of 3,000 ft. Hereafter, the latter will be referred to as the "reserve 
base" (CRO definition) and the former as the standard reserve base. Therefore, the 
standard reserve base definition applies only to the 13 quadrangle reports in Montana 
that were mapped by the USGS (see map A), whereas the "reserve base" (CRO definition) 
is applicable for the remaining 230 CRO/CDP reports on the Powder River Basin.

Contract specifications

The coal resources inventoried in this program exist in a wide range of geologic 
conditions. So that the CRO/CDP maps and estimated resource figures would be
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consistent, terms and conditions had to be standardized before bids for the work could be 
requested. USGS field and headquarters personnel had to make many difficult choices, as 
is evident in this selected list:

5 ft minimum coal-bed thickness for all mining methods

3,000 ft maximum limit of depth of burial for conventional underground mining 
methods

200 ft stripping limit for a single coal bed less than 40 ft thick

500 ft stripping limit for thicker beds or multiple beds

0°-15° dip for conventional underground mining methods

15°-90° dip for in situ production, except in the Powder River Basin where almost 
all dips are very low.

85 percent recovery of coal tonnages for surface mining

50 percent recovery of coal tonnages for conventional underground mining 
methods, but only for a maximum thickness of coal beds of 12 ft

Distance from data points for   
measured coal - 1/4 mi. 
indicated coal - 1/4 to 3/4 mi. 
inferred coal - 3/4 to 3 mi.

Coal resource occurrence(CRO) maps

Each CRO/CDP report consists of a brief text and a group of maps (the average is 
about 20) of a particular quadrangle. For each quadrangle, a general description of the 
CRO/CDP program and a summary of the geology are given in the text. Included also, in 
addition to the classified coal-resource tonnages for the quadrangle! s), are all available 
quality data for coal beds underlying the quadrangle area and a discussion of the coal- 
development potential. The first part of the map segment (all maps have a planimetric 
township-and-range base) consists of three map plates: plate 1, the Coal Data Map, 
which shows basic geologic data including mapped coal beds with coal data points (coal- 
thickness measurements) plotted along with mines and prospects, drill holes, and areas of 
burned coal; plate 2, the Boundary and Coal Data Map, which shows the area underlain by 
recoverable coal, all non-Federal coal land and the leased coal areas; the total tonnages 
of "reserve base" coal are listed by section; and plate 3, the Coal Data Sheet, which has a 
generalized geologic columnar section for the quadrangle, and cross sections) from drill 
holes and/or measured sections in which the coal beds are correlated where possible.

Then, two to five derivative coal bed maps were prepared for each coal bed thick 
enough to be part of the "reserve base" category (60 in. or more). The derivative maps 
include coal-bed isopachs, structure contours, and overburden isopach and mining-ratio 
maps; two additional bed maps also show the areal distribution of identified coal 
resources by section, and the total coal resources for each coal bed on a strippable and 
nonstrippable basis.

The coal resources could have been calculated for other areas of interest, such as 
previously leased Federal and State lands and privately owned coal lands, because the 
CRO maps show coal-thickness information for all categories of land ownership except 
Indian lands. However, in the present study, only the unleased Federal coal is estimated
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so that leasing could proceed in approved areas according to a schedule. Before the 
estimation of coal resources could begin, a USGS monitor met with the contractor to 
select an applicable stripping limit and a mining recovery factor for each quadrangle, and 
to decide on any other limiting conditions. Thereafter, the contractor was concerned 
only with unleased Federal coal in KRCRA boundaries within the quadrangle.

According to the coal classification system of the USBM and USGS (1976), all coal 
that lies within a radius of 1/4 mi. of a coal-data point (a site where the thickness of coal 
is measured as shown in fig. 2) is classified as measured coal. The area surrounding the 
data point within an arc radius of 3/4 mi. and beyond the measured coal area is classified 
as indicated coal. The area around the data point circumscribed by a 3 mi. arc radius and 
beyond the indicated coal is classified as inferred coal. All coal beyond the 3 mi. arc 
radius is classified as hypothetical. The contractor drew the arcs around the coal-data 
points, and the areas made by the intersection of these arcs with the known boundary of 
unleased Federal coal permitted the calculation of measured, indicated, inferred, and 
hypothetical coal. Then the tonnage of coal-in-place was calculated for each of these 
categories and plotted for each section of land. Separate tabulations were compiled for 
surface-minable and deep-minable coal.

Coal development potential (CDP) maps

The CDP maps were the final phase of the map compilation and may be the most 
important products of the CRO/CDP program. The CDP maps delineate coal-bearing 
areas that have the greatest potential for coal-mine development or coal gasification. A 
CDP map distinguishes areas in a quadrangle that have HIGH, MODERATE, and LOW 
coal-development potential. Arbitrary standards for measuring the relative development 
potential of unleased Federal coal in tracts as small as 40 acres were devised by USGS 
personnel and incorporated into the contracts. Land-use planners need to know whether 
the potential for coal development of each such tract is HIGH, MODERATE, LOW, 
unknown, or negative. As planned, only the tracts of HIGH and MODERATE development 
potential will be considered initially for leasing, and the determination is to be based on 
the CRO/CDP maps.

The CDP for surface-minable coal is based upon the coal-bed mining ratio value, 
MR = cubic yards of overburden/short tons recoverable coal; where MR = 0 to 10 the 
CDP is HIGH, if MR = 10 to 15 the CDP is MODERATE, and if MR is greater than 15 the 
CDP is LOW. The coal-development potential for surface mining is based only on a 
mining ratio applied to coal 5 ft or more thick to a depth of 500 ft (200 ft for the 13 
quadrangles completed by the USGS geologists in Montana). The CDP classification for 
each tract of land is the highest classification of development potential for any one coal 
bed in the area.

The CDP for underground-minable coal in the Powder River Basin was not 
calculated; the area mining supervisors of the USGS Conservation Division decided that 
underground mining in the basin was not economically feasible because of excessively 
thick coal beds and dangerous roof conditions. Coal is not currently being mined 
underground in the basin; therefore, the mining recovery factors are unknown (oral 
commun., Mr. Charles Wilkie, BLM, Casper, WY, 19S3). Because of this philosophy, all 
the coal resources in the basin that have underground minable potential were arbitrarily 
assigned a LOW CDP. Only subbituminous coal beds 5 ft or more in thickness, lying more 
than 500 ft but less than 3,000 ft below the surface, were considered to have 
development potential for underground mining. Another arbitrary limiting factor for 
conventional underground-minable coal is that ~ the beds dip from 0° to 15°. The
underground minable reserve base coal limits of the 13 quadrangles in Montana 
completed by USGS geologists are for subbituminous coal beds 5 ft or more thick and 
from 200 ft to 1,000 ft depth of overburden. CDP maps were not prepared by the 
contractors or the USGS for underground-minable coal in the Powder River Basin.
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Figure 2. Diagram showing reliability categories based solely on distance from 
points of measurement (from Wood and others, 1983).
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The USGS monitors also set up the criteria for determining the CDP for in situ 
gasification of subsurface coal beds in the Wyoming part of the basin. The evaluation of 
subsurface coal deposits for in situ gasification development potential relates to the 
existence of coal beds more than 5 ft thick buried from 500 to 3,000 ft beneath the 
surface. This categorization is as follows:

1. LOW development potential relates to (a) a total coal section less than 100 ft 
thick that lies 1,000 ft to 3,000 ft beneath the surface, or(b) a coal bed or coal 
zone 5 ft or more thick that lies 500 ft to 1,000 ft beneath the surface; and to 
inclined beds whose dip is 15° to 35°.

2. MODERATE development potential is assigned to a total coal section from 100 
to 200 ft thick and buried from 1,000 to 3,000 ft beneath the surface, and to 
inclined beds whose dip is 35° to 90°.

3. HIGH development potential involves 200 ft or more of total coal thickness 
buried from 1,000 to 3,000 ft; the degree of dip of inclined beds is not 
applicable.

Land-use planners, for whom the end products were designed, may find the data 
plates and derivative maps and reports generally instructive. The USGS will use the 
products as the starting point for further data collection and synthesis and for 
reinterpretation in light of new publicly available or proprietary information.

RESOURCE ESTIMATES OF UNLEASED FEDERAL COAL

A direct result of the CRO/CDP map program is that a modern new estimate of 
unleased federally owned coal resources for part of the Powder River Basin is now 
available. The grand total of these estimated "reserve base" (CRO definition) coal 
resources (down to 3,000 ft depth for beds 5 ft thick or greater) in part of the Powder 
River Basin is approximately 775 billion short tons, of which more than 98 percent is 
subbituminous coal (table 12). Most of these coal resources, an estimated 633 billion 
short tons, are in Wyoming where the coal basin is deeper, coal beds are more numerous, 
and many of the coal beds are thicker than those in Montana.

The geologic assurance or degree of reliability of the quadrangle coal-resource 
estimates, as suggested by the categories of measured, indicated, and inferred coal, is 
available for the 108 quadrangles in Montana. On the basis of the arithmetic means of 
the reliability measurements, 5 percent of the coal tonnages are measured, 25 percent 
are indicated, and 70 percent are inferred. I believe that the mean reliability 
measurements for the 135 quadrangles in Wyoming would approximate these results. This 
information may have been compiled by the contractor, IntraSearch Inc., but it was not 
presented in the quadrangle reports.

Estimated mean percent of quadrangles evaluated

The percentage results shown in table 14 help to clarify what proportions of the 243 
quadrangles were excluded from the estimates of unleased Federal coal resources. For 
each of the 243 quadrangle reports, two visual estimates were made: (1) on the Property 
Boundary map, where I estimated the percentage of the quadrangle area that was not 
assessed (non-Federal coal land, NFCL) (column 1), and the other (2) on the CDP map, 
where I estimated the percentage of nonleased Federal coal land (FCL) having a HIGH 
CDP for surface mining (column 2). The percentage area estimate in column 2 was 
adjusted to a quadrangle-area basis in column 3 by the use of this_equation: (column'2 x 
(100-column 1) x 100) = column 3. Then the arithmetic means (X) were calculated for
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each group (areas 1-9) of estimated percentages (column nos. 1, 2, and 3 in table 14). To 
demonstrate how these values change across different parts of the Powder River Basin, I 
gave the arithmetic means of the three estimated percentages for the nine coal resource 
areas, for Montana, for Wyoming, and a grand mean for the evaluated part of the basin. 
Other areas not evaluated include Federal coal lands either already leased or not 
underlain by coal 5 ft or more thick, and Indian lands. The results in table 14 suggest 
that 32 percent or about one-third of each quadrangle, on the average, was not evaluated 
for unleased Federal coal (greater than 5 ft thick). Roughly one-third or 31 percent of 
the area of each quadrangle (on the average) evaluated in the CRO/CDP program is 
underlain by unleased Federal coal (greater than 5 ft thick) with a HIGH CDP for surface 
mining. Coal-resource areas 1 and 2 of Montana for example have 63 and 68 percent 
average, respectively, of the quadrangle's area underlain by unleased Federal coal 
(greater than 5 ft thick) with a HIGH CDP for surface mining.

Reserve base coal estimates

The contractors were instructed by the USGS to classify all identified coal more 
than 5 ft thick to a depth of 3,000 ft. This did not follow the definition of the term 
reserve base in USGS Bulletin 1450-B (1976). Only the results presented in the 13 
quadrangles in Montana by USGS geologists are in accord with the formal USGS 
definition of (standard) reserve base that is, all identified coals 60 in. or more thick (for 
subbituminous coal) that occur to a depth of 1,000 ft. As discussed previously, in all 
other quadrangles (230 quadrangles), all coal thicker than 60 inches to a depth of 3,000 ft 
is classified in the "reserve base" (CRO definition) category. Also, about 70 to 80 
quadrangles most of which are on the west and south sides of the basin, may have 
significant reserve base coal in the Tertiary beds, which were not evaluated. Of these, 
44 quadrangles in the Sheridan, Buffalo, and Lake DeSmet coal fields of Wyoming almost 
certainly have large coal resources (see table 2). Table 12 shows an estimated quantity 
of nearly 200 billion short tons of nonleased Federal stripping coal alone in the evaluated 
part of the Powder River Basin. The amount of strippable coal in each quadrangle is 
shown on map B and tables 3-11.

COAL DEVELOPMENT POTENTIAL

Perhaps the most important products of the CRO/CDP program in the Powder 
River Basin are the quadrangle CDP maps. CDP depends on measurements of coal-bed 
thickness and depth of overburden, computation of mining recovery factors, and the 
quality of the coal. A CDP map shows the parts or areas (as small as 40 acres) of that 
quadrangle that have HIGH, MODERATE, or LOW CDP. The development potential of 
three classes of coal resources are characterized in terms of coal tonnages and location 
in the CRO/CDP program. These are shown in the main headings of the tables of 
resources in this report (tables 3-12). They are(l) surface-minable or strippable coal; (2) 
underground-minable coal resources, and (3) in situ gasification coal resources. The 
estimated coal resources for the first and third class are categorized areally (where 
applicable) into HIGH, MODERATE, and LOW CDP tracts of land in the quadrangles. 
The CDP rating for any section or tract of land is the highest CDP assigned to any one 
coal bed lying within it. Because all underground-minable coal was judged by the area 
mining supervisors of USGS to have LOW coal development potential, no maps of this 
class of coal resources were compiled.

The best of the "reserve base" coal resources in the evaluated part of the Powder 
River Basin is the strippable coal and in situ gasification coal of HIGH and MODERATE 
development potentials. Therefore, in this report, I show by quadrangle the location" and
tonnages of these two classes of unleased Federal coal resources on maps B and C and 
tables 3-12.
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Surface-Minable(Strippable) Coal Resources 

Coal-Resource Area 6

The largest quantity of Federal strippable coal of HIGH and MODERATE 
development potential is in coal-resource area 6 of Wyoming. As shown by map B and 
table 8, approximately 58 billion short tons of nonleased Federal strippable subbituminous 
coal underlies area 6 of the southern Powder River Basin. Nearly 44 billion short tons of 
these estimated coal resources are classified as having HIGH and MODERATE CDP.

Coal-Resource Area 8

The second most prolific source area of nonleased Federal coal resources in the 
evaluated part of the Powder River Basin is in coal resource area 8 of Wyoming. There, 
south of Gillette, are 12 quadrangles, each of which has an estimated 1 billion short tons 
or more of HIGH and MODERATE development potential strippable subbituminous coal 
resources (map B and table 10). Area 8 contains an estimated tonnage of 39 billion short 
tons of unleased Federal strippable subbituminous coal resources that include about 30 
billion short tons of HIGH and MODERATE development potential coal.

Coal-Resource Area 1

The western part of coal-resource area 1 in the northern Powder River Basin of 
Montana holds the third largest amount of nonleased strippable Federal coal in the 
evaluated part of the basin. Much of this coal underlies a group of quadrangles north of 
and adjacent to Decker, MT. An estimated tonnage of nearly 32 billion short tons of 
unleased strippable Federal subbituminous coal is in coal-resource area 1, including 
nearly 25 billion tons of HIGH and MODERATE development potential coal (map B and 
table 3). Three large coal mines near Decker are producing coal (1983), and construction 
is scheduled to begin on another mine along the Tongue River.

Coal-Resource Areas 1 and 2

The fourth most important area spans the boundary of coal-resource areas 1 and 2 
between the Tongue and Powder Rivers in the Moorhead and Birney-Broadus coal fields 
of Montana. Several quadrangles situated along the headwaters of Otter Creek have an 
estimated tonnage from 500 million short tons to 1 billion short tons of unleased 
strippable Federal subbituminous coal of HIGH and MODERATE development potential 
(map B). Also, quadrangle nos. 87, 90, and 103 each have more than an estimated 
tonnage of 1 billion short tons of nonleased Federal coal of HIGH and MODERATE 
development potential (map B and tables 3 and 4). In 1983, BLM was studying two tracts 
in coal-resource area 1 for lease sale; each tract has an area of roughly 1/4 township 
(oral commun., Mr. Charles Wilkie, BLM, Casper, WY, 1983). One tract, named Mud 
Springs, is in quadrangle no. 88 in T. 8 S., R. 45 E., and the other is the Hanging Woman 
tract in quadrangle nos. 100 and 101 in T. 9 S., R. 43 and 44 E.

Coal-Resource Area 3

Another area of importance lies near the Tongue River in coal-resource area 3 and 
includes several quadrangles along Otter Creek east and southeast of Ashland, MT. 
Quadrangles nos. 52, 53, and 63 each have an estimated tonnage of more than 1 billion 
short tons of unleased strippable Federal subbituminous coal resources of HIGH'and 
MODERATE development potential (map B and table 5). Several nearby quadrangles
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(nos. 61, 62, 64, and 65) also with HIGH and MODERATE development potentials have 
nonleased strippable Federal subbituminbus coal resources estimated at 500 million to 1 
billion short tons. A tract of about 1/2 township along the southwest side of Otter Creek 
might be opened, if selected for the next competitive coal lease sale, according to 
Charles Wilkie, BLM, Casper, Wyoming District Office (oral commun., 1983). The 
proposed tract, named Otter Creek NW, is in quadrangles nos. 62 and 75, T. 4 and 5 S., 
R.45 E.

Coal-Resource Areas 5 and 9

Four quadrangles in coal-resource area 9 centered around Teckla, WY contain much 
unleased Federal coal. Quadrangle nos. 90, 91, and 98 each have an estimated 1 billion 
short tons or more of unleased strippable Federal subbituminous coal of HIGH and 
MODERATE development potential, and quadrangle no. 99 has an estimated tonnage 
from 500 million short tons to 1 billion short tons of unleased strippable coal resources 
(map B and table 11). According to the BLM District Office (oral commun., Charles 
Wilkie, 1983) three tracts of land in the vicinity of Teckla, WY, in southern Campbell 
County were being studied by the BLM in 1983 for possible lease sale. They are(l) Ridge 
Runner, an area of about 1/4 township; (2) Porcupine, about 400 to 500 acres; and (3) 
Thunder Cloud, approximately 3,000 acres. Two inoperative coal mines are nearby the 
Rochelle Mine in coal-resource area 8 and the Antelope Mine. Furthermore, two tracts 
of land, named North and South Antelope, in the vicinity of Teckla, WY, are included in a 
formal lease application termed a "preference right lease application." These two tracts 
of land are now (1983) in the Environmental Impact Statement (EIS) phase of the lease 
application for the next competitive lease sale of Federal coal. Thus, much past and 
present interest in the coal resources is evident in this part of the southern Powder River 
Basin.

Two large important coal- and power-producing locations in the Powder River Basin 
are not obvious on map B. The first is Cblstrip, MT, in the central part of coal-resource 
area 5, quadrangle no. 15. It is the site of two large producing surface-coal mines, the 
Colstrip and Big Sky Mines, both mining the Rosebud coal bed. Two operating mine- 
mouth powerplants at Colstrip are generating 716.7 megawatts (Shifflett, 1982, p. 12) of 
electricity and two additional powerplants are being built (1983). Farther west in area 5 
is the large Absoloka coal mine in the Wolf School quadrangle (no. 25), Big Horn and 
Treasure Counties, MT. Because most of the Federal coal has long been leased there, 
nearly all the quadrangles in this area are each estimated to contain tonnage of less than 
0.5 billion short tons of unleased strippable Federal subbituminous coal resources (map B 
and table 7). Much of the coal in this area is owned by the Burlington Northern Railroad, 
Inc. Similarly, another large coal mine and powerplant are now (1983) in operation in the 
southwest part of coal-resource area 9 of Wyoming. They are the Dave Johnson Mine, 
which is about 10 mi. north of Glenrock, and a 750.3 megawatt powerplant, (Shifflett, 
1982, p. 22) which is nearby at Clayton. Map B indicates that most of the quadrangles in 
area 9 have an estimated tonnage from 1 million to 500 million short tons or less of 
unleased strippable Federal coal resources (table 11). Most of the strippable coal 
resources in the vicinity of the Dave Johnson Mine have been leased. Application has 
been made to lease several large tracts of land bordering the mine, according to the 
Regional Activity EIS map (U.S. Bureau of Land Management, 1981).

The previous paragraphs emphasize the principal areas of surface-minable coal 
having HIGH and MODERATE CDP. The fact that the areas of current (1983) intense 
coal development in the Powder River Basin are not conspicuous or apparent on the map 
of nonleased Federal strippable coal (map B) indicates that very large amounts of leased 
Federal coal resources or private coal are being developed and mined in the basin. The 
specific locations of the nonleased Federal coal resources may be found in the tabulated 
resources on a quadrangle basis (maps A and B, tables 3-11). Furthermore, map B shows
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the areal distribution of the primary nonleased strippable Federal coal resources in the 
evaluated part of the basin.

Underground-Minable Coal Resources

An estimated tonnage of nearly 575 billion short tons of unleased Federal 
underground-minable "reserve base" coal resources is in the Powder River Basin, most of 
which, roughly 548 billion short tons, is of LOW CDP because of arbitrary classification 
standards (table 12). The remainder, 27 billion short tons of Federal coal resources in 
resource-area 1 in Montana, has not been classified. Coal is not currently (1983) mined 
underground in the Powder River Basin; therefore, mining recovery factors have not been 
established, and all such coal is classified as having LOW development potential. 
Furthermore, all economic analyses suggest that underground mining probably will not 
take place in the near future. I am not stating that coal will never be mined underground 
in the Powder River Basin  rather I am stating that, when the right situation exists in 
terms of economics and engineering, some deep coal mining could develop. Underground 
coal mining is underway in the Hanna Basin of Wyoming; however, there is enough coal to 
be mined in the Powder River Basin by means of the less expensive methods and the more 
productive techniques of surface mining.

In situ Gasification Coal Resources

The following information was taken from a draft Environmental Impact Statement 
(EIS) for eastern Powder River Basin of Wyoming (U.S. Bureau of Land Management, 
1974, v. 1, p. 1-94):

Coal gasification

"Test projects for different gasification methods are currently underway by 
both private industry and the Federal government. All known full-scale commercial 
projects now being planned or constructed in the United States are based on 
variations of a German process called the Lurgi process. The Lurgi process has 
been used for many years on a small scale as a means of producing low Btu gas, 
commonly referred to as town gas. By adding a methanation process, this gas can 
be upgraded to pipeline quality comparable to natural gas.

Other gasification processes are being extensively tested and are showing 
promise, but none have been proved on a commercial scale. Table 1 lists the tests 
and their present status.

In addition to the various gasification methods for mined coal, the U.S. Bureau 
of Mines is working on an in situ gasification project near Hanna, Wyoming. 
Although still in experimental stages, this process shows potential, especially under 
certain circumstances. In situ gasification has the following advantages:

(1) Coal which cannot be economically mined can be gasified (coal seam too 
deep, thin, etc.).

( 2) No open pit or underground mining is required. 

(3) Water needs are minimal. 

Employment needs are low.

In situ should probably be considered as an additional method for only certain 
circumstances rather than an alternative to gasification."



Some in situ gasification projects in the Powder River Basin have been discontinued 
according to Charles Wilkie, BLM, Casper, WY (oral commun., 1983) because gasoline is 
now selling for $1.12 per gallon. As long as this relatively low price stays in effect, 
energy companies will be reluctant to invest the large sums of money necessary to build 
and put such costly plants into production. Therefore, on the basis of present (1983) 
economic conditions, the potential for the development of in situ gasification projects in 
the Powder River Basin is believed to be low.

Coal Resource-Areas 6, 7, and 8

The development potential of coal in Wyoming for in situ gasification was evaluated 
according to the guidelines previously mentioned. The tables of nonleased Federal coal 
resources shows a HIGH and MODERATE CDP for in situ gasification in three coal- 
resource areas of the southern Powder River Basin. The coal resources are plotted on 
map C in Wyoming coal-resource areas 6, 7, and 8. Coal resource area 8 has the largest 
estimated combined tonnage of nonleased Federal subbituminous coal resources of HIGH 
and MODERATE development potential, nearly 160 billion short tons, for in situ 
gasification (table 10). Also, very large quantities of unleased Federal subbituminous 
coal of HIGH and MODERATE development potential for in situ gasification are in coal- 
resource areas 6 and 7 (map C and tables 8 and 9). Table 12 shows an estimated tonnage 
of nearly 507 billion short tons of unleased Federal in situ gasification coal in the basin, 
and roughly 265 billion short tons of this total is classified as HIGH and MODERATE 
development potential. These resources are distributed through the evaluated part of the 
basin as shown on map C. This region, west of area 6 in the trough of the syncline, is 
generally where the thick coal section is buried most deeply in the basin. Some of the 
quadrangles that have the greatest quantities of nonleased Federal in situ gasification 
coal straddle the upper reaches of the Powder River in northeastern Johnson county west 
of Gillette, WY. This area of coal resources for in situ gasification is compact and 
symmetrical. It is in west-central Campbell County, and in the two tiers of quadrangles 
that bridge the Powder River in northeast Johnson County, WY. Each of the quadrangles 
shown in solid pattern on map C has an estimated 5 billion short tons or more of unleased 
Federal subbituminous coal resources of HIGH and MODERATE development potential 
for in situ gasification.

RELIABILITY JUDGMENTS OF CRO/CDP COAL RESOURCE ESTIMATES

I evaluated the reliability of the estimates of unleased Federal coal resources and 
coal-bed correlations while reviewing the CRO/CDP quadrangle map reports. I did this 
subjectively by comparing quadrangle reports with previously examined quadrangles that 
were adjacent or nearby. Other factors considered were the quantity of data available in 
a quadrangle, the manner in which those data were treated, and perhaps some geologic 
intuition. I assigned each quadrangle report a number from 1 to 10, 1 being the highest 
reliability and 10 the lowest. The average results were in the 4 to 6 range. Because I 
began my quadrangle reviews with the 13 quadrangles completed by USGS geologists in 
the Birney-Broadus coal field area of Montana, they were necessarily a beginning 
benchmark or standard against which the other 230 quadrangles were judged.

Coal correlations and coal-resource estimates in this study are judged on the whole 
to be of average reliability. The reliability rating is generally higher in quadrangles 
where great amounts of coal data are available and lower where data are" sparse. 
Although I had no field experience in the area of these coal beds, and had no first-hand 
experience working on the stratigraphic section, I was assigned this task as part of my 
quadrangle-review duties. An experienced worker in the area informed me that some 
CRO/CDP coal correlations and resource estimates are good, some are bad, and some are 
ridiculous. My judgement was not quite as severe.



The coal-resource data presented in the CRO/CDP reports are judged acceptable, 
and can be used for future planning, in part because the structural geology of the Powder 
River Basin is not complex. The reliability of the coal-resource estimates is also 
enhanced because the estimates were completed on a 7 1/2-minute quadrangle basis and 
specific coal-data points were used. On the other hand, the subsurface stratigraphy is 
locally very complex, and poses some problems because of local abrupt changes in coal- 
bed thicknesses and the associated facies changes of the enclosing sedimentary rocks. 
Some coal-resource estimates were based in part on different types of well logs that had 
different accuracies; this also affected, in my opinion, the validity of some coal-resource 
calculations. However, no quadrangles were found to lack the data sheets and maps 
required by the contract specifications.

Only a part of the 775 billion short tons of non-leased Federal coal resources 
estimated in this analysis is standard reserve base coal; the rest is subeconomic. The end 
result of this is that coal deeper than 1,000 ft in 13 quadrangles in the vicinity of the 
Birney-Broadus coal field was not included in the CRO/CDP coal resource estimates. 
Also, the coal that has an overburden of between 200 and 500 ft is not classified as 
strippable coal as it was in the other 230 quadrangles in the basin. In summary, the 775 
billion short tons of nonleased Federal coal was termed "reserve base" by the CRO/CDP 
program under instructions from the area mining supervisors of the USGS, but the part 
where overburden is between 1,000 to 3,000 ft should be classed as subeconomic coal. 
The thin coal beds from 30 to 60 inches thick that were omitted in the CRO/ CDP 
"reserve base" estimates for 230 quadrangles should be included in estimates of the 
standard resources for these quadrangles.

The final assessment is that the CRO/CDP maps were compiled on a sound 
technical basis and, more important, these maps can be used by other workers to(l) add 
new exploration data to that already on hand, (2) make new interpretations of geologic 
phenomena, and (3) permit more accurate coal-resource assessments and coal 
environment reconstructions. Only minor discrepancies were noted in the proper labeling 
of coal beds or of thickness measurements in drill sections compared with those in the 
drill logs. National Forest boundaries usually were not included on the coal-data maps, 
nor were the county boundaries. Locations of some drill holes were omitted from the 
coal-data map even though they were in the stratigraphic profile sections. I found no 
obvious errors in coal-bed correlations.

CONCLUSIONS

My review of the CRO/CDP map reports shows that a vast tonnage of good quality 
subbituminous coal with a variety of potential for development is in the Powder River 
Basin. When the classified coal resources are tabulated, the coal that has HIGH and 
MODERATE development potentials is readily identified and set apart from the 
subeconomic coal resources. That is what this report is all about locating within the 
Powder River Basin the unleased Federal coal resources that have the greatest potential 
fox development. Thus, because coal beds with the highest probabilities for development 
are clearly identified in this study, Government, industry, and other interested parties 
are saved much time and effort in compiling the information.

Total nonleased estimated Federal coal resources in part of the Powder River Basin 
of Montana and Wyoming are approximately 775 billion short tons of "reserve base" 
(CRO-definition) coal resources. Most of the "reserve base" coal resources, 633 billion 
short tons, are in Wyoming where the cbal basin is deeper and the coal beds are thicker 
and more numerous. The coal tonnages in the 243 7 1/2-minute quadrangles that cover 
the eastern and northern parts of the basin were tallied from the CRO/CDP map series 
initiated by the USGS. Several types of coal resources were omitted from this nonleased 
Federal coal-resource estimate (CRO/CDP); if these coal resources were added to the 
"reserve base" estimate, the total original coal resources of the Powder River Basin 
probably will exceed an estimated 1 trillion short tons.



The premium coal resource in the basin is the surface-minable coal, or that coal 
which is 5 ft or more thick and not more than 500 ft deep. The estimated tonnage is 
approximately 74 billion short tons of strippable coal in Montana and 125 billion short 
tons of strippable coal in Wyoming. The largest estimated tonnage of strippable coal is 
in coal-resource area 6 roughly 58 billion short tons; the second largest is coal-resource 
area 8 approximately 39 billion short tons; and the third-largest is coal-resource area 1- 
-approximately 32 billion short tons (see table 12). The classification of this coal into 
categories of HIGH, MODERATE, and LOW development potential is based upon strip- 
mining ratios (the cubic yards of overburden per estimated ton of recoverable coal). The 
best of the premium coal resources in the Powder River Basin is an estimated 100 billion 
short tons of surface-minable, HIGH development potential subbituminous coal, of which 
about 62 billion short tons is in Wyoming. The areas containing the greatest amounts of 
HIGH development potential strippable coal are 6, 8, and 1, in that order (see table 12). 
These coal-resource areas are shown on map B. All the underground-minable nonleased 
estimated Federal coal resources, roughly 67 billion short tons in Montana and 509 billion 
short tons in Wyoming, have LOW potential for development at present. Approximately 
75 billion short tons of the underground-minable nonleased Federal coal resources in 
Wyoming is estimated to have a HIGH potential for coal development for in situ 
gasification; these coal resources are in areas 6, 7, and 8 (map C). Currently (1984), a 
selling cost of $1.12 per gallon for gasoline appears to preclude beginning any in situ 
gasification projects in the Powder River Basin. The bulk of the coal in the Powder 
River Basin is low in sulfur (less than 1 percent) and of subbituminous rank; however, 
more than 9 billion short tons of lignite is estimated to be along the eastern margins of 
the basin.

An average of 32 percent of the area of each of the 243. quadrangles examined was 
eliminated from the estimate because it was non-Federal or leased coal land or contained 
thin coal. For all 243 quadrangles (on the average), the mean percentage of quadrangle 
area that has a HIGH potential of coal development for surface mining is 31 percent 
(table 14).

The principal benefit of this study is the summation of strippable and in situ 
gasification coal-resource data from 243 separate reports and the location of the highest 
development potential coal resources by 7 1/2-minute quadrangle on small-scale maps of 
the Powder River Basin. This was done for strippable coal resources and for in situ 
gasification coal resources where present in Wyoming. A more complete coal-resource 
assessment for the Powder River Basin will be possible after all the coal-bearing 
quadrangles omitted from this inventory are mapped, especially the 44 quadrangles in the 
Sheridan, Buffalo, and Lake DeSmet coal fields of Wyoming.
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