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PREFACE

This bibliographic reference was compiled using two U.S. Geological Survey and
three Colorado Geological Survey Open-File Reports. The purpose of this
publication is to combine into one volume, the references on the geology of
central and western Colorado coal fields and regions. Included in this
publication are references for the Yampa and Danforth Hills Coal Fields, Sand
Wash Basin, Uinta Coal Region and Piceance Creek Basin, San Juan River Coal
Region, and North Park, Middle Park, and South Park Coal Fields.

ACKNOWLEDGMENTS

The Colorado Geological Survey gratefully acknowledges the cooperation of the
U.S. Geological Survey. This publication results from the cooperative effort
of Michael Brownfield and Edward Johnson of the U.S. Geological Survey and
Bruce Kelso and Peter Rushworth (now with Colorado Mined Land Reclamation
Division) of the Colorado Geological Survey. It combines and updates previous
Open-File Reports from both agencies into a more meaningful and usable

document.

NOTE

A1l efforts were made to assure the accuracy and completeness of these
references, but if errors or ommissions are found, please inform the Colorado

Geological Survey.

The Colorado Geological Survey is an equal opportunity employer.

- §i -



CONTENTS

Selected References on the Geology of the Danforth Hills Coal Field,
Eastern Uinta Coal Region, Moffat and Rio Blanco Counties, Colorado....... 1
Michael E. Brownfield and Edward A. Johnson

Selected References on the Geology of the Yampa Coal Field, Southern
Green River Coal Region, Routt and Rio Blanco Counties, Colorado.......... 27
Edward A. Johnson and Michael E. Brownfield

Selected References on the Coal Resources of the North Park, Middle
Park, and South Park Coal Fields, Colorado....c.cceveeeeoecencsesencacannns 67
Peter Rushworth and Bruce S. Kelso

Geologic overview by Bruce S. Kelso

References by Peter Rushworth

Selected References on the Coal Resources of the San Juan River Coal
Region, CoTorado...cceececeeeecoscesrecocanscssscsessosssasssscacsnsns cesenas 81
Peter Rushworth and Bruce S. Kelso

Geologic overview by Bruce S. Kelso

References by Peter Rushworth

Selected References on the Coal Resources of the Uinta Coal Region,
Colorado...ceveeereeeoesennscsonscacscssncannne ceesesesessssenseassaesnans 111
Peter Rushworth and Bruce S. Kelso

Geologic overview by Bruce S. Kelso

References by Peter Rushworth

- dii -



iv



SELECTED REFERENCES ON THE GEOLOGY OF THE DANFORTH HILLS COAL FIELD,
EASTERN UINTA COAL REGION, MOFFAT AND RIO BLANCO COUNTIES, COLORADO

(Previously published as "Selected References on the Geology
of the Danforth Hills Coal Field, Moffat and Rio Blanco Counties,
Colorado", U.S. Geological Survey Open-File Report 87-768, 1984,

revised 1986 for this publication.)

by
Michael E. Brownfield and Edward A. Johnson
U.S. Geological Survey



CONTENTS

INEroduCEToN. s it iiiiiiiiieaereneeanstcnnnsersoonescasansassssnasss
PRYST0graphy. cceeeeenneiieieiieeeeeeoossannssesnssncsassssssansannns
Regional Stratigraphy...ccceveeeeeeeereeeenereeasessssscsccssasassnsoes
C0aT SEratigraphy e eeeeeeeeseeneeeroeseceeeseneeenssosoncsssssnans

CO0AT MBS OUINCES .ttt ererneeneeseosessosssocnsosensenansssssasssssnansss

FIGURES

1. Location map showing the Danforth Hills and adjacent coal fields
in northwest Colorado...veveeeeeeeeereencncaanannnne cereesensas .

2. Generalized stratigraphic sections of the coal-bearing formations
of northwest Colorado.......covevvess Chesscessacassessessansnnes .

4



INTRODUCTION

The selected references contained in this report cover most geologic
subjects relevant to areas in or adjacent to the Danforth Hills coal field of
northwest Colorado (fig. 1). Approximately 220 references are listed ranging
from 1876 to 1984. While no such 1ist should ever be considered complete, it
is hoped that this report contains the basic sources of interest to those
earth scientists studying the area. Most of the reference material can be
found in larger public libraries and those of major colleges and universities.

PHYSIOGRAPHY

The Danforth Hills coal field is situated in northwest Colorado in Moffat
and Rio Blanco Counties. The coal field 1ies north of the White River, west
of the White River Plateau, south and west of the Axial Basin, and east of the
valley of Strawberry Creek which flows southward along the northward extension
of the Grand Hogback. The Flat Tops highlands of the White River Plateau to
the southeast ranges in elevation from 8,500 to 12,000 ft.

The Danforth Hills area is characterized by northward-sloping ridges
separated by steep canyons on the north and to the south and west by steeply
dipping, long and narrow hogbacks. Elevations range from 6,200 to 8,700 ft.
Northward drainage is to the Yampa River and southward drainage is to the
White River.

REGIONAL STRATIGRAPHY

There are approximately 30 named stratigraphic formations or groups in
the study region. Distribution of most of these formations is shown on
various regional geologic maps, particularly those compiled by Tweto (1975,
1976), Miller (1977), and Rowley and others (1979).

Coal beds of economic interest are present only in strata of Late
Cretaceous and Tertiary age. These will be more fully described in the
following part of this report.

Formations of Late Mesozoic age (Cretaceous) are the oldest strata that
contain coal beds of economic interest in northwestern Colorado. The Dakota,
Mowry, Frontier, Niobrara, and Mancos Formations, which underlie the
coal-bearing rocks, were deposited under marine and marginal-marine
conditions. The coal-bearing Iles and Williams Fork Formations were deposited
mostly in terrestrial environments that contained swamps where organic
materials accumulated to form the present coal beds. Fluctuations of sea
Tevel occurred so that sediments of marine or near-marine origin are
interbedded with the nonmarine coal-bearing beds. To -the north and east of
the Danforth Hills, the upper part of the coal-bearing Williams Fork Formation
grades upward into and interfingers with the marine beds of the Lewis Shale.
Ritzma (1955) provides a brief history of the end of the Cretaceous and early
Cenozoic time in this region.

During earliest Tertiary time, in the Paleocene Epoch, swamps associated
with fluvial conditions were present and the accumulated organic material
became the coal beds of the Fort Union Formation. These coal beds are
approximately the same age as the lignites of Montana, North and South Dakota,
the Denver Basin, and some of the Powder River Basin coal beds.
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COAL STRATIGRAPHY

Coal beds of economic interest in the Danforth Hills coal field occur in
the Tles and Williams Fork Formations of the Mesaverde Group of Late
Cretaceous age and the Fort Union Formation of Paleocene age. The
stratigraphic sequence of these coal-bearing rocks is shown in figure 2.

The Mesaverde Group crops out throughout most of the Danforth Hills coal
field. To the southwest, the Mesaverde plunges too deep to be of economic
interest at the present time. This group of coal-bearing sediments in the
Danforth Hills coal field has been described by several geologists. Among
these are Hancock (1925) for the Axial area in the northeast portion of the
field, and Hancock and Eby (1930) for the Méeker region. Gale (1907 and 1910)
described the regional stratigraphic variations. The following descriptions
?f th$ Iles and Williams Fork Formations are modified from Hancock and Eby

1930).

The Iles Formation, which makes up the lTower part of the Mesaverde Group,
consists of a sequence of rocks 1,350-1,600 ft thick. The formation contains
massive ledge-forming beds of sandstone interbedded with sandy shale and shale
with minor coals occurring throughout. The uppermost ledge-forming sandstone
in the Iles Formation is the Trout Creek Sandstone Member. This conspicuous
white marine sandstone was named by Fenneman and Gale (1906) for its outcrop
in Twentymile Park southwest of Steamboat Springs, Colo. The coal beds
assigned to the lower coal group and Black Diamond coal group are in the Iles
Formation. The lower coal group consists of thin coal beds from 100 to 250 ft
above the base of the Iles and the Black Diamond coal group lies 150-350 ft
below the Trout Creek Sandstone.

The Williams Fork Formation, which makes up the upper part of the
Mesaverde Group, includes all beds between the top of the Trout Creek
Sandstone Member of the Iles Formation and the base of the overlying
unconformable Fort Union Formation. Its thickness ranges from 4,500 to 5,000
ft and the formation consists of thin to thick sandstone beds, sandy shale,
shale, and coal. About 3,000 ft above the Trout Creek Sandstone is another
white marine sandstone named the Lion Canyon Sandstone Member by Hancock and
Eby (1930). The coal beds of the Fairfield, Goff, and Lion Canyon coal groups
occur in the Williams Fork Formation. The Fairfield coal group contains
numerous coal beds throughout an interval 1,300 ft thick above the Trout Creek
Sandstone. The Goff coal group is an interval of 700 ft of coal-bearing
sediments that directly underlie the Lion Canyon Sandstone. This coal group
is separated from the Fairfield group by about 1,000 ft of Williams Fork
sediments that are mostly barren of coal. The Lion Canyon coal group inlcudes
all the coal bearing sediments above the Lion Canyon Sandstone and is about
1,000 ft thick.

Along the western margin of the Yampa coal field the thickness of the
Williams Fork Formation is only about 2,000 ft compared to the 4,500-5,000 ft
exposed along the southwest margin of the Danforth Hills. This great
difference in thickness is due to regional facies changes within the Williams
Fork, Lewis, and Lance Formations (fig. 2). The upper part of the Williams
Fork in the Meeker area contains sediments equivalent in age to the Lewis and
Lance Formations of the western Yampa coal field. The entire Mesaverde Group

-5 -



(Y861 ‘uOSUYOP pue p|aLjumoug WOU})

OpeJo|0) ua3]3SamMylaou Jo suolLjewdol m:whwwaipwou 9yl JO suoLjloss Uwznmkmmuﬂham pozZLie4dusy °¢ w;:mwm
ejeys o M
LETRTY MM ejeys uooca!é MV Mw
o O
SS %960.9 mo """ ] dnosB jeod semoq °
_~ §s eiebepise)
= y g
w dnoid |80 Jemo @ SS obeg °
[
—— — =
TTT———— ano.Bb _mou puowe|q xo8g uun Jamo| 2|0
SS %0849 In0J| == °la
—_— -
s jun (809D m n
=) dnoJub 8OO @ — 213
S|z | 1PPIY dnoJb |80 plaipie 4 - ale
- e )
Qe I —_— o
- SS 9wAjuem - p
mu x M 4|V||| c
° dnoJB jeoo seddn sr--t— jjun Jeddn | o
s = bos
o |o =
2 S ;
e |a - 3 i
—_ o I
® —— T —— — L uotn o4 [T
z = - - 0noJb 1803 }j0D m.
e < _ o
- 1/\!! .
SS 8IIIH X0y M = $5 uokuey uop ) = la
- w ..h\lnltlw\...\h\\s@\l\ﬁ 2lm
0
w ..u: dno.B jeod LAAA =8
. [
s ] uoAued o \e 5
B EOD At .
-3 Bad o
ale b
o |3 - -
2 |o c v
a3 -]
s r:....§ °
m .
Sl NL((((/NVP\CCU(.E(N\S)
3= =
®la
> [
..M o ”
o -
6 %iBd sumoig 0
W b o
L° ] AN AN
Pleld 180D vdwe s viejsepm Ple|d 180D B|||H Yili0jusQ uida}sem prejd4 18090 JBAIHY ©@1tym J13moT

14 0001t



thins to 2,400 ft about 50 miles west near the town of Rang]eyz Colo. This
thinning is do in part to the truncating of the Cretaceous sedimentary rocks
by the overlying Tertiary sedimentary units.

The coal-bearing Fort Union Formation unconformably overlies the Williams
Fork Formation along the western margin of the Danforth Hills. The Fort Union
consists of interbedded sandstone, shale, and coal. The lower sandstone
member ranges in thickness from 1,200 to 1,400 ft (Pipiringos and Rosenlund,
1977) and is conglomeratic at the base. The Fort Union may exceed 2,000 ft in
thickness if Paleocene shale beds included in the overlying Wasatch Formation
by Pipiringos and Rosenlund (1977) are included in the Fort Union. Coal beds
found within the Fort Union Formation are typically thin and lenticular.

COAL RESOURCES

The Danforth Hills coal field contains the major coal deposits on the
northeast flank of the Piceance Creek Basin. In general, the individual coal
beds within the coal groups are discontinuous and difficult to correlate
laterally. The coal is mainly high-volatile C-bituminous in rank, though some
of the upper coal beds in the northern part of the field may be subbituminous.
The Iles and Williams Fork Formations, from which most future production will
come, contain coals with Btu values ranging from 10,600 to 11,800 per pound on
an as-received basis and with sulfur content ranging from 0.2 to 0.9
percent. In these same formations the range of percentage value of moisture
is 9.4-14.8; volatile matter is 33.1-42.0; fixed carbon is 41.2-49.2; and ash
is 2.2-9.5 (Hancock and Eby, 1930).

In Landis' (1959) report the reserves were estimated by bed, except in
the northern part of the field where inferred coal reserves were estimated on
a group basis, and in the part of the field west of long 108 W., where
reserves were estimated on a coal zone basis by Spencer and Erwin (1953). A
total of about 7,854 mi]]ionztons of bituminous coal is estimated to havE been
originally present in 252 mi“ of the field. An additional area of 18 mi® may
contain minable reserves of coal with less than 3,000 ft of overburden.

REFERENCES

Abrassart, C.P., 1951, Stratigraphy and sedimentation of the Juniper Mountain
area, Colorado: University of Colorado Masters thesis, 81 p.

Abrassart, C.P., and Clough, G.A., 1955, Juniper Mountain area, Colorado, in
Ritzma, H.R., and Oriel, S.S., eds., Guidebook to the geology of "_'
northwest Colorado, 6th Annual Field Conference: Intermountain
Association of Petroleum Geologists-Rocky Mountain Association of
Geologists, p. 63-70.

Adair, J.S., 1953, Geologic and structure map of the Curtis Creek coal
district, Rio Blanco County, Colorado: U.S. Geological Survey unnumbered
map, scale 1:12,000.

Allen, E.G., Banish, E.P., Smedley, J.E., and Lutz, G.A., compilers, 1980,
Leasable minerals and waterpower land classification map of the Vernal 1
x 2 quadrangle, Utah and Colorado: U.S. Geological Survey Miscellaneous
Investigation Series Map 1-1227, scale 1:250,000.

-7 -



American Geological Institute, 1976, Bibliography and index of Colorado
geology, 1875 to 1975: Colorado Geological Survey Bulletin 37, 488 p.

1983a, Bibliography and index of Colorado geology: 1975-1980: Colorado
Geological Survey Bulletin 45, 294 p.

1983b, Bibliography and index of Colorado geology, 1981-1982: Colorado
Geological Survey Information Series 19, 111 p.

Amuedo, C.L., and Mott, M.R., eds., 1962, Exploration for oil and gas in
northwestern Colorado: Rocky Mountain Association of Geologists, 192 p.

Athearn, F.J., 1977, An isolated empire: a history of northwest Colorado:
U.S. Bureau of Land Management Cultural Resources Series, no. 2, 139 p.

Bass, N.W., Eby, J.B., and Campbell, M.R., 1955, Geology and mineral fuels of
parts of Routt and Moffat Counties, Colorado: U.S. Geological Survey
Bulletin 1027-D, p. 143-250.

Bass, N.W., and Smith, H.M., 1942, Geologic relationship of crude oil in the
Tow Creek, Wilson Creek, Iles and Moffat fields, Colorado [abs.]:
American Association of Petroleum Geologists Bulletin v. 26, no. 5,

p. 916.

Berge Exploration, Inc., 1976, Coal ownership maps, Yampa-Danforth Hills area,
northwest Colorado: Berge Exploration, Inc., Denver, Colo., scales
1:4,000 and 1:8,000.

Beyth, Michael, McInteer, Carlotta, Broxton, D.E., Bolivar, S.L., and Luke,
M.E., 1980, Multivariate statistical analysis of stream sediments for
mineral resources from the Craig NTMS Quadrangle, Colorado: U.S.
Department of Energy Open-File Report GJBX-145(80), 64 p.

Bloom, D.N., 1961, Devonian and Mississippian stratigraphy of central and
northwestern Colorado, in Berg, R.R., and Rold, J.W., eds., Lower and
Middle Paleozoic rocks of Colorado: Rocky Mountain Association of
Geologists, p. 25-36.

Bolivar, S.L., and Hi1l, D.E., 1979, Uranium hydrogeochemical and stream
sediment reconnaissance of the Craig NTMS Quadrangle, Colorado, including
concentrations of fourty-three additional elements: University of
California, Los Alamos Scientific Laboratory Informal Report LA-7506-MS,
238 p.

Bookstrom, A.A., 1964, Geology of the Yellowjacket anticline, Rio Blanco
County, northwestern Colorado: University of Colorado Masters thesis,
76 p.

Boreck, D.L., and Murray, D.K., 1979, Colorado coal reserve depletion data and
coal mine summaries: Colorado Geological Survey Open-File Report 79-1,
65 p.



Boyles, M.J., Kauffman, F.G., Kiteley, L.W., and Scott, A.J., 1981,
Depositional systems Upper Cretaceous Mancos Shale and Mesaverde Group,
northwestern Colorado: Society of Economic Paleontologists and
Mineralogists Guidebook, 146 p.

Boyles, M.J., and Scott, A.J., 1982, A model for migrating shelf-bar sandstone
in upper Mancos Shale (Campanian), northwestern Colorado: American
Association of Petroleum Geologists Bulletin, v. 66, no. 5, p. 491-508.

Bracket, W.A., Taylor, W.R., Garrison, R.C., Ladwig, L.R., 1983, Colorado
energy balance--1981: Colorado Geological Survey Resource Series 26,
scale 1:1,000,000.

Brainard, A.E., and Carpen, T.R., 1962, History of exploration and development
for 0i1 and gas in northwestern Colorado, in Amuedo, C.L., and Mott,
M.R., eds., Exploration for 0il and gas in northwestern Colorado: Rocky
Mountain Association of Geologists, p. 23-28.

Breed, C.E., 1956, The Dakota group in northwestern Colorado: University of
Colorado Masters thesis, 79 p.

Brill, K.G., Jr., 1944, Late Paleozoic stratigraphy, west-central and
northwestern Colorado: Geological Society of America Bulletin, v. 55,
p. 621-656.

Brownfield, M.E., and Johnson, E.A., 1985a, Selected references on the geology
of the Danforth Hills coal field, Moffat and Rio Blanco Counties,
Colorado:. U.S. Geological Survey Open-File Report 84-768, 28 p.

1985b, Geologic map index of the Meeker 1 x 1/2 quadrangle, Garfield,
Moffat, Rio Blanco, and Routt Counties, Colorado: U.S. Geological Survey
Open-File Report 84-523, scale 1:100,000.

1986, A regionally extensive altered air-fall ash for use in coreelation
of Tithofacies in the Upper Cretaceous Williams Fork Formation, northeast
Piceance Creek and southern Sand Wash basins, Colorado, in Stone, D.S.,
ed., New interpretations of northwest Colorado geology: ~Rocky Mountain
Association of Geologists, p. 165-170.

Burger, J.A., 1959, Mesaverde Group in adjoining areas of Utah, Colorado, and
Wyoming: Yale University Ph. D. dissertation, 108 p.

Campbell, M.R., 1912, Miscellaneous analyses of coal samples from various
fields of the United States: U.S. Geological Survey Bulletin 471-J,
p. 629-655.

1913, Miscellaneous analyses of coal samples from various fields of the
United States: U.S. Geological Survey Bulletin 531-M, p. 331-355.

1914, Analyses of coal samples from various fields of the United
States: U.S. Geological Survey Bulletin 541-K, p. 491-526.



Carey, B.D., Jr., 1955, A review of the Browns Park Formation, in Ritzma,
H.R., and Oriel, S.S., eds., Guidebook to the geology of northwest
Colorado, 6th Annual Field Conference: Intermountain Association of
Petroleum Geologists-Rocky Mountain Association of Geologists, p. 47-49.

Carrara, P.E., 1980, Surficial geologic map of the Vernal 1 x 2 quadrangle,
Colorado and Utah: U.S. Geological Survey Miscellaneous Investigations
Series Map 1-1204, scale 1:250,000.

Carrara, P.E., Colton, R.B., Holligan, J.A., and Anderson, L.W., 1975,
Preliminary map of landslide deposits, Vernal 1 x 2 quadrangle,
Colorado and Utah: U.S. Geological Survey Miscellaneous Field Studies
Map MF-696, scale 1:250,000. ‘

Clough, W.A., 1955, Temple Canyon oil field, Moffat County, Colorado, in
Ritzma, H.R., and Oriel, S.S., eds., Guidebook to the geology of
northwest Colorado, 6th Annual Field Conference: Intermountain
Association of Petroleum Geologists-Rocky Mountain Association of
Geologists, p. 106-108.

Cobban, W.A., and Reeside, J.B., Jr., 1951, Occurrence of Lower Cretaceous
ammonites in Colorado, Wyoming, and Montana: American Association of
Petroleum Geologists Bulletin, v. 35, p. 1892-1893.

1952, Correlation of the Cretaceous formations of the western interior
of the United States: Geological Society of America Bulletin, v. 63,
no. 10, p. 1011-1043.

Collins, B.A., 1975, Geology of the coal deposits of the Carbondale, Grand
Hogback and southern Danforth Hills coal fields, southeastern Piceance
Basin, Colorado: Colorado School of Mines Ph. D. dissertation, 218 p.

1976, Coal deposits of the Carbondale, Grand Hogback, and southern
Danforth Hills coal fields, eastern Piceance Basin, Colorado: Colorado
School of Mines Quarterly, v. 71, no. 1, 138 p.

1977, Coal deposits of the eastern Piceance Basin, in Murray, D.K., ed.
1977, Geology of Rocky Mountain Coal--A Symposium, 1976: Colorado
Geological Survey Resource Series 1, p. 29-43.

Colton, R.B., Holligan, J.A., Patterson, P.E., and Anderson, L.W., 1975,
Preliminary map of landslide deposits, Craigl x 2 quadrangle,
Colorado: U.S. Geological Survey Miscellaneous Field Studies Map MF-700,
scale 1:250,000.

Crowley, A.J., 1955, A structural history of northwestern Colorado and
northeastern Utah, in Ritzma, H.R., and Oriel, S.S., eds., Guidebook to
the geology of northwestern Colorado, 6th Annual Field Conference:
International Association of Petroieum Geologists-Rocky Mountain
Association of Geologists, p. 53-55.

Crutcher, W.A., 1962, Economic aspects of 0il and gas in northwestern
Colorado, in Amuedo, C.L., and Mott, M.R., eds., Exploration for o0il and
gas in northwestern Colorado: Rocky Mountain Association of Geologists,
p. 119-122.

- 10 -



Cummings, K.F., and Pott, R.L., 1962, South Craig area 7. 1 N., R. 86-94 W.,
Routt, Moffat, Garfield, and Rio Blanco Counties, Colorado, in Amuedo,
C.L., and Oriel, S.S., eds., Exploration for oil and gas in northwestern
Colorado: Rocky Mountain Association of Geologists, p. 84-86.

Curtis, B.F., 1962, The geologic development of northwestern Colorado, in
Amuedo, C.L., and Oriel, S.S., eds., Exploration for 0il and gas in
northwestern Colorado: Rocky Mountain Association of Geologists,

p. 15-22.

Dahm, J.N., and White, C.E., 1955, Penetration chart of o0il and gas fields of
northwestern Colorado and adjacent Wyoming, in Ritzma, H.R., and Oriel,
S.S., eds., Guidebook to the geology of northwest Colorado, 6th Annual
Field Conference: Intermountain Association of Petroleum
Geologists-Rocky Mountain Association of Geologists, p. 122.

Dames and Moore, compiler, 1979a, Coal resource occurrence and coal
development potential maps of the Sawmill Mountain quadrangle, Rio Blanco
County, Colorado: U.S. Geological Survey Open-File Report 79-1409, 15
p., 2 oversize sheets, scale 1:24,000.

1979b, Coal resource occurrence and coal development potential maps of
the Thornburgh quadrangle, Rio Blanco and Moffat Counties, Colorado:
U.S. Geological Survey Open-File Report 79-1406, 23 p., 12 oversize
sheets, scale 1:24,000.

1979c, Coal resource occurrence and coal development potential maps of
the Meeker quadrangle, Rio Blanco County, Colorado: U.S. Geological
Survey Open-File Report 79-1407, 29 p., 20 oversize sheets, scale
1:24,000.

1979d, Coal resource occurrence and coal development potential maps of
the Easton Gulch quadrangle, Moffat County, Colorado: U.S. Geological
Survey Open-File Report 79-1401, 35 p., 60 oversize sheets, scale
1:24,000.

1979e, Coal resource occurrence and coal development potential maps of
the Axial quadrangle, Moffat County, Colorado: U.S. Geological Survey
Open-File Report 79-1402, 27 p., 68 oversize sheets, scale 1:24,000.

1979f, Coal resource occurrence and coal development potential maps of
the Ninemile quadrangle, Rio Blanco and Moffat Counties, Colorado: U.S.
Geological Survey Open-File Report 79-1405, 33 p., 58 oversize sheets,
scale 1:24,000.

1979g, Coal resource occurrence and coal development potential maps of
the Devils Hole Gulch quadrangle, Rio Blanco and Moffat Counties,
Colorado: U.S. Geological Survey Open-File Report 79-1404, 31 p., 20
oversize sheets, scale 1:24,000.

1979h, Coal resource occurrence and coal development potential maps of
the Rattlesnake Mesa quadrangle, Rio Blanco County, Colorado: U.S.
Geological Survey Open-File Report 79-1408, 25 p., 4 oversize sheets,
scale 1:24,000.

- 11 -



Dana, J.D., Silliman, B., and Dana, E.S., eds., 1877 Explorations made under
the direction of F. V. Hayden: American Journal of Science and Arts, v.
13, no. 73, p. 68-74.

Dickinson, R.G., 1968, Geologic sketch map of the Danforth Hills area,
Colorado: U.S. Geological Survey unnumbered map, scale 1:62,500.

Donnell, J.R., 1955, Road log, Piceance Creek Dome to Craig, in Ritzma, H.R.,
and Oriel, S.S., eds., Guidebook to the geology of northwest Colorado,
6th Annual Field Conference: Intermountain Association of Petroleum
Geologists-Rocky Mountain Association of Geologists, p. 147.

1959, Mesaverde stratigraphy in the Carbondale area, northwestern
Colorado, in Haun, J.D., and Weimer, R.J., eds., Symposium on Cretaceous
rocks of CoTorado and adjacent areas, 11th Annual Field Conference:
Rocky Mountain Association of Geologists, p. 76-77.

Dorf, Erling, 1942, Stratigraphy and paleontology of the Fox Hills and lower
Medicine Bow Formations of southern Wyoming and northwestern Colorado, in
Dorf, Erling, ed., Upper Cretaceous floras of the Rocky Mountain T
region: Carnegie Institute of Washington Publication 508, p. 1-78.

Dyni, J.R., 1966a, Geologic map of the Thornburg o0il and gas field and
vicinity, Moffat and Rio Blanco Counties, Colorado: U.S. Geological
Survey 0i1 and Gas Investigations Map OM-216, scale 1:24,000.

1966b, Measured sections of the Mesaverde Group and list of fossils
collected from the Mancos Shale and Mesaverde Group, Thornburg area,
Moffat and Rio Blanco Counties, Colorado: U.S. Geological Survey
Open-File Report, 21 p.

Dyni, J.R., and Cullins, H.L., 1965, Meeker and Loyd sandstone members of the
Mancos Shale, Moffat and Rio Blanco Counties, Colorado: 1.S. Geological
Survey Bulletin 1194-J, p. J1-J7.

Elias, D.W., 1957, Geology of the Spring Creek area, Moffat County,
Colorado: University of Wyoming Masters thesis, 114 p.

1959, Cretaceous section exposed in the Spring Creek area, Moffat
County, Colorado, in Haun, J.D., and Weimer, R.J., eds., Symposium on
Cretaceous rocks of Colorado and adjacent areas, 11th Annual Field
Conference: Rocky Mountain Association of Geologists, p. 74-75.

Fender, H.B., Jones, D.C., and Murray, D.K., 1978, Bibliography and index of
publications related to coal in Colorado: 1972-1977: Colorado
Geological Survey Bulletin 41, 54 p.

Fender, H.B., and Murray, D.K., 1978, Data accumulation on the methane
potential of the coal beds of Colorado, final report: Colorado
Geological Survey Open-File Report 78-2, 25 p., scales 1:190,080 and
1:500,000.

Fenneman, N.M., and Gale, H.S., 1906, The Yampa coal field, Routt County,
Colorado: U.S. Geological Survey Bulletin 297, p. 18-24.

- 12 -



Fieldner, A.C., Smith, H.I., Fay, A.H., and Sanford, Samuel, 1914, Analyses of
mine and car samples of coal collected in the fiscal years 1911 to
1913: U.S. Bureau of Mines Bulletin 85, 444 p.

Finley, E.A., 1951, Geology of Maudlin Gulch and Wilson Creek oil fie1ds and
vicinity, Moffat and Rio Blanco Counties, Colorado: U.S. Geological
Survey unnumbered map, scale 1:31,680.

Gale, H.S., 1907a, Carnotite in Rio Blanco County, Colorado in contributions
to Fconomic Geology, 1906, Part I, Metals and Non Metals, Except Fuels:
U.S. Geological Survey Bulletin 315, p. 110-117.

1907b, Coal fields of the Danforth Hills and Grand Hogback in
northwestern Colorado: U.S. Geological Survey Bulletin 316-E, p. 264-301.

1909, Coal fields of northwestern Colorado and northeastern Utah: U.S.
Geological Survey Bulletin 341-C, p. 283-315.

1910, Coal fields of northwestern Colorado and northeastern Utah: U.S.
Geological Survey Bulletin 415, 265 p.

Gies, T.F., 1972, Palynology of sediments bordering some Upper Cretaceous
strand lines in northwestern Colorado: Michigan State University Ph. D.
dissertation, 365 p.

Gill, J.R., and Hail, W.J., 1975, Stratigraphic sections across Upper
Cretaceous Mancos Shale-Mesaverde Group boundary, eastern lUtah and western
Colorado: U.S. Geological Survey 0il and Gas Investigations Chart 0C-68.

Girty, G.H., 1903, The Carboniferous formations and faunas of Colorado: !.S.
Geological Survey Professional Paper 16, 546 p.

Goolsby, S.M., and Reade, N.B.S., 1978, Map of licensed coal mines in Colorado,
as of June 1, 1978: Colorado Geological Survey Map MS-12, scale
1:1,000,000.

Goolsby, S.M., Reade, N.S., and Murray, D.K., 1979, Evaluation of coking coal
in Colorado: Colorado Geological Survey Resource Series 7, 72 n., scales
1:250,000 and 1:500,000.

Grace, W.P., and Nelson, G.A., 1962, Danforth Hills area, Townships 2 to §
North, Ranges 93 to 96 West, Moffat and Rio Blanco Counties, Colorado, in
Amuedo, C.L., and Mott, M.R., eds., Exploration for o0il and gas in
northwestern Colorado: Rocky Mountain Association of Geologists,

p. 92-95.

Hale, L.A., 1955, Stratigraphy and facies relationship of the Montana group in
south-central Wyoming, northeastern Utah, and northwestern Colorado, in
Anderman, G.G., ed., Guidebook to the Green River Basin, 10th Annual Field
Conference: Wyoming Geological Association, p. 30-34.

1959, Intertonguing Upper Cretaceous sediments of northeastern
Utah-northwestern Colorado, in Haun, J.D., and Weimer, R.J., eds.,
Symposium on Cretaceous rocks of Colorado and adjacent areas, 11th Annual
Field Conference: Rocky Mountain Association of Geologists, p. 55-66.

- 13 -



Hale, L.A., and Van de Graaff, Fred, 1965, Correlation of Cretaceous formations
in adjoining areas of Wyoming, Utah, and Colorado, in Devote, R.H., and
Bitter, R.K., eds., Guidebook to the Sedimentation of Late Cretaceous and
Tertiary outcrops, Rock Springs Uplift, Wyoming: 19th Annual Field
Conference, Wyoming Geological Association, p. 8-9.

Hallgarth, W.E., 1959, Stratigraphy of Paleozoic rocks in northwestern
Colorado: U.S. Geological Survey 0il and Gas Investigations Chart 0C-59.

Hancock, E.T., 1915, The history of a portion of the Yampa River, Colorado, and
its possible bearing on that of the Green River: U.S. Geological Survey
Professional Paper 90-K, p. 183-189.

1925, Geology and coal resources of the Axial and Monument Butte
quadrangles, Moffat County, Colorado: U.S. Geological Survey Bulletin
757, 134 p.

Hancock, E.T., and Eby, J.B., 1930, Geology and coal resources of the Meeker
quadrangle, Moffat and Rio Blanco Counties, Colorado: U.S. Geological
Survey Bulletin 812-C, p. 191-242.

Hart, H.R., 1956, Final drilling report, Uranium Peak area, Rio Blanco County,
Colorado: U.S. Atomic Energy Commission Report TM-108, 5 p.

Haskett, G.I., 1959, Niobrara formation of northwest Colorado, in Haun, J.D.,
and Weimer, R.J., eds., Symposium on Cretaceous rocks of Colorado and
adjacent areas, 11th Annual Field Conference: Rocky Mountain Association
of Geologists, p. 46-49.

Hatch, J.R., and Swanson, V.E., 1977, Trace elements in Rocky Mountain coals,
in Murray, D.K., ed., 1977, Geology of Rocky Mountain Coal--A Symposium,
T976: Colorado Geological Survey Resource Series 1, p. 143-163.

Haun, J.D., 1959, Lower Cretaceous stratigraphy of Colorado, in Haun, J.D., and
Weimer, R.J., eds., Symposium on Cretaceous rocks of Colorado and adjacent
areas, 11th Annual Field Conference: Rocky Mountain Association of
Geologists, p. 1-9.

1962, Introduction to the geology of northwestern Colorado, in Amuedo,
C.L., and Mott, M.R., eds., Exploration for oil and gas in northwestern
Colorado: Rocky Mountain Association of Geologists, p. 7-14.

Haun, J.D., and Weimer, R.J., 1960, Cretaceous stratigraphy of Colorado, in
Weimer, R.J., and Haun, J.D., eds., Guide to the geology of Colorado:
Geological Society of America-Rocky Mountain Association of Geologists-
Colorado Scientific Society, p. 58-65.

Haun, J.D., and Kent, H.C., 1965, Geologic history of the Rocky Mountain
region: American Association of Petroleum Geologists Bulletin, v. 49, no.
11, p. 1781-1800.

Heaton, R.L., 1929, Relation of accumulation to structure in northwest

Colorado, in Structure of typical American oil fields: American
Association of Petroleum Geologists, v. II, p. 93-114.

- 14 -



Hebrew, Quey, and Picard, M.D., 1955, Paleozoic and Mesozoic correlation chart
of northwestern Colorado and adjacent areas, in Ritzma, H.R., and Oriel,
S.S., eds., Guidebook to the geology of northwest Colorado, 6th Annual
Field Conference: Intermountain Association of Petroleum Geologists-Rocky
Mountain Association of Geologists, p. 2.

Hewett, G.C., 1889, The northwestern Colorado coal region: American Institute
of Mining Engineers Transactions, v. 17, p. 375-380.

Hildebrand, R.T., Garrigues, R.S., Meyers, R.F., and Reheis, M.C., 1981,
Geology and chemical analysis of coal and coal-associated rock samples,
Williams Fork Formation (Upper Cretaceous), northwestern Colorado: U.S.
Geological Survey Open-File Report 81-1348, 94 p.

Hills, R.C., 1893, Coal fields of Colorado: U.S. Geological Survey, Mineral
Resources, 1892, p. 319-365.

Holt, R.D., 1972, Bibliography, coal resources in Colorado: Colorado
Geological Survey Bulletin 34-A, 32 p.

Honey, J.G., 1977, The paleontology of the Browns Park Formation in the
Maybell, Colorado, area and a taphonomic study of two fossil quarries in
Colorado and Arizona: University of Arizona Masters thesis, 197 p.

Horn, G.H., 1958, Geologic and structure map of the Maudlin Gulch, Temple
Canyon, and Danforth Hills oil fields and vicinity, Moffat County,
Colorado: U.S. Geological Survey Open-File Map, scale 1:31,680.

Horn, G.H., and Adair, J.S., 1953, Geologic and structure map of the Curtis
Creek coal district, Rio Blanco County, Colorado: U.S. Geological Survey
unnumbered map, scale 1:12,000.

Horn, G.H., and Cotton, C.B., 1950, Geologic and structure reconnaissance map
of part of the Axial coal district, Rio Blanco County, Colorado: U.S.
Geological Survey unnumbered map, scale 1:16,000.

Horn, G.H., Adair, J.S., and Richardson, E.E., 1952, Fractures caused by
collapse of the Streeter coal mine, Section 2, T. 3 N., R. 93 W., Moffat
County, Colorado: U.S. Geological Survey unnumbered map, scale 1:1,200.

Hornbaker, A.L., and Holt, R.D., 1973, 1972 summary of coal resources in
Colorado: Colorado Geological Survey Special Publication, no. 3, 15 p.

Hornbaker, A.L., Holt, R.D., and Murray, K.D., 1976, 1975 summary of coal
resources in Colorado: Colorado Geological Survey Special Publication,
no. 9, 17 p.

Hunt, E.H., 1938, Geology of the Wilson Creek dome, Ria Blanco and Moffat
Counties, Colorado: Mines Magazine, v. 28, no. 5, p. 192-195.

Hurd, Gordon, 1962a, Thornburg field, in Ritzma, H.R., and Oriel, S.S., eds.
Guidebook to northwestern Colorado: Rocky Mountain Association of
Geologists, p. 37-39.

3

- 15 -



Hurd, Gordon, 1962b, Thornburg field, in Amuedo, C.L., and Mott, M.R., e@s.,
Exploration for oil and gas in northwestern Colorado: Rocky Mountain
Association of Geologists, p. 37-39.

Intermountain Association of Petroleum Geologists and Rocky Mountain )
Association of Geologists, 1955, Tectonic map of northwest Colorado, 1in
Ritzma, H.R., and Oriel, S.S., eds., Guidebook to the geology of
northwest Colorado, 6th Annual Field Conference: Intermountain
Association of Petroleum Geologists-Rocky Mountain Association of
Geologists.

Isachsen, W.Y., 1955, Uranium deposits in the Skull Creek and Uranium Peak
districts, northwestern Colorado, in Ritzma, H.R., and Oriel, S.S., eds.,
Guidebook to the geology of northwestern Colorado, 6th Annual Field
Conference: Intermountain Association of Petroleum Geologists-Rocky
Mountain Association of Geologists, p. 124-125.

Izett, G.A., Cobban, W.A., and Gill, J.R., 1971, The Pierre shale near
Kremmling, Colorado, and its correlation to the east and west: U.S.
Geological Survey Professional Paper 684-A, 19 n.

Izett, G.A., Honey, J.G., and Brownfield, M.E., 1983, Geologic map of the
Citadel Plateau quadrangle, Moffat County, Colorado: U.S. Geological
Survey Miscellaneous Investigations Series Map I1-1532, scale 1:48,000.

Jansen, G.J., 1978, The petrography of western coals, in Hodgson, H.E., ed.,
1978, Proceedings of the Second Symposium on the Geology of Rocky
Mountain Coal--1977: Colorado Geological Survey Resource Series 4,

p. 181-186.

Jones, D.C., 1976a, Active/licensed coal mines of Colorado: Colorado
Geological Survey Open-File Report 76-1, scale 1:1,000,000.

1976b, Coal mines and coal fields of Colorado: Colorado Geological
Survey Information Series 1, scale 1:500,000.

1977, Licensed coal mines in Colorado: Colorado Geological Survey Map
Series 8, scale 1:1,000,000.

Jones, D.C., and Murray, D.K., 1976, Coal mines of Colorado--statistical
data: Colorado Geological Survey Information Series 2, 27 p.

Jones, D.C., Schultz, J.E., and Murray, D.K., 1978, Coal resources and
development map of Colorado: Colorado Geological Survey Map MS-9, scale
1:500,000.

Katich, P.J., 1959, Late Cretaceous faunal zones, western Colorado, in Haun,
J.D., and Weimer, R.J., eds., Symposium on Cretaceous rocks of Colorado
and adjacent areas, 11th Annual Field Conference: Rocky Mountain
Association of Geologists, p. 26-30.

Kelso, B.S., Ladwig, L.R., Sitowitz, L., 1981, Map and directory of permitted

Colorado coal mines, 1981: Colorado Geological Survey Map Series 15,
130 p., scale 1:1,000,000.

- 16 -



Kerr, B.G., 1958, Geology of the Pagoda area, Routt and Moffat Couqties,
northwestern Colorado: Colorado School of Mines Masters thesis, 124 p.

Khalsa, N.S., and Ladwig, L.R., eds., 1981, Colorado coal analysis
1976-1979: Colorado Geological Survey Information Series 10.

Kirkham, R.M., and Rogers, W.P., 1981, Earthquake potential in Colorado: A
Preliminary Evaluation: Colorado Geological Survey Bulletin 43, 175 p.

Kiteley, L.W., 1978, Stratigraphy of the Mesaverde Group and occurrence of
natural gas in northwest Colorado [abs.]: American Association of
Petroleum Geologists Bulletin, v. 62, no. 5, p. 887.

1979a, Sedimentology of the intertonguing Upper Cretaceous Mancos Shale
and Mesaverde Group in Moffat, Rio Blanco, and Routt Counties, Colorado
[abs.]: Geological Society of America Abstracts with Programs, v. 11,
no. 7, p. 458-459.

1979b, Stratigraphic measured sections of the Upper Cretaceous Mancos
Shale (upper part) and Mesaverde Group {(lower part), Moffat County,
Colorado: U.S. Geological Survey Open-File Report 79-1306, 47 p.

1979c, Depositional environments of gas-bearing Upper Cretaceous rocks
in northwestern Colorado [abs.]: U.S. Geological Survey Professional
Paper 1150, p. 27.

1980, Facies analysis of the Tower cycles of the Mesaverde Group (Upper
Cretaceous) in northwestern Colorado: University of Colorado Masters
thesis, 153 p.

1983, Paleogeography and eustatic-tectonic model of Late Campanian
(Cretaceous) sedimentation, southwestern Wyoming and northwestern
Colorado, in Reynolds, M.W., and Dolly, E.D., eds., Mesozoic
paleogeography of the west-central United States: Rocky Mountain
Paleogeography Symposium 2, Society of Economic Paleontologists and
Mineralogists, Rocky Mountain Section, p. 273-302.

1984, Facies analysis of the lower cycles of the Mesaverde Group (Upper
Cretaceous) in northwestern Colorado: U.S. Geological Survey Open-File
Report OF 83-0820.

Konishi, Kenji, 1959a, Geology of the Iles Dome area, Moffat and Rio Blanco
Counties, Colorado, and stratigraphic analysis of the Dakota Sandstone,
northwestern Colorado: Colorado School of Mines Masters thesis, 194 p.

1959b, Upper Cretaceous surface stratigraphy, Axial Basin and Williams
Fork area, Moffat and Routt Counties, Colorado, in Haun, J.D., and
Weimer, R.J., eds., Symposium on Cretaceous rocks of Colorado and
adjacent areas, 11th Annual Field Conference: Rocky Mountain Association
of Geologists, p. 67-73.

1959c, Stratigraphy of Dakota sandstone, northwestern Colorado, in Haun,

J.D., and Weimer, R.J., eds., Symposium on Cretaceous rocks of Colorado
and adjacent areas, 11th Annual Field Conference: Rocky Mountain
Association of Geologists, p. 30-32.

- 17 -



Kramer, W.B., 1939, Geologic map of the Wilson Creek dome, Rio Blanco and
Moffat Counties, Colorado: U.S. Geological Survey unnumbered map, scale
1:24,000.

Ladwig, L.R., compiler, 1983a, Colorado energy activity profile: Colorado
Geological Survey Open-File Report 81-7, 270 p.

1983b, 1981 Summary of coal resources in Colorado: Colorado Geological
Survey Special Publication 23, 22 p.

Landis, E.R., 1959, Coal reserves of Colorado: U.S. Geological Survey
Bulletin 1072-C, p. 131-232.

Landon, R.E., and Thurman, F.A., 1955, Pennsylvanian of northwest Colorado, in
Ritzma, H.R., and Oriel, S.S., eds., Guidebook to the geology of T
northwest Colorado, 6th Annual Field Conference: Intermountain
Association of Petroleum Geologists-Rocky Mountain Association of
Geologists, p. 12-15.

LKB Resources, 1979, NURE aerial gamma-ray and magnetic reconnaissance survey;
Colorado-Arizona area, Craig NK 13-10 quadranglie; volume I-narrative
report: U.S. Department of Energy, National Uranium Resources Evaluation
Report no. IJBX 153(79), 98 p.

Lord, N.W., Holmes, J.A., Stanton, F.M., Fieldner, A.C., and Sanford, Samuel,
1913, Analyses of coals in the United States with descriptions of mine
and field samples collected between July 1, 1904, and June 30, 1910:
1J.S. Bureau of Mines Bulletin 22, 1200 p.

Madden, D.H., 1979, Biostratigraphy of the Pierre Shale in North Park,
Colorado, and correlation with sections in Boulder, Middle Park, and
northwest Colorado: U.S. Geological Survey Open-File Report 79-729, 17 p.

Masters, C.D., 1959, Correlation of the post-Mancos Upper Cretaceous sediments
of the Sand Wash and Piceance Basins, in Haun, J.D., and Weimer, R.J.,
eds., Symposium on Cretaceous rocks of Colorado and adjacent areas, 11th
Annual Field Conference: Rocky Mountain Association of Geologists,

p. 78-80.

Mayer, V.J., 1964, Stratigraphy and paleontology of the Mississippian
formations of Moffat County, Colorado: The Mountain Geologists, v. 1,
no. 1, p. 25-34.

McGookey, D.P., Haun, J.D., Hale, L.A., Goodell, H.G., McCubbin, D.G., Weimer,
R.J., and Wulf, G.R., 1972, Cretaceous system, in Mallory, W.W., ed.,
Geologic Atlas of the Rocky Mountain region: Rocky Mountain Association
of Geologists, p. 190-228.

McGuire, R.K., Krusi, Alan, and Oaks, S.D., 1982, The Colorado earthquake of
November 7, 1982: size, epicentral location of intensities, and possible
causative fault: The Mountain Geologist, v. 19, no. 1, p. 11-23.

Merriam, D.F., 1954, Tertiary geology of the Piceance Basin, northwestern
Colorado: The Compass, v. 31, p. 154-171.

- 18 -



Miller, A.E., 1977, Geology of Moffat County, Colorado: Colorado Geological
Survey Map Series 3, scale 1:126,720.

Miller, F.X., 1977, Biostratigraphic correlation of the Mesaverde Group in
southwestern Wyoming and northwestern Colorado, in Veal, H.K., ed.,
Symposium on exploration frontiers of the Central and Southern Rockies:
Rocky Mountain Association of Geologists, p. 117-137.

Morris, R.W., 1971, Upper Cretaceous foraminifera from the upper Mancos
Formation, the Mesaverde Group, and the basal Lewis Formation,
northwestern Colorado: Micropaleontology, v. 17, no. 3, p. 237-296.

Mott, M.R., 1962, Geologic map of northwestern Colorado, in Amuedo, C.L., and
Mott, M.R., eds., Exploration for 0il and gas in northwestern Colorado:
Rocky Mountain Association of Geologists, scale 1:250,000.

Muller, S.C., 1976, Lithologic and geophysical logs of seven holes drilled in
1975 in the Yampa and Danforth Hills coal fields, northwestern
Colorado: U.S. Geological Survey Open-File Report 76-383, 180 p.

Murray, D.K., 1976, Energy resource development map of Colorado: Colorado
Geological Survey Map MS-6, scale 1:500,000.

1980, 1979 Summary of coal resources in Colorado: Colorado Geological
Survey Special Publication 13, 24 p.

Murray, F.N., 1962, The geology of the Grand Hogback Monocline near Meeker,
Colorado: University of Colorado Masters thesis.

1965, The stratigraphy and structural geology of the Grand Hogback
Monocline, Colorado: University of Colorado Ph. D. dissertation, 219 p.

Nelson, Erik, 1955, Iles dome, Moffat County, Colorado, in Ritzma, H.R., and
Oriel, S.S., eds., Guidebook to the geology of northwest Colorado, 6th
Annual Field Conference: Intermountain Association of Petroleum
Geologists-Rocky Mountain Association of Geologists, p. 90-91.

Newman, K.R., 1961, Micropaleontology and stratigraphy of Late Cretaceous and
Paleocene formations, northwestern Colorado: University of Colorado
Ph. D. dissertation.

1962, Microfossil correlations of Upper Cretaceous and Paleocene
formations, Sand Wash and Piceance basins, northwestern Colorado
[abs.]: Geological Society of America Special Paper 68, p. 96.

1964, Palynologic correlations of Late Cretaceous and Paleocene
formations, northwestern Colarado, in Cross, A.T., ed., Palynology in oil
exploration: Society of Economic Paleontologists .and Mineralogists
Special Publication 11, p. 169-180.

1965a, Upper Cretaceous-Paleocene guide palynomorphs from northwestern

Colorado: University of Colorado Studies, Series in Earth Sciences, no.
2, 21 p.

- 19 -



Newman, K.R., 1965b, Mancos to Wasatch measured section in Meeker-Rio Blanco
area, northwestern Colorado: Mountain Geologist, v. 2, no. 3 p. 135-139.

Nutt, C.J., 1978, Drilling during 1977 in the Danforth Hills coal field, Axial
and Ninemile Gap quadrangles, Moffat and Rio Blanco Counties, Colorado:
U.S. Geological Survey Open-File Report 78-0273, 17 p.

1981, Geologic map and coal deposits of the western part of Ninemile Gap
quadrangle and the southern part of Axial quadrangle, Moffat and Rio
Blanco Counties, Colorado: U.S. Geological Survey Open-File Report
81-0012, scale 1:24,000.

Obradovich, J.n., and Cobbin, W.A., 1975, A time-scale for the Late Cretaceous
of the Western interior of North America: Geological Association of
Canada, Special Paper No. 13, p. 31-54.

0'Boyle, C.C., 1955, The Cretaceous rocks of northwestern Colorado, in Ritzma,
H.R., and Oriel, S.S., eds., Guidebook to the geology of northwest
Colorado, 6th Annual Field Conference: Intermountain Association of
Petroleum Geologists-Rocky Mountain Association of Geologists, p. 32-35.

1960, Northwest Colorado, in Del Rio, S.M., Mineral Resources of
Colorado, First Sequel: State of Colorado Mineral Resources Board,
p. 593-623.

1962, Surface mapping in northwestern Colorado, in Amuedo, C.L., and
Mott, M.R., eds., Exploration for 0il and gas in northwestern Colorado:
Rocky Mountain Association of Geologists, p. 45-48.

Oburn, R.C., 1955, Photogeologic interpretation of the Danforth Hills
anticline, Moffat and Rio Blanco Counties, Colorado, in Ritzma, H.R., and
Oriel, S.S., eds., Guidebook to the geology of northwest Colorado, 6th
Annual Field Conference: Intermountain Association of Petroleum
Geologists-Rocky Mountain Association of Geologists, pl. IX.

Osterwald, F.W., and Dean, B.G., 1958a, Preliminary tectonic map of northern
Colorado and northeastern Utah, showing the distribution of uranium
deposits: U.S. Geological Survey Miscellaneous Field Studies Map MF-130.

1958b, Preliminary tectonic map of northern Colorado and northeastern
Utah showing the distribution of uranium deposits: U.S. Geological
Survey Miscellaneous Field Studies Map MF-696.

Owen, A.E., 1955, Generalized areal geologic map, northwest Colorado and
adjacent southern Wyoming, in Ritzma, H.R., and Oriel, S.S., eds.,
Guidebook to the geology of northwest Colorado, 6th Annual Field
Conference: Intermountain Association of Petroleum Geologists-Rocky
Mountain Association of Geologists, pl. VII., scale 1:506,880.

Peterson, 0.A., 1924, Discovery of fossil mammals in the Browns Park formation
of Moffat County, Colorado: Carnegie Museum Annals, v. 15, p. 300.

1928, The Browns Park formation: Carnegie Museum Memoirs, v. 11, no. 2,
p. 87-130.

- 20 -



Picard, M.D., 1955a, Pre-Cretaceous stratigraphic cross section, northwest
Colorado, in Ritzma, H.R., and Oriel, S.S., eds., Guidebook to the
geology of northwest Colorado, 6th Annual Field Conference: )
Intermountain Association of Petroleum Geologists-Rocky Mountain
Association of Geologists, p. 26.

1955b, Pre-Cretaceous stratigraphic cross section, northwest Colorado,
in Ritzma, H.R., and Oriel, S.S., eds., Guidebook to the geology of
northwest Colorado, 6th Annual Field Conference: Intermountain
Association of Petroleum Geologists-Rocky Mountain Association of
Geologists, p. 50-51.

Picard, M.D., and McGrew, P.0., 1955, Correlation of Cenozoic deposits of
northwest Colorado, in Ritzma, H.R., and Oriel, S.S., eds., Guidebook to
the geology of northwest Colorado, 6th Annual Field Conference:
Intermountain Association of Petroleum Geologists-Rocky Mountain
Association of Geologists, p. 50-51.

Pipiringos, G.N., and Rosenlund, G.C., 1977, Preliminary geologic map of the
White Rock quadrangle, Rio Blanco and Moffat Counties, Colorado: U.S.
Geological Survey Miscellaneous Field Studies Map MF-837, scale 1:24,000.

Piro, F.J., 1962, Summary of oil producing formations of northwestern
Colorado, in Amuedo, C.L., and Mott, M.R., eds., Exploration for o0il and
gas in northwestern Colorado: Rocky Mountain Association of Geologists,
p. 144-148.

Powell, J.W., 1876, Report on the geology of the eastern portion of the Uinta
Mountains and a region of country adjacent thereto: U.S. Geological and
Geographical Survey of the Territories (Powell Survey), 218 p.

Purson, J.D., 1980, Uranium hydrogeochemistry and stream sediment
reconnaissance of the Vernal NTMS quadrangle, Utah/Colorado, including
concentrations of forty-two additional elements: University of
California, Los Alamos Scientific Laboratory Informal Report LA-7670-MS,
169 p.

Reeside, J.B., Jr., 1957, Paleoecology of the Cretaceous seas of the western
interior: Geological Society of America Memoir 67, v. 2, p. 505-542.

Reheis, M.C., 1976, Reconnaissance drilling in the Danforth Hills coal field,
Moffat and Rio Blanco Counties, Colorado, August-September 1976: U.S.
Geological Survey Open-File Report 76-870, 74 p.

1978a, Drilling during 1977 in the Danforth Hills coal field, Easton
Gulch and Devils Hole Gulch quadrangles, Moffat County, Colorado: U.S.
Geological Survey Open-File Report 78-272, 29 p.

1978b, Drilling during 1978 in the Danforth Hills coal field, Easton
Gulch, Devils Hole Gulch, Axial, and Ninemile Gap quadrangles, Moffat and
Rio Blanco Counties, Colorado: U.S. Geological Survey Open-File Report
78-1031, 38 p.

- 21 -



Reheis, M.C., 1980a, Geologic map and coal sections of the Thornburgh
quadrangle, Moffat and Rio Blanco Counties, Colorado: U.S. Geological
Survey Open-File Report 80-251, scale 1:24,000.

1980b, Geologic map and coal sections of the Sawmill Mountain
quadrangle, Rio Blanco County, Colorado: U.S. Geological Survey Open-
File Report 80-252, scale 1:24,000.

1981, Geologic map and coal resources of the Easton Gulich quadrangle,
Moffat County, Colorado: U.S. Geological Survey Coal Investigations Map
C-87, scale 1:24,000.

1983a, Geologic map and coal sections of the Sawmill Mountain
quadrangle, Rio Blanco County, Colorado: U.S. Geological Survey Coal
Investigations Map C-99, scale 1:24,000.

1983b, Geologic map and coal sections of the Thornburgh quadrangle,
Moffat and Rio Blanco counties, Colorado: 1.S. Geological Survey Coal
Investigations Map C-100, scale 1:24,000.

Reheis, M.C., and Nutt, C.J., 1978, Freshwater limestone and interbedded
basalt in the Browns Park formation, White River Uplift, northwestern
Colorado: Geological Society of America, Abstracts with Programs, v. 10,
no. 5, p. 236.

Reheis, M.C., and Peterson, J.E., 1977, Reconnaissance drilling in the
Danforth Hills coal field, Moffat and Rio Blanco Counties, Colorado,
September-October 1976: U.S. Geological Survey Open-File Report 77-42,
67 p.

Ritzma, H.R., 1959, The Morapos sandstone member of the Mancos shale, Axial
Basin vicinity, northwest Colorado, in Haun, J.D., and Weimer, R.J.,
eds., Symposium on Cretaceous rocks of Colorado and adjacent areas, 11th
Annual Field Conference: Rocky Mountain Association of Geologists,

p. 50-53.

Ritzma, H.R., and Oriel, S.S., eds., 1955, Guidebook to the geology of
northwest Colorado, 6th Annual Field Conference: Intermountain
Association of Petroleum Geologists-Rocky Mountain Association of
Geologists, 185 p.

Robinson, C.S., and Associates, 1975, Mineral resources maps of Moffat County,
Colorado: Colorado Geological Survey Open-File Report 75-3, scale
1:126,720.

Robinson, Peter, 1972, Tertiary history, in Mallory, W.W., ed., Geologic Atlas
of the Rocky Mountains region: Rocky Mountain Association of Geologists,
p. 233-242.

Rocky Mountain Association of Geologists, 1955, Tectonic map of northwest
Colorado, in Ritzma, H.R., and Oriel, S.S., eds., Guidebook to the
geology of northwest Colorado, 6th Annual Field Conference:
Intermountain Association of Petroleum Geologists-Rocky Mountain
Association of Geologists, scale 1:740,000.

- 22 -



Ross, D.M., and Battershill, M.C., (VTN), Draft Environmental Impqcp Statement
for the proposed Colowyo Mine of Colowyo Coal Company, a Division of W.R.
Grace and Co., VTN, Colorado, July 15, 1974.

Rowley, P.D., Tweto, Ogden, Hansen, W.R., and Carrara, P.E., 1979, Geologic
map of the Vernal 1 x 2 quadrangle, Colorado, Utah, and Wyoming: U.S.
Geological Survey Miscellaneous Investigations Map I-1526, scale
1:250,000. In press.

Rushworth, P., Kelso, B.S., Ladwig, L.R., 1984, Map, directory, and statistics
of permitted Colorado coal mines, 1983: C(Colorado Geological Survey Map
Series 23, 147 p., scale 1:1,000,000.

Scott, G.R., and Cobban, W.A., 1959, So-called Hygiene group of northeastern
Colorado, in Haun, J.D., and Weimer, R.J., eds., Symposium on Cretaceous
rocks of Colorado and adjacent areas, 11th Annual Field Conference:
Rocky Mountain Association of Geologists, p. 124-131.

Scroggs, D.L., 1975, Slope map of the Meeker area, Rio Blanco County,
Colorado: Colorado Geological Survey Open-File Report 75-6, scale
1:24,000.

Sears, J.D., 1925, Geology and oil and gas prospects of part of Moffat County,
Colorado, and southern Sweetwater County, Wyoming: U.S. Geological
Survey Bulletin 751, p. 269-319.

Sears, J.D., and Bradley, W.H., 1925, Relations of the Wasatch and Green River
Formations in northwestern Colorado and southern Wyoming, with notes on
0il shale in the Green River Formation: U.S. Geological Survey
Professional Paper 132, p. 93-107.

Sharp, J.V.A., 1963, Unconformities within basal marine Cretaceous rocks of
the Piceance Basin, Colorado: University of Colorado Ph. D.
dissertation, 170 p.

Sharps, S.L., 1955, Correlation of pre-Mancos, post-Weber formations,
northwestern Colorado, in Ritzma, H.R., and Oriel, S.S., eds., Guidebook
to the geology of northwest Colorado, 6th Annual Field Conference:
Intermountain Association of Petroleum Geologists-Rocky Mountain
Association of Geologists, p. 16-17.

1956, Geology of King Mountain, Routt County, Colorado, and correlation
of pre-Mancos, post-Weber formations, northwestern Colorado: University
of Colorado Masters thesis, 92 p.

Smith, H.L., Hettinger, R.D., and Lutz, G.A., 1976, Leasable mineral and
waterpower land classification map of the Craig quadrangle, Colorado-
Wyoming: U.S. Geological Survey Open-File Report 76-174, scale
1:250,000.

Smith, J.H., 1961, A summary of stratigraphy and paleontology of the upper
Colorado and Montana Groups, southern Wyoming, northeastern Utah, and
northwestern Colorado, in Wiloth, G.J., ed., Symposium on Late Cretaceous
rocks of Wyoming, 16th Annual Field Conference: Wyoming Geological
Association, p. 101-112.

- 23 -



Tweto, Ogden, 1975a, Preliminary geologic map of the east half of the Vernal
1 x 2 quadrangle, Colorado: U.S. Geological Suvey Open-File Report
75-588, scale 1:250,000.

1975b, Preliminary geologic map of the Craig 1 x 2 quadrangle,
northwestern Colorado: U.S. Geological Survey Miscellaneous Field
Studies Map MF-666, scale 1:250,000.

1975¢c, Laramide (Late Cretaceous-early Tertiary) orogeny in the southern
Rocky Mountains, in Curtis, B. F., ed., Cenozoic history of the southern
Rocky Mountains: Geological Society of America Memoir 144, p. 1-44,

1976, Geologic map of the Craig 1 x 2 quadrangle, northwestern
Colorado: U.S. Geological Survey Miscellaneous Geologic Investigations
Map 1-972, scale 1:250,000.

U.S. Bureau of Land Management, 1975, Taylor Creek study site, Axial basin

coal field: Energy Minerals Rehabilitation and Inventory Analysis report
no. 3-1975, 89 p.

1976, Final environmental statement northwest Colorado coal.

U.S. Bureau of Mines, 1937, Analyses of Colorado coals: U.S. Bureau of Mines
Technical Paper 574, 327 p.

U.S. Geological Survey, 1977, Energy resources map of Colorado: U.S.
Geological Survey Miscellaneous Geologic Investigations Map I-1039, scale
1:500,000.

1978, Land use and land cover and associated maps for Craig, Colorado,
Wyoming: U.S. Geological Survey Open-File Report 78-242, scale
1:250,000.

1980a, Land use and land cover, 1975-77, Vernal, Utah; Colorado;
Wyoming: U.S. Geological Survey Land lse Series Map L-142, scale
1:250,000.

1980b, Land use and land cover, 1975-77 Craig, Colorado; Wyoming: U.S.
Geological Survey Land Use Series Map L-179, scale 1:250,000.

Vieaux, D.G., and Horn, G.H., 1946, Geologic and structure contour map of the
Axial coal district, Moffat County, Colorado: U.S. Geological Survey
unnumbered map, scale 1:15,840.

Weimer, R.J., 1959, Upper Cretaceous stratigraphy, Cotorado, in Haun, J.D.,
and Weimer, R.J., eds., Symposium on Cretaceous rocks of Colorado and
adjacent areas, 11th Annual Field Conference: Rocky Mountain Association
of Geologists, p. 9-16.

1960, Upper Cretaceous stratigraphy, Rocky Mountain area: American
Association of Petroleum Geologists Bulletin, v. 44, no. 1, p. 1-21.

1961, Upper Cretaceous delta on tectonic foreland, northern Colorado and
southern Wyoming [abs.]: American Association of Petroleum Geologists
Bulletin, v. 45, pt. 3, p. 417.

- 24 -



Weimer, R.J., 1962, Late Jurassic and Early Cretaceous correlations, south-
central Wyoming and northwestern Colorado, in Enyert, R.L., and Curry,
W.H., 111, eds., Symposium on Early Cretaceous rocks of Wyoming: Wyoming
Geological Association 17th Annual Field Conference Guidebook,

p. 124-130.

1965, Late Cretaceous deltas, Rocky Mountain region [abs.]: American
Association of Petroleum Geologists Bulletin, v. 49, p. 363.

1970, Rates of deltaic sedimentation and intrabasin deformation, Upper
Cretaceous of Rocky Mountain Region, in Morgan, J.P., ed., Deltaic
sedimentation modern and ancient: Society of Economic Paleontologists
and Mineralogists Special Publication MNo. 15, p. 270-292.

1976a, Stratigraphy and tectonics of western coals: Abstracts of 1976
symposium on the geology of Rocky Mountain coal, p. 2.

1976b, Stratigraphy and tectonics of western coals, in Murray, D.K.,
ed., 1977, Geology of Rocky Mountain Coal--A Symposium, 1976: Colorado
Geological Survey Resource Series 1, p. 9-27.

Weimer, R.J., and Haun, J.D., eds., 1960, Guide to geology of Colorado:
Geological Society of America-Rocky Mountain Association of
Geologists-Colorado Scientific Society, 310 p.

Weimer, R.J., and Haun, J.D., 1960, Cretaceous stratigraphy, Rocky Mountain
region, U.S.A., in Rasmussen, L.B., and Larsen, Gunnar, eds., Part XII,
Regional paleogeography: Report of the 21st session, Norden,
International Geological Congress, p. 178-184.

Weston, W., 1904?, The hydrocarbon field of western Colorado and eastern Utah
on the projected line of the Denver, Northwestern and Pacific Railroad:
Denver, Northwestern and Pacific Railroad, 39 p.

White, C.A., 1878, Report on the geology of a portion of northwestern
Colorado, in Hayden, F. V., Tenth Annual Report of the U.S. Geological
and Geographical Survey of the Territories (Hayden Survey): Part 1,
p. 5-60.

1889, On the geology and physiography of a portion of northwestern
Colorado and adjacent parts of Utah and Wyoming, in Powell, J.W., Ninth
Annual Report of the U.S. Geological Survey: p. 677-712.

Willis, J.B., 1957, Geology of the Yellowjacket anticline area, Rio Blanco
County, Colorado: Colorado School of Mines Masters thesis.

Witkind, 1.J., and Keogh, J.W., 1975, Index map showing available topography
and aerial photography for Craigl x 2 quadrangle, Colorado and
Wyoming: U.S. Geological Survey Open-File Report 75-42, scale 1:250,000.

Zapp, A.D., and Cobban, W.A., 1960, Some Late Cretaceous strand lines in

northwestern Colorado and northeastern Utah: U.S. Geological Survey
Professional Paper 400-B, p. B246-B249.

- 25 -



Smith, J.H., 1965, A summary of stratigraphy and paleontology, upper Colorado
and Montana Groups, south-central Wyoming, northeastern Utah, and
northwestern Colorado, in DeVoto, R.H., and Bitter, R.K., eds., Guidebook
to the sedimentation of Late Cretaceous and Tertiary outcrops, Rock
Springs Uplift, Wyoming, 19th Annual Field Conference: Wyoming
Geological Association, p. 13-26.

Speltz, C.N., 1974, Strippable coal resources of Colorado--location, tonnage,
and characteristics: U.S. Bureau of Mines Preliminary Report 195, 68 p.

1976, Strippable coal resources of Colorado--location, tonnage, and
characteristics of coal and overburden: 1J.S. Bureau of Mines Information
Circular 8713, 70 p.

Stokes, W.L., 1955, Geomorphology of northwest Colorado, in Ritzma, H.R., and
Oriel, S.S., eds., Guidebook to the geology of northwest Colorado, 6th
Annual Field Conference: Intermountain Association of Petroleum
Geologists-Rocky Mountain Association of Geologists, p. 56-59.

Thomas, C.R., McCann, F.T., and Raman, N.D., 1945, Mesozoic and Paleozoic
stratigraphy of northwestern Colorado and northeastern Utah: U.S.
Geological Survey 0il and Gas Investigations Preliminary Chart 16.

Thompson, M.L., 1945, Pennsylvanian rocks and fusulinids of east Utah and
northwest Colorado correlated with Kansas section: State Geological
Survey of Kansas Bulletin, no. 60, pt. 2, p. 17-84.

Toy, T.J., and Grim, D.S., 1980, A climatic appraisal of the rehabilitation
potential of strippable coal lands in the Green, Yampa, and White River
drainage basins, Colorado, Utah, and Wyoming: U.S. Geological Survey
Miscellaneous Field Studies Map MF-1212, 3 sheets, scale 1:1,000,000.

Trask, N.J., Jr., 1956a, Geology of the Buford area, Rio Blanco County,
Colorado: University of Colorado unpublished Masters thesis, 76 p.

1956b, Permo-Pennsylvanian stratigraphy of the Bufford area, Rio Blance
County, Colorado [abs.]: Geological Society of America Bulletin, v. 67,
no. 12, pt. 2, p. 1802.

Tremain, C.M., and others, 1983, The coal bed methane resources of Colorado:
Colorado Geological Survey Map Series 19, scale 1:500,000.

Tremain, C.M., and Toomey, J.J., 1983, Coal bed methane desorption data:
Colorado Geological Survey Open-File Report 81-4, 514 p.

Tschudy, R.H., 1961, Palynomorphs as indicators of facies environments in
Upper Cretaceous and Lower Tertiary strata, Colorado and Wyoming, in
Wiloth, G.J., ed., Symposium on Late Cretaceous rocks of Wyoming, 16th
annual field conference: Wyoming Geological Association, p. 53-59.

Turner, D.S., 1955, Selected oil and gas fields of northwest Colorado and
southwest Wyoming, in Ritzma, H.R., and Oriel, S.S., eds., Guidebook to
the geology of northwest Colorado, 6th Annual Field Conference:
Intermountain Association of Petroleum Geologists-Rocky Mountain

Association of Geologists p. 119-122.

- 26 -



SELECTED REFERENCES ON THE GEOLOGY OF THE
YAMPA COAL FIELD, SOUTHERN GREEN RIVER COAL REGION,
MOFFAT, ROUTT AND RIO BLANCO COUNTIES, COLORADO

(Previously published as "Selected References on the Geology of the
Yampa Coal Field and Sand Wash Basin, Moffat, Routt, and
Rio Blanco Counties, Colorado", U.S. Geological Survey
Open-File Report 84-769, 1984, revised 1986 for this publication.)

by
Edward A. Johnson and Michael E. Brownfield
U.S. Geological Survey

- 27 -



CONTENTS

Page
Introduction.....eiiieiiiieeennneennennnns Ceeesecstteseerseseearesntesanns 29
PRYST0graphy. cuueeiiiiieeeennsnanensseeesoseeesasesocssossssanssssscnnnsns 29
Regional coal stratigraphy..ceeeeeeeeeeeeeceseeosseseeeoncssssoansans ceeene 29
C0@T FESOUNCES . et ereteeieansseasssnsnsseasosasnsacssnssssssasssnsssasosnnas 33
S =] o o] TP 34
FIGURES
1. Location map showing the Yampa and adjacent coal fields in
nOrthwest Colorado....uoveieeeeeeereorsesecrossesssossssonsssosnssscnnans 30
2. Generalized stratigraphic sections of the coal-bearing formations
of northwest Colorado....ccevevecvecnnanaas Cheeteetcesssessessesaesnnns 31

- 28 -



INTRODUCTION

The selected references contained in this report cover most geologic
subjects relevant to areas in or adjacent to the Yampa coal field of
northwestern Colorado (fig. 1). Also included are listings for the
southeastern part of the Sand Wash Basin which is known to contain coal at
depths of less than 3,000 ft. Approximately 385 references are listed ranging
from 1874 to 1984. While no such 1ist should ever be considered complete, it
is hoped that this work contains the basic sources necessary to those earth
scientists studying the area. Most of the references can be found in larger
public libraries and those of major colleges and universities.

PHYSIOGRAPHY

The Yampa coal field is an area characterized by rolling hills, broad
river valleys, and Tow mountain ranges. Elevations within the coal field
typically range between 6,000 and 8,000 ft. This area is partly bordered by
higher, mountainous terrain where elevations locally exceed 12,000 ft. The
coal field is drained by the Yampa River.

REGIONAL STRATIGRAPHY

There are approximately 30 named stratigraphic formations or groups in
the general region of the Yampa coal field. Distribution of most of these
units is shown on various regional geologic maps, particularly those complied
by Miller (1975, 1977) and Tweto (1976).

Formations of late Mesozoic age (Cretaceous) are the oldest strata that
contain coal beds of economic interest in northwestern Colorado (fig. 2). In
ascending order, the Dakota Sandstone, Mowry Shale, Frontier Sandstone,
Niobrara Formation, and Mancos Shale were deposited under marine or marginal-
marine conditions and do not contain coal in this area.

The Iles and Williams Fork Formations, which comprise the Mesaverde
Group, were deposited primarily in terrestrial environments which included
swamps where the organic materials accumulated that later formed the present
coal beds of these units. Fluctuations of sea level did occur so that some
rocks of marine or marginal-marine origin are 1nterbedded with the nonmarine
coal-bearing rocks.

The Iles Formation, which is the lower part of the Mesaverde Group,
consists of a sequence of rocks about 1,500 ft thick containing massive
ledge-forming beds of sandstone interbedded with sandy shale, shale, and
widely distributed coal. The coal beds in this formation are assigned to the
lower coal group of the Mesaverde Group. The thicknesses of individual beds
of sandstone vary greatly, but some sandstone units, or zones, persist
throughout the area and deserve special mention as guides to correlation
within the coal field. They are: (1) the Tow Creek Sandstone Member at the
base in the eastern part of the coal field, (2) a double ledge-forming
sandstone sequence about 400 ft above the base also located in the eastern
part of the field, and (3) the Trout Creek Sandstone Member occurring
throughout the coal field at the top of the formation.
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The Williams Fork Formation, which overlies the Iles Formation and
comprises the upper part of the Mesaverde Group, ranges in thickness from
1,100 ft near Mount Harris to nearly 2,000 ft at the west margin of the Yampa
coal field. The formation continues to increase in thickness southwestward
toward Meeker, where Hancock and Eby (1930) measured as much as 5,050 ft. The
formation includes thin to thick sandstone beds, sandy shale, shale, and
coal. A massive cliff-forming sandstone about 100 ft thick named the
Twentymile Sandstone Member divides the formation into two parts: a lower
part containing the so-called middle coal group and an upper part containing
the so-called upper coal group of the Mesaverde Group. In the eastern part of
the coal field the middle coal group contains several thick coal beds. These
beds are named in ascending order: the Wolf Creek, Wadge, and Lennox, and are
found in the Mount Harris and 0ak Creek areas. To the west in the Williams
Fork Mountains these names are not used but many economical beds occur in the
middie group. The upper coal group of the Williams Fork Formation lies above
the Twentymile Sandstone Member. In the vicinity of Mount Harris, Twentymile
Park, and Fish Creek the thickness of the unit is about 200 ft and consists of
beds of sandstone, sandy shale, shale, and one coal bed about 3 ft thick. In
the Williams Fork Mountains the upper coal group is about 800 ft thick and
contains up to nine coal zones (Bass, Eby, and Campbell, 1955).

The Mesaverde Group crops out across much of the southern part of the
coal field, including a large area southeast of Hamilton. In addition, a
narrow band of outcrops extend north from just east of the Hayden area to the
Elkhead Mountains. To the northwest, the Mesaverde Group plunges to several
thousand feet under the Sand Wash Basin where it is probably too deep to be of
economic interest at the present time. This Group of coal-bearing rocks has
been described in various parts of the region by Bass, Eby, and Campbell
(1955) for the eastern Yampa coal field, and Hancock (1925) for the western
part. The upper part of the Mesaverde Group grades upward into, and
interfingers eastward with, marine beds of the Lewis Shale. This unit ranges
in thickness from 1,000 to 1,900 ft.

The uppermost Cretaceous rocks of the Lance Formation were deposited
under terrestrial conditions which included swamps in which organic debris
accumulated and later formed coal beds. Very little study has been done on
the Lance Formation in this area but the thickness of the formation is thought
to be about 1,050-1,500 ft and it is known to be composed of interbedded
sandstone, sandy shale, shale, and thin coal. Ritzma (1955) provides a brief

history of the end of the Cretaceous and beginning of early Cenozoic time in
this region.

During parts of earliest Tertiary time, in the Paleocene Epoch, fluvial
swamps were present and the accumulated organic material became the coal beds
of the Fort Union Formation. These coal beds are approximately the same age
as the lignites of Montana, Morth and South Dakota, and of the Denver Basin.
The Fort Union Formation overlies the Lance Formation and a regional
unconformity marked by a widespread conglomerate seperates the two units. The
Fort Union Formation consists of interbedded sandstone, shale, and coal.
Northeast of Craig, the formation is about 1,500 ft thick (Bass, Eby, and
Campbell, 1955), and contains one thick coal bed named the Seymour. West of
Craig the thickness of the formation ranges from 800 to 1,100 ft thick in the
Lay Creek area (Brownfield and Anderson, 1979) where it contains three coal
zones. The lower zone contains several coal beds up to 10 ft in thickness;
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the middle zone contains one thick coal bed called the Emerson which pinches
out towards the western margin of the area; and the upper coal zone contains
only the Blevins bed.

COAL RESOURCES

Landis (1959) describes the coal resources of the Yampa coal field as
being in the Colorado part of the Green River region which is the southern
extension of the Wyoming Basin Province of Wyoming and Colorado.

Structurally, the region is a broad northwestward-plunging syncline. The coal
ranges in rank from subbituminous to anthracite. Most of the coal is of
high-volatile C-bituminous rank, but coal along the eastern edge of the field
is locally of higher rank due to the close proximity of small intrusions.

The Williams Fork and Iles Formations, from which much of the expected
future production will come, contain coals with Btu values that range from
10,000 to 12,000 per pound as-received with a sulfur content that ranges from
0.3 to 1.9 percent. In these same coal beds the range of percentage value of
moisture is 8.4-17.6; volatile matter is 37.6-44.0; fixed carbon is 47.9-55.9;
and ash is 4.4-11.0. Coal found in the Fort Union Formation is considered to
be subbituminous in rank (Bass, Eby, and Campbell, 1955). Coal quality has
been determined from several core holes which were drilled through the middle
and upper coal zones by the Bureau of Reclamation and Utah Internationatl,
Inc. Analyses from these Fort Union coals indicate the following average
results on an as-received basis:

Volatile Fixed

Moisture Ash Sulfur matter carbon
(percent) (percent) (percent) (percent) (percent) Btu/1b
13 8 0.49 33.47 45.50 10,300

Estimates of reserves in the eastern part of the region were made by F.D.
Spencer (Bass, Eby, and Campbell, 1955). Landis (1959) estimated the reserves
in the western part of the field based on information contained in reports by
Gale (1909, 1910), Hancock (1925), and the U.S. Bureau of Mines (1937).
Reserves were estimated by individual bed except for the inferred coal west of
long 107°30' W. and south of lat 40°30' N. and for a small area in northern
Routt County where reserves were estimated on a coal-zone basis. For the
Yampa coal field a total of about 23,607 million tons of coal (76 percent
bituminous, 24 percent subbituminous) were estimated by Hornbaker, Holt, and
Murray (1976) to have beep originally present in an area of 828 mi“ and an
additional area of 852 mi“ may contain 21,300 tons of coal within 3,000 ft of
the surface.
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INTRODUCTION

The North Park, Middle Park, and South Park Coal Fields are intermontane
basins that contain coals of Paleocene and Cretaceous age. Coal production
has been Timited to the North Park and South Park Coal Fields only. Middle
Park Coal Field is a southern extension of North Park Coal Field and contains
minor amounts of coal in lower tertiary sediments. There will be no further
discussion of the Middle Park Coal Field in this paper due to a lack of
information on the area's limited coal resources. This collection of
references pertains to coal and related geologic subjects for the North Park,
Middle Park, and South Park Coal Fields of central Colorado. The references
were first printed as Colorado Geological Survey Open File Report 84-17
(August 1984) and updated in May 1986. Although all efforts were made to
compile a complete Tisting of references for this report, omissions are the
responsibility of the authors and should be brought to the attention of the
Colorado Geological Survey for inclusion in future printings.

NORTH PARK COAL FIELD

Physiography

The North Park Coal Field is located in north central Colorado and is a high
(8,000 to 9,000 ft.) intermontane basin. It is bounded by Independence
Mountain Thrust Fault on the north, the Medicine Bow - Front Range Uplift on
the east, the Williams River - Vasquez Mountains on the south, and the Park
Range Uplift on the west.

Coal Stratigraphy

Coals in the North Park Coal Field are found in the Late Paleocene and Early
Eocene Coalmont Formation. The Coalmont Formation is comprised of arkosic and
micaceous sandstones, minor conglomerates, claystones, mudstones, carbonaceous
shales, and coals and reaches a maximum thickness of 12,000 feet. Coals are
found in the Tower 3000 feet of the formation and are associated with braided
stream, overbank, and swamp deposits of a rapidly subsiding basin. The
Coalmont Formation unconformably overlies the Upper Cretaceous Pierre Shale.

There are two districts, the Coalmont and the McCallum Anticline, in the North
Park Coal Field. The districts are separated by the east-northeastern
trending Spring Creek Fault, which has 4,900 feet of displacement. The two
districts exhibit slightly different coal stratigraphy and each contain one
major coal bed. The Coalmont district contains the Riach coal bed which
occurs approximately 3,000 feet above the base of the Coalmont Formation. The
Riach coal bed ranges in thickness from 20 to 80 feet. The Coalmont district
contains numerous northwest trending faults with minor displacement and the
Riach coal bed dips from 5° to 26° east-northeast. The McCallum Anticline
district contains the Sudduth coal bed which occurs 50-250 feet above the base
of the Coalmont Formation and reaches a maximum thickness of 80 feet. The
Sudduth coal bed is folded into several anticlines and synclines with dips of
20° to vertical and has very few faults associated with it.

Coal Resources

Coals of the North Park Coal Field are subbituminous A and B in rank. The
U.S. Geological Survey has compiled an extensive coal quality data base for
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the coals of the Coalmont Formation (Hatch et. al., 1979). In the Coalmont
district, coal analyses fall within the following ranges ash-5.5-13.1%;
suifur-0.6-1.0%; moisture-14.5-20.2%; BTU/1b values-6,510-9,570 (as
received). In the McCallum district, the following range of analyses have
been collected: ash-2.1-19.2%; su]fur-0.2-0.3%; moisture-12.0-16.1%; BTU/1b
value-8,580-11,280.

Coal resources for the North Park Coal Field have been estimated at 3.7
billion tons of subbituminous coal, originally present in a 102 square mile
area (Landis, 1959). An additional 750 square miles is probably underlain by
minable coals of unknown thicknesses and depths.

SOUTH PARK COAL FIELD

Physiography

South Park Coal Field is an intermontane basin with an average elevation of
approximately 9,000 feet. This synclinal basin is bounded by the Mosquito and
Ten Mile Ranges on the north and northwest, the Front Range on the east, the
Thirtynine Mile Volcanic Field on the south and the Sawatch Range on the

west. The eastern and northern portions of the basin are underlain by
Jurassic through Paleocene sediments and the western half of the basin is
underlain by locally present Mississippian through Permian sediments. The
perimeter of the basin is covered by numerous glacial deposits and the center
of the basin contains volcanic lake deposits of Tertiary age.

Coal Stratigraphy

Coals in South Park Coal Field are found in the Cretaceous Laramie Formation.
The Cretaceous sequence in South Park Coal Field is the same as the Cretaceous
Front Range deposits and were contiguous prior to the Laramide Front Range
uplift. The Laramie Formation conformably overlies the Fox Hills Sandstone
and is conformably overlain by the Denver Formation where present. The
Laramie Formation consists of sandstones, shales, volcanic tufts, and coals
and ranges in thickness from 0 to 425 feet. Outcrops of the Laramie Formation
are found in isolated areas in the north- centra] part of the basin, in the
vac1n1ty of the Michigan Syncline.

Coal Resources

Very limited mining and exploration of Laramie coals has taken place in the
South Park Coal Field. Three coal seams have been identified in outcrop in
the area of the Michigan Syncline (Washburne, 1910). They range in thickness
from 4 to 12 feet. Two other seams, 12 and 6 feet thick, outcroped on a
smaller syncline northwest of the Michigan Syncline.

There are no modern coal analyses for the South Park coals but best estimates
from historical Titerature indicate that the coals are subbituminous B in
rank. Landis, 1959, states that the coals are probably of b1tum1nous rank
based upon physical properties of the coals.

Approximately 92 million tons of b1tum1nous coal have been est1mated as the
original resource for a 8 square mile area in the South Park Coal Field
(Landis, 1959). An additional 12 square mile area may contain minable coal
reserves at depths less than 3,000 feet (Landis, 1959).
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INTRODUCTION

The San Juan River Coal Region of southwestern Colorado is defined by the
Tower contact of the coal-bearing Dakota Formation (Goolsby et. al., 1979.)
The region extends as far north as the Grand Junction-Grand Valley area and
includes the San Juan Basin of New Mexico and Colorado. Coals in the region
are found in three Cretaceous formations: the Dakota Formation, the Menefee
Formation (Mesaverde Group), and the Fruitland Formation. This collection of
references pertains to coal and related geologic subjects for the San Juan
River Coal Region of southwestern Colorado. The references were first printed
as Colorado Geological Survey Open File Report 83-1 (April, 1983) and updated
in May 1986. Although all efforts were made to compile a complete listing of
references for this report, omissions are the responsibility of the authors
and should be brought to the attention of the Colorado Geological Survey for
inclusion in future printings.

PHYSIOGRAPHY

The San Juan River Coal Region and San Juan Basin encompasses a large area in
southwestern Colorado and northwestern New Mexico. The region includes parts
of the Gunnison and Uncompahgre Uplifts to the northwest, north and northeast,
the San Juan Basin to the south, and part of the Paradox Basin to the west.
The San Juan Basin, only a small portion within Colorado, is bounded by the
San Juan mountains on the north, the Archuleta and Nacimiento Uplifts on the
east, the Zuni Uplift on the southwest, and the Four Corners Platform on the
northwest.

COAL STRATIGRAPHY

The coal bearing formations in the San Juan River Coal Region are all
Cretaceous in age. These formations, in ascending order, are the Dakota
Formation, the Menefee Formation of the Mesaverde Group, and the Fruitland
Formation.

The Dakota Formation represents a transgressive sequence whigh ranges in
thickness from 175 to 275 feet. It is informally divided into three units:
the Tower which unconformably overlies the Morrison Formation and is a coarse
fluvial conglomerate; the middle unit which is a paludal, carbonaceous shale
and coal sequence with fluvial sandstones; and the upper unit which is a fine
grained marginal marine sandstone.

The Mancos Shale is a marine shale which ranges in thickness from 400 to 2,000
feet. It conformably overlies the Dakota Formation and was deposited in a
deep water, low energy environment. A thin limestone zone, found near the
base of the Mancos Shale, has an upper part containing sandy offshore type
deposits.

The Mesaverde Group ranges in thickness from 350 to 1,100 feet and is divided
into three formations. In ascending order, they are: the Point Lookout
Sandstone, the Menefee Formation and the Cl1iff House Formation.

The Point Lookout Sandstone is a regressive barrier sandstone which ranges in
thickness from 100 to 300 feet. It is conformably overlain by the Menefee
Formation and may contain root marks in the contact zone. The Menefee
Formation is a paludal series of carbonaceous shales, siltstones, channel
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sandstones, flood plain shales and coals. It reaches a maximum thickness of
400 feet. The C1iff House Formation conformably overlies the Menefee
Formation and is a transgressive sandstone sequence. It ranges in thickness
from 150 to 450 feet. The C1iff House Formation intertongues with the
underlying Menefee Formation and overlying Lewis Shale as a result of minor
regressions.

The Lewis Shale is a marine shale which ranges in thickness from 100 to 2,500
feet. The Lewis Shale is well known for its betonite marker beds, the most
prominant being the Huerfanito Bentonite Bed which is commonly used as a datum
for subsurface work in the region.

~ The Pictures Cliffs Sandstone is a regressive sand unit which ranges in
thickness from 125 to 400 feet. In some areas it intertongues with the
Fruitland Formation. The Pictured Cliffs Sandstone conformably overlies the
Lewis Shale.

The Fruitland Formation is a lower alluvial plain deposit of paludal
carbonaceous shales, siltstones, sandstones and coals. Coals in the lower
part of the Fruitland Formation were deposited in coastal swamps behind the
barrier island Pictured C1iffs Sandstone. The thinner coals of the upper
Fruitland Formation were deposited in inter-distributary channels and swamps.
The Fruitland Formation ranges in thickness from 100 to 600 feet.

The Kirtland Shale is an upper aluvial plain deposits of shales, siltstones,
and sandstones. The Kirtland Shale ranges in thickness from 1,000 to 1,200
feet. The Kirtland Shale conformably overlies the Fruitland Formation and
contains no carbonaceous shales or coals, suggesting a depositional
environment of high stream gradients and good drainage which prevented peat
accumulation.

COAL RESOURCES

Coals of the San Juan River Coal Region in Colorado range in rank from high
volatile C bituminous to Tow volatile bituminous. The coals of the Dakota and
Menefee Formations are very lenticular and usually less than 8 feet thick.
These coals also have lower ash contents than Fruitland Formation coals.
Menefee Formation coals, expecially in the Durango area, are said to have
coking properties.

The Dakota Formation coals in the Nucla-Naturita area contain 7 to 10 percent
ash, 4 to 6 percent moisture, 0.9 percent sulfur, and have heating values of
approximately 12,500 BTU/1b. The limited data available for Dakota coals
indicate that they are high volatile bituminous in rank. These coals at
greater depths in the San Juan Basin may approach semi-anthracite in rank.

The Menefee Formation coals west of the Durango area contain 5 to 17 percent
ash, 3 to 4 percent moisture, 0.75 percent sulfur, and have heating values of
11,500 to 13,000 BTU/1b. Menefee Formation coals at depth in the San Juan
Basin may also approach semi-anthracite in rank.

The Fruitland Formation coals of the San Juan Basin average 10 to 20 percent
ash, 1 to 5 percent moisture, 0.9 percent sulfur, and have heating values of
10,700 to 14,500 BTU/1b. Fruitland Formation coals in the northern area of
the region are usually high volatile to medium volatile bituminous in rank.
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In New Mexico, the southern portion of the basin contains sub-bituminous and
bituminous coals. The higher rank coals in the northern part of the basin are
attributed to greater thermal maturity due to the San Juan ingneous complex.

Several authors have calculated coal resource estimates for the region and/or
basin. In Colorado, a total of about 9,634 million tons of bituminous coal
was estimated to have been originally present in approximately 946 square
miles. An additional 1,240 square miles may have minable reserves in the
region (Landis, 1959). These estimates include all three coal-bearing
formations in a large number of areas in the region. Other resource estimates
for parts of the region have been calculated by: Storrs, 1902; Schrader,
1906; Shaler, 1907; Gardner, 1909; Zapp, 1949; Barnes et. al., 1954; Collier,
1919; Taft, 1907; Wanck, 1954; Shomaker et. al., 1971, Fassett and Hinds,
1971; and Shomaker and Holt, 1973.
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INTRODUCTION

The Uinta Coal Region of northwestern Colorado, containing the Piceance Creek
Basin (approx. 4,000 sq. mi.), covers nearly 7,200 sq. mi. as outlined by the
base of the Cretaceous Mesaverde Formation (Group). Coal is found in outcrop
and to depths exceeding 12,000 feet. This collection of references pertains
to coal and related geologic subjects for the Uinta Coal Region of Colorado
(containing the Piceance Creek Basin). The references were first printed as
Colorado Geological Survey Open File Report 84-1 (July 1984) and updated in
May 1986. Although all efforts were made to compile a complete listing of
references for this report, omissions are the responsibility of the author and
should be brought to the attention of the Colorado Geological Survey for
inclusion in future printings.

PHYSIOGRAPHY

The Uinta Coal Region of Colorado and Piceance Creek Basin are characterized
by a variety of topographic features. The river valleys of the Gunnison and
Colorado, basalt capped Grand and Battlement Mesas, and the volcanic West Elk
Mountains provide for total topographic relief of approximately 7,500 feet. A
majority of the region lies between 5,000 and 8,000 feet above sea level. The
area encompasses the northwest corner of the Colorado Plateau physiographic
province. The Piceance Creek Basin is a laramide, assymetric basin with a
northwestern/southeastern trending axis. It is bounded on the north by the
Uinta Mountains and Axial Basin Uplift; the Grand Hogback Monocline on the
east; the Elk and West ETk Mountains and the Gunnison Uplift to the south; the
Uncompahgre Uplift to the southwest; and the Douglas Creek Arch to the west.
The Douglas Creek Arch is the boundary separating the Uinta Basin of Utah and
the Piceance Creek Basin.

COAL STRATIGRAPHY

The coal bearing formations in this region are all Cretaceous in age.
Cretaceous sediments are marine and non-marine in origin and range from 6,000
to 11,000 feet in thickness. In ascending age, the formations are: the
Dakota Sandstone, Mancos Shale, and Mesaverde Formation (Group) including the
Ohio Creek Conglomerate.

The Dakota Sandstone was deposited in marginal marine, fluvial, and paludal
environments. It is primarily composed of sandstones, sandy conglomerates,
and carbonaceous shales. Thin, lenticular, uneconomic coal Tenses may be
present but none have been identified by this author, either in outcrop or in
subsurface studies. Thickness ranges from 100 to 200 feet.

The Mancos Shale overlies the Dakota Sandstone and ranges from 4,000 to 7,000
feet in thickness. It is a marine shale that was deposited while the
epicontinental shoreline was in eastern Utah. The upper Mancos Shale
intertongues with the Mesaverde Group as a result of minor transgressions
during the overall regression of the epicontinental seaway.

The Mancos Shale is overlain by the Mesaverde Group (Formation) which includes
the Iles, Williams Fork, Mount Garfield, Hunter Canyon, Mesaverde, and Price
River Formations. Stratigraphic nomenclature for this unit is confused by a
variety of terminology depending on Tocation and author. It ranges in
thickness from 2,300 to 6,500 feet. One of the more currently accepted
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breakdowns in ascending order, is the Iles Formation, Williams Fork Formation,
and the Ohio Creek Conglomerate. The Iles includes the Sego, Corcoran,
Cozzette, and Rollins Sandstone units, which may or may not be separated by
marine shales. The sandstone units are marine and marginal marine and may
have coals associated with them in the back-barrier environments.

The Williams Fork Formation is predominantly a continental sequence of
sediments and contains a majority of the coals found in the region. The basal
section of the Williams Fork Formation represents a brackish interdistributary
environment (Collins, 1976) and hosts the most developed coals of the

section. The coals found above the basal section were deposited in fresh
water fluvial environments with evidence of splay deposits, mudstones, and
channel sandstones. The upper section of the Williams Fork Formation is
barren of any well developed coals and grades into the overlying Ohio Creek

Member.

The Ohio Creek Member is a series of fluvial sandstones and conglomerates
which is unconformably overlain by the Tertiary Wasatch Formation. The Ohio
Creek Member is non-coal bearing.

COAL RESOURCES

The Uinta Coal Region of Colorado and the Piceance Creek Basin contains coals
ranging in rank from subbituminous A and B(?) to anthracite. Most of the coal
falls into the range of high volatile B to Tow volatile bituminous. The
region contains approximately 26 percent of the state's known coal resources
(Murray, 1980.) Coal analyses for the region are numerous. Sulfur content
ranges from 0.3 percent to 2.5 percent with the mean being 0.6 percent. Ash
contents are as low as 1.9 percent and may exceed 50 percent in impure beds.
The average is normally less than 10 percent. As received moisture contents
range from less than 1 percent to over 15 percent. BTU/1b values range
between 10,000 and 15,800. (Khalsa and Ladwig, 1980).

A number of authors have calculated entire or partial coal resources for the
region (Tremain, 1980; Collins, 1977; Landis, 1959; Hornbaker et. al., 1976;
Choate et. al., 1981.) These resource numbers range from 55 billion tons to
382 billion tons of coal. 1In addition, other workers have calculated
resources within the following eight coal fields of the region: Book Cliffs
Coal Field (Hornbaker et. al. 1976; Richardson, 1907, 1909; and Eidmann, 1934;
Landis, 1959.); Carbondale Coal Field (Hornbaker et. al., 1976; Landis, 1959);
Crested Butte Coal Field (Hornbaker et. al. 1976; Landis, 1959); Danforth
Hills Coal Field (Spencer and Erwin, 1953; Landis, 1959; Hornbaker et. al.,
1976) Grand Hogback Field (Landis, 1959; Hornbaker et. al. 1976); Grand Mesa
Coal Field (Lee, 1909, 1912; Landis, 1959; Hornbaker et. al., 1976.); Lower
White River Coal Field (Spencer and Erwin, 1953; Landis, 1959; Gaskill and
Horn, 1961; Hornbaker et. al., 1976); and Somerset Coal Field (Landis, 1959;
Hornbaker et. al., 1976).
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