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ABSTRACT 

Economically significant deposits of coal, lignite, uranium, oil, and 
gas occur in the Denver and Cheyenne Basins of Colorado. Coal, ranging in 
quality from subbituminous B to lignite A, occurs in the lower 275 ft 
(82.5 m) of the Upper Cretaceous Laramie Formation. Maximum individual 
coal bed thickness usually ranges from 5 to 15 ft (1.5 to 4.5 m) but 
occasionally exceeds 20ft (6 m). Generally, individual Laramie coal beds 
are more abundant, much thicker, 1 at era 11 y more persistent, and of greater 
economic interest in the Denver Basin than in the Cheyenne Basin. 

Early Paleocene lignite beds occur in the upper 500 ft (150 m) of the 
Denver Formation in the Denver Basin. Evaluation of lignite beds in this 
investigation was mainly restricted to regions where the lignite zone is 
shallow, generally at strippable depths. In this region two 
lignite-bearing areas are recognized, a northern and southern 
lignite-bearing area. Individual lignite beds are thicker and laterally 
more persistent in the northern area than in the southern area. It is 
unknown if these recognized 1 i gni te-beari ng areas extend into nearby areas 
where the lignite zone is at depths greater than 200 to 300 ft (60 to 90 
m). Many lignite beds contain partings or are adjacent to beds of kaolin, 
a potential source of alumina. 

Medium- to small-sized uranium roll-front deposits occur in the Upper 
Cretaceous Laramie Formation and the Fox Hills Sandstone in the Cheyenne 
Basin. These deposits, initially discovered in the 1970s, are not rich in 
uranium, but, nonetheless, they are economically important. In situ 
solution mining is the primary mining method likely to be used on these 
deposits, although other types of mining may be feasible for some 
deposits. 

Oil was first produced in the study area in 1901 from fractured, 
sandy zones in the Upper Cretaceous Pierre Sha 1 e at Boulder fie 1 d. 
Several additional fields were discovered during ensuing years, but 
production was at low levels until the 1950s when major oil and gas 
discoveries were made in the D and J Sandstone members of the Lower 
Cretaceous Dakota Group and the Permian Lyons Sandstone. To date, most 
oil and gas has been recovered from the Dakota Group, but significant 
quantities have also been produced from the Lyons Sandstone and Sussex and 
Shannon Sandstone members of the Upper Cretaceous Pierre Shale. 

Recorded coal mining in the Denver and Cheyenne Basins dates back to 
the 1860s. Over 130 million tons (118 billion kg) of coal and lignite 
have been mined from the area, with peak production occurring in the 1920s 
and 1930s. Production has steadily decreased since this time and 
currently no coal mines operate in the study area. However, we anticipate 
increasing coal mining activity in the study area, a result of the 
pressing energy situation. Two proposed Laramie coal strip mines have 
been permitted and initiated mine construction. Additional mines, either 
in the permitting process or planning stages, are scheduled to mine 
Laramie coal for power plants and other usage. Both surface and in situ 
gasification of Denver lignite and Laramie coal is also feasible. It is 
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possible that this type of development, at least at a pilot scale, will 
occur before the end of this decade. This is especially likely in view of 
the Federal push towards alternate energy sources (i.e. coal gasification 
and liquefaction). Denver lignite will probably not be used in power 
plants in the near future because of the relative abundance of better 
quality coal nearby. It may, however, be suitable for other types of 
innovative uses. 

About 20,397 lb (9,260 kg) of uranium were mined in the study area in 
the 1950s, principally from the Dakota Group. Thes~ d~posits were very 
small and similar deposits are not of great econom1c 1mportance toda~. 
Known economically significant deposits are restricted to the Laram1e 
Formation and Fox Hills Sandstone in the Cheyenne Basin. Most exploration 
concentrates on these two formations in the Cheyenne Basin, but these 
formations, the Dawson Arkose and the Arapahoe Formation, are also being 
evaluated in the Denver Basin. One of the known uranium deposits, the 
Grover deposit, has been tested on a pilot scale using in situ solution 
mining techniques. Another deposit, the Keota deposit, is scheduled to be 
solution mined. This project is presently in permitting stages and mining 
should initiate within the next year or two. It is likely that up to U.5 
to l.U million lb (0.23 to 0.45 million kg) of U308 may be produced 
annually from the study area in the near future. 

Oil and natural gas production in the study area, as of January 1, 
1979, totals over 203 million barrels of oil and 681 billion cubic feet of 
gas. Conservative estimates suggest future production wi 11 at 1 east equa 1 
past production. Many new fields will be discovered in the Dakota Group 
and, possibly, in other formations. Existing fields will continue to 
produce significant quantities of oil and gas. Estimates by several 
different individuals suggest just one field, Wattenburg, contains gas 
reserves that exceed the present cumulative gas production of the entire 
study area. 

En~rgy resource exploration and development in the Denver and 
Cheyenne Basins of Colorado may cause environmental problems. Some of 
these impacts are una voi dab 1 e to a certain extent, but many can be 
minimized and some even eliminated by proper planning, operation, and 
abandonment of recovery fac i 1 it i es and adequate plugging of abandoned 
drill holes. The primary environmental problems relate to changes in 
various hydrologic factors which affect surface- and ground-water quantity 
and quality. 

Oil and gas recovery generally impacts the environment less than coal 
and urani urn mining activities, but overflow or seepage from brine 
retaining pits and leakage through damaged or improperly completed well 
casing may contaminate ground and surface water. Uranium mining in the 
study area has a higher potential for ground-water problems than coal 
mining, primarily because uranium deposits are usually within major 
aquifers and any mining activity poses a direct hazard to the host 
aquifer. Surface mining of coal or uranium may contaminate ground and 
surface water and disrupt aquifer and stream flow paths. Underground 
mining has a somewhat lower potential for damaging the hydrologic 
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environment than does surface mining, bu~ severe mine subsidence may cause 
serious environmental problems. Non-conventional resource-recovery 
techniques, such as underground coal gasification and in situ uranium 
solution mining, offer many economic and environmental advantages over 
conventional methods. These new techniques, however, may pose serious 
potential threats to ground-water quality and quantity unless recovery 
activities are carefully planned, operated, and abandoned. 

It should be emphasized that many of the environmental impacts 
associated with energy resource exploration and development can be 
reduced, if not eliminated, by carefully examining the environmental 
aspects of each project and incorporating the appropriate protection 
measures. 
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INTRODUCTION 

PURPOSE AND METHOD OF INVESTIGATION 

This report presents the results of a 32-month study of the geologic 
characteristics, development potential, and environmental problems related 
to the exploration for and development of energy resources in the Denver 
and Cheyenne Basins, Colorado. Coal, lignite, uranium, oil, and gas are 
evaluated in this investigation. Other energy resources exist in the 
study area, including solar, geothermal, biomass, and wind, but these are 
not considered either because of their non-geological natute or their 
limited development potential. This investigation is a cooperative study 
conducted by the Co 1 or ado Geo 1 og i ca 1 Survey and part 1 y funded by the 
Energy Lands Program of the U.S. Geological Survey through U.S.G.S. Grant 
No. 14-08-0001-G-487. 

A primary goal of our investigation involves the development of a 
thorough understanding of potential env i ronmenta 1 prob 1 ems that may result 
from the exploration for and extraction of energy resources in the study 
area. Environmental aspects of resource beneficiation, processing, and 
utilization, such as uranium milling, coal beneficiation, surface 
gasification and liquefaction of coal and lignite, oil and gas refining, 
and ~lectric power generation were not studied. 

Because our study covers a wide range of geologic elements and a 
large geographic area, an in-depth, detailed evaluation of all relevant 
factors is far beyond the project scope. Our approach involves a somewhat 
generalized and regional, rather than a site-specific assessment of 
pertinent geologic, hydrologic, and environmental components. If it 
appears that we have allotted an unusually large number of pages in this 
report to the environmental aspects of in situ uranium solution mining, it 
is not because we believe there are more environmental problems with 
solution mining than with other mining methods. Solution mining is more 
thoroughly discussed because it is a relatively new mining technique that 
is widely misunderstood by or unknown to the general public, government 
decision-makers, and many geoscientists. Furthermore, in situ solution 
mining will probably be the primary mining method used to recover uranium 
in the study area. 

Complete evaluation of the geology and development potential of an 
energy resource deposit or the hydrology and environmental problems of a 
particular recovery site can only be accompli shed through a combination of 
general regional studies and local detailed evaluations. We hope our 
report provides valuable, regional background data to mineral exploration 
and development organizations and government agencies to promote 
development of Colorado•s valuable energy resources and protection of its 
desirable environmental qualities. 

Our investigation began in August, 1977. During the first few 
months, available data sources were analyzed and the most efficient method 
of study was selected. Discussions were held with representatives from 
state and regional planning agencies to ascertain the types of information 
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most valuable to them. Results of this part of the study are available in 
C.G.S. open-file report 77-1: "Preliminary investigation and feasibility 
study of the environmental impact of energy resource development in the 
Denver and Cheyenne Basins, Colorado." 

Coal and lignite resources were evaluated during the following year. 
Extensive compilation and review of data on past and present coal mining, 
existing coal analyses, and published coal reports were followed by 
interpretation of data from over 1,500 drill hole logs that we were able 
to obtain from industry, other governmental agencies, and private 
individuals. Several reports resulted from this phase of study, including 
C.G.S. open-file report 78-8: "Location map of drill holes used for coal 
evaluation in the Denver and Cheyenne Basins, Colorado," open-file report 
78-9: "Coal mines and coal analyses of the Denver and Cheyenne Basins, 
Colorado," and Resource Series 5: "Coal resources of the Denver and 
Cheyenne Basins, Colorado." 

Four months were dedicated to a brief evaluation of uranium resources 
and familiarization with uranium mining methods that will probably receive 
extensive use in the study area. A part of this research was published in 
C.G.S. Environmental Geology 11: "Promises and problems of a new uranium 
mining method--In situ solution mining." Only one month was spent studying 
oil and natural gas resources and the environmental problems associated 
with their recovery because 1) existing published reports adequately 
describe the regional geologic aspects and development potential of oil 
and gas resources, 2) it would require years of detailed study by us to 
make a significant contribution to current knowledge on oil and gas in the 
study area, and 3) environmental problems related to oil and gas 
exploration and recovery are minimal when compared to those associated 
with coal and uranium. 

Five months of research was directed toward furthering existing 
knowledge of ground-water resources in both basins. Most work 
concentrated on the Cheyenne Basin, because minimal data are publicly 
available on ground water in this area. Two hydrogeologic reports that 
primarily contain analyses of well waters resulted from part of this 
investigation phase. They are C.G.S. Information Series 12: "Hydrogeologic 
and stratigraphic data pertinent to uranium mining, Cheyenne Basin, 
Colorado" and Information Series 13: "Chemical analyses of water wells in 
selected strippable coal and lignite areas, Denver Basin, Colorado." The 
final seven months of our study concentrated on the environmental problems 
of coal and uranium exploration and mining, and on preparation of this 
final report which summarizes the results of the entire grant-funded 
investigation. 

STUDY AREA LOCATION 

The 2utline of 1he study area is shown in Figure 1. Approximately 
14,000 mi (36,400 km ) of northeastern Colorado are within the study 
area, which is roughly defined as the area between Tl2N to T15S and R57W 
to R71W. Part of the mountainous Front Range is within this area, but the 
Precambrian rocks in the Front Range were not studied. Only sedimentary 
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rocks in the designated area were evaluated in this report. All or par~s 
of ~dams, Arapahoe, Boulder, Denver, Douglas, Elbert, El Paso, Jefferso ' 
Lar1mer, L1ncoln, Morgan, and Weld Counties are within the study area. 
Many of . Col or ado • s 1 arger cities, i ncl udi ng Denver and the. Denver 
metropol1tan area, Colorado Springs, Boulder, Greeley, Fort Coll1ns, and 
Fort Morgan are within the study area. 
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Figure 1. Location map of the study area. (from Kirkham and Ladwig, 1979). 
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. Lan~ i_n the study area is used for a variety of purposes. Areas near 
maJor c1t1es are largely urbanized. Most types of energy resource 
development are virtually prohibited in these urban areas because of 
environmental, social, and political constraints. Most of the remaining 
land is used for agricultural activities, either farming or ranching. 
Both irrigation and dry-land farming are common in the study area. Most 
irrigated farming is conducted in the South Platte River valley or in the 
valleys of its main tributaries. Some irrigation above valley floors is 
accomplished by pumping large volumes of ground water or through extensive 
irrigation ditch systems. Wheat and hay are grown on many dry-land 
farms, but some of this farm land is being returned to range land uses. 
Most ranches run only cattle, but sheep are not uncommon. Some of the 
environmental problems associated with energy resource development in the 
study area relate to land-use conflicts. This aspect is described in a 
later section on 11 Land-use conflicts related to energy resource 
development ... 

ACKNOWLEDGMENTS 

Funding for this investigation was provided in part by the Energy 
Lands Program of the U.S. Geological Survey through U.S.G.S. Grant No. 
14-08-0001-G-487. We thank the U.S. Geological Survey and, in particular, 
J. D. Maberry, director of the Energy Lands Program, for financial and 
technical support. Without their cooperation, this study could have never 
been initiated or completed. We also thank J. F. Blakey, J. W. Warner, 
and R. H. Pearl for their efforts in developing a cooperative agreement 
between our office and the Water Resources Division-Colorado District of 
the U.S. Geological Survey. Their support aided our hydrogeologic 
studies. 

Several individuals employed by the State of Colorado provided 
valuable assistance in a variety of aspects. They includeS. M. Goolsby, 
K. E. Brand, W. R. Junge, W. J. o•Leary, W. P. Rogers, J. W. Rold, D. 1,.. 
Boreck, D. B. Collins, and C. M. Tremain of the Colorado Geological 
Survey, J. C. Romero, S. J. Zawistowski, A. Wacinski, and D. Fawcett of 
the Colorado Division of Water Resources, D. C. Shelton and J. D. Holm of 
the Colorado Mined Land Reclamation Board, R. L. Slyter of the Colorado 
Oil and Gas Conservation Commission, T. E. Bretz of the Colorado Board of 
Land Commissioners, and F. G. Ethridge and T. B. Thompson of Colorado 
State University. We would especially like to acknowledge W. P. Rogers 
for his support throughout the entire grant. 

Numerous individuals and organizations contributed either raw data, 
company reports, or valuable comments. They include J. W. Hand of Cameron 
Engineers, W. S. Landers and D. Spangenburg of Public Service Company of 
Colorado, J. Frost of Earth Science, Inc., J.D. Shaffer of Consolidation 
Coal Company, M. G. Munson of Atlantic-Richfield Company, J. B. Ivey of 
Amuedo and Ivey, Geological Consultants, K. Jackson, E. A. Horimiotis, F. 
M. Ryan, and A. D. Luck of Rocky Mountain Energy Company, J. A. McKean of 
Chen and Associates, B. W. Conroy, S. L. Stinnett, K. R. Kruker and M. 0. 
Childers of Power Resources Corporation, and R. G. Shepherd, a private 
consultant. Collectively and individually we appreciate their assistance 
and cooperation • 

• 

- 7 -



-

A special note of appreciation goes to the secretaries and drafters 
of the Colorado Geologica) Survey who provided support services ~or ~he 
typin~ of_the text, drafting of illustrations and plates, and publlcatlo~ 
of th1s f1nal report and the many preceding reports prepared as a part 0 

this grant-funded investigation. They are Becky Andrews, Valerie Taylor, 
Gladys Peters, Cheryl Brchan, Mark Persichetti, and Cornelia Sherry. 

All or parts of this manuscript were edited by W. P. Rogers, K. E. 
Brand, J. W. Rold, S. D. Schwochow, J. M. Soule, and D. L. Boreck of the 
Colorado Geological Survey, J. C. Romero, s. J. Zawistowki, and R. Haubold 
of the Colorado Division of Water Resources, R. L. Slyter and and J. A. 
McKee of the Colorado Oil and Gas Conservation Commission, D. C. Shelton 
and J. D. Holm of the of the Colorado Mined Land Reclamation Board, K. 
Waesche and C. Roberts of the Colorado Department of Health, T. Dimelow 
and D. Poleschook, Jr. of AMOCO Production Company, B. W. Conroy and R. L. 
Raforth of Power Resources Corporation, C. Rutledge, Jr. of Wyoming 
Mineral Corporation, J. S. Wadell of ARCO Coal Company, P. S. Osborne and 
B. Biegler of the U. S. Environmental Protection Agency, and K. Jackson, 
J. E. Flook, F. M. Ryan, and D. Preston of Rocky Mountain Energy Company. 

GENERAL GEOLOGY 

REGIONAL GEOLOGY AND GEOGRAPHY 

The study area encompasses a large part of northeastern Colorado. It 
lies just east of the Southern Rocky Mountain province and is almost 
entirely within the Great Plains physiographic province of the Interior 
Plains (Fenneman, 1931). Hammond {1964) places most of the study area 
within the Rocky Mountain Piedmont physiographic province of the Interior 
Division. A small part that is underlain by the Ogallala Formation near 
the Colorado-Wyoming line is within the High Plains province of Hammond 
(1964). 

The U.S. Geological Survey (1970) recognizes two general classes of 
1 and forms in the study area. The northern part is classified as 
irregular plains with 50 to 80 percent of the areas gently sloping. 
Average local relief ranges from about 100 to 300 ft (30 to 90 m) and 
about 50 to 80 percent of the gentle slopes are within lowlands. They 
describe the southern part of the area as tablelands with moderate relief 
in which 50 to 80 percent _of the area is gently sloping. 50 to 70 percent 
of the gentle slopes are 1n upland areas and local relief averages 300 to 
500 ft (90 to 150 m). 

Figure 2 illustrates the major regional topographic and tectonic 
features of the Southern Rocky Mountain province and adjacent basins. The 
depositiona~ an~ structural history of the study area is directly tied to 
the g~olog1c h1s~ory ?f the South Rocky Mountain province. This 
mounta1nous prov1nce 1~ an area of complex geology and cnanging 
t?pography. It ha~ exper1e~~ed three major periods of mountain building 
s1nce the Precambna~. The Ancestral Rockies 11 were high, abrupt mountain 
ranges that were upl_lfted during the Pennsylvanian and later extensively 
eroded. New mounta1ns, some of which roughly coincided geographically 
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Figure 2. Principal topographic features and tectonic units in the Southern 
Rocky Mountain province and adjacent basins. (after Tweto, 1975) 

with the Ancestral Rockies, were developed during the Late 
Cretaceous-Early Tertiary Laramide orogeny. These mountains apparently 
were not as high and abrupt as the Ancestral Rockies or present-day 
mountains. By the Late Eocene, they were eroded and leveled to the 
general elevation of adjoining basins (Epis and Chapin, 1975). The modern 
Rocky Mountains began to form during the Miocene and have experienced 
continued tectonic and erosional modification to the present. Sediments 
have been eroded from these mountains and deposited in the study area. 
Evidence of the extensive mountain-building episodes is preserved in the 
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sedimentary rocks of the study area. This evidence will be discussed in a 
later section on stratigraphy. 

STRUCTURE AND BASIN NOMENCLATURE 

Figure 2 indicates that much of northeastern Colorado and adjacent 
parts of Wyoming and Nebraska are within a large regional basin _here~n 
called the Denver-Cheyenne Basin. The study area is entirely with1n th1s 
1 arge basin. The Denver-Cheyenne Basin is of great interest to the 
petroleum industry and has been studied in detail for potential 
hydrocarbon accumulations. A variety of names have been applied to the 
basin by the petroleum industry, including the Denver, D-J, or 
Denver-Julesburg Basin, but the name Denver-Cheyenne Basin is preferred 
for this study. 

A structure contour map of the Denver-Cheyenne Basin based on the top 
of the Precambrian surface is shown in Figure 3. The basin is an 
asymmetrical, doubly plunging syncline with its long axis extending in a 
nearly north-south direction. A series of anticlinal arches form 
topographically subtle boundaries around much of the basin. These 
structures include the Hartville Uplift on the northwestern flank, the 
Chadron Arch on the northeastern flank, the Las Ani mas Arch on the 
southeastern flank, and the Apishapa Uplift on the southwest~rn flank. 
Along these arches, bedding generally dips gently toward the bas1n center, 
except where disrupted by local fault~ng or ~Y s~all fold~. _The western 
basin margin is unlike the other bas1n marg1ns 1n that 1t 1s marked by 
abrupt topographic relief and a major structural zone, the Front Range 
structural zone. This complex zone is up to 4 mi (6.4 km) wide and 
consists of basement-cant rolled, moderate-to high-angle reverse faults and 
monoclines. Many earth scientists believe the monoclines become faults at 
depth and that the entire structural zone is a single, complex fault zone 
at depth. Within the Front Range structural zone individual beds dip 
steeply eastward, locally are vertical or overturned, and may be offset up 
to 9,000 ft (2,700 m) by faulting. Two prominent structural lows mark the 
structural center or deepest parts of the basin (Figure 3), one near 
Denver and a second near Cheyenne. Elevation differences on the top of 
the Precambrian in these areas and in the mountains to the west indicate 
over 21,000 ft (6,300 m) of structural relief. Over 13,000 ft (3,900 m) 
of sedimentary basin-fill deposits are preserved in these deeper areas. 

The Denver-Cheyenne Basin can and should be subdivided into two 
distinct smaller basins when coal, uranium, or ground water is studied. 
This practice, to th~ best of the authors• knowledge, was first used in 
the 1_1terature by ~h1lders _(1974) and later re-emphasized by Kirkham and 
Ladw1g (1979). F1gure 1 11lustrates the outline of these two smaller 
basins, the Denver and Cheyenne Basins, as defined by the outcrop or 
subcrop of the Fox Hills Sandstone. 

Justification fo~ this subdiv~sion into two smaller basins is based 
on several factors. V1rtually all 1mportant coal and uranium deposits and 
most potable ground water are contained in the Fox Hills or younger 
formations and are within the two smaller basins. A structural high, the 
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Structure contour map (in feet) on the top of the Precambrian 
surface in the Denver-Cheyenne Basin. (after Matuszcak, 1973) 

Greeley Arch, separates the two basins. The Greeley Arch trends 
approximately east-west, has over 1,000 ft (300m) of structural relief 
since the Late Cretaceous, and is a complex anticlinal structure which has 
smaller folds superimposed on it. Drillers' logs from water wells over 
the center of the arch suggest alluvial gravels overlie Pierre Shale, 
indicating the Laramie Formation and, at least locally, the Fox Hills 
Sandstone have been eroded off the arch. 

The two basins also have major stratigraphic differences. Many of 
the Paleozoic and Mesozoic formations mappable throughout much of eastern 
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Wyoming extend into the Cheyenne Basin, but are not found south o~ the 
Greeley Arch in the Denver Basin. Several Cretaceous formatlons, 
especially the Niobrara Formation (Weimer, 1978), are influenced by_the 
arch. Appreciable formational thinning and changes in sedimentolog~cal 
characteristics are common in certain formations. The Laramie Format1o~, 
an important coal- and uranium-bearing formation is markedly different 1n 
both basins. An l ,800 to 4,700-ft (540 to 1 :410-m) thick section of 
strata containing the Arapahoe Formation, Denver Formation, and Dawson 
Arkose occurs in the Denver Basin, but is apparently absent from the 
Cheyenne Basin. 

Both basins are oval shaped with their long axes approximately 
north-south. The deepest part of the Denver Basin is southeast ofr Denver 
near Cherry Creek Reservoir, and the deepest part of the Cheyenne Basin is 
near Cheyenne, Wyoming. In both areas the top of the Precambrian surface 
is over 7,000 ft (2,100 m) below sea level. The overall structure of the 
two basins is similar, but structural details, especially on the western 
basin margin, are quite different. 

Figure 4 is a generalized north-south cross section through the study 
area. In this view the Denver Basin appears symmetrical and only the 
southern flank of the Cheyenne Basin is shown. The structura 1 high 
between the two basins is the Greeley Arch. Note the Laramie and Fox 
Hills have been eroded off the arch. A generalized east-west cross 
section through the Denver Basin at about the latitude of Golden is 
illustrated in Figure 5. The asymmetrical character of the basin is 
obvious in this view. The Golden Fault dominates the structure on the 
western basin margin at this location. Sediments on the west side of the 
fault dip 30° to 35° east, whereas sediments d directly on the east side 
of the fault are often vertical or overturned. Much of the western basin 
margin, especially the area from just south of Boulder to near Monument, 
is similar to that shown in Figure 5. From Boulder north, the structural 
zone is dominated by complex, basement-controlled faulting that is 
expressed in the sedimentary section by sharp folding (Matthews, 1976). 
The Ute Pass fault, widely believed to be a low-angle (approximately 40° 
to 60°), west-dipping, reverse fault, is the main structural feature of 
the western basin margin near Colorado Springs. 

On the southern, eastern, and northern margins of the Denver Basin, 
beds dip gently towards the structural center of the basin and are only 
locally deformed by small folds and faults. Dips ranging from less than 
1/2° to about 3o are common in these areas and on the southern and eastern 
flanks of the Cheyenne Basin. The eastern margin of the Cheyenne Basin is 
only approximately located through subsurface studies. A major angular 
unconformity truncates the Laramie and Fox Hills in this basin, but 
surface exposures of this erosional feature are rare. 

Major faults are not common outside of the Front Range structural 
zone. The only other area which has numerous large faults is along the 
northwest flank of the Denver Basin (Figures 6 and 7). Seismic and 
stratigraphic studies by Davis and Weimer (1976) suggest part of these 
faults are basement-controlled while others are listric growth faults 
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Figure 4. Generalized north-south cross section through the Denver Basin 
and the south flank of the Cheyenne Basin showing the Pierre 
Shale and younger formations. (after Kirkham and Ladwig, 1979) 
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Generalized east-west cross section through the Denver Basin 
showing the Pierre Shale and younger Formations. (from 
Kirkham and Ladwig, 1979) 
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which die out in the Pierre Shale. Tectonic faults in this area generally 
are high-angle normal at the surface and form a series of horst and graben 
blocks with individual fault displacements ranging up to about 300ft (90 
m). We have also observed several small-displacement, high-angle reverse 
faults in outcrops in the West Bijou Creek area. They are especially 
common along Station Gulch, where a lignite bed exposed along the creek is 
repeatedly offset a maximum of about 3ft (0.9 m) by several reverse 
faults. The orientation and relation to underlying lignite beds suggest 
the faults are related to sediment deformation due to compaction and 
lithification. Similar small displacement faults may also be common in 
other areas. 
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Figure 7. Northwest-southeast structure section through the Boulder-Weld 
coal field showing high-angle normal and listric faults. (from 
Davis and Weimer, 1976) 

BEDROCK STRATIGRAPHY 

Up to 14,000 ft (4,200 m) of consolidated and unconsolidated 
sediments fill the deepest parts of the Denver and Cheyenne Basins. These 
deposits range in age from Cambrian to Holocene and are underlain by 
Precambrian igneous and metamorphic rocks. Only the consolidated, 
pre-Quaternary sedimentary rocks are described in this report. 
Unconsolidated, Quaternary sedimentary deposits are important to energy 
resources for a variety of reasons, but they are not discussed in detail 
in this section. Potential water-producing Quaternary aquifers are 
briefly described in a later section on surface water and alluvial 
aquifers. 

Lower Paleozoic Rocks 

Lower Paleozoic rocks occur only to a limited extent in the study 
area. Because of their limited distribution, they will be only briefly 
described. The only surface exposures of lower Paleozoic rocks are found 
near Colorado Springs and immediately to the north. In this area the 
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Upper Cambrian Sawatch Sandstone, the oldest sedimentary formation in t~e 
study area, lies unconfo-rmably on Precambrian igneous and metamorphlC 
rocks. The Sawatch Sandstone is overlain in ascending order, by the 
Upper Cambrian Peerless Dolomite Lower O~dovician Manitou Limestone, 
Middle Ordovician Harding Sandsto~e, Mississippian (Devonian?) W~lliams 
Canyon Limestone, and Mississippian Leadville Limestone. Total th1ckness 
of the lower Paleozoic section near Colorado Springs ranges from about 200 
to 450 ft {60 to 124 m). These rocks do not extend very far northward 
along the outcrop from this area, and their eastward extent into the 
subsurface is uncertain. None of these rocks contain economically 
significant energy deposits in the Colorado Springs area. It is possible 
that the Mississippian oil- and gas-producing formations in Kansas and 
southeastern Colorado extend into the southeasternmost part of the study 
area, but the authors are not aware of any published information which 
document the presence or stratigraphy of these rocks in the subsurface 
within the study area. 

Pennsylvanian, Permian, Triassic, and Jurassic rocks 

In the Colorado Springs area the lower Paleozoic rocks are overlain 
by the Permian and Pennsylvanian Fountain Formation. To the north, near 
Denver and in the Cheyenne Basin, the Fountain Formation rests on a major 
unconformity cut on Precambrian rock. The formation was deposited in a 
bajada complex adjacent to the .. Ancestral Rocky Mountains .. (Mallory, 
1972), an actively rising complex of mountains west of the study area. It 
consists of reddish-brown arkosic conglomerate, yellowish-gray arkosic 
sandstone, and interbedded thin layers of light green and reddish-brown 
shale and ranges from 800 to 4,400-ft (240 to 1,320-m) thick. Thickest 
accumulations of the Fountain occur in the Colorado Springs area. The 
lower 100ft (30m) of the formation includes the Glen Eyrie Shale member. 
Excellent outcrops of the Fountain Formation are exposed at the Garden of 
the Gods, Perry Park, Roxborough Park, Red Rocks Park, and Flatirons near 
Boulder. The Fountain Formation is roughly equivalent to the Casper 
Formation found in Wyoming. 

In the western part of the Cheyenne Basin the Lower Permian Ingleside 
Formation overlies the Fountain Formation (Braddock and Cole, 1978). 
Gray-white sandstone and crinoidal limestone beds characterize the 100 to 
130-ft {30 to 39-m} thick Ingleside Formation. In the Denver Basin the 
Fountain is overlain by the Permian Lyons Sandstone, a white to red fine­
to medium-grained, quartzose sandstone with local conglomerate, siltstonell 
and mudstone (Romero, _1976; Braddoc~ an~ Cole, 1978; Bryant and others, 
1978). The Lyons overl1es the Ingles1de 1n the Cheyenne Basin. Thickness 
of the Lyons Sandstone ranges from about 30 ft (9 m) near Golden to 800 ft 
(240m) near Colorado Springs (Romero, 1976; Scott and Wobus 1973). 
Detailed studies _by_ Walker ~nd Harms (1972) and Weimer and Land (1972) 
sugges~ the ~e~os1t1onal env1ronment of the Lyons varies geographically. 
An eol1an or1g1n can be demonstrated for the flagstone beds of the Lyons 
in Bo~l der_ County, _whereas. in part of Jefferson County the Lyons was 
de~os 1 t~d 1 n a. fl uv1 a 1 e_nv 1 ro_nment. The Lyons Sandstone is one of the 
major o1l-bear1ng format1ons 1n the study area and has produced about 21 
million barrels of oil or about 10 percent of the total oil production in 
the study area. 
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The Permo-Triassic Lykins Formation conformably overlies the Lyons 
Sandstone. Reddish-maroon, thin-bedded shale and siltstone with minor 
light-colored sandstone, gypsum, and crinkled limestone beds characterize 
the Lykins (Romero, 1976; LeRoy, 1946). LeRoy divides the Lykins into 
five members in the Golden-Morrison area. They are, in descending order, 
the Strain Shale, Glennon Limestone, Bergen Shale, Falcon Limestone, and 
Harriman Shale. Generally, the formation is poorly exposed except in 
water gaps and man-made cuts or where the Glennon Limestone forms a small 
hogback. Formation thickness ranges from 180 to 560ft (54 to 168m) 
(Bryant and others, 1978; Romero, 1976; Scott and Wobus, 1973). 

Several Permian, Triassic, and Jurassic formations occur in the 
Cheyenne Basin, but not the Denver Basin. They include the Lower Permian 
Satanka Formation, Upper Permian Forelle Limestone, Upper Triassic Jelm 
Formation, Triassic Chugwater Formation, and Upper and Middle Jurassic 
Sundance Formation (Braddock and Cole, 1978). The Satanka is a 100 to 
300-ft {30 to 90-m) thick unit composed of red-brown marine mudstone, 
s i1 t stone , and m i nor sand stone , T i me stone , and gypsum. The Fore 11 e 
Limestone is a reddish, dolomitic, marine limestone interbedded with thin, 
red mudstone and gypsum. The formation is about 20-ft (6-m) thick and is 
only found north of Lyons. Buff-red, cross-bedded, arkosic, continental 
sandstone characterize the 200-ft {60-m) thick Jelm Formation. The 
Chugwater Formation ranges in thickness from 300 to 800 ft {90 to 240 m) 
and primarily consists of red sandstone, siltstone, and shale, and locally 
contains gypsum. Buff, eolian sandstone ranging from 100 to 200-ft {30 to 
60-m} thick characterizes the Sundance Formation. 

In the Denver Basin the Upper Jurassic Ralston Creek Formation 
overlies the Lykins Formation. It rests on a regional unconformity, 
consists of varicolored limestone, claystone, and gypsum interbedded with 
thin beds of sandstone, and is 2 to 110-ft (0.6 to 33.0-m) thick (Romero, 
1976; Bryant and others, 1978). The Upper Jurassic Morrison Formation 
overlies the Ralston Creek Formation in the Denver Basin and the Sundance 
Formation in the Cheyenne Basin. Locally the Morrison may unconformably 
rest on older rocks. It consists of varicolored, continental shale, 
s i 1 tstone, and claystone, and may be interbedded with thin beds of 
sandstone, limestone, and conglomerate. Formation thickness ranges from 
about 200ft (60 m) in the Colorado Springs area to about 400 ft (120 m) 
near Kassler (Romero, 1976}. The formation crops out just west of the 
Dakota hogback and comprises the lower part of the 11 geologic 
point-of-interest 11 at the I-70 roadcut. In most areas, however, outcrops 
are covered by colluvial, debris-flow, sheetwash, and landslide deposits. 

Lower Cretaceous Rocks 

Early Cretaceous time in the study area was characterized by a 
complex sequence of beach, delta, and near-shore marine sediments 
deposited over the continental Morrison Formation in a trangressing 
seaway. These rocks are included in the Lower Cretaceous Dakota Group. 
Early workers who studied outcrops divided the Dakota Group into two 
units. Recent study of geophysical logs from oil and gas drill holes 
indicate the group is much more complex than outcrop data suggest. 
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The two units defined by surface studies in the Denver area _are the 
Lytle Formation and overlying South Platte Formation. The Lytle ~s 30 ~ 0 
100-ft (9 to 30-m) thick and composed of yellowish-gray, f1ne- 0 

medium-grained, 1 oca 11 y conglomeratic sandstone. The South . Platte 
Formation consists of 200 to 350ft (60 to 105 m) of interbedded f1ne- to 
medium-grained gray sandstone and dark gray, silty shale. In the Col?r~do 
Springs area, Scott and Wobus (1973) and Scott and others (1976) d1v~de 
the Dakota Group into the Dakota Sandstone (upper part) and Purgato1re 
Formation (lower part). 

Subsurface stratigraphic studies related to petroleum exploration 
reveal a somewhat different stratigraphy. Haun (1963) divides the Dakota 
Group into a sequence of individually named shales and sandstones which 
thicken, thin, pinch-out, and split laterally. Major Dakota sandstone 
units in the study area are the D and J Sandstone members. These are 
separated by the Huntsman or Mowry Shale. The J Sandstone is believed to 
correlate in part with the Muddy Sandstone of Wyoming. The Colorado Oil 
and Gas Conservation Commission (1979) apply the Muddy Sandstone 
nomenclature to some of the oil and gas producing sands in the northern 
part of the study area. The D, J, and Muddy Sandstones collectively have 
produced about 75 percent of the oil and 83 percent of the gas from the 
entire study area. The lowermost sand in the Dakota Group, the Lakota 
Sandstone, is in part equivalent to the Cloverly Formation or Cheyenne 
Sandstone of adjoining areas. It is separated from the J Sandstone by the 
Skull Creek Shale. Waage (1961) and Weimer (1960) believe the Lakota 
Formation and Lytle Formation are equivalent, and the D and J Sandstones, 
respectively, correlate with the upper and lower members of the South 
Platte Formation. 

The Dakota Group forms a prominent, linear, topographic high, the 
Dakota hogback, along the entire western flank of the Denver-Cheyenne 
Basin, except where it has been cut out by faulting. Generally the South 
Platte Formation forms the crest and dip slope of the hogback, and the 
Lyt 1 e is exposed west of the hogback crest and in road cuts and water 
gaps. 

In some parts of Colorado, for instance the San Juan Region (Landis, 
1959), the Dakota Group contains economic coal deposits. In the study 
area, however, Dakota coal beds are thin, very lenticular, generally very 
deep, and are not economically important. Uranium is known to occur in 
the Dakota Group, and a small quantity was mined from the formation during 
the 1950s. Most deposits are extremely small and the potential for future 
discovery of significant deposits is low. 

Upper Cretaceous Rocks 

The Upper Cretaceous Colorado Group conformably overlies the Dakota 
Group throughout the study area. It consists of the Benton Shale (lower 
part) and Niobrara Formation {upper part). The Benton Shale is 300 to 
~00-ft {90 t~ 150-m) thick and composed of dark gray, marine shale and 
1nterbedded l1mestone, bentonite, and calcarenite (Romero, 1976; Van Horn 
1976). Bentonite layers serve as excellent time lines in this part of th~ 
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stratigraphic section. Locally the Benton Shale can be subdivided into 
three members, the Graneros Shale (lower), Greenhorn Limestone (middle), 
and Carlile Shale (upper). Recognition of these three members depends on 
the presence of the Greenhorn Limestone. The Code 11 Sandstone, an 
oil-bearing sandstone generally less than 10-ft (3-m) thick, is included 
in the upper part of the Carlile Shale. 

The Niobrara Formation, which constitutes the upper part of the 
Colorado Group, consists of 333 to 570 ft (100 to 171 m) of calcareous 
marine shale and limestone (Romero, 1976; Scott and Wobus, 1973). Usually 
the Niobrara can be divided into the Fort Hays Limestone member and 
overlying Smoky Hills Shale member. Gray, hard limestone with thin shale 
partings characterize the 25 to 40-ft (7.5 to 12.0-m) thick Fort Hays 
Limestone member. The Smoky Hills Shale member is 300 to 530-ft (90 to 
159-m) thick and composed of thin-bedded, fissile, calcareous shale 
interbedded with thin limestone and marl beds. 

The marine Pierre Shale conformably overlies the Colorado Group. It 
consists of 3,750 to 7,833 ft (1 ,125 to 2,350 m) of shale with interbedded 
siltstone, sandstone, bentonite, and thin, lenticular limestone. Nolte 
(1963) divides the Pierre into four units, which, in ascending order, are 
the Rusty, Sharon Springs, Hygiene, and Transition Zones (Figure 8, left 
side). The Hygiene Zone, approximately equivalent to the Mesaverde Group 
(Weimer, 1960), can be further subdivided into the Richard, Larimer, Rocky 
Ridge, Terry, and Hygiene Sandstone members. In most of the study area, 
the Larimer and Rocky Ridge members apparently merge into one unit. Field 
terminology used by oil and gas operators for these sandstone units is, in 
descending order, the Teapot, Parkman, Sussex, and Shannon Sandstone 
members. 

Kitely (1976, 1978) developed a somewhat different nomenclature for 
the Pierre Shale. It is shown on the left side of Figure 8. Major 
changes involve 1) eliminating the use of the Hygiene Zone and granting 
equal rank to the sandstone units formerly within the Hygiene Zone, 2) 
recognizing and naming several sandy units within the Transition Zone and 
a shale unit between the Sharon Springs and Hygiene members, and 3) 
changing the name of the Rusty Zone to the Gammon Ferruginous member. 
Kitely (1976) also discourages the use of field terms (Teapot, Parkman, 
Sussex, and Shannon) because of apparent age differences between the so 
named units in the type area and in the Denver-Cheyenne Basin. 

Over 10 percent of the oil and gas produced in the study area is from 
the Sussex and Shannon (or Terry and Hygiene) Sandstone members of the 
Hygiene Zone of the Pierre Shale. A few thin coal beds are reported in 
the Transition Zone of the Pierre Shale in some parts of Colorado, but 
none are of economic significance in the study area. 

Figure 9 is a regional stratigraphic column of the Pierre Shale and 
younger formations in the Denver and Cheyenne Basins. Figure 10 
illustrates the typical geophysical response of uppermost Cretaceous and 
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Figure 8. General stratigraphic relationships of the members of the 
Pierre Shale. 

lower Tertiary rocks on petroleum exploration drill hole logs in the 
Denver Basin. The logged interval begins in the upper part of the 
Transition Zone of the Pierre Shale and continues upward through the Fox 
Hills Sandstone, Laramie Formation, Arapahoe Formati~n, Denver ForMation, 
and into basal Dawson Arkose. Figure 11 is a geophysical log that 
illustrates the response of part of the stratigraphic units in the 
Cheyenne Basin. This log begins near the top of the Pierre Transition 
Zone, extends through the Fox Hills Sandstone and Laramie Formation, and 
terminates in the lower part of the White River Group. These logs and 
indicated stratigraphic picks are representative of the stratigraphic 
characteristics and formational boundaries used in this investigation. 
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Figure 9. Generalized regional stratigraphy of the uppermost Cretaceous 
and younger formations in the Denver and Cheyenne Basins, 
Colorado. (after Kirkham and Ladwig, 1979) 

The marine Upper Cretaceous Fox Hills Sandstone conformably overlies 
the Transition Zone of the Pierre Shale. The contact between the two 
formations is not always sharply defined and in many areas it is 
transitional. Generally, the contact is picked at the base of the first 
upward-coarsening sandstone sequence overlying the dominantly shale 
section of the Pierre. Formation thickness ranges from about 25 to 450 ft 
(7.5 to 135.0 m). Thick sandstone beds and interbedded shales 
characterize the Fox Hills, and thin, carbonate-rich units occasionally 
cap the formation. Individual sandstone beds usually coarsen upwards or 
are uniformly graded, but fining-upward beds are occasionally present. In 
the Denver Basin most sandstone units within the Fox Hills coarsen 
upwards, although uniformly graded and fining-upward sandstones do locally 
occur. In the Cheyenne Basin the Fox Hills can be divided into an upper 
and lower member (Ethridge and others, 1979; Kirkham and others, 1980). 
The lower member contains three to seven upward-coarsening sandstone beds 
overlain by zero to five massive sandstones in the upper member. The 
massive sandstones appear 11 blocky 11 on geophysical logs. Lenticular, 
iron-rich concretions are common in the upper member of the Fox Hills 
(Wacinski, 1979). 
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Figure 10. Geophysical logs of petroleum drill holes that illustrate typical 
geophysical responses and stratigraphic characteristics of 
uppermost Cretaceous and lower Tertiary formations in the Denver 
Basin. (from Kirkham and Ladwig, 1979) 
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~ppermost Cretaceous and middle Tertiary formations in the 
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Weimer (1973) suggests the Fox Hills in the Golden-Boulde~ area of 
the Denver Basin was deposited in a delta-front env1~onmen~. 
Reconnaissance studies throughout the Denver Basin conducted dur1ng thls 
investigation indicate the Fox Hills was deposited in both delta-front a~d 
barrier bar systems, although the barrier bar system is only present ln 
some areas. Regional stratigraphic studies by Ethridge and others (1979} 
in the Cheyenne Basin and local studies by Shepard and Summer (1979) 
suggest the sequence of upward-coarsening sandstones in the lower Fox 
Hills were deposited in a wave-dominated delta-front system and that the 
massive sandstones of the upper Fox Hills were deposited in a barrier bar 
system. Local studies in the Cheyenne Basin by Kirkham and others (1980) 
support the subdivision of the Fox Hills into two units in this basin and 
generally agree with depositional environments proposed by Ethridge and 
others (1979) and Shepard and Summers (1979). 

Thin, lenticular coal beds are reported within the upper part of the 
Fox Hills in the Denver Basin (Trimble, 1975; Zawistowski, 1978, pers. 
comm.), but none are of economic importance. Several economically 
important uranium roll-front deposits occur in the upper member of the Fox 
Hills in the Cheyenne Basin. One of these, the Keota deposit, is 
scheduled to be mined using in situ solution mining techniques. Small oil 
and gas shows are reported from the Fox Hills in the deeper parts of the 
Denver Basin, but it is unlikely the formation will ever produce petroleum 
on a commercial scale in the study area. 

The Fox Hills Sandstone is a key stratigraphic horizon related to 
energy resources in the Denver and Cheyenne Basins, Colorado. Virtually 
all coal, lignite, and uranium of economic importance and most potable 
water are within the Fox Hills and younger formations. The only major 
energy resources within older formations are oil and gas. 

The non-marine, Upper Cretaceous Laramie Formation overlies the Fox 
Hills Sandstone. For this investigation the contact between the two 
formations is placed at the top of the uppermost, thick, marine sandstone 
in the Fox Hills, just below the coal, claystone, and thin sandstone beds 
of the lower Laramie. In some locations a thin coal bed rests directly on 
the top of the uppermost thick sandstone in the Fox Hills. This coal bed 
is included in the Laramie. The Laramie Formation typically consists of 
inter~e?ded, brackish-water and fluvial beds of shale, claystone, coal, 
and f1n1ng-upward sandstone. There appear to be major differences in the 
Laramie between the two basins. In many ways the Laramie Formation in the 
Cheyenne ~asin mar~ closely resembles ~he Lance Formation of Wyoming than 
the L_aram1e Format1on of the Denver_Bas1n. F_urther detailed stratigraphic 
stud1~s may conclude th~t the Laram1e Format1on terminology should be used 
only 1n the Denver Bas1n and that Lance Formation terminology should be 
applied in the Cheyenne Basin. 

In the De~ver Basin ~he La~amie F~rmation often can be divided into 
two members wh1ch range 1n comb1ned th1ckness from 350 to 700ft {105 to 
210 m)_. The l?wer part is 50 to 275-ft (15.0 to 82.5-m) thick and 
predom1nantly 1s shale, claystone, coal, and lenticular h 1 sandstone. The top of the lower Laramie is defined by Kirkham ~ndcL:~:~g 
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( 1979) as the top of the uppermost co a 1 bed in the 1 ower part of the 
formation. The lower Laramie coal zone thus generally corresponds to the 
lower member of the Laramie Formation. 

Some workers have named the lower Laramie sandstones in the Denver 
Basin the A, B, and C sandstones. These units should not be confused with 
the A, B, and C sandstones described in the Pierre Shale by Kitely {1976, 
1978). The lower Laramie sandstones are very lenticular, and our work 
suggests these names should only be used locally where they were first 
described, unless a definitive correlation can be made by study of closely 
spaced dri 11 holes and outcrop data. The upper member of the Laramie 
Formation in the Denver Basin is 250 to 600-ft (75 to 180-m) thick and 
consists primarily of shale, claystone, and siltstone, with only very 
minor amounts of sandstone. 

In the Cheyenne Basin the entire Laramie Formation, where preserved 
intact, is as much as 1,600 to 1,800-ft {480 to 540-m) thick. In general 
the Laramie contains fewer and thinner co a 1 beds and more and thicker 
sandstone beds in the Cheyenne Basin than the Denver Basin. Numerous 10 
to 125-ft {3.0 to 37.5-m) thick sandstones occur throughout the Laramie 
and are especially common in the upper two-thirds of the formation. 
Several of the thicker and laterally persistent sandstones have been 
informally named by the uranium industry. They include the Grover, Porter 
Creek, and Sand Creek Sandstone members. 

Most workers believe the Laramie is dominantly a fluvial deposit. 
Weimer {1973) and Kirkham and Ladwig {1979) indicate that a delta-plain 
model best fits the Laramie of the Denver Basin. Ethridge and others 
{1979) suggest delta-plain sedimentation was responsible for the lower 
part of the Laramie in the Cheyenne Basin, whereas the upper part of the 
formation was probably deposited in a lower alluvial plain environment. 
There is some evidence for a minor transgression of the Cretaceous seaway 
during deposition of the Laramie. The Grover Sandstone member of the 
Laramie may have been deposited in a marine bar or beach environment 
(Childers, 1979, pers. comm.; Krukar, 1980, pers. comm.) 

Initiation of the Laramide orogeny and regression of the Cretaceous 
seas are recorded in the upper Pierre Shale Transition Zone, Fox Hills 
Sandstone, and Laramie Formation. Orogenic activity continued during 
deposition of the Arapahoe Formation, Denver Formation, and Dawson Arkose. 
Weimer {1973) developed a delta-sedimentation model to relate the 
regressing Cretaceous seaway to the sediments preserved in the Denver 
Basin (Figure 12). The uppermost part of the Pierre shale was deposited 
in an off-shore, deep-marine environment. As regional uplift began and 
the sea regressed, an extensive deltaic system developed, and extended 
into the marine environment. Sediments were eroded from the highlands, 
which some authors propose was the Sawatch Anticline, transported 
downstream, and redeposited in delta-front, delta-plain, and barrier bar 
systems. The Fox Hills was deposited in delta-front and barrier bar 
environments, and the Laramie was deposited in a delta-plain environment. 
These deposition a 1 conditions persisted until cont i nenta 1 sedimentation in 
meandering and braided streams and in flood basins became dominant. 
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Figure 12. Delta-sedimentation model that relates the regression of the Late 
Cretaceous seaway to the facies and depositional environments of 
the Denver Basin. (from Weimer, 1973) 

As shown in Figure 9 the depositional histories of the Denver and 
Cheyenne Basins are markedly different. In the Denver Basin the Upper 
Cretaceous Arapahoe Formation, Upper Cretaceous-P a 1 eocene Denver 
Formation, and Eocene Dawson Arkose overlie the Laramie Formation. In the 
Cheyenne Basin the Oligocene White River Group, Miocene Arikaree 
Formation, and Miocene Ogallala Formation were deposited over a major 
unconformity or series of unconformities cut on the Laramie Formation. 
Several possible explanations have been proposed for the apparent missing 
section of Upper Cretaceous, Paleocene, and Eocene rocks and the anomalous 
thickness change in the Laramie Formation. They have been in part 
discussed by Kirkham and others (1980) and will not be restated or further 
discussed in this report. 

The Arapahoe Formation overlies the Laramie Formation in the Denver 
Basin. It is 200 to 1,000-ft {60 to 300-m) thick and averages about 
600-ft (180-m) thick. Basal Arapahoe near the mountain front is very 
coarse, often containing thick sequences of interbedded, chert-rich 
conglomerate and sandstone, as indicated on the geophysical log in Figure 
10. The upper part of the Arapahoe is usually much finer-grained, 
typically consisting of claystone, siltstone, and thin fine-grained 
sandstone. The overall geometry of the unit is that of a ~edge deposit. 
The formation is thickest along the mountain front and thins eastward and 
southw~rd. Textures. a~so generally become finer-grained to the east. 
Format1on character1st1c~ suggest the Arapahoe was deposited in a bajada 
complex ne~r the mounta1 n front and gr.ades eastward into a meandering 
stream ~nv1ronmen~. The Arapahoe-Laram1e contact is readily apparent on 
geop~ys~cal.lo~s 1n the wester~ part of the basin, as shown in Figure 10, 
but lt lS d1ff1cu~t to d~term1ne the COntact in the eastern part of the 
area due to the f1ne-gra1ned textures of both formations. 
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Cenozoic Rocks 

The Upper Cretaceous-Paleocene Denver Formation overlies the Arapahoe 
Formation in the Denver Basin. The Cretaceous-Tertiary boundary has been 
recognized paleontologically on South Table Mountain (Brown, 1943) and 
near the intersection of Broadway and County Line Road by Middleton (1980, 
pers. comm.). Palynology may be beneficial to help establish the 
Mesozoic-Cenozoic boundary within the Denver Formation in areas were 
macro-fossils are absent. 

Some workers (Richardson, 1915; Dane and Pierce, 1936; Scott, 1962, 
1963; Scott and Wobus, 1973; Morse, 1979; Trimble and Machette, 1979) map 
the Arapahoe, Denver, and Dawson as one formation or at least as in part 
age-equivalent facies. Other workers (Reichert, 1956; Soister, 1972, 
1978b; Romero, 1976, 1978b, pers. comm.; Soister and Tscudy, 1978; Kirkham 
and Ladwig, 1979) believe the formations are distinct stratigraphic 
formations that can and should be mapped throughout the area. In most 
areas formation a 1 boundaries can be recognized in outcrop and through 
regional subsurface studies using geophysical logs. Only in the southern 
and southeastern areas is it difficult to pinpoint contacts. One of the 
problems with picking formation contacts in these areas is a lack of 
reliable subsurface data and the virtual absence of outcrops. 

In general the Denver Formation consists of 600 to 1,580 ft (180 to 
474 m) of medium-yellow to light-gray, olive, and gray-green claystone, 
s i 1 tstone, very fine- to medium-grained sandstone, andes it i c conglomerate, 
and lignite. Several andesitic lava flows are interbedded with the upper 
Denver near Golden, and a dike of uncertain origin (Miller and others, 
1979) cuts the Denver Formation at the Rocky Mountain Arsenal. The 
distinguishing characteristics of the Denver Formation are andesitic 
conglomerates, thick lignite beds and color. Andesitic conglomerates are 
common along the mountain front and thick lignite beds are prevalent in 
the upper 500ft (150m) of the formation in the eastern part of the 
basin. Emmons and other (1896) define the base of the Denver Formation by 
the first appearance of andesitic eruptive material in the sedimentary 
section. Unfortunately andesitic material is scarce on the east flank of 
the basin. The Denver-Arapahoe contact can only be defined by detailed 
regional, drill hole correlation in the eastern part of the basin, and in 
some areas it is still difficult to precisely assign a contact. 

The top of the formation in the eastern part of the basin can be 
picked as the base of the first thick, arkosic sandstone or conglomerate 
above the uppermost lignite bed in the Denver lignite zone. This pick 
cannot be used in the central or western part of the basin because the 
lignite beds are either lower in the formation or are absent in this area. 
Morse (1979) suggests the change from andesitic to arkosic mineralogy 
should be used to establish the contact along the mountain front. 

The Paleocene-Eocene Dawson Arkose unconformably overlies the Denver 
Formation. Soister (1978b) divides the Dawson into a lower and upper 
member. The lower member is a mixed unit, 200 to 400-ft (60 to 120-m) 
thick, containing both andesitic and arkosic material ranging from 
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claystone to conglomerate. Usually, the base is marked by a 10 to 20-ft 
{3 to 6-m) thick arkosic conglomerate. Soister (1978b) and Soister and 
Tscudy ( 1978) describe thin, non-economic 1 ignite beds in the 1 ower member 
of the Dawson. Pollen samples from the lower member are Late Paleocene in 
age (Soister and Tscudy, 1978). 

Varicolored claystone and deeply weathered sandstone and conglomerate 
cap the lower member. Good exposures of this interval can b~ seen in the 
clay pit in SE l/4 SW 1/4 sec. 14, T6S, R66W near Parker. So1ster (1978b) 
believes this weathered horizon is a paleosol and represents a period of 
non-deposition in the basin during Late Paleocene and Early Eocene. The 
paleosol appears to rise within the Dawson westward. Morse (1979) 
describes a silcrete in the southern part of the Denver Basin which he 
correlates with the paleosol. In the east part of the basin the paleosol 
is near the base of the lower member of the Dawson, whereas in the west 
part of the basin there is as much as 330 ft ( 100 m) of 1 ower Dawson 
between the paleosol and the top of the Denver Formation. Soi ster 
suggests the Green Mountain Conglomerate may be. equivalent to the lower 
Dawson. Trimble (1978, peri. comm.) believes the paleosol may possibly be 
equivalent to the Eocene paleosol described by Pettyjohn (1966) in South 
Dakota, Wyoming, and Nebraska. 

Above the paleosol is the 800 to 1,400-ft (240 to 420-m) thick upper 
member or main body of the Dawson. It is 70 to 90 percent arkosic 
sandstone and conglomerate interbedded with 10 to 30 percent sandy 
claystone (Soister, 1978b). Pollen analyses and regional correlations 
suggest the upper member is of Eocene age (Soister and Tscudy, 1978). 

The Arapahoe Formation, Denver Formation, and Dawson Arkose in part 
record the mi dd 1 e and 1 ate episodes of the La rami de orogeny. 
Sedimentological characteristics of the Arapahoe suggest a provenance of 
Paleozoic and Precambrian rocks either within the Front Range or perhaps 
from as far as the Sawatch Range. Along the mountain front the Denver 
Formation consists of andesitic units ranging from conglomerate to 
mudstone. Morse (1979) suggests the andesitic rocks in the Denver 
Formation in the southern part of the area were deposited in a point bar 
system of a major meandering stream whose source was far beyond the Front 
Range, possibly from near Salida (Epis and others, 1976). An alternate 
interpretation could involve uplift of the Front Range during Denver time 
with the andesitic material being eroded from volcanic flows preserved on 
the top of the uplifted Front Range block. This meandering system grades 
eastward into the flood-basin deposits that contain the thick lignite 
deposits of the Denver Formation. 

Major uplift of the Front Range and accompanying erosion is suggested 
by the presence of coarse arkosic material in the Dawson Arkose derived 
from the Pikes Peak Granite and by the braided stream environment typical 
of the Dawson near the mountain. This braided system appears to grade 
into a meandering environment eastward (Morse, 1979). Extensive erosion 
of the F:ont Range occurred throughout Dawson time and by the late Eocene 
the upl1fted block had been eroded to the general elevations of the 
adjoining basins. Major stream channels extending from South Park to the 
Denver Basin were cut on this surface. 
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A rhyolitic ash-flow tuff, locally called the Douglas Rhyolite, 
flowed down one or possibly more of these paleo-stream channels into the 
Castle Rock area. Epis and Chapin (1975) correlate the Douglas Rhyolite 
with the Oligocene Wall Mountain Tuff, which is believed to have erupted 
in the Mount Princeton area. The Castle Rock Conglomerate overlies the 
Wall Mountain Tuff and, where the tuff is absent, the Dawson Arkose. 
Clasts of Oligocene andesitic material from the Thirtynine Mile volcanic 
field are contained in the conglomerate and Oligocene mammals have been 
found in the formation (Robinson, 1980, pers. comm.). The Castle Rock 
Conglomerate consists of up to 300 ft (90 m) of andesitic conglomerate 
with individual clasts up to 4 ft (1.2 m) in diameter and arkosic and 
andesitic coarse sandstone. 

In the Cheyenne Basin, the fluvial Oligocene White River Group 
overlies a major angular unconformity or series of unconformities cut on 
the Upper Cretaceous Laramie Formation, Fox Hills Sandstone, and Pierre 
Shale. The White River Group may, at least in part, correlate with the 
Castle Rock Conglomerate. The group contains two formations, the Upper 
and Middle 01 i gocene Brule Formation and the Lower 01 i gocene Chadron 
Formation. Scott (1978) describes the Brule as 200 to 500-ft (60 to 
150-m) thick and composed of light-colored, sandy or clayey, ashey 
siltstone. Lenticular channel sandstones or siltstones containing 
siltstone clasts and granitic gravel occur sporadically throughout the 
lower part of the formation. The Chadron consists of 100 to 250ft (30 to 
75 m) of predominantly clayey, blocky, ashy siltstone and montmorillonitic 
claystone (Scott, 1978). Channels of calcite- and silica-cemented 
sandstone and conglomerate which often occur at the base of the Chadron 
are scattered throughout the formation. These coarse-grained units are 
more common in the Chadron than in the Brule. Both the Chadron and the 
Brule contain thick, altered volcanic ash beds derived from volcanic 
centers to the west. 

Unconformably overlying part of the White River Group is the fluvial 
Lower Miocene Arikaree Formation. In the study area the Arikaree occurs 
only to a limited extent as channel sandstones and conglomerates cut into 
the White River Group. Beyond the study area to the east and north, the 
Arikaree is more of a blanket-type deposit. The Arikaree was deposited in 
response to renewed uplift of the Southern Rocky Mountains during the 
early phase of a period of Neogene tectonic activity. 

Continued, episodic tectonic activity resulted in deposition of the 
Miocene Ogallala Formation. It unconformably overlies the Arikaree and 
White River Group, and where these deposits are absent, it overlies the 
Laramie and older formations. The Ogallala is 50 to 600-ft (15 to 180-m) 
thick and consists primarily of conglomerate and sandstone beds 
interbedded with siltstone, limestone, and volcanic ash (Scott, 1978). 
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HYDROGEOLOGY 

Surface Water And Alluvial Aquifers 

Surface water supplies a major part of the water used for irriga~ion 
and municipal water systems in much of the Denver and Cheyenne Bas1ns. 
The study area lies within two major drainage systems, the South Platte 
and the Arkansas (Figure 13). About 4/5 of the area is in the South 
Platte River drainage basin, and about 1/5 is in the drainage system of 
the Arkansas River. The headwaters of both drainage basins extend far 
beyond the study area to the Continental Divide. Both drainage basins 
also continue far beyond the eastern limit of the study area and 
eventually empty into the Mississippi and Missouri River systems. 
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Figure 13. Major drainage basins of Colorado. (after Pearl, 1974) 
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Figure 14 illustrates major rivers, streams, and tributaries of the 
Denver and Cheyenne Basins. The alignment of individual stream courses is 
very interesting. The South Platte River enters the plains near Kassler, 
runs almost due north to Greeley, and then abruptly changes course and 
runs eastward, nearly paralleling the apparent axis of the Greeley Arch. 
Most tributaries of the South Platte in the central and eastern parts of 
the Denver Basin run nearly due north, while those in the Cheyenne Basin 
run south or southeast. In the southern part of the Denver Basin, creeks 
drain to the south or southeast toward the Arkansas River. The only 
exception is the anomalous route of Big Sandy Creek. It runs 
east-northeast to near the east edge of Elbert County separating the two 
groups of oriented drainage systems. At this point it makes an abrupt 
right-angle bend and then parallels the streams draining southeast towards 
the Arkansas. 

Most perennial streams in the study area, such as Fountain, Deer, 
Bear, Clear, Boulder, and St. Vrain Creeks, and the South Platte, Big 
Thompson, and Cache la Poudre Rivers, originate in the mountains. Streams 
with headwaters in the plains are dominantly ephemeral, although short 
reaches of individual streams, particularly those which head in the Black 
Forest, may flow year-round. 

The alluvial aquifers associated with modern streams are an integral 
part of the surf ace-water sys tern. The ground water within a 11 uv i a 1 
aquifers is considered as part of the surface stream system by the 
Colorado State Engineer and is administered by the priority system of 
water rights. Figure 15 shows the distribution of "probable" and 
"possible" water-bearing, alluvial deposits (alluvial aquifers) in the 
study area. Probable alluvial aquifers include the Wisconsin age and 
younger alluvial deposits and possible alluvial aquifers include the 
pre-Wisconsin, Quaternary alluvial deposits shown by Tweto {1979}. 
"Probable," as used in these definitions, means most designated deposits 
are alluvial aquifers. "Possible" means some of the deposits may be 
alluvial aquifers. 

Many of the small, ephemeral streams in the area have deposited thick 
sequences of valley-fill alluvium. These deposits carry large volumes of 
water, even during the hot, dry, su~mer months. The authors have dug test 
pits into the bottom of several dry creek beds in August and have 
encountered fresh, alluvial water within 0.2 to 2.0 ft {0.06 to 0.6 m) of 
the surface. 

A large region in the southeastern part of the study area is shown on 
Figure 15 to be underlain by possible alluvial aquifers. Older gravel 
deposits are known to occur extensively throughout this area, but in most 
places wind-blown sand blankets the surface. Much of the area covered by 
eolian sands is underlain by older gravels, as is indicated on Figure 15, 
but bedrock may underlie some areas within this designated region. 
Furthermore, little is known about hydrologic characteristics of these 
deposits. Detailed studies in these areas are needed to precisely 
ascertain the stratigraphy beneath the eolian sand and the ground-water 
potential. 
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Figure 15. Generalized distribution of alluvial aquifers in the Denver and 
Cheyenne Basins, Colorado. (modified from Tweto, 1979) 
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Public Law 95-87. s~ates that alluvial valley floors must be protected 
from coal surface ~1n1ng. In other words, either no surface mining is 
allowed on an alluv1al valley floor, or any mining in these areas must be 
carefully planned, conducted, and reclaimed to avoid impact on the 
alluvial valley floor. Obviously, it is important to recognize the extent 
of alluvial valley floors when conducting coal exploration programs. The 
definition of alluvial valley floors according to Public Law 95-87 has 
been interpreted in several ways. We believe the distribution of probable 
alluvial aquifers, as shown on Figure 15, generally coincides with the 
distribution of alluvial valley floors as defined by Public Law 95-87. 
Part of the area shown as possible alluvial aquifers may also be 
classified as alluvial valley floors. Thus, Figure 15 can be used as a 
general guide to the distribution of alluvial valley floors, but precise 
outlines can only be determined by detailed studies of individual mine 
sites. This evaluation should be an integral part of the environmental 
study of a particular mine site. 

Surface water in any particular area directly relates to the local 
hydrologic cycle or hydrologic regime. Figure 16 graphically illustrates 
the hydrologic cycle. The cycle involves water movement and storage in a 
certain area and is not a static phenomenon. There are constant changes 
both over the long term and short term in the inflow to, storage in, and 
outflow from a particular hydrologic unit. Man and nature play important 
roles in the hydrologic cycle by controlling or influencing precipitation, 

Figure 16. Hydrologic cycle. (from U.S. Department of Agriculture, 1955) 
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evapotranspiration, runoff, infiltration, and contaminant concentrations. 
The Office of Surface Mining define the hydrologic cycles or regime as 
"the entire state of water movement in a given area. It is a function of 
the climate and includes the phenomena by which water first occurs as 
atmospheric water vapor, passes into a liquid or solid form, falls as 
precipitation, moves along or into the ground surface, and returns to the 
atmosphere as vapor by means of evaporation and transpiration ... 

Surface water is a key element in the hydrologic cycle. Factors that 
influence the volume of available surface water include precipitation 
(which in the study area varies from about 11.0 to 18.5 in/yr; Hansen and 
others, 1978), amounts of infiltration and percolation (recharge) into 
soil, shallow aquifers, and deep aquifers, runoff characteristics, 
discharge from shall ow and deep aquifers, trans pi ration rates, and 
evaporation rates, which in the study area range from about 50 to over 70 
in/yr (Hansen and others, 1978). Any land disturbance that affects 
infiltration, percolation, and runoff rates, and any disruption of 
a qui fer s (such as that by m i n i n g ) may a 1 so affect d i s charge rates • 
Specific ways in which surface water may be affected by energy-related 
aetivities are discussed in later sections. 

Ground Water in Bedrock Aquifers 

Ground water is a major source of water in the study area for 
domestic, irrigation, stock, industrial, and municipal purposes. It 
occurs in many of the formations in the Denver and Cheyenne Basins, but 
most readily accessible ground water is within the Fox Hills or younger 
rocks. Of the older rocks only the Fountain Formation, Lyons Sandstone, 
Dakota Group, and upper Transition Zone of the Pierre Shale contain 
appreciable amounts of ground water that can be economically tapped in the 
study area. Of the younger rocks the Fox Hills, Laramie, Arapahoe, 
Denver, Dawson, White River, and Ogallala all contain important ground 
water supplies. Pre-Pennsylvanian rocks near Colorado Springs are not 
considered important aquifers. Some of these formations may contain 
water, but their lateral extent is apparently very limited, and in the 
subsurface they are too deep to be economically used. Only the principal 
aquifers are described in this report. 

Historic use of ground water in the Denver and Cheyenne Basins dates 
back to 1883. Over 400 artesian wells existed in the Denver area by 1895. 
By the turn of the century most of the artesian wells had stopped flowing 
and pumps had to be installed (Romero, 1976). During the early part of 
the century surface water received increased usage for domestic and 
municipal purposes. Extensive ground-water development occurred during 
the 1940s and 1950s for industrial, commercial, domestic, and municipal 
supplies throughout the study area. Major trans-mountain diversion 
projects developed during the 1950s and 1960s reduced the need for ground 
water in much of the urbanized area, but not in some surrounding 
subdivisions and communities. Cant i nued pumping of ground water has 
caused over-development of many of the ground-water aquifers, especially 
in heavily subdivided areas. The Laramie-Fox Hills, Arapahoe and Dawson 
aquifers have locally experienced serious declines in water levels, in 
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some cases up to 600 ft ( 180 m) during the period of record (Romero, 
1978a, 1978b, pers. comm.). 

In the Cheyenne Basin the Fountain, Ingleside, and Lyons are grouped 
together to form the lowermost significant aquifer. In the Denver Basin 
the Fountain and Lyons constitute the lowermost significant aquifer. 
These aquifers are suitable for use along the western margin of the study 
area near the mountain front. Eastward, the formations are at great 
depths and ground-water extraction is not economically feasible. None of 
these aquifers have been extensively developed in the study area. Romero 
(1976) states that only 25 to 35 wells tap these aquifers irr the Denver 
Basin. Probably fewer than 100 wells tap these formations in the entire 
study area. Generally these formations yield small to moderate amounts of 
water, ranging from 1 to 60 gpm {0.06 to 3.8 1/s) and averaging 5 to 10 
gpm (0.3 to 0.6 1/s). 

In the Cheyenne Basin the Fountain, Ingleside, and Lyons aquifers are 
overlain by a sequence of interbedded sandstones, shales, and limestones 
that include the Lykins Formation, Satanka Formation, Forelle Limestone, 
Jelm Formation, Chugwater Formation, and Sundance Formation. The Jelm and 
Sundance Formations contain relatively thick sandstone beds that locally 
are aquifers, but very little is known about their potential for supplying 
large volumes of good quality water. Along the western margin of the 
stuqy area they occur at shallow depths and may be used as local water 
supplies. Throughout most of the study area, however, these formations are 
too deep to be economically tapped. 

The Dakota Group contains thick water-yielding sandstones in both 
basins, but is generally utilized only along the western basin margin 
because of excessive depths and deteri oration of water qua 1 i ty to the 
east. Wells which tap the Dakota Group yield from 2 to 50 gpm (0.1 to 3.2 
1/s) and average 15 gpm (1.0 1/s) (Romero, 1976). The Pierre Shale 
contains several porous and permeable horizons in parts of the Cheyenne 
Basin, including the Richard, Larimer, Rocky Ridge, and Hygiene Sandstone 
members and sandstone and siltstone in the upper Transition Zone. The 
first four sandstone members provide some water in the northwest part of 
the study area, but they contain varying amounts of oil and gas in some 
areas and water quality near these areas is often very poor. Sandstone 
and siltstone in the upper Transition Zone of the Pierre Shale may locally 
contain significant amounts of potable ground water. These aquifers are 
often tapped by wells east of the study area, but they were not studied 
during this investigation. Throughout most of the study area, aquifers 
within the Pierre Shale are too deep to be economically utilized. 
Generally, shallower aquifers that are more readily available can be 
tapped. 

The Fox Hills is one of the more reliable bedrock aquifers in the 
study area. The formation generally contains thick sandstone beds 
throughout much of the area. In the Denver Basin, Romero (1976) believes 
~he Fox Hills ~nd the ~ower La~amie san~stones should be grouped together 
1nto the Laram1e-~ox H1lls aqu1fer. Th1s practice has not been adopted in 
the c.heyenne Bas1n becaus.e the lower Laramie in this area generally 
conta1ns few water-produc1ng sands. Major sandstone aquifers in the 
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middle and upper part of the Laramie in the Cheyenne Basin are usually 
~eparated from the Fox Hills by at least 100 ft (30 m) of relatively 
1mpermeable strata. Stratigraphic differences in the Laramie Formation 
between the two basins discourage use of the Laramie-Fox Hills terminology 
in the Cheyenne Basin. 

Figure 17 shows the lateral extent and structure contours on top 
Laramie-Fox Hills aquifer in the Denver Basin and the Fox Hills aquifer in 
the Cheyenne Basin. A large part of the study area is underlain by these 
aquifers at relatively shallow depths. The Fox Hills Sandstone in the 
Cheyenne Basin and the Laramie-Fox Hills aquifer in the Denver Basin have 
well yields generally ranging from 2 to 100 gpm (0.32 to 6.36 1/s). Some 
Laramie-Fox Hills wells produce up to 200 gpm (12.7 1/s) (Romero, 1976}. 
The lower part of the Fox Hills contains a large number of low 
permeability beds, and the lower Laramie sandstones, though locally 
prolific, usually are thin and laterally discontinuous even in the Denver 
Basin. Romero (1976} states the Laramie-Fox Hills water is one of the 
most he a vi 1 y mi nera 1 i zed aquifers in the Denver Basin. Ana 1 yses presented 
by Kirkham and others (1980) in the Cheyenne Basin suggest the Fox Hills 
water quality is highly variable and generally more mineralized than other 
aquifers. Their data in the Cheyenne Basin may be somewhat biased by the 
close proximity of most sampled Fox Hills wells to known uranium deposits. 

Two major factors play important roles in causing serious quality 
problems in Laramie-Fox Hills wells in the Denver Basin and Fox Hills 
wells in the Cheyenne Basin: 1} the presence of coal beds or 
mineralization within the general aquifer zone, and 2) faulty well 
construction practices such as poor logging control, open-hole 
canst ruction, improper grouting, improperly p 1 aced or deteriorated casing, 
and failure of seals. Such factors can allow a variety of contaminants 
from coal beds and mineralized zones to enter a well. Coal gas or methane 
contamination has also been documented in the Denver Basin (Kirkham and 
Ladwig, 1979}. One sampled well contained such high levels of methane 
that water from a faucet would burn when a flame was applied to it. Coal 
beds are less abundant in the Cheyenne Basin, but this type of problem may 
still occur. Pyrite-rich horizons locally cause iron contamination in 
both basins. A serious quality problem in the Cheyenne Basin relates to 
the highly mineralized water near uranium deposits (Kirkham and others, 
1980). 

The Laramie Formation is a major aquifer in the Cheyenne Basin, but 
only the lowermost part of the formation produces water in the Denver 
Basin. In the Cheyenne Basin, the middle and upper parts of the formation 
often contains numerous, prolific water-producing sandstones ranging from 
10 to 125-ft (3.0 to 37.5-m} thick (Kirkham and others, 1980}. The lower 
part of the formation contains few~r and thinner sandstones and 
potentially contaminating coal beds. This part of the formation may 
produce a minor amount of good quality water if the coal beds are properly 
isolated from the producing aquifer. Figure 18 illustrates the lateral 
extent of the Laramie Formation in the Cheyenne Basin. In the Denver 
Basin the lowermost part of the Laramie locally contains a few sandstones 
that are grouped with the Fox Hills into the Laramie-Fox Hills aquifer. 
The remaining upper part of the Laramie contains very little water in the 
Denver Basin (Romero, 1976}. 

- 37 -



Figure 17. 

~-----1 

T ,. 
N 

T 
1 
N 

T 
.___, l ~ 

I 

T 
5 
s 

T 
10 
I 

T 
11 

" I 

Structure contour map on the top of the Laramie-Fox Hills 
aquifer in the Denver Basin and the Fox Hills Sandstone in 
the Cheyenne Basin, Colorado. (modified from unpublished maps 
prepared by the Colorado Division of Water Resources, Ground 
Water Investigations Branch; and Ethridge and others, 1979) 
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The Arapahoe Formation is a major aquifer in the Denver Basin. A 
structure contour map of the top of the formation and the lateral extent 
of the formation are shown in Figure 19. As seen in Figure 10 the lower 
and middle parts of the formation generally contain more sandstone and 
water than the upper part. Near the mountain front the formation is about 
60 to 70 percent sand and conglomerate. Sand percentages decrease 
eastward and in the eastern outcrop area, only 10 to 20 percent of the 
formation is sand. Yields up to 400 to 500 gpm (25.2 to 31.5 1/s) may be 
obtained from the Arapahoe (Romero, 1976). Water quality generally is 
very good in the Arapahoe. 

Figure 18. Extent of the Laramie Formation, White River Group, and Ogallala 
Formation, Cheyenne Basin, Colorado. (modified from Tweto, 1979) 

Unlike the Arapahoe, the Denver Formation is not a major aquifer. 
Locally the formation contains some thin and lenticular sandstone aquifers 
particularly in its lower part. Occasionally individual sandstone beds up 
to 50-ft (15-m) thick are present, but they are rare. The upper part of 
the formation generally is less suited for ground-water production than is 
the lower part, but locally it may yield some water. Figure 20 
illustrates the extent of the Denver Formation and presents a structure 
contour map on the top of the formation. 
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Figure 19. Structure contour map on the top of the Arapahoe Formation. 
(modified from unpublished maps prepared by the Colorado 
Division of Water Resources, Ground Water Investigations 
Branch) 
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Figure 20. Structure contour map of the top of the Denver Formation. 
(modifed from unpublished maps prepared by the Colorado 
Division of Water Resources, Ground Water Investigations 
BranCh) 
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The Dawson Arkose is the uppermost major aquifer in the Denver Basin. 
In most areas the formation contains numerous thick sandstones and 
conglomerates that may yield up to 400 to 500 gpm (25.2 to 31.5 l/s) 
(Romero, 1976). Locally, the formation may be predominantly claystone, 
but even in these areas the formation usually has enough ground water for 
low- to medium-yield domestic wells. Water quality typically is very 
good. The Dawson rivals the Arapahoe Formation for having the highest 
quality water in the Denver Basin. Figure 21 shows the extent of the 
Dawson in Denver Basin. 

The White River Group overlies the Laramie Formation in the Cheyenne 
Basin. Lenticular, water-bearing, coarse sandstones and conglomerates 
randomly occur throughout much of the formation. Wells that tap these 
units generally produce enough water for domestic and stock-watering uses, 
and occasionally enough for irrigation. The remaining part of the 
formation is dominantly siltstone that has moderately low permeability and 
produces little water. Fractures, pipes, solution cavities, and vertical 
clastic dikes, however, may locally have great influence on the hydrologic 
characteristics of the siltstone (Lowry and Crist, 196 7; Crist and 
Borchert, 1972; Wacinski, 1979; Kirkham and others, 1980). The influence 
of these features is not well understood, but the fractures may carry 
important small amounts of water and pipes and solution cavities may 
locally provide large volumes of water. As shown in Figure 18, the White 
River Group extends through much of the Cheyenne Basin. 

The Ogallala Formation occurs over a small part of the Cheyenne Basin 
(Figure 18). The underlying Arikaree Formation is included with the 
Ogallala in Figure 18 because of its limited extent in the study area. 
The Ogallala underlies much of the High Plains in many adjacent States and 
has been extensively used for irrigation. Reports of excessive pumping 
and water-level declines are common. Some farmers who at one time 
irrigated with Ogallala water have been forced to revert to dryland 
farming because of this problem. Since the Ogallala underlies only a 
limited part of the study area, it was not studied in detail in this 
report. 

Very little is known about the direction of ground-water flow in 
bedrock aquifers in the study area. Romero (1976) has published the only 
regional potentiometric surface map for the Denver Basin. His map, 
reproduced in Figure 22, shows the approximate configuration of the 
potentiometric surface for the Laramie-Fox Hills aquifer in 1970 and 
possible recharge and discharge areas. Ground water within the 
Laramie-Fox Hills aquifer generally moves northward towards the South 
Platte.River •. Romero (1976) believes potentiometric ~aps constructed for 
o~erly1ng. aqu1fers W?ul~ have a similar configuration. Romero (1976) 
c1tes ev1dence to 1nd1cate that ground-water withdrawal from the 
L~ra~i~-Fox Hills aquifer and also most other Denver Basin aquifers is 
s1gn1f1cantly af:Fecting. loc.al, ground-water flow paths and that large 
cones of depress1ons ex1st 1n areas of high ground-water usage. 
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Figure 21. Extent of the Dawson Arkose. (modifed from unpublished maps 
prepared by the Colorado Division of Water Resources, Ground 
Water Investigations Branch) 
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Figure 22. Approximate configuration of the potentiometric surface in the 
Laramie-Fox Hills aquifer, Denver Basin, and possible recharge 
and discharge areas. (from Romero, 1976) 

- 44 -



Figure 23 is a contour map showing water-table elQvations in the 
Cheyenne Basin. This map was prepared by Kirkham and others (1980) by 
contouring the elevations of water levels in wells tapping a variety of 
aquifers. It is not a potentiometric map of a particular formation, but 
it does suggest that ground water generally moves southward or 
southeastward towards the South Platte River. The location of springs in 
the area supports this interpretation. Kirkham and others (1980} 
attempted to prepare a potentiometric map of the Fox Hills, but their 
results were unsatisfactory for numerous reasons cited in their report. 
Wacinski (1979) prepared a water-table map for part of the Cheyenne Basin. 
His map also suggests water movement to the southeast. 

Ground-water quality aspects of the various aquifers in the study 
area are very complex. For this reason no attempt will be made to 
summarize water quality in this report. If additional quality information 
other than that described in previous paragraphs is desired, refer to 
sources such as Romero (1976), Kirkham and others (1980}, Schneider and 
Hershey (1961}, Weist (1964), Bjorkland and Brown (1957), Jenkins (1961, 
1964), McConaghy and others (1964), McGovern and Jenkins (1966), Smith and 
others (1964}, and Schneider (1962}. 
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COAL RESOURCES 

RESOURCE CHARACTERISTICS 

Coal is a readily combustible rock containing carbonaceous material 
in amounts exceeding 50 percent of the total rock weight and more than 70 
percent of total rock volume. It is formed by compaction and lithification 
of physically and chemically altered plant remains, such as those in peat. 
Originally, plant remains were deposited in a variety of environments, 
examples of which include overbank flood basins, lagoons, delta plains, 
and abandoned stream channels. In order for peat to accumulate and be 
preserved, the depositional setting must be in a reducing environment to 
prevent oxidation of the organic materials. 

Coal is primarily classified by rank and quality. Rank depends upon 
fixed carbon, volatile, and heat content, and is calculated on a dry, 
mineral-free basis. Coal ranks, in order of increasing fixed carbon and 
heat content, include lignite, subbituminous coal, bituminous coal, and 
anthracite. Generally, higher rank coal results from exposure of the 
altered peat to higher temperature and pressure for 1 onger periods of 
time. Coal quality depends on the content of sulfur, ash, and other 
undesirable constituents. In the study area, coal rank ranges from 
lignite to subbituminous B coal. Some bituminous coal may occur in the 
deepest part of the Denver Basin, but no sample analyses are available 
from this area. All coal and lignite in the study area is low in sulfur 
content. 

Use of co a 1 has changed with time. At one time co a 1 was the 
principal fuel used for space heating in the United States. Oil, gas, and 
electricity eventually replaced coal for space heating needs. Currently 
there is a noticeable trend toward increased utilization of coal and wood 
to heat private homes. Both authors use coal and wood to supply at least 
part of their home heating needs. This increased utilization for space 
heating is important, but most coal presently mined is burned in power 
plants to generate electricity. A relatively new use of coal and lignite 
in the United States involves coa 1 conversion to synthetic gas and 
petroleum products. Conversion technology has long been known, but 
economically feasible production is still in its infancy. As petroleum 
and natural gas supplies dwindle, costs increase, and the need for 
decreased dependence on foreign oil becomes obvious, surface and 
underground coal conversion will become increasingly important. 

Within the study area economically significant coal and lignite 
deposits occur in the Laramie and Denver Formations. Several published 
reports describe the regional and local aspects of these coal and lignite 
beds. Kirkham and Ladwig (1979) is one of the more regionally 
comprehensive reports. Much of the following generalized information is 
adopted from these publications. 
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Laramie Formation Coal 

A sequence of strata containing economically significant coal and 
lignite occurs in the lower 50 to 275 ft {15.0 to 82.5 m) of the Upper 
Cretaceous Laramie Formation over much of the Denver and Cheyenne Basins. 
This sequence, the lower Laramie coal zone, consists of interbedded coal, 
claystone, shale, siltstone, and sandstone. The exact stratigraphic 
position of the lower Laramie coal zone is debated among geologists who 
have studied it in local investigations. Our regional study indicates the 
general stratigraphic position of the coal zone is relatively uniform 
through the Denver Basin but is less predictable in the Cheyenne Basin. 
Usually the base of the lower Laramie coal zone coincides with the base 
of the Laramie Formation. In the Denver Basin the top of the lower member 
of the Laramie corresponds with the top of the uppermost coal bed in this 
lower Laramie coal zone (Kirkham and Ladwig, 1979). 

In the Cheyenne Basin the Laramie coal zone is less predictable. 
Generally coal beds are restricted to the lower 200 to 300ft {60 to 90 m) 
of the Laramie. However in a small area north of Purcell and east of 
Nunn, up to six coal beds that are a maximum of 1.5-ft {0.45-m) thick 
occur several hundred feet above the base of the Laramie Formation. 

Stratigraphic details qf the lower Laramie coal zone may vary 
markedly throughout both basins. Unlike many of the coal beds found in 
the eastern part of the United States, individual Laramie coal beds are 
often relatively lenticular, do not extend laterally for any greater 
distance, and vary considerably in thickness geographically. 

Figure 24 illustrates the lateral ext~t of the L~ramie coal zone in 
the study area. Approximately 7,500 sq mi {19,500 km) of the study 
area are underlain by the Laramie coal zone. Our investigation reveals 
that some areas within this designated coal-bearing area contain only thin 
coal beds or ~e barren of coal. Appr~ximately 75 to 85 percent, or 5,600 
to 6,400 mi {14,600 to 16,600 km) of this outlined area is 
actually underlain by Laramie coal. Kirkham and Ladwig {1979, plate 1) 
indicate that less than 10 percent of the area contains coal beds 5-ft 
(1.5-m) thick or greater. This map could be somewhat misleading in that 
very little drill hole data are available for the lower Laramie coal zone 
over much of the study area. We estimate that about one-third of the 
Denver Basin and perhaps one-sixth of the Cheyenne Basin are underlain by 
Laramie coal beds 5-ft (1.5-m) thick or greater. 

Laramie coal distribution and stratigraphy can be interpreted through 
use of deltaic sedimentation models. Figure 25 illustrates the theorized 
environment of deposition for the lower Laramie Formation. Areas free of 
Laramie coal were probably channel and channel-margin environments. Fine­
to coarse-g_rained sandstones were dep_os~te_d in channel environments, light 
gray, mass1ve claystones were depos1ted 1n the well-drained swamps and 
light-colored silts and clays were deposited on the levees. The coal'beds 
developed from peat layer~ which, along. with dark-gray, organic-rich 
claystones, accu~ulated 1n poorly dra1ned swamps in overbank or 
flood-basin areas. Some Laramie coal beds may have developed from peat 
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Figure 24. Lateral extent of the Laramie coal zone. 
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deposits in abandoned channels. The thickest co a 1 beds formed in the more 
stable parts of the swamp. Coal beds that are laterally continuous over 
relatively large areas, such as those in the eastern part _of th~ s~udy 
area, were deposited in broad swamp areas. Sandstone part1ngs w1th1n a 
coal bed may have resulted from crevasse splays breaking through levees 
and depositing fine- to medium-grained sand in the overbank areas. 

Figure 25. Environments of deposition of the Laramie Formation. (from 
Wei mer , 19 7 3 ) 

Stratigraphic details of the lower Laramie coal zone vary 
considerably. In some areas it contains up to 16 individual coal beds, 
and in other areas, as previously mentioned, it may contain little or no 
coal. The thickest Laramie coal bed is usually 10 to 100ft (3 to 30m) 
above the top of the Fox Hills Sandstone, often at or near the top of the 
Laramie-Fox Hills aquifer. Several minable coal beds may also occur above 
this stratigraphic horizon. Lowrie (1966) describes four coal beds that 
locally are of minable thickness above the Laramie-Fox Hills aquifer in 
the Boulder-Weld coal field. Zawistowski {1978, pers. comm.) observed 12 
coal beds, some of which were of minable thickness, above the Laramie-Fox 
Hills aquifer from core samples in the central part of the Boulder-Weld 
coal field. 

Coal beds may also occur within the Laramie-Fox Hills aquifer. 
Geophysical logs of drill holes indicate a coal bed occasionally occurs 
directly on top of the Fox Hills Sandstone. Trimble {1975) reports an 
8-in (20-cm) thick coal bed within the Fox Hills Sandstone in the Niwot 
Quadrangle. Four thin coal beds within the Laramie-Fox Hills aquifer were 
recorded by Zawistowski (1978, pers. comm.) in a core hole in the central 
part of the Boulder-Weld coal field. Lowrie (1966) described two coal 
beds, locally of minable thickness, within the Laramie-Fox Hills in the 
Bo~lder-Wel? field. Several. coal beds, includin9 some of minable 
th1ckness, 1n the Colorado Spr1ngs area are within the Laramie-Fox Hills 
aquife: (Goldman, 1~10). Our in~estigatyon found numerous, usually thin 
coals 1nterb~dded w1th the Laram1e-Fox H1lls aquifer in much of the study 
area. Only 1n a few areas, however, such as the Colorado Springs field, 
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Foothills district, and lo~ally in tbe Boulder-Weld field, are the beds 
economically significant. 

Overburden thickness above a coal bed is an important factor when 
considering minability. Laramie coal beds crop out or are very shallow in 
parts of the study area, but are also present at depths up to about 3,000 
ft {900 m) in other parts of the area. Amount of overburden above a coal 
bed depends on structural configuration of the basin and surface 
topography. Topography can have great local and regional effects. Local 
topography such as hills, buttes, and eroded stream channels may cause 
local variations in overburden thickness of up to 400ft {120m) in less 
than one mile {1.6 km). Regional topography may influence overburden 
thickness by more than 1,000 ft {300 m). 

Both the Denver and Cheyenne Basins are doubly plunging synclines. 
The Laramie coal zone has been deformed along with other rocks into this 
same configuration. The coal zone crops out along the basin margins and 
is deepest in the structural centers of the basins. Within the Denver 
Basin, just southeast of Cherry Creek Reservoir, the top of the Laramie 
coal zone is at an elevation of about 3,800 ft {1,140 m) above sea level 
and about 1,700 ft {510 m) below land surface. In T9S, R66W near Black 
Forest the top of the coal zone is at an elevation of only 4,100 ft {1,230 
m), but there is about 2,900 ft {870 m) of overburden. This comparison 
exemplifies the importance of region a 1 topography on overburden thickness. 
Figure 26 illustrates the depth to the top of the Laramie coal zone in 
both basins. This map should be considered approximate, especially in the 
southern, western, and central parts of the Denver Basin and in the 
central and western parts of the Cheyenne Basin, because drill hole 
control in these areas is very limited. 

The stratigraphy of the lower Laramie coal zone is very complex, a 
direct result of the depositional setting of these coals. Because of this 
problem and because of the lack of detailed information in much of the 
study area, no attempt will be made to summarize the overall Laramie coal 
zone stratigraphy for the entire area. Short descriptions of the 
stratigraphy for a few areas will be presented. 

One of the better known areas, an area where extensive past mining 
was conducted, is the Boulder-Weld coal field. Several workers, including 
Spencer (1961}, Lowrie (1966}, Amuedo and Ivey {1975}, Zawistowski {1978, 
pers. comm.), and Kirkham and Ladwig {1979), have studied the area and 
described the Laramie coal zone stratigraphy. A summary of the 
stratigraphic findings of these workers is presented in Figure 27. 

In the Boulder-Weld coal field the lower Laramie coal zone is up to 
265-ft {79.5-m) thick and contains up to 16 coal beds. Seven of these 
coal beds are locally minable. Lowrie {1966), named these beds, in 
ascending order, the nos. 1 through 7 coal beds. This practice has been 
adopted by most geologists who have worked the area, and it will be 
utilized for this investigation. Much of the following descriptions of 
individual coal beds are from Lowrie {1966} and Kirkham and Ladwig {1979). 
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Figure 26. Approximate depth to the top of the lower Laramie coal zone. 
(from Kirkham and Ladwig, 1979) 
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GRAPHIC 

LITHOLOGY 

THICKNESS* 

{FT.) 
DESCRIPTION 

claystone, shale, thin sandstone and lignite lenses 

coal, nonpersistent lense 

shale and sandy shale 

coal, locally called the "upper seam", nonpersistent lense 

shale, sandy shale, and thin sandstone and coal lenses 

coal, locally called the "middle seam" 

shale and sandstone, may be the "C" sandstone 

co a 1 , nonpersistent 1 ense 

shale and occasional thin coal; may pinch out and allow 
No. 3 and No. 4 coal beds to coalesce 

coal, locally called the "main or Gorham seam" 

sandstone, shale, may be "B" sandstone 

coal, locally called "sump seam" 

sandstone, may be "A" sandstone·, thin lignite lenses, shale 

coal, nonpersistent lense, within Laramie-Fox Hills aquifer 

sandstone, locally contains thin lignite and shale lenses 

*thickness not to scale 

modified from Lowrie (1966), Amuedo and Ivey (1975), 
and Zawistowski, pers. comm. (197B) 

Figure 27. Generalized stratigraphy of the lower Laramie coal zone, 
Boulder-Weld coal field. (from Kirkham and Ladwig, 1979) 

Coal bed no. 1, the lowermost minable bed, is only 1 to 3-ft (0.3- to 
0.9-m} thick and is very limited in lateral extent. It reaches maximum 
thickness in sees. 13, 14, 22, and 23, T1N, R68W. Coal bed no. 2 lies 20 
to 65 ft ( 6. 0 to 19.5 m) above the no. 1 bed. The sequence of strata 
between the two beds often is a thick, upward-fining, channel sandstone, 
locally called the "A" sandstone, and is part of the Laramie-Fox Hills 
aquifer. Because the no. 2 coal bed is 10 to 45 ft (9.0 to 13.5 m) below 
the extensively mined no. 3 coal bed, it is known as the "sump seam." In 
many areas coal bed no. 2 is greater than 2.5-ft (0.75-m) thick and in 
sec. 20, TlN, R68W, it is over 8-ft (2.4-m) thick. 

- 53 -



. Coal bed no. 3 is the thickest and laterally most continuous coal bed 
1n the Boulder-Weld coal field. It is 10 to 45 ft (3.0 to 13.5 m) above 
coal bed no. 2. Locally the intervening strata contain a thick, 
upward-fining, channel sandstone, the 11 B11 sandstone. Coal bed no. 3, also 
called the 11 main or Gorham seam 11

, ranges from about 2 to 14-ft (0.6 to 
4.2-m) thick. The coal bed may coalesce with the no. 4 coal bed, as it 
does in sees. 34 and 35, T1N, R69W. Coal bed no. 4 is as much as 35 ft 
{10.5 m) above coal bed no. 3 and ranges from 1 to 11-ft (0.3 to 3.3-m) 
thick. It is thickest in the central and southwestern part of the coal 
field. About 20 to 50ft (3 to 15m) of shale and sandstone separate coal 
bed nos. 4 and 5. The intervening sandstone,, the 11 C.. sar1dstone, is 
developed only in the Marshall area. Coal bed no. 5, also known as the 
11 middle seam .. , is 1 to 10-ft {0.3 to 3.0-m) thick and has been extensively 
mined in several areas. Coal bed no. 5 reaches its maximum thickness in 
sees. 25, 34, and 35, T2N, R68W. 

The 11 upper seam 11
, co a 1 bed no. 6, ranges from 1 to 8-ft ( 0. 3 to 

2.4-m) thick and lies 20 to 75 ft (6.0 to 22.5 m) above the no. 5 coal 
bed. It has been mined using both surface and underground mining methods. 
Coal bed no. 7 is very lenticular, occurring only in the eastern and 
southeastern parts of the Boulder-Weld coal field. It ranges from 2 to 
5-ft (0.6 to 1.5-m) thick, with maximum thickness in sec. 8, T1N, R67W, 
and lies 30 to 100ft (9 to 30m) above coal bed no. 6. Coal bed no. 7 is 
the uppermost minable coal bed in the Boulder-Weld field. 

The coal beds in the Boulder-Weld coal field are believed to have 
been deposited in a delta plain on the northern margin of a delta system 
whose distributary channels were in the Golden-Leyden Ridge vicinity 
(Rahmanian, 1975; Weimer, 1977). Presence of a second delta system in the 
White Rocks area north of the Boulder-Weld coal field (Weimer, 1973, 1976) 
and occurrence of oyster Ostea glabra and highly burrowed b~ds suggest~ng 
a brackish-water environment (Rahmanian, 1975) support th1s hypothes1s. 

South of the Boulder-Weld field along the mountain front lies the 
Foothills district. Camacho (1969) studied the north end of this district 
and described the coal beds, which he called beds A and B. Van Horn 
(1976) reported one to six coal beds in the central part of the Foothills 
district in the Golden Quadrangle. In the Littleton Quadrangle in the 
southern end of the district, Scott (1962) found four coal beds. Kirkham 
(1978b) indicates the thickness of the mined coal beds in the Foothills 
district ranges from about 4 to 15ft (1.2 to 4.5 m). Figure 28 
summarizes the Fox Hills and lower Laramie stratigraphy from Leyden Ridge 
to Golden (Camacho, 1969; Weimer, 1973). Two distributary channels occur 
in the area. The A and B coal beds described by Camacho (1969) were 
deposited on the north side of the older channel and were locally eroded 
out when the younger channel developed. Coal beds described by Scott 
(1962) and Van Horn (1976) were deposited south of the older channel. 
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Figure 28. Block diagrams of stratigraphic relationships and environments of 
deposition in the lower Laramie Formation from Leyden Ridge to 
Golden (upper diagram) and the hypothesized environment directly 
east (lower diagram). (from Camacho, 1979 and Weimer, 1973) 

From the Foothills district to the Colorado Springs field the lower 
Laramie coal zone is displaced by faulting and folding in the Front Range 
structural zone. In this region very little is known about the Laramie 
coal zone. No coal crops out in this area and the few drill holes that 
provide reliable data indicate the coal zone is present on the east side 
of the structural zone at depths of 500 ft (150 m) or more. 

Goldman (1910) studied the geology and coal mining history of the 
Colorado Springs coal field. Much of the information reported here was 
compiled from Goldman (1910), Colorado Division of Mines (1978a), Kirkham 
(1978b), and Kirkham and Ladwig (1979). Three coal beds present in the 
lower Laramie in the Colorado Springs field are termed the A, B, and C 
beds. The names applied to individual coal beds in this field do not 
correlate with coal beds similarly named in the Foothills district or 
elsewhere. Mine data held by the Colorado Division of Mines (1978) 

- 55 -



indicate production also occurred from a fourth coal bed the Fox Hill 
bed· . We be 1 i eve this bed probab 1 y is the same co a 1 bed 'as co a 1 bed A 
descr~bed by Goldman. Most coal produced in the Colorado Springs field 
w~s. m1ned from coal bed A, although many mines worked coal bed B to a 
l1m1t~d e~tent. Over hal! the total field production is from one mine, 
the P1kev1ew or Carlton m1ne, which worked coal bed A. 

Coal bed A lies about 50 ft (15 m) above the top of the Fox Hills 
Sandstone. West of Monument Creek coal bed A is poorly developed, but to 
the east it is up to 20-ft {6-m) thick. Massive sandstone beds similar to 
those that cap Pope•s Bluff commonly overlie and underlie coal bed A. 
Thin claystone or shale beds are locally present, but rapidly give way to 
massive sandstone. Coal bed B lies 20 to 30ft (6 to 9 m) above bed A. 
It ranges up to 13-ft {3.9-m) thick. Generally the interburden between 
beds A and B is predominant 1 y massive sandstone. Coal bed C is very 
lenticular and not found throughout the field. Where coal bed C is 
present, it is separated from coal bed B by 20 to 50 ft {6 to 15 m) of 
claystone and sandstones. Thickness of coal bed C rarely exceeds 2 ft 
{0.6 m). 

The Laramie coa 1 zone is thinner on the east flank of the Denver 
Basin than on the west flank, but individual coal beds are often laterally 
more persistent on the east flank. Typically the coal zone in this area 
is up to 150-ft (45-m) thick and consists of one to seven coal beds. 
Figure 29 summarizes the stratigraphy of the Laramie coal zone near Buick 
and Matheson. The lowermost of the two prominent coal beds, informally 
called the A bed, often lies directly on the top of the Fox Hills 
Sandstone and ranges from 1 to 6-ft {0.3 to 2.0-m) thick. The main coal 
bed, the B bed, commonly is 8 to 10-ft {2.4 to 3.0-m) thick, but ranges 
from 1 to 17-ft {0.3 to 5.1-m) thick and locally splits into as many as 
five thinner beds. Thin, lenticular coal beds may occur above this main 
bed. Recent work by Brand {1980b, pers. comm.) and a co a 1 expl oration 
company in the northeastern part of the basin near Deer Trail suggest the 
coal zone in this area is similar to that reported by Kirkham and Ladwig 
{1979) in the Buick-Matheson area, but that there are usually three major 
beds present in the Deer Trail area and these may locally split into 
additional beds. 

Lower Laramie coal beds in the Cheyenne Basin generally are thinner, 
less numerous, and more lenticular than those in the Denver Basin. 
Because of these factors, the development potential in the Cheyenne Basin 
is much lower than in the Denver Basin. A few mines in the Wellington 
field have reported coal beds greater than 5-ft {1.5-m) thick (Colorado 
Division of Mines, 1978), and drill hole information in this area indicate 
a 4 to 6-ft (1.2 to 1.8-m) thick coal bed extends over much of the 
Wellington area. Numerous scattered drill holes throughout the rest of 
the Cheyenne Basin encounter several coal beds within the lower Laramie, 
but very few are over 5-ft {1.5-m) thick. 

Little is known about the distribution and thickness of lower Laramie 
coal beds in the deeper parts of the Denver and Cheyenne Basins. The only 
information is from geophysical logs of oil, gas, or water wells. 
Unfortunately these logs are usually run at fast speeds and/or do not 
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include gamma and density readings. Thus, it is difficult to accurately 
pick coal beds on these logs. Driller•s logs from water wells provide a 
small amount of data, but are often unreliable. What little data are 
available suggest several areas where lower Laramie coal beds are 5-ft 
(1.5-m) thick or greater. A relatively large area in T5 and 6S, R62 and 
63W is underlain by Laramie coal beds up to 10 to 20-ft (3 to 6-m) thick 
at depths of 800 to 1,300 ft (240 to 390m). Similar coal beds probably 
exist in other parts of the Denver Basin and await discovery. 
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DESCRIPTION 

LITHOLOGY (FT.) 

200- 400 shale and thin sandstone and lignite lenses 

1 - 17 lignite, locally splits into as many as five beds 

10 - 25 shale 

1 - 6 lignite 

30 - 110 sandstone, thin shale 

*thickness not to scale 

Figure 29. Generalized stratigraphy of the lower Laramie coal zone, 
Buick-Matheson area. (from Kirkham and Ladwig, 1979) 
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Quality of Laramie coal varies from subbituminous B coal to lignite 
A. Figure 30 illustrates the variation in average as-received heat 
values. Table 1 lists average as-received analyses from various parts of 
the study area. Highest quality coal occurs in the Boulder-Weld field, 
Foothills district, and Colorado Springs field. Coal averages 8,500 to 
9,500 Btu/lb and ranks as subbituminous C and B coal in these areas. 
Within the Boulder-Weld field quality generally decreases from southwest 
to northeast. Lowest quality coals occur on the eastern flanks of both 
basins. In the southeastern part of the Cheyenne Basin, a limited number 
of analyses suggest an average of about 7,200 Btu/lb. Laramie coal 

WYOMING 
T·-·-·-·-·-co"i:O"Ii;i>-o·-·-· 
t:500 

FORT! 
COLt IN~ 

FORT • MORGAN 

! -·-
~ ·-· 

L ... ~9LORAD 
10 20:. SPRINGS 

Mil .. 

0 

Figure 30. Average as-received heat value for lower Laramie coal. (from 
Kirkham and Ladwig, 1979) 
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averages 6,000 to 7,000 Btu/lb as-received in the eastern part of the 
Denver Basin. Some Laramie coal in the Buick-Matheson area ranks as 
lignite A. Sulfur content is usually less than 1 percent, although 
analyses from the Wellington field average 1.7 percent sulfur. The 
lateral extent of this moderately high sulfur coal is unknown. 

Methane content of Laramie coal beds is not well known. Three 
Laramie coal cores have been desorbed by the Colorado Geological Survey as 
a part of a Department of Energy-funded investigation (Tremain, 1980, 
pers. comm.). Their desorption ana 1 yses indicate very 1 ow methane 
contents. These cores, however, are from shallow depths where gas leakage 
is not uncommon. Other lines of evidence suggest there is some methane in 
Laramie coal beds. Fender and Murray (1978) note several Laramie coal 
mines that report gas occurrences. Table 2 lists these mines, their 
locations, and the type and year of gas occurrence. Several water wells 
tapping the Laramie-Fox Hills aquifer have been contaminated by methane 
from coal beds in the Denver Basin (Kirkham and Ladwig, 1979; Slyter, 
1978, pers. comm.). These occurrences indicate the Laramie coal beds, at 
least locally, contain significant amounts of methane. The desorption 
tests indicate the methane does not occur in Laramie coal throughout the 
study area in a bl anket-1 ike manner but the 1 ocal reports of methane 
suggest that some sort of trapping mechanisms may control methane 
accumulations. 

Landis (1959) estimated that 649 mi 2 (1,687 km2) of the study 
area contained 4.3 billion tons of coal within the Laramie Formation. 
Hornbaker and others (1976) revised this estimate by assuming two-thirds 
of the Denver and Cheyenne Basins to be underlain by coal beds similar in 
thickness and number to coal beds in the areas studied by Landis. Their 
revised estimate suggests 29.8 billion tons of Laramie coal in the Denver 
and Cheyenne Basins. Myers and others (1978) document 2.3 billion tons of 
Laramie coal in just Jefferson County. Kirkham and Ladwig (1979) suggest 
the study area as a whole contains less coal per square mile than the 
specific areas described by Landis (1959). They estimate the total 
remaining in-place resources in Laramie coal beds greater than 2.5-ft 
(0.75-m) thick at depths less than 3,000 ft (900 m) to be 20 to 25 billion 
tons. 

Denver Formation Lignite 

Lignite was first discovered in the study area in outcrops along Coal 
Creek in Sec. 20, T4S, R65W. These beds were originally believed to be in 
the Laramie Formation and equivalent to the coal beds later mined near 
Marshall. Eldridge (in Emmons and others, 1896) described the Scranton 
lignite mines that operated northwest of Watkins, but incorrectly 
correlated the lignite beds with the "upper shaly division of the Laramie 
Formation". Richardson (1915), the first to recognize that the lignite 
beds were in the Denver Formation, traced them from Fondis and Calhan to 
near the Scranton mines. This field evidence, combined with fossil data 
and one poorly logged drill hole, convinced Richardson that the lignite 
beds mined at Scranton were in the Denver Formation, not the Laramie. 
Further more detailed studies of the Denver lignite zone have been 
completed by Soister (1972, 1974, 1978a), Kirkham (1978a, b), and Kirkham 
and Ladwig (1979). Much of the information presented in this section is 
summarized from these sources. 
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Table 1. Average as-received analyses of Laramie Formation coal. (from 
Kirkham and Ladwig, 1979) 

Location Moisture (%) Ash (%) Heat Value (Btu/lb) Sulfur (%) 

sw Boulder-Weld 21.0 7.0 9,700 0.4 
NE Boulder-Weld 30.0 6.0 8,200 0.4 
Foot hi 11 s 26.0 7.0 8,500 0.6 
Colorado Springs 23.0 7.0 8,500 0.5 
Buick-Matheson 34.0 9.0 6,500 0.4 
Wellington 32.0 8.0 7,500 1.7 
Briggsdale 33.0 8.0 7,200 0.4 

Table 2. Gas occurrences in mines, Denver and Cheyenne Basins, Colorado. 
(from Kirkham and L~dwig, 1979) 

Mine 
Location 

(county-section-township-range~ 

Highway 

Monarch No. 2 
Nonpariel 
Simpson 
Standard 
Sunnyside 
City No. 2 
Pikeview 
Leyden No. 3 
Leyden 
Old Boulder Valley 
New Boulder Valley 
Boulder Valley No. 3 
Eagle 
Imperial 
Lincoln 
Parkdale 
Russell 
Sterling 
Washington 

Boulder-28-1S-69W 

Boulder-28-1S-69W 
Boulder-16-1S-69W 
Boulder- 2-1S-69W 
Boulder- 1-1S-69W 
Boulder-28-1S-69W 
El Paso-33-13S-66W 
El Paso-18-13S-66W 
Jefferson-27-2S-70W 
Jefferson-26-2S-70W 
Weld-18-1N-68W 
Weld-20-1N-68W 
Weld- 1-1N-68W 
Weld-15-1N-68W 
Weld-10-1N-68W 
Weld-24-1N-68W 
Weld- 6-1S-68W 
Weld-20-2N-67W 
Weld- 6-1N-67W 
Weld-23-1N-68W 
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Type and Year of 
Gas Occurrence 

gas explosion 
and m1ne fire(?) 
gas explosion 
gas explosion 
gas explosion 
gas explosion 
gas explosion 
gas suffocation(?) 
gas explosion 
gassy mine 
mine fire 
gassy m1ne 
gassy m1ne 
gassy m1ne 
gassy m1ne 
gassy m1ne 
gassy mine 
gas suffocation 
mine fire 
gassy mine 
gas explosion 

Year 

1939 

1936 
1908 
1912 
1908 
1902 

1956 

1910 

1915 
1947 

1946 



Thick lignite beds occur in the upper 300 to 500 ft (90 to 150 m) of 
the Upper Cretaceous- P a 1 eocene Denver Formation. P a 1 yno 1 og i ca 1 and 
paleontological evidence indicate the lignite zone is of Early Paleocene 
age (Soister and Tscudy, 1978; Middleton, 1980, pers. comm.; Brown, 1943). 
The base of the Denver 1 ignite zone is 800 to 1, 500 ft (240 to 450 m) 
above the top of the Laramie coal zone. The Denver Formation and included 
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Figure 31. Approximate lateral extent of the Denver Formation lignite zone. 
(from Kirkham and Ladwig, 1979) 
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lignite zone are restricted to the Denver Basin (Figure 31) and are absent 
from the Cheyenne Basin. The area of occurrencefxtends ove2 a roughly 
kidney-shaped region encompassing about 1,700 mi (4,400 km ) from 
north of Watkins to several miles south of Calhan. Best exposures of 
individual lignite beds are in West Bijou Creek valley and along Kiowa 
Creek south of Bennett in stream and road cuts. One lignite bed can be 
traced in outcrop for about 1.5 mi (2.4 km) in Station Gulch. Additional 
excellent exposures occur nearby in Big Gulch. 

More data on the original distribution of lignite beds come from the 
study of burnt lignite beds. Several hills in West Bijou Creek valley and 
elsewhere are capped by baked and fused rock, commonly known as clinker. 
The clinker formed when burning lignite beds heated or baked overlying 
strata. Within West Bijou Creek valley the burning probably occurred 
during the Pleistocene, after initial development of the valley. 

In the northern, southern, and eastern parts of the area, the lignite 
zone consists of three to ten lignite beds of variable thickness, several 
carbonaceous beds, and interbedded claystone, si 1 tstone, and sandstone 
beds. Little is known about the lignite zone in the central and western 
parts of the Denver Basin. The Denver Formation crops out along the 
western basin margin but in this area the formation contains no known 
lignite. Available data suggest the number and thickness of lignite beds 
within the lignite zone decrease westward, especially west of the 
structural center of the basin. A few, relatively thick lignite beds 
occur in some of the deeper parts of the basin (Brand, 1980b, pers. 
comm.), but in general they are less abundant and less persistent than 
those beds in the northern, eastern, and southern areas. In the eastern 
part of the basin the top of the lignite zone is at or very near the top 
of the Denver Formation. Westward, the top of the 1 ignite zone 1 i es 
farther below the top of the formation. 

Many of the lignite beds contain numerous non-coal partings. Parting 
thickness ranges from less than 0.1 in (0.25 em) to over 2 ft (0.6 m). 
Partings may comprise 5 to 30 percent of the total lignite bed thickness. 
Figure 32 shows an outcrop along Kiowa Creek of a lignite bed with several 
prominent partings. Some partings are fine- to very fine-grained 
sandstone, siltstone, and claystone, typical of overbank flood deposits 
that entered a peat swamp. Most partings, however, are kaolin, a 
kaolinite-rich rock. Kaolinite is a pale, yellowish-brown mineral that 
weathers to a light or white color and commonly occurs in both fine- and 
coarse-grained hexagonal crystalline habits that often appear as "worms". 
Soister {1978a) has traced a thick parting for about 3 mi (4.9 km) in 
drill holes in the Strasburg NW Quadrangle. Thin partings in a lignite 
bed exposed in Station Gulch can be traced in outcrop for over 1 mi (1.6 
km). In some areas kaolin beds ranging up to 5-ft {1.5-m) thick overlie 
and underlie certain lignite beds. 

Origin of the partings in the Denver lignite 
studied in detail. Kirkham and Ladwig (1979) suggest 
of the partings are altered volcanic ash layers. 
valuable marker beds useful for stratigraphic 
depositional-environment guides. 
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Figure 32. Photograph of a Denver Formation lignite bed that contains four 
partings along Kiowa Creek. 

Thick kaolinitic partings may also be valuable as a potential source of 
alumina. The U.S. Bureau of Mines has demonstrated that alumina can be 
recovered from kaolinite, but the process is not yet economic. Table 3 
lists the typical parting composition. Alumina (Al203) is a major 
constituent of the partings, averaging about 24 percent by weight. 
Alumina extraction from kaolinite may become commercially feasible in the 
near future, especially if aluminum pri~es soar and availability becomes 
limited. 

Kirkham and Ladwig (1979) suggest the Denver Formation lignite zone 
can be divided into two lignite-bearing areas that are separated by an 
area nearly barren of lignite. They propose these lignite-bearing areas 
should be called the northern and southern 1 ignite areas. Their work 
concentrated in areas where the lignite zone is at strippable depths, 
therefore, it is unknown whether these lignite areas are recognizable and 
distinct where the lignite zone is at greater depths. 

Figure 33 illustrates the stratigraphy of the northern and southern 
lignite areas, as proposed by Kirkham and Ladwig (1979). Soister (1972) 
described and named five thick lignite beds in the Strasburg NW Quadrangle 
in the northern lignite area. In descending order they are the A,~' f, 
D, and E lignite beds. Kirkham and Ladwig (1979) adopted this 
nomenclature 
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Table 3. Typical analysis (in percent) of kaolinite-rich partings in Denver 
Formation lignite beds. (from Hand, 1978a; Kirkham, 1979) 

Al 0 24.0 Fe 0 2 .1 2 3 2 3 
CaO 0.9 TiO 0.6 

2 
MgO 0.7 so 0.2 

4 
Na 0 

2 
0.4 Free H 0 (100°C) 16.1 

2 
K 0 

2 
1.0 loss on ignition 17.0 

SiO 51.0 
2 

because these same beds extend throughout much of the northern area and 
further described a series of unnamed lignite beds below the I lignite 
bed. TheE lignite bed, also informally known as the Watkins bed, can be 
traced for at least 24 mi (38.4 km) across most of the northern 1 ignite 
area. It is the thickest lignite bed in the entire study area, commonly 
ranging between 20 and 30-ft (6 to 9-m) thick and up to a maximum of 
54.5-ft (16.4-m) thick near Watkins in sec. 29, T3S, R64W. Lignite beds A 
through D usually are up to 10 to 15-ft {3.0 to 4.5-m) thick, but locally 
are over-30-ft {9-m) thick. The Band C lignite beds, respectively, are 
also known as the Lowry and Bennett lignTte beds. In strippable areas the 
lignite beds that underlie the E bed are thin. Some evidence suggests 
these underlying beds may locafiy thicken in the deeper parts of the 
basin. Brand {1980b, pers. comm.) believes the stratigraphy of the I 
lignite bed and other beds is much more complex than that suggested by 
Kirkham and Ladwig {1979). In many areas, the beds split and coalesce 
rapidly, making correlations using widely spaced drill hole logs tenuous. 

Major lignite beds in the southern area, in descending order, are the 
Wolf, Comanche, Upper Kiowa, Middle Kiowa, Lower Kiowa, and Bijou beds. 
These bed names were mainly adopted from industry terminology. Lignite 
beds in the southern area generally are thinner than those in the northern 
area. The Wolf bed is the thickest 1 ignite bed in the southern area, 
ranging from 18 to 28-ft {5.4 to 8.4-m) thick. It lies 25 to 75ft (7.5 
to 22.5 m) below the top of the Denver Formation in the eastern part of 
the basin. The four underlying named lignite beds are usually 5 to 10-ft 
(1.5 to 3.0-m) thick, but locally are over 15-ft (4.5-m) thick. Other 
lignite beds lie below the Bijou bed, but in areas where these beds are 
strippable, they generally are very thin. 

The depositional environment of the Denver Formation lignite beds is 
poorly understood. A detailed evaluation was beyond the scope of this 
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Figure 33. Generalized stratigraphy of the northern and southern lignite 
areas in the Denver Formation. (from Kirkham and Ladwig, 1979) 

investigation, therefore, only a limited description will be presented. 
The Denver Formation was deposited in a continental environment consisting 
of meandering stream systems, large overbank flood basins, and, at least 
locally adjacent to the mountain front, braided stream or alluvial fan 
complexes. There is much debate as to whether or not the Front Range was 
a positive element during the Early Paleocene. The authors prefer the 
interpretation that the Front Range was episodically active to a limited 
extent during deposition of the Denver Formation. It was not a towering 
mountain range similar to the present-day Front Range, but probably 
consisted of gently rolling uplands that were 1,000 to 2,000 ft {300 to 
600 m) above the adjacent plains. Rivers that crossed this upland from 
west to east probably carried more water than the present South Platte 
River. These rivers brought andesitic material possibly from as far away 
as Salida. Andesitic flows may have capped the Front Range at this time, 
and uplift and accompanying erosion would have added additional andesitic 
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materia 1. Loca 11 y, andes it i c mud flows were deposited in the Go 1 den-Green 
Mountain area. The source of these materials was probably high in the 
Front Range. 

A piedmont depositional complex developed along the east flank of the 
mountain range. In this area meandering stream systems coincided with 
major drainages and braided streams or alluvial fan complexes and were 
probably restricted to limited areas directly adjacent to the mountain 
front between the major drainages. To date, no evidence of major river 
systems have been described in the eastern part of the basin in the Denver 
Formation. Numerous small channel sands are present, suggesting several 
small stream systems rather than one 1 arge river system. Most of the 
eastern part of the basin must have been characterized by widespread, 
gently subsiding overbank flood basins and peat swamps separated by small 
stream systems, as evidenced by the extensive, thick lignite deposits, 
interbedded claystone, and channel sandstones. With time, the piedmont 
complex along the mountain front extended farther east, forcing a general 
eastward migration of the coal swamps. Much remains to be learned about 
the depositional environment of the Denver Formation and included lignite 
beds. This proposed depositional scenario may be significantly altered as 
new investigations bring forth additional data. 

Quality of the Denver Formation lignite varies due to the number and 
thickness of non-coal partings and the physical character and rank of the 
pure lignite. Most analyses indicate the lignite ranks as lignite A. 
Thin intervals within a thick bed, however, may rank as high as 
subbituminous C coal. Table 4 lists the typical range of as-received 
analyses of Denver lignite. For specific analyses, refer to Kirkham 
(1978b) and Brand (1980a). Ash content varies from 8 to 30 percent and is 
primarily a function of the non-coal partings. Most lignite beds have at 
1 east one or two thin partings and some have. many partings. Sulfur 
content is usua 11 y we 11 be 1 ow 1. 0 percent. 

Table 4. Typical range of as-received analyses of Denver Formation 
lignite. (from Kirkham and Ladwig, 1979) 

Heat Value (Btu/lb) 

4,000- 7,500 

Moisture (%) 

22-40 

Ash (%) 

8-30 

Sulfur (%) 

0.2-0.6 

The only available methane data on Denver lignite beds are from core 
desorption tests by the Colorado Geological Survey (Tremain, 1980, pers. 
C?mm.). A total of four cores have been tested and all contained very 
l1ttle methane. Recent nationwide methane studies indicate methane 
cont~nt is oft~n directly related to coal quality: the higher the coal 
q~al1ty, the h1gher the methane content (Tremain, 1980, pers. comm.). In 
l1 g~t of these genera 1 findings and the four desorption ana 1 yses, we 
bel1eve most Denver lignite beds probably contain very low amounts of 
methane. 

. Landis .'z!959) est~mated a total of 0.9 billion tons of Denver lignite 
1n a 187 m1 (486 km) area of the Denver Basin, primarily in the 
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Scranton district and Ramah-Fondis area. Soister (1974) estimated about 
20 billion tons of lignite in beds 4-ft {1.2-m) thick or greater within 
1,000 ft {300m) of the surface. Hornbaker and others {1976) revised the 
estimates of Landis {1959) and suggested that over 12 billion tons of 
Denver lignite lay in the Denver Basin. Soister (1978b) restated his 
resource estimate at 11 more than 10 billion short tons 11 of lignite in beds 
4-ft (1.2-m) thick or greater within 1,000 ft {300m) of the surface. 
Kirkham and Ladwig {1979) indicated 10 to 15 billion tons of lignite in 
the Denver Basin in beds at least 4-ft (1.2-m) thick within 1,000 ft {300 
m) of the surface and probably less than 1 billion tons of lignite at 
depths greater than 1,000 ft {300 m). 

Mining History 

The earliest records of coal m1n1ng in the Denver and Cheyenne Basins 
were reported by Hayden {1868), Hodge {1872), and Marvine (1874). The 
Marshall mines in the Boulder-Weld coal field were probably the first 
mines to operate in the study area. Hayden {1868) indicates the mines 
were producing coal four or five years before he visited them, thus 
indicating production initiation in 1863 or 1864. Marvine {1872} reports 
that the Marshall mines began operations in 1863. Small unrecorded 
ranch-type mines may have operated a few years before 1863, but production 
undoubtedly was limited. 

In 1883 the Colorado State coal mine inspector began keeping 
extensive, state-wide records of coal-mining activities. These valuable, 
unpublished records are held by the Colorado Division of Mines, Department 
of Natural Resources, at 1313 Sherman Street, Denver, and are available 
for public inspection. Over a dozen mines were producing coal by 1883 
when the State coal mine inspector began keeping records. From 1883 into 
the 1920s, the number of mines and total production gradually increased. 
Production activity slowed in the late 1920s and early 1930s and has 
continued to decrease ever since. There currently are no active mines in 
the study area. The most recent 1 y active mine was the L i nco 1 n mine, 
located in the Boulder-Weld field. It was closed in 1979 because of a 
fire. The present energy and economic situation is forcing a return to 
coal as a source of energy throughout the United States. This affects the 
mining potential of the study area, and large increases in coal production 
are foreseen for the near future. A complete discussion of the 
anticipated coal mining activity is presented in a following section on 
development potential. 

Over 130 million tons of coal and lignite have been mined in the 
Denver and Cheyenne Basins since 1883 (Colorado Div. Mines, 1979). Table 
5 lists cumulative coal and lignite production by county as of December, 
1979. Of the total recorded production 130,159,777 tons {99.95 percent) 
were mined from the Denver Basin and only 66,974 tons (0.05 percent) were 
mined in the Cheyenne Basin. Only 39,376 tons {0.03 percent) of the total 
is lignite from the Denver Formation, whereas 130,187,375 tons {99.97 
percent) is from the Laramie Formation. 129,972,228 tons {99.80 percent) 
were produced from underground mines and only 254,523 tons {0.20 percent) 
were from surface mines. 

- 67 -



Table 5. Cumulative coal and lignite production by county through 
December, 1979 in the Denver and Cheyenne Basins, Colorado. 
(from Kirkham, 1978b; Boreck, 1979; Deborski, 1979; 
Colorado Div. Mines, 1979) 

COUNTY PRODUCT! ON (short tons) 

Adams 37,112 
Arapahoe 470 
Boulder 41,327,996 
Douglas 25,667 
Elbert 108,948 
El Paso 16,164,310 
Jefferson 6,622,522 
Larimer 54,611 
Weld 65,881,085 

TOTAL 130,226,751 

Figure 34 shows the general outline of coal and lignite mining areas 
described by Landis (1959). Table 6 lists production totals and producing 
for~ation for each area. The Boulder-Weld field has produced the greatest 
amount of coal, but significant tonnages were also produced at the 
Colorado Springs field and Foothills district. All other designated areas 
produced only small amounts of coal or lignite. Additionally, a very 
small amount was also mined in isolated, unnamed areas and is not included 
in these figures. 

Development Potential 

Development potential of the coal and lignite resources of the Denver 
and Cheyenne Basins is high. Currently ne mines are active in the study 
area, but several mines have been recently proposed. They are either in 
the permitting process or have obtained all necessary permits and 
initiated mine construction. There are also several mining projects in 
various planning stages. In light of the energy and economic situation 
facing our country and the Federal impetus toward development of coal and 
alternative sources of energy, particularly coal gasification and 
liquefaction, any forecast must anticipate increased utilization of coal 
over the long term throughout the country. The coal and lignite deposits 
in the study area are not the highest quality deposits in the country, nor 
are they the easiest or most economical to mine. But the fact that they 
are very near major population centers and may be suitable for both steam 
coal and many alternative uses tends to balance out their unfavorable 
characteristics. Increased utilization of the coal and lignite resources 
of the Denver and Cheyenne Basins, o~er the next 10 to 20 years is likely. 
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Figure 34. Coal and lignite mi nin g areas in the Denver and Cheyenne Basins. 
(from Landis, 1959) 
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Table 6. Cumulative coal and lignite production by field through 
December, 1979 in the Denver and Cheyenne Basin, Colorado. 
(from Kirkham, 1978b; Boreck, 1979; Colorado Div. Mines, 
1979; Deborski, 1979) 

Field 

Boulder-Weld field 
Briggsdale area 
Buick-Matheson area 
Colorado Springs field 
Eaton area 
Foothills district 
Ramah-Fondis area 
Scranton district 
Wellington area 

Production (short tons) 

107,196,718 
3,229 

106,740 
16,164,310 

8,018 
6,622,522 

3,047 
35,789 
54,611 

Producing Formation 

Laramie 
Laramie 
Laramie 
Laramie 
Laramie 
Laramie 
Denver 
Denver 
Laramie 

Several coal and lignite mining projects are presently permitted, are 
in the permitting process, or are in planning phases. The Keenesburg 
mine, located a few miles north of Keenesburg, is being developed by 
Adolph Coors Company. They plan to produce about 500,000 tons/yr 
(454,000,000 kg/yr) for use as steam coal at their power plant in Golden 
(Adolph Coors Company, 1979). All necessary permits have been obtained 
for the Keenesburg mine and mine construction initiated early in 1980. 
The Bacon mine, located east of Colorado Springs in sees. 29 and 30, T14S, 
R64W, is operated by the A. T. Massey Coal Company. It also has obtained 
the necessary permits and initiated mine construction. Up to 480,000 
ton/yr (436,000,000 kg/yr) of Laramie coal will be strip mined at this 
mine. Several other proposed and planned mines are in the permitting 
process or are still on the drawing board. These include the Eagle strip 
mine near the abandoned underground Eagle mine in Weld County, the Erie 
strip mine adjacent to the town of Erie, the Limon strip mine near Cedar 
Point, and the Watkins project, which could involve Denver lignite strip 
mines near the town of Watkins, south of Watkins and in West Bijou Creek 
valley. 

Additional development of the coal and lignite resources in the study 
area w~ll prob.ably ~ccur in the near.[uture. Surface mining of Laramie 
coal 1s feas1ble 1n the 1,850 m1 (4,810 km2) designated as 
potentially strippable areas on Figure 35. Within this area the top of 
the Laramie coal zone is within 200 ft (60 m) of the surface. Surface 
mining is probably the principle mining method that will be used to 
recover Laramie coal. Figure 35 also indicates areas where Laramie coal 
beds are at depths suitable for underg2ound minin~ and in situ 
gasification, an area of just over 4,000 mi (10,240 km ). Within 
this area the top of the La:a~ie coal zone is 200 to 1,500 ft (60 to 450 
m) deep. These types of m1 n1 ng methods should be conducted in areas 
unlikely to be urbanized or at such depths that surface subsidence will be 
minimal. 
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Figure 35. Areas in which Laramie coal beds are potentially suitable for 
strip mining, underground mining, and underground gasification. 

- 71 -



Widespread underground m1n1ng of Laramie coal in the near future is 
considered unlikely. Underground coal mines are very expensive to 
construct and operate. Unless a coal bed is of high quality or strippable 
coals do not exist in the region, underground mining is not usually 
economically competitive. Underground mining of Laramie coal, however, 
should not be totally ingnored. Some companies are presently interested 
in it, and as the economic and technological situation evolves, 
underground coal mining may once again become competitive. 

In situ coal gasification is a relatively new recovery technique in 
the United States. If this technology receives widespread usage, it may 
be utilized for Laramie coal in the eastern part of the study area where 
the coal is lignite and has relatively high permeabilies, or along the 
mountain front where techniques used to gasify steeply dipping beds may be 
employed. 

Figure 36 indicates areas where the Denver 1 ignite zone is 
potentially strippable. In the designated potentially strippable area the 
top of the Denver lignite zone is within 200ft {60 m)2 of the su2face. 
The potentially strippable area extends over about 980 mi (2,500 km) 
of the Denver Basin. It is highly unlikely that Denver lignite beds will 
be mined underground because of hazardous working conditions and economic 
problems. Generally roof rock above Denver lignite beds is very weak. 
Mine cave-ins and squeezing problems would probably be very common. 
Denver lignite beds may be strip mined and used as feedstock for electric 
power plants or surface gasification and liquefaction plants. Denver 
lignite may also be suitable for other types alternate energy 
technologies. A power plant would have to be specially designed to burn 
Denver lignite. The abundance of nearby, higher quality coal in Colorado 
and Wyoming limits the potential use of Denver lignite in power plants. 
The potential for use in surface gasification plants, such as that 
proposed for the Watkins area, however, is high. Surface gasification 
and/or liquefaction plants could require several.million tons of lignite 
per year. Although no test results are publicly available, Denver lignite 
appears to be well suited for in situ gasification. If in situ 
gasification becomes a viable mining method, it probably will be used on 
the deeper Denver lignite beds and could become the most feasible method 
of utilizing Denver lignite. 

Methane occurs in Laramie coal beds in several areas. Until further 
testing for methane content is completed, the potential for methane 
extraction from Laramie coal is uncertain. Existing analyses indicate 
Denver lignite beds contain little methane. The potential for methane in 
Denver lignite thus appears to be low. 

One of t~e major factors limiting coal and lignite development in the 
study area 1s water availability. Virtually all surface and tributary 
water in the study area is appropriated and in many cases it is 
over-appropriated. ~f tr~butary water is needed for a project, it would 
be necessary to obta1n su1table water rights or implement an innovative 
sou~ce of waste water, possibly similar to that proposed for the Watkins 
proJect (Hand, 1978b}. Non-tributary ground water is available in several 
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Figure 36. Potentially strippable areas, Denver Formation lignite. 

formations in the study area, but it is limited in quantity. The State 
Engineer, Division of Water Resources, restricts what ground water and how 
much ground water can be withdrawn by a particular user. Most 
conventional surface and underground mines and in situ gasification 
facilities would not be seriously affected by this water-supply problem, 
but large water-consuming projects such as surface gas i fi cation and 
liquefaction plants would have to deal with it (Romero, 1978a). 
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An important factor controlling the location of future surface mines 
is the distribution of alluvial aquifers that may be classified as 
alluvial valley floors according to Public Law 95-87. Figure 15 
illustrates the general distribution of probable and possible alluvial 
aquifers in the study area. A significant part of the area is underlain 
by these deposits. Most of the probable alluvial aquifers and a small 
part of the possible alluvial aquifers may be classified as alluvial 
valley floors. Detailed studies will be required to determine the extent 
of alluvial valley floors at individual mine sites. 

• 
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MINING METHODS 

After discovery and evaluation of a coal deposit, a mining method 
must be selected that can physically and economically recover the coal in 
an environmentally acceptable manner. Most coal is mined by one of two 
mining methods: surface or underground m1n1ng. Several new, 
non-conventional coal recovery techniques are also being developed, but 
have not been utilized on a commercial scale. Primary factors that must 
be considered in the mine selection process are the amount of overburden, 
bed thickness, deposit size, overburden characteristics, ratio of 
overburden thickness to coal thickness, and coal quality. Modern 
technology allows surface mining of coal to great depths, as is currently 
practiced in some parts of Europe, but economic factors generally limit 
surface mining in the western United States to depths of 200 to 300ft (60 
to 90 m). In certain cases where extremely thick coal beds are present, 
surface mines utilizing open-pit methods may be up to 500-ft (150-m) deep. 

Other factors to consider when selecting a mining method or designing 
a mine for a particular site are mine safety, production capacities, 
nature and strength of roof and floor rock, discontinuities or 
irregularities of the coal bed and overburden, dip, cleat, methane 
content, coal hardness, and surface and subsurface hydrologic conditions 
(Schroder, 1973). Generally, surface mining of relatively shallow coal 
beds is preferred by industry over underground mining because surface 
mines have 1) lower manpower requirements, 2) shorter lead time to 
production initiation, 3) fewer safety problems, 4) higher recovery rates, 
and 5) the ability to easily transfer equipment to other operations when 
the mine is abandoned (Train and others, 1975). 

Two relatively new coal utilization techniques are presently being 
extensively experimented with by the Federal government and industry. In 
situ or underground coal gasification differs from conventional surface 
and underground mining in that the coal is not removed from the 
subsurface. It is burnt in situ (in place) and the resulting products are 
brought to the surface. Hydraulic borehole or slurry mining involves a 
series of drill holes into which a borehole tool with cutting jets is 
lowered. Water is forced through the jets at high pressures to break the 
coal into small particles and the coal-bearing slurry is piped to the 
surface. These techniques have not been commercially utilized in the 
United States. Because of this the eventual applicability of the methods 
is not precisely understood, and little is known about environmental 
problems associated with full-scale projects. 

Historically most coal production throughout the United States, 
including Colorado, has been from underground mines. Surface mining has 
accounted for less than 0.25 percent of the total coal production in the 
study area. These figures are somewhat misleading in that current mining 
trends are toward increased surface mining. Figure 37 illustrates the 
U.S. production of bituminous coal and lignite by type of mining. At the 
turn of the century virtually all coal was mined underground. Sur~ace 
mining was seldom used until the 1920s and 1930s. Several surface m1nes 
initiated operations at this time in the study area, including the Barker, 
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Cox, Jordan, Stimson, and Wright. From this time on, however, surface 
mining has enjoyed increased usage in the United States, primarily a 
result of the growing availability of giant surface mining equipment. By 
the mid-1970s, U.S. coal production from surface mining exceeded 
production from underground mines. Much of the anticipated future coal 
production in the study area and throughout our country will probably be 
from surface mines. Underground coal gasification, should it become 
economically and technologically feasible, could be widely used in the 
U.S. and in the study area. Zukor and Burwe 11 ( 1979) estimate that 
underground coal gasification could quadruple the usable coal resources of 
the U.S. 
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Figure 37. U.S. bituminous coal and lignite production by m1n1ng method. 
(after Hebb and Morse, 1976; Coal Age Mining Informational 
Sources, 1979; and U.S. Bureau of Mines) 

Surface Mining 

MINING PROCEDURE 

. Several types of s~r~ace mining methods commonly are employed in the 
U~1~ed States: area m1n1ng, c?n~our m1n1ng, open-pit mining, and auger 
~1n1ng (Phelps, 1973). Area m1n1ng, also known as strip mining, is used 
1n level to gently rolling terrain where coal beds are relatively 
flat-lying. In such a situation depth to the coal remains fairly constant 
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over a large area. Area mines can produce tremendous quantities of coal 
at low costs. The mine consists of a series of parallel, excavated pits 
up to several thousand feet long. The initial pit is usually opened up 
where the overburden is thinnest, and additional pits are excavated in 
adjoining areas where overburden is progressively thicker. A typical view 
of an area mine is shown in Figure 38. Before any actual mining takes 
place, the surface must be prepared. Access roads and personnel, 
maintenance, and production facilities must be constructed. Utilities 
must be brought to the site, and vegetation, such as trees and bushes, 
must be removed. After vegetation remova 1 the topsoi 1 is removed and 
stockpiled for later use in site reclamation. 

Figure 38. Area surface mining of coal. (from Grim and Hill, 1974) 
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