DEPARTMENT OF THE INTERIOR

HUBERT WORK, Secretary

UNITED STATES GEOLOGICAL SURVEY
GEORGE OTIs SMITH, Director

Bulletin 757

GEOLOGY AND COAL RESOURCES OF THE
AXTAL AND MONUMENT BUTTE QUADRANGLES
MOFFAT COUNTY, COLORADO

BY

E. T. HANCOCK

WASHINGTON
GOVERNMENT PRINTING OFFICH
1925



ADDITIONAL COPIES

OF THIS PUBLICATION MAY BE PROCURED FROM
THE SUPERINTENDENT OF DOCUMENTS
GOVERNMENT PRINTING OFFICE
WASHINGTON, D. C.

AT

35 CENTS PER COPY



CONTENTS

Introduction i —————— e
Location and accessibility_ - _________ : —————
Earlier geologic investigations_____ — -
General plan of field work. . _______________________ .

Chapter I. Geography
Surface features

Climate_________

Chapter II. Geologic formationS. ... ____ ..

Pre-Dakota rocks.
Cretaceous system

Upper Cretaceous series- -
Dakota sandstone ... ____.___ - _—

Mancos shale_ .

Character and distribution_._.

Fossils oo -
Williams Fork formation-- .. . . ____________
Character and distribution. . ____________________
FosSilS o oo e
ThiCKRESS o e e oo
Lewis shale - - -

Character and distribution_._________________________

FossilS e
“Laramie” formation ._________________________________

Character and distribution ______ -

Foskils ool e e e

Tertiary system __

Miocene (?) series .. e

Browns Park formation-_‘ ______________

Character and correlation__._________________________
FosSilS o e e _——

-Quaternary system ________________________________

Pleistocene series— .
Glacial deposits .. ______ e e

Recent deposits — oo
Terrace gravel . ____________ —

Alluvium

Igneous rocks

Chapter III. Structural geology-- ——

* Method of: representing structure.______._____.__

Folds -__

Axial Basin anticline -

Juniper Mountain dome

Round Bottom syncline -

Hart syncline

Williams Fork anticline___________________ DS,

-
o 2
CoOC OB BB WNH MDD

P b e e
PR REEERESRTRS

19

. 30 .
30
30
31
31
32



v CONTENTS

Chapter ITI. Structural geology—Continued.
Folds—Continued.
Bell Rock dome__

Hamilton dome_____
Big Bottom syncline.

Breeze anticline____._. -

Beaver Creek anticline_-_

Badger Creek syncline_______

Collom syneline___
HElkhorn syncline______ . ——— _—

Faults_______
Joints

Chapter IV, Coal__._____________ : -

Distribution
Depth

Accessibility
Methods employed in mapping the coal beds

Quality of coal__

Sampling and analyzing._____
Analyses

Chemical and physical effects of weathering

Significance of the different constituents shown by the analyses.

Moisture . __

Volatile matter and fixed carbon
Ash___

Sulphur_
Hydrogen__

Carbon -

Nitrogen_____

Oxygen _

Spontaneous combustion
Physical properties.

Methods used in estimating quantity of coal

Coal groups considered

Quantity -of coal in each coal group

Reduction due to erosion____
Chapter V. Detailed description of townships_.._____

.6 N, R.
6 N, R.

6 N, R.
6 N., R.

6 N, R.

94 W___ - ——-

94 W___
93 W___ -

5N, R.
5N, R.

2 W

.5 N, R. :
'5 N, R. 91 W__ -

BERBEBAREA

T.5 N, R. 90 W_..

Tps. 3 and 4 N, R. 90 W
Tps.3and 4 N, R.91W

Tps. 3 and 4 N, R. 92 W-
Tps. 3 and 4 N, R. 93 W_

Tps. 3 and 4 N,, Rs. 94 and 95 W -

Index__

Page
32
32
32
33
33
33
34
34
34
37
38

38
38

41
41
42
49
49
49
50
50
50
50
50
51
51
51
52
52
52
53
53
54
54
57
63
70
76
7
79
81
86
95
100
106
113
118
123
133



PratE I

II.

III.

IV.

V.

VI.

VII.
VIIIL
IX.
X
XI.
XIT.
XIII.

XIV.
Xv.
XVI.
XVIIL
XVIII.

XIX.

ILLUSTRATIONS

rage
A, Nugget (?) sandstone one-fourth mile west of Juniper Hot
Springs; B, Escarpment formed by the lowermost beds of
the Iles formation and the uppermost beds of the Mancos
shale 1 mile south of Hamilton. . _______._________ 12
A, White sandstone at the top of the Williams Fork formation
in the Bell Rock dome, T. 6 N, R. 92. W.; B, Gently dipping
Mancos shale, overlain by horizontal beds of the Browns
Park formation, sec. 22, T. 6 N,, R. 94 W_________________ 13
A, Meanders along Williams Fork near the east edge of the
Monument Butte quadrangle; B, Sandstone and coarse con-
glomerate 100 feet below the ““ Flat tops,” about 6 miles south
of Pagoda . e 24
A, North side of Yampa River canyon at Juniper Mountain,
showing a thrust fault in Carboniferous beds at low angle
with the bedding planes; B, North side of Yampa River can-
yon at Juniper Mountain, showing a thrust fault in Carbon-
“iferous beds__ 25
A, North side of Yampa River canyon at Juniper Mountain,
showing overthrust fault in Carboniferous beds; B, Highly
jointed massive white sandstone of the Williams Fork forma-
tion in the NW. 3} sec. 22, T. 2N, R. 94 W_________________ 34
A, Highly jointed sandstone immediately above the Trout
Creek sandstone member of the Iles formation east of the
Gilbert Wesson mine, sec. 30, T. 2 N, R. 92 W.; B, Highly
jointed massive white sandstone of the Iles formation, T. 4
N, R 91 W e 35
Sections of coal beds in T.6 N, R. 91 W____________________ 58
Sections of coal beds in T. 6 N,, R. 92 W_________ e 66
Sections of coal heds in T. 6 N., R, 93 W__ —_ 74
Sections of coal beds in T. 3 N,, R. 92 W_____ . _______ - 84
Sectious of coal beds in T. 5 N, R. 91 W____________________ 90
Sections of coal beds in the western part of T. 5 N., R. 90 W__ 96
Sections of coal beds in the western part of T. 4 N, R. 90 W,
and the northern part of .3 N, R. 90 W__________________ 102
Sections of coal beds in T. 4 N.,, R. 91 W _______________.___ 110
Nections of coal beds in Tps. 3 and 4 N, R. 92 W______________ 116
Sections of coal heds in T. 4 N,, R. 98 W___________________. 120
Sections of coal beds in Tps. 3and 4 N., R. 94 W______________ 124
Grapflic sections of coal beds measured in the Axial and Monu-
ment Butte quadrangles______________________________ In pocket.
Geologic map and structure sections of the Axial and Monu-
ment Butte quadrangles_. . ___ . _________ In pocket.

v



VI

FIGURE 1.

SO WON

CONTENTS

Map showing the relation of the Axial and Monument Butte
quadrangles to the two great coal-bearing areas of Green
River Basin and Uinta Basin

. Anticline and syncline represented by structure contours_____
. Normal fault
. Thrust fault
. Sections of coal beds in the western part of T. 6 N, R. 90 W__
. Sections of coal beds in T. 5§ N, R. 93 W

Page

29
35
36
56
80



GEOLOGY AND COAL RESOURCES OF THE AXIAL
AND MONUMENT BUTTE QUADRANGLES,
MOFFAT COUNTY, COLORADO

By E. T. Ha~ncock

INTRODUCTION
LOCATION AND ACCESSIBILITY

The Axial and Monument Butte quadrangles, as shown by Figure
1, are in Moffat County, northwestern Colorado, and lie east of the
Uinta Range and north of the White River Plateau. The quad-
rangles have an aggregate area of about 450 square miles and in-
clude parts of two great coal-bearing areas, the Green River Basin
on the north and the Uinta Basin on the south. The Green River
Basin contains a vast quantity of coal, which is being mined in a large
way in the vicinity of Rock Springs and Kemmerer, Wyo. The
Uinta Basin includes such centers of coal production as Crested
Butte, Newcastle, and Cameo, Colo., and Thompson, Sunny51de, and
Castlegate, Utah.

There are two post offices in the Axial quadrangle—Axial, in the

southeastern part, and Juniper Springs (locally known as Juni-
per Hot Springs), in the northwestern part. In the Monument
Butte quadrangle the only post office is Hamilton, near the center.
- The quadrangles are crossed by the main stage road connect-
.ing Meeker with Craig by way of Axial and Hamilton. The
center of the territory embraced in the quadrangles is about
59 miles north and 10 miles east from Rifle, the nearest station
on the Denver & Rio Grande Western Railroad, and is about 72
miles south of the main line of the Union Pacific Railroad. The
northeast corner of the Monument Butte quadrangle is about 234
miles southeast of Craig, the present western terminus of the Denver
& Salt Lake Railroad (“Moffat road”). The impending comple-
tion of the Moffat tunnel and the proposed extension of the Moffat
road from Craig to Salt Lake City will doubtless lead to extensive
exploitation of the great reserves of subbituminous coal and bitu-
minous coal of low rank? contained in these quadrangles.

1 The word rank, as now used by .the United States Geological Survey, is intended to
apply to those differences in coal which are the results of metamorphism, or the gradual
change in the material from the original plant débris to anthracite. 1



2 AXIAL AND MONUMENT BUTTE QUADRANGLES, COLO.

EARLIER GEOLOGIC INVESTIGATIONS

The earliest complete maps of Colorado were made by the King
and Hayden surveys and were published in the form of two large
atlases. The Axial and Monument Butte quadrangles lie in the re-
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FIGURE 1.—Map showing the relation of the Axial and Monument Butte quadrangles to
the two great coal-bearing areas of Green River Basin and Uinta Basin

gion mapped by the Hayden Survey in the summer of 1876. This
region was again surveyed in the summers of 1906 and 1907 by a
party under the general supervision of Hoyt S. Gale, in a recon-
naissance study of the coal resources. In the summer of 1909 a por-
tion of the Monument Butte quadrangle, including T. 6 N., R. 91
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W., and that part of T. 5 N., Rs.'90 and 91 W., which lies north
of Williams Fork, was studied in detail, but without the aid of an
accurate topographic map, by a party under the supervision of John
Allen Davis. The only additional work done by the writer in this
part of the field was that of mapping the geologic boundaries and
of tying in to the topographic base a number of points located dur-
ing the detailed mapping, so as to make the geologic work fit the
new topographic map.

GENERAL PLAN OF FIELD WORK

. .

The field examination of the Axial and Monument Butte quadran-
gles that furnished the basis for this report was made by the writer,
assisted by Carl B. Anderson, in the summers of 1912 and 1913; it
was carried on under the general supervision of M. R. Campbell, to
whom the writer is indebted for valuable suggestions. The investi-
gations included a study of the age, character, thickness, and attitude
of the strata and a determination of the quality and quantity of the
coal. To accomplish this purpose it was necessary to make numerous
collections of fossils and to study the beds and measure stratigraphic
sections at many localities. It was ulso necessary to trace out and
map certain key sandstones, to ascertain the altitude of these key
beds at numerous points in order to determine the structure, to trace
out and measure the coal beds, and to measure stratigraphic sections,
carefully tying the coal beds to the key sandstones. In order to
determine the quality of the coal, samples of unweathered coal were
obtained wherever it was possible to do so.

A topographic survey of the quadrangles was being made at the
same time, and in order that the observations of the geologist might
be accurately tied to the topographic map, the geologic party worked
in cooperation with the topographic party. Each location made by
the geologist on the outcrop of a coal bed or prominent ledge of sand-
stone was accurately located both horizontally and vertically by the
topographers.

104107—25——2



Cuarter L—GEOGRAPHY

SURFACE FEATURES

The surface features of the Axial and Monument Butte quad-
rangles are the result of the long-continued erosion of rocks that
differ considerably in their resistance to the disintegrating action
of the atmospher® and the scouring of the streams and have been
more or less deformed or folded and tilted by movements within
the crust of the 'earth. '

The most conspicuous land form in these quadrangles is the more
or less continuous escarpment surrounding the broad, relatively low
tract commonly known as Axial Basin. The sandstones described
on pages 15-20, which make up the escarpment, at one time formed a
complete arch over what is now Axial Basin, but erosion has gradu-
ally worn them away from the crest of the arch, and now what is
left of the haunches of the arch forms the prominent escarpment
surrounding the basin. As soon as the sandstones were removed
from the crest of the arch the agencies of erosion acted more effec-
tively upon the underlying shale and produced the lowland now
called Axial Basin.

Yampa River, the principal stream of the area, flows westward
across the northern part of the quadrangles. After passing through
intrenched meanders on the north side of the Axial Basin anticline,
cut without apparent regard for the structure or relative hardness
of the rocks, the river crosses the northwest end of Axial Basin and
enters a deep canyon between Juniper and Little Juniper mountains.
The origin and significance of the river course and of the striking
parallelism of the smaller streams is discussed by the writer in an-
other paper.?-

CLIMATE

As the surface of the quadrangles ranges in altitude from 6,000
to 8,800 feet above sea level, the climate, except in midsummer, is
rather cool, and as the precipitation is not great the region is better
adapted to grazing than to the raising of farm crops. January is
distinctly the coldest month and July the warmest. Some of the
data on temperature, precipitation, etc., collected at Meeker, Colo.,
from 1906 to 1916, are summarized in the following table:

2 Hancock, E. T., The history of a portion of Yampa River, Colo., and its possible bear-
ing on that of Green River: U. 8. Geol. Survey Prof. Paper 90, pp. 183-189, 1915.

4



GEOGRAPHY

Climatic datd collected at Meeker, Colo., 1906-1916

January tem- | July tempera- . Precipita-
perature (°F.) ture (°F.) Last First |tion from
Year killing | killing | rain and
e 7 frost in (r(%st in | melted
Mini- Maxi- spring | autumn | snow
mum | Mean | oy | Mean (inches)
—~20 18.1 90 63.4 | June 21 | Aug. 27 20. 35
-8 29.2 88 63.0 | June 25 | Sept. 9 17.93
=21 19.2 87 63.6 { June 23 | Aug. 31 16.30
—17 29.0 89 64.3 | June 11 | Sept. 22 16. 60
—~21 20.0 90 63.9 [ June 19 | Aug. 25 14,36
—20 28.7 87 61.2 | June 12 | Sept. 7 15.11
=27 21,2 88 62.0 [ June 20 | Sept. 6 16. 62
—43 14.5 90 63.0 | May 22 | Sept. 17 11. 44
—24 21.4 85 63.8 { June 9 | Sept. 13 16.98
—-27 19.2 88 62.4 | June 24 | Sept. 9 12.67 .
-25 21.0 89 64.2 | June 23 | Sept. 12 20. 62

This table brings out the rather remarkable fact that the mean
temperature for July, the hottest month, in eleven years varied only
3.1°. The mean temperature for January had a much greater vari-

ation, ranging from 14.5° to 29.2°. The annual precipitation ranged
-from 20.35 inches in 1906 to 11.44 inches in 1913 and averaged 16.27

inches,



Cuarter II.—GEOLOGIC FORMATIONS

The strata that crop out in the Axial and Monument Butte quad-
rangles comprise only a small part of the great series of sedimentary
beds that was laid down at a time when this portion of the continent
was submerged. The presence in the rocks of the remains of plants
and animals in general comparable to those that abound in bodies of
water oron the land at the present time is evidence of the conditions

~under which the materials composing the rocks were originally de-
posited. That these conditions in all probability ranged from deep
sea to shallow water and swamps and from salt to brackish and fresh
water is shown by the presence in the strata of marine, brackish-
water, and fresh-water invertebrates and also of plants. The sedi-
mentary beds were originally deposited in nearly horizontal positions.
As a result of the various forces that have been active in the earth’s’
crust, however, they have been bent inte folds and in many places-
broken, so that it is now necessary to study their attitude and position
in order to explain the relation of one set of beds to another. A sum-
mary of the principal formations is given below.

Cretaceous and Tertiary formations of the Awxial and -Monument Butle
quadrangles

Geo- :
logic ngromnw Character Topographic features Th(lfcelégess Economic value
age
4 The great mass of the for-
A ° mation consists of sand-
% 2 stone of a chalky white o
g g color. The sandstone | The beds ordinarily lie
S 5 is soft and friable, con- horizontally upon the
= = sisting of small round older upturned beds Not deter-
2 2 quartz grains partly con- and in places form high :
~ 5 ; : mined.
- & solidated by calcareous cliffs, covered by a
D) cement. Basal bedsare | sparse growth of cedar
<} a in places reddish or and pifon.
3 I3 yellowish brown and
& 2 contain  considerable
= conglomerate.
Marked unconformity
B |
o4 Massive sandstones in- . ; .
ks terbedded with sandy Tgfonte‘goneﬂaststigeb:sengt Not deter-
ga shale containing an oc- the f (t' ihey ined
G| casional thin bed of car- et ozm]qﬁlon ]z;.re m mined.
o :"7,§ bonaceous shale. portant cllil maxers.
3
8
K The outcrop of the shale
° Consists essentially of portion of the formation
[&) < soft dark-gray to drab is commonly marked by Valuable agricul-
P E] clay shale but contains a broad valley between tural lands occur
2 @ many layers of thin- the ridges formed by the 1, 600 at many places in
2 a bedded sandstone and | sandstones in the upper ' the byogd val-
= g spherical masses of lime- part of the Williams leys
- stone or calcareous Fork formation and that :
rocks. at the base of the ‘' Lara-
mie” formation.
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Cretaceous and Tertiary formations of the Awsial
quadrangles—Continued

and Monument Butte

Geo-
logic
ago

Character

" Topographic features

Thickness
(feet)

Economic value

Upper Cretaceous.

Consists of alternating
beds of sandstone
sandy shale, and coaf
through almost its en-
tire thickness. Forma-
tion rests on the Trout
Creek sandstone mem-
ber of the Iles formation.

Characterized by hogback

ridges and rugged hilly
country. Steeply dip-

ing beds erode, leav-
ing narrow jagged ridges.
Gently dipping massive
sandstones form minor
scarps along the sides of
the valleys.

1, 600

Contains many
valuable coal
beds.

Consists of alternating
beds of sandstone and
sandy shale, including
some relatively unim-
portant coal beds near
the base and also near
the top. The formation
is capped by the Trout
grce sandstone mem-

er.

Forms hogback ridges and

rugged hilly country.
Steeply dipping beds
erode, leaving narrow
jagged ridges. Gently
dipping massive sand-
stones form small es-
carpments along the
sides of the valleys.
Massive sandstones at
the base form a promi-
nent escarpment sur-
rounding Axial Basin.

1,350

Contains some rel-
atively unimpor-
tant coal beds

near the base
and near the
top.

Consists essentially of
soft dark-gray to drab
clay shale. A zone sev-
eral hundred feet thick
at the base consists of
bluish and dark-gray-
ish slaty shale, dark-
gray shale, and calca-
reous sandstone. The
upper 800 feet is charac-
terized by zones of thin-
bedded sandstone. The
most conspicuous belt
of thin-bedded sand-
stone (the Morapos
sandstone member) oc-
curs about 800 feet be-
low the top of the for-
mation and is 15 to 30
feet thick.

Commonly forms broad

valleys and parks, such
as Agency Park and
Axial Basin. The sand-
stone in the lower part
commonly forms ridges
parallel ~ with  those
formed by the underly-
ing Dakota sandstone.
The thin-bedded sand-
stone in the upper part
of the formation in many
places forms cliffs below
the main Mesaverde
escarpment.

5,000

The broad valleys
and parks formed
in the shale gen-
erally  contain
valuable agricul-
tural lands. The
formation is oil-
bhearing in the
Rangely district. .

Forma-
tion
]
s
=8
£
EE]
S8
=&

sl B

=)

=3

)

o

=

b

o

2|

gl g

=R
g
Il
&
w
=
~
S
=
<
|
w
8
g
K]
2
<
25
goh
k=]
Ag
w

|| Consists of slightly band-
ed greenish-gray quartz-

itic sandstone contain-
ing pebbles at the hase.
Above, - these beds
change rapidly to a
highly quartzitic sand-
stone.

Does not yield any promi-

nent topographic fea-
tures 'in the Axial and
Monument Butte quad-
rangles, being chiefly
concealed by the over-
lying Browns Park for-
mation.

250

Careful study of the lithology and fossil contents of the rocks
of the A%ial and Monument Butte quadrangles shows them to range
in age from Pennsylvanian to late Tertiary.
the Dakota sandstone are exposed at only one locality and are not

" included in the above table. Practically all the formations have re-
ceived names derived from localities outside of this region and
have previously been described in other reports.

The rocks older than
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PRE-DAKOTA ROCKS

Rocks older than the Dakota sandstone come to the surface only
in the western part of T. 6 N., R. 94. W. Their stratigraphic suc-
cession is so much obscured by the cover of Browns Park beds and
alluvium that they are not differentiated on the geologic map (Pl
XIX). The section is probably comparable to that exposed on
Vermilion Creek, in T. 10 N., R. 101 W. sixth principal meridian,
Colo., recently measured by Sears,® in part as follows:

Partial section of beds medsured on Vermilion Creek in T. 10 N., R. 101 W.

Cretaceous (?): Feet
Morrison formation (variegated clay shale and lenses of
conglomeratic sandstone) 495
Jurassie:
Twin Creek limestone (thin-bedded gray limestone and
gray shale) 125
Nugget sandstone (cross-bedded white and gray sand-
stone and red sandy shale) i . 950

Triassic (?):
Ankareh (?) shale (red and gray sandy shale; sand-

stone and grit) : 208
Triassic:
Thaynes (?) formation and Woodside shale (gray and
drab shale; thin beds of limestone and sandstone)_____ 762

Permian and Pennsylvanian:

Park City formation (white and gray limestone, chert,

sandstone, and shale) 115

Pennsylvanian:

Weber quartzite (white and buff quartzitic sandstone)__ 900

Older Pennsylvanian rocks (limestone, shale, sandstone,

- and thin coal beds) ' 525
Top of Mississippian.

The oldest rocks seen in T. 6 N., R. 94 W., are exposed in the
canyon of Yampa River, which cuts the northeastern flank of the
Juniper Mountain uplift. These are alternating beds of quartzitic
sandstone and metamorphosed limestone, as shown in the following .
section, measured along the river from the highest to the lowest beds
exposed.

®
Section along Yampa River canyon between Little Juniper and Juniper moun-
tains, beginning with the younger beds at the east end of the canyon

Limestone, hard, crystalline, in beds from 3 to 8 inches o
thick; strike N. 10° B., dip 15° S. 80° B ___________ 24

Quartzite, light yellowish, in rather thick beds_ . __ 45

Limestone, hard, crystalline 27 6

8 Sears, J. D., Geology and oil and gas prospects of part of Moffat County, Colo., and
southern Sweetwater County, Wyo.: U. S. Geol. Survey Bull. 751, pp. 269-319, 1924.
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Sandstone, yellowish brown, rather friable, with con- e

siderable cross-bedding, in places quartzitic..____.._- 46
Limestone, hard, crystalline - 8 6 .
Quartzite N . 8
Concealed 20
Limestone, hard, crystalline : 13
Quartzite, yellowish brown 10
Limestone, hard, crystalline _ 5
Concealed, probably soft sandstone and limestone, inter-

bedded i 35
Quartzite, characterized by large nodules of chert___.___ 18
Limestone 3
Sandstone, yellowish brown, somewhat quartzitic__._____ 10
Limestone, hard, crystalline 20
Sandstone, yellowish brown, in places quartfltic ________ 3 6
Concealed 15
Limestone, hard, massive, fine grained, containing long,

fibrous coral of Favosites type 5
Limestone - 25
Limestone ; considerable iron oxide stain near base._._. 60
Limestone, thin bedded, colored red by iron oxide; strike

N.7° E, dip 50° 8. 83° B - 56
Limestone, massive, more or less crystalline____________ 168
Limestone, rather thin bedded --- 66
Limestone, rather thin bedded, crystalline 235

926 6

The following species of invertebrate fossils were collected by the
writer from beds rather uniformly distributed throughout the sec-

tion:

Bellerophon crassus.
Bellerophon sp.
Composita subtilita.
Chaetetes milleporaceus.
Crinoidal fragments.
Derbya n. sp.
Endothyra sp.
Echinocrinus sp.
Edmondia gibbosa.
Fusulina sp.
Fenestella sp.
Meekella n. sp.

Marginifera splendens?
Productus cora.
Productus semireticulatus.
Postula nebraskensis.
Postula punctata.
Stenopora sp.

Spirifer boonensis?
Spirifer cameratus.
Spirifer rockymontanus.
Squamularia perplexa.
Textularia? sp. &
Zaphrentis sp.

These fossils were identified by G. H. Girty, who says:

The faunas are of the Mississippi Valley type, and they appear to represent
early Pennsylvanian time. Compared with the faunas of the San Juan region,
their relationship is with the Hermosa rather than with the Rico (Permian?)
fauna. The faunas of the Weber quartzite of the Wasatch Mountain section
are little known, but those of the lower Weber are more nearly comparable to
the collections from the Axial quadrangle than those of the upper Weber.
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Reeside,* who visited this locality in 1923, believes that the rocks
exposed in Yampa River canyon include the Park City formation
and the Weber quartzite as well as the older Pennsylvanian beds.

Eastward from Little Juniper Mountain the pre-Dakota rocks are
almost completely concealed. A few outcrops near Juniper Hot
Springs show white cross-bedded sandstone and greenish and reddish
shale and sandstone, believed to be parts of the Nugget sandstone and
the Morrison formation.

CRETACEOUS SYSTEM
UPPER CRETACEOUS SERIES
DAKOTA SANDSTONE

Lying immediately above the beds just described as occurring at
Juniper Hot Springs are beds having a total thickness of about 250
feet, which, from their relation to the overlying abundantly fossilif-
erous shale, are in the stratigraphic position of the Dakota sandstone.
The evidence furnished by the section exposed indicates an apparent
conformity between the Dakota sandstone and the underlying beds.
As the Dakota sandstone is regarded as the basal formation of the
Upper Cretaceous, however, its apparent conformity upon the Mor-
rison may not be real. The lowest beds of the Dakota sandstone are
exposed near the top of the hill a few hundred feet southwest of
Juniper Hot Springs. At that point the Dakota consists essentially
of quartzitic sandstone, in places very conglomeratic. The beds im-
mediately overlying are not well exposed. Farther east, however,
there is an outcrop of light-colored vitreous quartzite near the top of
the hill immediately south of the main spring. This being the highest
exposure of the metamorphosed sandstone, the top of the Dakota

. sandstone was mapped about midway between it and a belt of shale
presently to be described.

No fossils were found in the Dakota sandstone in the Axial
quadrangle. Owing to the remarkable uniformity in the character of
the sandstone and its continuity of exposures over extensive areas
it has been accepted as a key bed for the correlation of widely dis-
tributed sections of the Mesozoic both above and below it.

MANCOS SHALE

The Mancos shale occupies a large area in the Axial and Monument
Butte quadrangles. The formation conformably overlies the Dakota
sandstone and underlies the Mesaverde group. The name Mancos
shale was first used in the description of the Telluride quadrangle,

¢ Reeside, J. B., jr., personal communication.



GEOLOGIC FORMATIONS 11

of southwestern Colorado, where it was applied to the body of shale
that lies above the Dakota sandstone and beneath the Mesaverde
formation and which is characteristically developed in Mancos
Valley, especially about the town of Mancos. '

No opportunity was afforded for measuring the thickness of the
Mancos in the Axial and Monument Butte quadrangles, but accord-
ing to Gale® that portion of the shale above the sandstone which
yields Benton fossils maintains a very constant thickness in all parts
of the coal fields where measurements were made of approximately
5,000 feet, or about a mile. The results of computations made by the
writer and based on average dips and horizontal outcrop indicate a
similar thickness.

The lower beds of the formation are exposed only along Yampa
River for a distance of about 1,200 feet east of the Dakota-Mancos
contact. At the base the formation consists of at least 75 feet of
bluish and dark-grayish shale, which weathers out into more or less
rectangular masses. The rocks exposed for some distance farther
cast and higher in the formation than those just described consist
largely of dark-gray shale and calcareous sandstone. The following
fossils were collected at this locality and are said by T. W. Stanton to
belong to the Benton fauna, in the lower part of the Mancos shale:

Inoceramus fragilis Hall and Meek.
Inoceramus sp., near I. deformis Meek.
Prionocyclus wyomingensis Meek.
Scaphites warreni Meek and Hayden.
Shark teeth.

On the south side of Yampa River in-sec. 16, T. 6 N., R. 94 W,
these dark calcareous and fossiliferous shale beds usually appear
moist on the fracture planes and emit the odor of petroleum to a
marked degree.

The main mass of the founa,tlon consists of a homogeneous clay
shale including a few sandy layers. Throughout most of the shale
these sandy layers are not thick enough to affect the surface features,
but the upper 800 feet of the formation is characterized by groups
of thin-bedded sandstone that form pronounced benches on the hill
slopes. The presence of two such groups is recognized in the surface
forms on the north side of Axial Basin about 2 miles west of the
east boundary line of the Axial quadrangle. In the Monument Butte
quadrangle what is probably the lower one of these groups forms
a continuous line of cliffs from a point near the southeast corner
of T. 5 N., R. 92 W., down into the valley of Morapos Creek and
thence southwestward to a point about three-quarters of a mile

5 Gale, H. S., Coal fields of northwestern Colorado and. northeastern Utah: U. S. Geol.
Survey Bull. 415, p. 61, 1910.
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southwest of Monument Butte. Owing to the presence of a fault
there is at this point an offset in the formation, and it is next recog-
nized as forming the high cliff immediately south of Monument
Butte. It forms a continuous cliff from the butte southeastward
to the south line of the Monument Butte quadrangle. Owing to its
numerous outcrops in the vicinity of Morapos Creek the name
Morapos sandstone member has been chosen for this pronounced
zone of thin-bedded sandstones, 15 to 80 feet thick, which lies 800
feet below the top of the Mancos shale. The uppermost beds of the
Mancos shale usually form a considerable part of the steep slope
on both sides of Axial Basin, because these beds are protected by
the overlying sandstone that forms the principal escarpment near
the base of the Iles formation and is here designated the “rim rock.”
The upper part of the “rim rock” in places consists of very white
sandstone that weathers out into rounded forms, but the lower part
weathers out into huge rectangular blocks of yellowish-brown color.
About 75 feet below the “rim rock ” there commonly occurs another
bed of sandstone from 15 to 25 feet in thickness which resembles
the “rim rock ” in color and mode of weathering. The base of this
sandstone was regarded as the contact between the Mancos shale and
the Iles formation:

About 100 feet below the contact occurs another sandstone .of an
entirely different character. It is very soft and in places shows only
as lumplike masses in the talus slope. It is greenish gray, has a
sugary texture, is without bedding planes, and in places yields an
abundance of invertebrate fossils. Plate I, B, is a view of the char-
acteristic escarpment, in which is shown the “ rim rock ” at the top,
the contact ledge in the middle, and the greenish-gray sugary ledge
at the base. The following invertebrate fossils, identified by T. W.
Stanton, were obtained by the writer from the fossil-bearing sand-
stone and associated beds comprising about 400 feet of the upper
part of the Mancos shale:

Anatina sp.

Arca? sp.

Avicula nebrascana Evans and Shumard.
Anisomyon patelliformis Meek and Hayden.
Avicula linguiformis Evans and Shumard.
Baculites compressus Say.

Baculites ovatus Say.

Bu_rrows probably made by some pelecypod.
Callista sp.

Cardium speciosum Meek and Hayden.
Corbulamella gregaria Meek and Hayden.
Gervillia sp.

Goniomya americana Meek and Hayden. -
Inoceramus sagensis Owen?



U. 8. GEOLOGICAL SURVEY BULLETIN 757 PLATE 1

A. NUGGET (?) SANDSTONE ONE-FOURTH MILE WEST OF JUNIPER HOT SPRINGS

B. ESCARPMENT FORMED BY THE LOWERMOST BEDS OF THE ILES FORMA-
TION AND THE UPPERMOST BEDS OF THE MANCOS SHALE 1 MILE SOUTH
OF HAMILTON



U. S. GEOLOGICAL SURVEY BULLETIN 757 PLATE II

B e

i

A. WHITE SANDSTONE AT THE TOP OF THE WILLIAMS FORK FORMATION IN
THE BELL ROCK DOME, T. 6 N., R. 92 W.

B. GENTLY DIPPING MANCOS SHALE, OVERLAIN BY HORIZONTAL BEDS OF
THE BROWNS PARK FORMATION, SEC. 22, T. 6 N., R. 94 W.
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Inoceramus barabini Morton.
Inoceramus oblongus Meek?
Lingula sp.

Liopistha undata Meek and Hayden.
Lucina sp.

Mytilus subarcuatus Meek and Hayden.
Ostrea sp., smooth form.

Ostrea sp., corrugated form.
Sphaeriola sp.

Syncyclonema rigida Hall and Meek.
Tellina sp.

MESAVERDE GROUP

The Mesaverde group, like the Mancos shale, occupies a large part
of the Axial and Monument Butte quadrangles. It overlies the
Mancos shale conformably and forms an almost continuous escarp-
ment surrounding Axial Basin, the great depression eroded out of
the underlying shale. The name Mesaverde group was applied by
W. H. Holmes to the mass of sandstone and shale forming the
Mesa Verde (Spanish for green table-land), the plateau covered
with evergreens a few miles southwest of Mancos, Colo.

In the detailed mapping of the Mesaverde rocks in northwestern
Colorado two rather massive beds of sandstone were recognized over
wide areas. The lower one of these beds was named by Fenneman
and Gale® the Trout Creek sandstone, on account of its excellent
exposure near Trout Creek, on the northeast side of Twentymile
Park. The upper bed was also first mapped and described by Fen-
neman and Gale and was named the Twentymile sandstone, from
its typical development in and around Twentymile Park. This sand-
stone was not recognized in the Axial and Monument Butte quad-
rangles south of Axial Basin. In mapping the coal fields of north-
western Colorado and northeastern Utah Gale recognized a promi-
nent white sandstone at the base of the principal group of coal
beds on both sides of Axial Basin and designated it the “ white rock.”
The detailed work of Davis, described later on in this report, and
also that of the writer leaves very little doubt as to the identity of
the “ white rock ” with the Trout Creek sandstone of the Yampa coal
field. The base of the principal group of coal beds is one of the most
distinctly marked horizons in the Mesaverde, both by the presence
of the coal beds above and by the common occurrence of the so-called
“white rock.” As a result Gale, in his mapping, separated the
Mesaverde into the “upper part of the Mesaverde formation” and

8 Fenneman, N. M., and Gale, H. S,, The Yampa coal field, Routt County, Colo.: U. S.
Geol. Survey Bull. 297, 1906.

7 Gale, H. 8., Coal fields of northwestern Colorado and northeastern Utah: U. 8. Geol.
Survey Bull, 415, 1910.
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the “lower part of the Mesaverde formation,” including the “white
rock” in the upper part. The Mesaverde was so separated and
mapped from Vernal, Utah, to Craig, Colo., and as far south as
Newcastle. On account of the almost universal recognition of the
“white rock,” the abundance of coal above it, and the fact that it
marks a horizon which can be recognized over a wide territory, it
has now been decided to subdivide the Mesaverde rocks into two
formations and to retain the name Mesaverde in a group sense. The
name Iles formation is here introduced for the lower formation of
the Mesaverde group, because that portion of the Mesaverde forms
nearly all of Iles Mountain, a conspicuous topographic feature
north of Axial Basin, and the name Williams Fork formation is
applied to the upper formation, which is exposed in the Williams
Fork Mountain and also along Williams Fork near its junction
with Yampa River. The “ white rock” or Trout Creek sandstone is
a conspicuous feature, and its top is here made the division line be-
tween the Iles and Williams Fork formations, because in many
places where the base of the member was not well exposed the top
of the sandstone could be readily recognized and therefore lent it-
self more readily to detailed mapping. '

There is a fundamental difference between the Mancos shale and
the rocks of the Mesaverde group, and this difference is of consider-
able economic importance. The shale is in the main part consoli-
dated mud, whereas the sandstones of the Mesaverde group are com-
posed of grains of sand more or less firmly cemented together. Asa
result of this difference in composition such agencies as frost, wind,
rain, and running water have acted more vigorously on the shale than
on the sandstones. The sandstones thus give rise to more rugged land
forms, whereas the shale areas are. characterized by long, gentle
slopes. The portions of these quadrangles where the rocks of the
Mesaverde group occur at the surface are not so readily tilled as the
Mancos areas, but they are better adapted to grazing, because the
soil supports a more vigorous growth of grass for feed, as well as
small trees and shrubs for shade. Furthermore, a greater volume of
water issues from the sandstones along the steep-sided valleys than
from the great mass of shale, where the surface is much more even.
The economic importance of the difference in composition is most
strikingly exemplified in the detailed consideration of the coal that
is given on succeeding pages, where it is shown that the coal beds are
cenfined entirely to the rocks of the Mesaverde group, and that the
valuable beds occur in the lower part. of the Williams Fork forma-
tion, which ‘overlies the Trout Creek sandstone.
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ILES lFORMATION

CHARACTER AND DISTRIBUTION

The Iles formation makes up nearly all of Iles Mountain and
crops out in a narrow belt between the large area of Mancos shale
in Axial Basin and the region occupied by the Williams Fork forma-
tion. On the south side of the basin the belt is narrow because the
dips are steep; on the north side the belt is much wider because of
the gentler dips. This formation consists of an alternation of thick
beds of sandstone and sandy shale, together with a few thin coal
beds near the base and near the top.

The group of coal beds occurring 150 to 350 feet below the Trout
('reek sandstone in the vicinity of Meeker was named by Gale the
Black Diamond coal group, from the Black Diamond mine, which is
working one of the beds. This group of coal beds seems to be of
very little economic importance in the Axial and Monument Butte
quadrangles. The line marking the base of the Iles formation is
drawn at the base of a thin bed of sandstone about 75 feet below
the “rim rock” as described on page 12. The “rim rock ” and
the massive sandstone immediately above it form a very resistant.
zone compared with the overlying soft shale, and as a result they
form a bold escarpment on both sides of Axial Basin. The bound-
ary line between the Iles formation and the Williams Fork forma-
tion is drawn at the top of the Trout Creek sandstone member of the
Iles formation, described on page 14.

The following section measured on the east side of Milk Creek
shows the character of the Iles formation:

Section of Ilcs formation on cast side of Milk Creek at opening into south
side of Axial Basin

¥t.  in.
Sandstone, white (Trout Creek) ; estimated____________ 75
Concealed ; probably sandy shale and shaly sandstone.... 135~
Shale; gray, sandy____________ . I R
Coal__ — - - 8
Shale, brown___.___________________ - _ 1
Coal o e 1 11
Shale, black, carbonaceous_.._ _ - 2
Coal streaked with selenite__ - 1 9
Shale, brown.__ e — 3
Sandstone, shaly____ — —— 17
Coal, impure_ e 6
Shale —_——— - S — 1
Coal___________ —— . 1
Shale, sandy —_—— — 11
Shale, brown _ _ - 1
Coal, impure R - —— 9
Shale, brown______________________ - 2 9

Shale, brown, sandy SR, 15
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Sandstone, iron stained, rectangular jointed_._.___._____._
Shale, brown
Coal_
Shale, brown
Coal.
Shale, brown
Sandstone, yellowish brown, jointed
Largely concealed, containing considerable shale_..____
Sandstone, soft, thin bedded
Sandstone, yellow, soft, massive
Sandstone, soft, shaly.
Sandstone, yellowish brown
Concealed ; probably shaly sandstone
Sandstone, yellow, soft ;
Sandstone, soft, shaly
Sandstone, yellowish brown, conspicuously jointed._.--
Sandstone, containing considerable brown shale._______
Sandstone, thin bedded
Shale, sandy -
Sandstone, shaly
Sandstone, white, jointed - e
Concealed ; probably soft shaly sandstone__ .. ___
Sandstone, white, massive_________________
Sandstone, shaly . ___ o~
Sandstone stained with iron oxide
Sandstone, shaly. - e
Sandstone, brown__. -
Sandstone, soft, shaly. —— —
Sandstone, brown______
Concealed - __
Sandstone, brown_ - _—
Sandstone, thin bedded -
Sandstone, yellowish brown, massive_ .. - __._
Sandstone, shaly. - ———
Shale, brown _____ _—
Coal, splintery_ . _______
Shale, brown, sandy.._ ——
Coal -
Shale, gray, sandy —__-

Shale, brown - -
Sandstone, yellow, thin bedded e
Sandstone, shaly____________

-Sandstone, yellow, thin bedded___ -

Concealed .. .—_____ . e
Shale, black, carbonaceous _— o
Shale, sandy-__ e - —
Sandstone_._.______ -
Concealed ; probably thin- bedded sandstone ____________
Sandstone, white ______ :
Sandstone, yellowish brown, thick bedded, Jomtmg fauly
conspicuous _____ - -
Sandstone, mainly thin bedded_____

It
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Q0 = o
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3
2
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SO wH

16
35
24

43
23
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Ft. in,
Shale, brown to black, carbonaceous —— 11
Sandstone, soft - - 20
.~ Coal __. 1 7
Shale, brown, sandy. 10
Coal _____ _— 2 7
Shale, brown, partly concealed 9
Shale, black, carbonaceous, containing thin streaks of
coal____ 1 9
Concealed ; probably shaly sandstone 9
Sandstone, brown 4
Shale, brown and gray 5 6
‘ Shale, black, carbonaceous, containing small lenses of
) coal 7
Shale, brown 3
\ Sandstone, shaly.__ 5
i Sandstone, brown, thick bedded 63
Talus slope at foot of massive sandstone_______________ 33
’ 1,296 10

The thickness of the Iles formation, according to measurements
made near Milk Creek and in the gulch east of Red Cone, in the
southwest corner of T. 5 N., R. 94 W., is about 1,350 feet.

FOBBILS

The following invertebrate fossils, mostly marine, were collected

from a zone about 400 feet thick at the base of the Iles formation in

: the Meeker, Axial, and Monument Butte quadrangles and identified
! by T. W. Stanton:

Marine species :
Cardium speciosum Meek and Hayden.
Donax? sp.
Inoceramus pertenuis Meek-and Hayden.
Inoceramus sp. fragments.
Mactra sp.
Shark teeth.
Tellina sp.

Brackish-water species, very abundant in one or more thin beds near

the base: »

Ostrea subtrigonalis Evans and Shumard.
Anomia sp.

The following invertebrates were collected from the upper 250 feet
of the Iles formation and identified by Mr. Stanton :

Marine species: '
Cardium speciosum Meek and Hayden.
Haminea sp.
Inoceramus sp.

' Inoceramus barabini Morton.

Mactra sp.
Tellina sp.

Brackish-water species, abundant in thin beds:
Ostrea subtrigonalis Evans and Shumard.
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A few fossil plants collected from the Iles formation were identi-
fied by F. H. Knowlton as Halymenites major Lesquereux (abundant
throughout the lower part of the formation) and Ficus populoides?

Knowlton.
WILLIAMS FORK FORMATION

CHARACTER AND DISTRIBUTION

The Williams Fork formation is well exposed along Williams Fork
near its junction with Yampa River and also in the Williams Fork
Mountains. It occupies a considerable part of the Axial and Monu-
ment Butte quadrangles, cropping out in a continuous belt that ex-
tends from about the middle of the north side of the Axial quad-
rangle southeastward and eastward across both quadrangles. On the
opposite side of Axial Basin the Williams Fork formation occupies
the north flank of the Danforth Hills. In the southeastern part of
the Monument Butte quadrangle the same beds occupy an area en-
tirely surrounded by the outcrops of the Iles formation. The base
of the Williams ‘Fork formation, being also the base of a valuable
group of coal beds, has been accurately located throughout these
quadrangles. It is placed at the top of the Trout Creek sandstone
member described above. The Williams Fork formation consists of
an alternation of sandstone, sandy shale, carbonaceous shale, and
coal beds. The sandstone is by far the most conspicuous owing to its
greater resistance to erosion. The individual beds of sandstone are
neither so pronounced nor so persistent as those in the Iles formation,
and although the whole Mesaverde group produces rugged surface
features they are more truly characteristic of the Iles than of the
Williams Fork. ' '

About 900 to 1,050 feet above the Trout Creek sandstone member
is another sandstone member which is sufficiently well defined and
persistent to be used as a horizon marker. It was first recognized
near the top of the high peak in sec. 36, T. 6 N., R. 93 W., whence it
was traced east and then northwest and finally into the valley of
Yampa River, where it was found to be continuous with the Twenty-
mile sandstone of Fenneman and Gale,® named from its typical de-
velopment in and around Twentymile Park. The sandstone was
later traced as far west as Yampa River, during a detailed coal in-
vestigation under the direction of John A. Davis, in the summer of
1909. West of sec. 36, T. 6 N., R. 93 W., the Twentymile sandstone
is not so well defined. Its approximate position was merely inferred
on the basis of structural contours and surface contours. There is
also a bed of fairly persistent white sandstone near the top of the

8 Fenneman, N. M., and Gale, H, S,, The Yampa coal field, Routt County, Colo.: U. 8.
Geol. Survey Bull, 297, p. 27, 1906.
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‘Williams Fork formation, but in places there are as many as three
prominent white sandstones in this part of the formation, as, for
example, along the hillside west of Yampa River near the south end
of Big Bottom. These sandstones are also well exhibited around the
border of the area of Williams Fork formation near the northwest
corner of the Monument Butte quadrangle. (See Pl II, 4.)

In the Axial quadrangle the coal beds are uniformly dlstrlbuted
throughout the Williams Fork formation from its base to a level
within about 200 feet of its top. Farther east, however, the coal
beds immediately below the Twentymlle sandstone are thinner and
less numerous.

The group of coal beds extending from 1,000 to 1,300 feet above the
Trout Creek sandstone at Meeker, Colo., was called by Gale the
Fairfield coal group, from the Well-known Fairfield mine, and the
corresponding beds in the Axial and Monument Butte quadrangles
will be referred to as the Fairfield coal group, for the purpose of in-.
dicating correlation. .

As distinguished from the Iles formation the Williams Fork for-
mation is characterized by thick zones of brick-red sandstone and
baked shale produced by the burning of large beds of coal. The
steep slopes along Yampa River are. in many places made up from
top to bottom of material of this kind.

FOSSILS

Several species of fossil invertebrates and plants were obtained
from beds about 1,100 feet thick immediately above the Trout Creek
sandstone in the Meeker, Axial, and Monument Butte quadrangles.
Some of the beds contain only marine invertebrates, others are char-
acterized by brackish-water forms, and a few contain only fresh-
water types showing an alternation of marine, estuarine, and swamp
conditions. The invertebrates were identified by T. W. Stanton and
the plants by F. H. Knowlton. .

Invertebrates:

. Marine species:
Cardium speciosum Meek and Hayden.
Inoceramus Sp.
Inoceramus barabini Morton.
Liopistha undata Meek and Hayden.
Lingula sp.
Lunatia sp.
Mactra sp.
Tellina sp.

Brackish-water species:

Anomia sp.
Corbicula cytheriformis Meek and Hayden.
Corbula undifera Meek.
Modiola sp.
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Invertebrates—Continued.

Brackish-water species—Continued.
Ostrea.glabra Meek and Hayden.
Ostrea subtriugonalis Evans and Shumard.

Fresh-water species:
Campeloma? sp.’
Sphaerium sp.
Tulotoma thompsoni White.
Unio sp.
Viviparus? sp.

Plants: '

Ficus sp.

Ficus speciosissima? Ward.

Ficus trinervis? Knowlton.

Ficus wardii? Knowlton.

Magnolia tenuinervis Lesquereux=M. inquirenda Knowlton.

Myrica torreyi Lesquereux.

Narrow Salix-like leaves.

Salix? sp.

Sequoia reichenbachi (Geinitz) Heer.

Viburnum sp.

The -species- Ostrea’ glabra occurs abundantly in the white sand-
stones at the top of the formation.

\
THICKNESS

There is very little opportunity to measure the thickness of the
Williams Fork formation in the Axial and Monument Butte
quadrangles, but its approximate thickness was determined from
structure sections B-B’, C-C’, and D-D’, Plate XIX, to be 1,600 feet.

LEWIS SHALE
CHARACTER AND DISTRIBUTION

The Lewis shale crops out in the northern part of the Axial and
Monument Butte quadrangles. It appears to rest conformably upon
the uppermost beds of the Williams Fork formation and is con-
formably overlain by the “Laramie” formation.

The formation consists essentially of soft shale of a dark-
gray color and closely resembles the Mancos shale. Interbedded
with the shale are a few thin beds of sandstone, which readily separate
into thin slabs along the bedding planes. These beds attain a suf-
ficient thickness in places to indicate their presence topographically
by low ridges. For example, one such bed was traced almost con-
tinuously from sec. 8, T. 6 N., R. 93 W., as far southeast as a point
a mile north of Round Bottom. Concretions in the form of large
spherical masses of limestone or calcareous rock are also common to
certain portions of the formation. '
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FOSSILS

The following species of marine invertebrates were obtained from
the lower half of the formation. The first three came from a thin-
bedded sandstone about 400 feet above the base, and the last eight
from beds about 200 feet higher. The species were identified by
T. W. Stanton, who states that they are probably of upper Montana
age but are not especially characteristic of the Lewis.

Anomia sp. Modiola sp.
Callista ? sp. Nucula sp.
Crenella sp. Syncyclonema sp.
Leda sp. . Tellina sp.
Legumen sp. Tellina? sp.
Lunatia sp.

The following species were obtained from beds extending from 360

feet to 450 feet below the top of the formation:

Actaeon attenuatus Meek and Hayden.
Anomia sp.

Avicula sp.

Cardium speciosum Meek -and Hayden.
Dentalium sp.

Lunatia sp.

Mactra sp.

Modiola sp.

Ostrea glabra.

Protocardia? sp.

Pyrifusus sp.?

Tellina scitula Meek and Hayden.

The following specieé were obtained from beds about 200 feet
higher in the formation :

Anomia sp.

Cardium speciosum Meek and Hayden.
Crenella sp.

Entalis? sp.

Gervillia recta Meek and Hayden.
Leda sp.

Legumen sp.

Lunatia sp.

Mactra sp.

Modiola sp.

Tellina scitula Meek and Hayden.

“ LARAMIE *? FORMATION
CHARACTER AND DISTRIBUTION

Conformably overlying the Lewis shale are massive sandstones
interbedded with sandy shale and an occasional thin bed of carbo-
naceous shale which occupy a small area in the northeast corner
of the Axial quadrangle. These beds have been mapped in neighbor-

N



29 AXIAL AND MONUMENT BUTTE QUADRANGLES, COLO.

ing areas as the basal 250 feet of the “Laramie” formation, and
they are so treated in this report, for convenience of mapping, al-
though the fauna they contain allies them more closely with the
Lewis. There are two prominent beds of sandstone. Only about 30
feet of the lower bed is exposed in the Axial quadrangle, but half a
mile north of Craig a sandstone that seems to bear the same rela-
tion to the underlying shale forms a vertical cliff about 100 feet high
and is the most conspicuous sandstone in the region. In the Axial
quadrangle the sandstone is coarse grained, has a yellowish to light-
gray color, and occurs in rather thin beds that weather into round
forms. About 200 feet higher up is another prominent sandstone of
similar color, which weathers into rectangular masses. About 100
feet above the lower massive sandstone in the vicinity of Craig is a
rather thick coal bed, but the coal is lenticular and does-not appear
to be very thick in the Axial quadrangle. At the Kimberly mine, a
short distance east of Craig, the coal is 7 feet 8 inches thick.

FOSSILS

The following invertebrates were obtained from the lower massive
sandstones at the base of the “ Laramie”
Anomia micronema Meek.
Cardium speciosum Meek and Hayden.
Ostrea glabra Meek and Hayden.
Scaphites? sp.
Several small undetermined pelecypods and gastropods.
Sphenodiscus lenticularis (Owen) ?
Tellina scitula Meek and. Hayden. *

All these except the Anomia and the Ostrea, according to Stanton,
are marine species and belong to the fauna of the Lewis shale. The
two ammonoids (Sphenodiscus lenticularis (Owen) % and Scaphites?
sp.) indicate that the lower sandstone is older than true Laramie
and suggest Fox Hills age. Anomia micronema Meek and Ostrea
subtrigonalis Evans and Shumard are usually found in brackish-
water beds and range from the Mesaverde to the Lance, inclusive.

The following species of invertebrates were .obtained from beds
about 200 feet above the lower massive sandstone. With the excep-
tion of Ostrea glabra, they belong, according to Stanton, to the
marine fauna of .the Montana group and are therefore older than
the true Laramie.

Avicula fibrosa Meek and Hayden.
Avicula linguiformis Evans and Shumard.
Cardium speciosum Meek and Hayden.
Mactra? sp.

Ostrea glabra Meek and Hayden.

Tellina scitula Meek and Hayden.
Tellina ? sp.

Baculites sp.
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The fossils listed below were obtained from a thin-bedded sand-
stone about 50 feet above the upper one of the two massive sandstones
referred to above and therefore about 250 feet above the Jowermost
sandstone. According to Mr. Stanton these are also marine species
and belong to the fauna of the Montana group.

Cardium speciosum Meek and Hayden.
Cinulia sp.

Entalis sp.

Leda sp.

Lunatia sp.

Nucula sp.

Protocardia sp.

Tellina scitula Meek and Hayden.

The positions in the formation of the fossils listed above show that
marine conditions prevailed long after the sediments changed from
fine clay to coarse sand, and the presence of a thick coal bed between
the two sandstones indicates that for a time the sea became shallow
enough to permit the growth and accumulation of vegetable matter.

TERTIARY SYSTEM
MIOCENE (?) SERIES
BROWNS PARK FORMATION
CHARACTER AND CORRELATION

Although in the region to the north the “ Laramie” formation is
overlain by beds of late Cretaceous and possibly early Tertiary age,
succeeded by the still later Wasatch and.Green River formations,
none of these formations are present in the Axial and Monument
Butte quadrangles, where a still younger formation overlaps all the
Paleozoic and Mesozoic formations with marked unconformity. In
the Craig quadrangle, immediately to the north, these beds rest un-
conformably on the early Tertiary coal-bearing formation and the
younger Wasatch beds. They correspond to the rocks described
by Powell and others as the Browns Park “ group ” and later de-
scribed by C. A. White ° in their eastern extension from Browns Park
to Fortification Butte (now better known as Cedar Mountain).

According to Powell*® they are much younger than the Green
River and Bridger formations, for in speaking of the Browns Park
“group ” he says: “Its unconformity with the Upper Green River,
Lower Green River, and Bridger beds is well exhibited in the Dry

9 White, C. A., On the geology and physiography of a portion of northwestern Colo-
rado and adjacent parts of Utah and Wyoming: U. 8. Geol. Survey Ninth Ann., Rept,, p.
(91, 1889.

10 Powell, J. W., Report on the geology of the eastern portion of the Umta Mountains
and a region of countly adjacent thereto, p. 168, 1876.
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Mountains in many fine exposures.” C. A. White regarded these beds
as geologically equivalent to the Uinta or latest Focene formation
exposed south of the Uinta Mountains, but his reasons for this corre-
lation are not clear. They appear to be much younger.

In a recent paper ** the author points out some of the physiographic
relations of the Browns Park formation.

The altitude of the Browns Park formation at Cedar Mountain
compared with its altitude in the river bank in sec. 22, T. 6 N, R.
94 W., indicates a total thickness of at least 1,500 feet. Powell*?
gives the thickness of the Browns Park beds as 1,800 fee'f, and
White 2 gives it as 1,200 to 1,800 feet. It is not at all improbable
that further study will show a much greater thickness for these
beds than those indicated, for the reason that remnants of sandstone
and conglomerate, whose relation to the Browns Park formation is
unknown, were observed at much higher altitudes. Ior example,
sandstone capped by a very coarse conglomerate is exposed about 6
miles southeast of Pagoda and about 100 feet below the top of
the great sheet of basalt that forms the “ Flat tops,” at an altitude
of about 10,000 feet. (See Pl III, B.) The conglomerate is made
up entirely of well-rounded pebbles and boulders of basalt, some
of which are as much as 18 inches in diameter.

The basal beds of this formation, where best exposed in the
Axial quadrangle, consist of soft, more or less unconsolidated red-
dish and yellowish-brown sand. These beds usually contain a large
amount of conglomerate, the pebbles of which consist of schist,
gneiss, coarse and fine grained granite, white and reddish quartzite,
and white and reddish vein quartz. At least 50 feet of such ma-
terial overlies horizontally the gently dipping Mancos shale in the
bank of the river in the southwest corner of sec. 22, T. 6 N., R. 94 W.
The relations are well shown in Plate IT, B. These basal beds grade
- upward rapidly into the soft white sandstone that makes up much
the greater part of the formation. The sandstone is everywhere of
a chalky white color and consists of soft friable material made up
largely of rounded quartz grains, more or less consolidated by cal-
careous cement, and a few layers and irregular masses of hard, some-
what quartzitic sandstone that is much darker.

FOSSILS

Although diligent search was made at several horizons in the
Browns Park formation for the remains of animal and vegetable

1 Hancock, E. T., The history of a portion of Yampa River, Colo., and its possible
bearing on’that of Green River: U. S. Geol. Survey Prof. Paper 90, pp. 183-189, 1915,

iz Powell, J. W., op. cit., p. 40.

12 White, C. A, On the geology and physiography of a portion of the northwestern
Colorado and adjacent parts of Utah and Wyoming: U. S. Geol. Survey Ninth Ann.
Rept., p. 686, 1889, -



U. S. GEOLOGICAL SURVEY BULLETIN 757 PLATE III

A. MEANDERS ALONG WILLIAMS FORK NEAR THE EAST EDGE OF THE MONU-
MENT BUTTE QUADRANGLE
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B. SANDSTONE AND COARSE CONGLOMERATE 100 FEET BELOW THE “FLAT
TOPS,” ABOUT 6 MILES SOUTH OF PAGODA



U. 8. GEOLOGICAL SURVEY BULLETIN 757 PLATE IV

A. NORTH SIDE OF YAMPA RIVER CANYON AT JUNIPER MOUNTAIN, SHOW-
ING A THRUST FAULT IN CARBONIFEROUS BEDS AT LOW ANGLE WITH THE
BEDDING PLANES

B. NORTH SIDE OF YAMPA RIVER CANYON AT JUNIPER MOUNTAIN, SHOWING
A THRUST FAULT IN CARBONIFEROUS BEDS
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“life, nothing was found except some tubular forms of a white sub-
stance from one-eighth to three-eighths of an inch in diameter and
from an inch to several inches'in length. They lie at all angles with
the bedding planes. Some of the forms exhibit a cellular structure
resembhncr that of bone, although it is more probable that they are
fossilized stems or roots.*

QUATERNARY SYSTEM

Certain materials of Quaternary age that occur in the Axial and
Monument Butte quadrangles are believed to represent different
stages in the topographic development of the region. These mate-
rials consist of glacial deposits, terrace gravel, and alluvium.

PLEISTOCENE SERIES
GLACIAL DEPOSITS

Scattered over the surface of these quadrangles are thin deposits
that may have resulted from glacial action, but no regional investi-
gation has been made with a view of determining their origin.
In many places the surface is partly covered by gravel, the pebbles
of which range from a small fraction of an inch to 10 inches in
diameter. The pebbles observed in these deposits were in places
found to be made up of granite, syenite, red and white quartzite,
chert, vein quartz, and basalt. In many places the gravel is accom-
panied by more or less rounded and irregular-shaped masses of
basalt, some of them as much as 5 feet in diameter. Pebbles were
observed having one or more facets with well-defined interfacial
angles, but no striae were seen. Some of the basalt, from all ap-
pearances, merely represents the remains of broken down basaltic
flows, particularly where the basaltic material caps the higher ele-
vations. In places, however, the basalt occurs as more or less
rounded boulders associated with the pebbles of other rocks and
occupies the bottom of a valley, without any connection with the
higher areas. Such occurrences were noted especially along Morapos
Creek about 114 miles southwest of the Hamilton ranch, near the
northwest corner of T. 4 N, R. 91 W., and a short distance south of
east of Monument Butte. C. A. White in his description of “scat-
tered drift” over the region between the Uinta and Park ranges
expresses the opinion that the drift originated from one or the
other of these two ranges. He says:

14 Vertebrate fossils discovered by Earl Douglass in the Browns Park formation in 1923
have been studied by A. O. Peterson, who states, in a personal communication, that he
has recognized among them an advanced form referred to the genus Phlaocyon. This
genus has been found in the Oligocene, but he thinks that the Browns Park specles is
probably of lower Miocene age.—T. W. Stanton,
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The character of the rocks composing the axial portions of the Uinta and
Park Range uplifts, respectively, is so different that it is quite easy to refer
any collection of pebbles that may be found in the vicinity of both ranges
to the one from which they were really derived, and also to recognize any
mixture of pebbles as such that have been derived from both ranges.

He concludes his discussion by stating the probable limit of dis-
tribution of the drift from each range and closes by saying:

So far as my observation has extended there appears to be no reason why
we may not regard the distributipn of this drift of the Park Range and
Uinta Mountains as contemporaneous with that of the great northern glacial
drift.®

RECENT DEPOSITS

TERRACE GRAVEL

At certain places on Yampa River beds of gravel were observed
at different altitudes above the present level of the stream. The
most notable deposit is in the low hills bordering Big Bottom.
At that locality the chief gravel bed appears to be from 30 to 50
feet above the bottom of the valley, although a bed of gravel was
found near the center of sec. 29, resting in horizontal position upon
the massive sandstone near the base of the Lewis shale, at about
150 feet above the valley. It is not at all improbable that these
beds record different stages in the development of the present river

channel.
ALLUVIUM

Alluvium occurs along the valleys of Yampa River and Williams
TFork. Where the river cuts through the hard formations, the valleys
are usually narrow, but where it crosses the Mancos shale or Lewis
shale the valleys are wide and extensive flood plains have been de-
veloped. For example, where Yampa River traverses the broad
belt of Mancos shale east of Juniper Hot Springs and also where
it crosses the Lewis shale at Big Bottom it has built up a flood plain
over a mile wide, but in many places along its meandering course
through the Mesaverde deposits the valley is very little wider than
the river. In a similar manner Williams Fork, where it established
its course in the soft Mancos shale, has.developed a flood plain that
furnishes considerable valuable ranch land, whereas its valley
through the Mesaverde is as a rule a narrow canyon. Plate ITI, 4,
shows the course of Williams Fork over its flood plain near the
east edge of the Monument Butte quadrangle. The view shows how
the stream has straightened its course by abandoning certain por-
tions of its channel. The shape of such cut-offs long ago suggested

5 White, C. A., U. S. Geol. and Geog. Survey Terr. Tenth Ann. Rept., p. 36, 1878.
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the term “oxbow.” In the foreground of the picture are two such
cut-offs. The smaller one of the two was separated from the larger
while the latter was a portion of the main channel, and the larger
one was in turn cut off from the present channel at a somewhat later
date. -

IGNEOUS ROCKS

. The only igneous rocks observed in the Axial and Monument

. Butte quadrangles are sheets of basalt capping many of the higher
hills. They occur throughout the southeastern part of the Monument
Butte quadrangle, as shown on the geologic map. Where the
igneous rock is present the top of ‘the hill is almost without excep-
tion covered by an abundance of irregular-shaped masses of basalt.
Narrow, fingerlike projections from the main mass are seen in many
of the side gullies, as for example, along the hillside east of Waddle
Creek about a mile northwest of the Hart ranch. Part of the basalt
is massive, and part of it is distinctly vesicular—that is, it exhibits
numerous cavities formed by the escape of gases while the lava was
cooling. In places almost the entire mass is vesicular.

Very little is known regarding the exact age .of the basalt flows.
They appear, however, to represent in part the northern extension
of the great outflow of basalt which occurs so extensively through-
out the White River Platéau, but they may have been erupted at in-
tervals from the first flow, now represented by the Flat tops, down
to very recent: times. Some of the basalt must have originated be-
fore the glacial drift of that region was laid down, because pebbles
of the basalt occur in the drift. AThe relation of the basalt to the
Browns Park formation is apparently shown at Cedar Mountain,
about 7 miles northwest of the northeast corner of the Monument

" Butte quadrangle. There the mountain, the main mass of which
consists of the Browns Park formation, is capped by basalt. Over-
lying the basalt at one point is a bed of sandstone resembling in
every way the sandstone below the basalt. This overlying sand-
stone was found on examination to contain numerous waterworn.
masses of the basalt, and the openings in the upper part of the
vesicular basalt were filled with sand, indicating that the sandstone
was deposited subsequent to the formation of the basalt and that the
basalt of Cedar Mountain is contemporaneous with the Browns
Park beds. The evidence for the subsequent deposition of the over-
lying sandstone is of importance for the reason that the basalt has
heretofore been considered of more recent origin than the Browns
Park formation.

104107—25——3
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Very few of the sedimentary rocks of the earth’s crust are at
present in exactly the same position in which they were originally
deposited. Some have undergone very little deformation. Others®
have been tilted at high angles or even completely overturned. Under
the stress of deformation the rocks may break; and the mass on
either side of the fracture plane moves in obedience to the existing
forces. Whether the beds merely bend or whether they yield by
fracturing the attitude that they finally assume is known as struc-
ture. Upfolds are called anticlines or, if approximately equal in
length and width, domes; downfolds are called synclines.

ld]yTIIOI)()F‘I{EH?ICESIﬂNTﬂIJG}STHRIJCTWJI{E

Structure may be represented by structure sections or by struc-
ture contours. . When a sufficient number of structure sections have
been prepared they furnish an excellent basis for drawing struc-
ture contours. It is evident, therefore, that the more complete the
field data the more accurate Wlll be the representation of the struc-
ture.

Wherever a formation appeared to be in place and sufficient ex-
posures made it possible to obtain accurate readings of strike and -
dip they were recorded in the field. Certain persistent sandstones
were mapped by determining the altitude of numerous points on
them in the valleys and on the ridges. The exact altitude of these
points was determined by the topographer as ‘the surface was
sketched. Three determinations on the same bed—two on adjacent
ridges and the third in the bottom of the intervening valley—fur-
nish very accurate data for ascertaining the true strike and dip.
The distance between the top of the Mancos shale and the top of
the Trout Creek sandstone was determined at five places by measure-
ment. Owing to the low angle of dip and the consequent great hori-
zontal distance between the bottom and top of the outcrop belt meas-
ured, it was possible, especially on the north side of Axial Basin,
to construct sections with a high degree of accuracy showing the
structure for a considerable distance back from the outcrop. From
these structure sections it was possible to determine the distance be-
tween the Trout Creek sandstone and the Twentymile sandstone and
between the Trout Creek sandstone and the base of the Lewis shale,

28



STRUCTURAL GEOLOGY . 29

~in the Axial quadrangle. These measurements determined under
such favorable conditions were assumed to remain fairly constant
throughout the Monument Butte quadrangle. On the south side of
Axial Basin the structure sections were based partly upon recorded
dips and partly upon two or more altitudes on the same sandstone
or coal bed. The structure sections across the north limb of the Hart
syncline, described under “ Folds,” were baseéd entirely upon re-
corded dips. Those across the south limb were based upon recorded
dips, upon several altitudes of the same coal beds, and upon the
measured thickness of the Iles formation. The plotting of the struc-
ture along the east end of the syncline is the most hypothetical, re-
corded dips being the only data available.

In this field the structure contours are drawn on the top of the
Trout Creek sandstone. Inasmuch as the top of the sandstone is
seen only where it crops out along the hillsides its altitude at other
points must be calculated from observed dips and especially
from carefully prepared structure sections. These structure con-
tours present a complete picture of the warped surface of the Trout.

Anticline

Syncline

FigURB 2.—Anticline and syncline represented by structure contours, and cross sections
of each along lines marked

Creek sandstone, and as the beds both above and below this key rock
are practically parallel with it they furnish a picture of the de-
formed surfaces of all the rocks of the region. In the first diagram
shown in Figure 2 the contours close around a central area, and
toward the axis each succeeding contour is 250 feet higher than the
one lying on the outside. This means that the surface of the sand-
stone is arched, and as the contours are more closely spaced on one
side than on the other the slope of the surface on that side is much
steeper, as shown in the cross section along line A-A’. In the
second diagram shown in Figure 2 the contour lines represent a fold
in which the highest points are on the outside rim and the lowest
.point in the center. This isa trough or synclinal fold, and as the
contours are about evenly spaced the slope of the sandstone toward.
the middle is about the same on both sides and the fold is sym-
metrical, as shown in the ¢ross section along line B-B’.

On the map (Pl XIX) there are two sets of contours. One set is-
structural and represents the deformed upper surface of the Trout
Creek sandstone; the other set represents the surface of the land.
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As both sets represent altitude above mean sea level the difference at
any point within the outcrop of the Trout Creek sandstone between
the altitude of the structure contour and the altitude of the surface
contour is the depth of the sandstone below the surface. In places
the structure contours are drawn outside of the area of the Trout
Creek sandstone. In such places the sandstone is eroded, and its
former position has been calculated from the rocks appearing at the
surface. The difference in altitude between the structure contour
and the surface contour shows the amount of rock below the top
of the Trout Creek sandstone that has been removed by erosion.

FOLDS

Awial Basin anticline—The dominant structural feature of these
quadrangles is the great arch known as the Axial Basin anti-
cline, a southeastward extension of the larger Uinta Mountain
arch. The axis of this anticline extends from the Juniper Moun-
tain dome, near the northwest corner of the Axial quadrangle,
southeastward to the south side of the Monument Butte quad-
rangle. The valley known as Axial Basin, from which it is named,
lies along its crest. About 2 miles west of Monument Butte the
main anticline divides, forming two entirely separate anticlines.
The broader one of the two continues southeastward and merges
with a very extensive uplift, one of the principal topographic
features of which is commonly known as Sleepy Cat Mountain;
the other trends a little north of east and terminates at the
Round Bottom syncline. The Axial Basin anticline is an unsymmet-
rical fold—that is, the dips on the south side of the axis are much
steeper than those on the north side. It is therefore probable that
the crest of the fold lies much nearer the south than the north side
_ of Axial Basin. The prevailing dip of the Iles formation south of
Axial Basin is from 20° to 35° as far east as Milk Creek. Thence
southeastward the dip increases to about 60° near the south line of
the Monument Butte quadrangle. Along the north side of the basin
the beds are inclined much less steeply. The prevailing dips there
are from 7° to 10°, or from 640 to 900 feet to the mile.

Juniper Mountain dome.—Upon the Axial Basin anticline,
partly within the Axial quadrangle at the northwest corner, there
is an independent dome referred to in some of the older reports
as the Yampa upthrust. The prominent topographic feature re-
sulting from this independent dome is commonly known as Juniper
Mountain, and hence the dome itself will be referred to by that
name. Like the Cross or Junction Mountain uplift, which bears
a similar relation to the anticline farther west, it seems to have
resulted either from the. intensified application of the forces as
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a result of which the Axial Basin anticline was formed, or from
some inherent weakness in the rocks that caused them to yield
more readily to those forces. It is by far the most pronounced up-
lift in either of the two quadrangles, though so far as area is con-
cerned, it is relatively. insignificant. The body of the mountain is
composed of hard red quartzite and sandstone, similar in all respects
to the typical quartzite and sandstone that form the main core of the
Uinta Range.

Round Bottom syncline.—From the great arch of the Axial Basin
anticline the beds dip northeastward at the rate of about 750 feet to
the mile into a shallow trough that is here named the Round Bottom
syncline, from Round Bottom, on Yampa River about 51, miles
below the mouth of Williams Fork. This trough, which is deepest
near the northwest corner of T. 6 N., R. 92 W, rises gradually south-
eastward as far as Fuhr Gulch. Thence the axis rises more steeply,
bringing the Trout Creek sandstone to the surface near the top of
Tles Mountain, a few miles west of the Hamilton ranch. The beds
along the northeast limb of the syncline dip much more steeply than
those along the southwest limb. For example, the uppermost beds of
the Williams Fork formation along the southwest flank of the Bell
Rock dome are inclined southwestward toward the axis of the
Round Bottom syncline at angles of 7° to 13°. Similar beds in Bell
Rock Gulch are inclined westward as steeply as 27°, and the Trout
Creek sandstone exhibits a like dip 114 miles west of Hamilton. The
highest part of the synclinal trough is immediately southwest of the
Hamilton dome, or, in other words, in the line of the axis of the
northeast branch of the Axial anticline. From that point south-
ward the limbs of the Round Bottom syncline separate rapidly, and
the synclinal structure is believed to terminate at the Monument
Butte fault.

Hart syncline—The abrupt change in the attitude of the Mancos
beds and those of the Iles formation from a strike of N. 70° W. and
a dip to the northeast, south of the Monument Butte fault, to a
strike of N. 45° E. and dip to the southeast, north of the fault, in-
dicates the point of a structural trough, which, on account of its
relation to Hart Gulch, has been termed the Hart syncline. As in
the Round Bottom syncline, one limb of this fold dips much more
steeply than the other. It is almost the universal rule in this area
that steeper dips are exhibited by the north or northeast limbs of the
synclines, and the Hart syncline is no exception to the rule. The
beds constituting the southwest limb have a rather uniform dip of
about 8°. North of Moody Gulch the beds dip 18°-21° SE.; at
the Hart mine, near the mouth of Hart Gulch, the dip is 27°; and
still farther southeast, at the east line of the quadrangle, the dip is

¢
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as high as 40°. The axis of the syncline in its western part pitches
steeply toward the east. About a mile southwest of the Hart ranch,
however, it reaches its lowest position, and from that point it gradu-
ally rises toward the southeast. Among the steeper dips north of
the synclinal axis are those along the southeast flank of the Hamilton
dome, which, like the Bell Rock dome, is situated upon the axis of an
anticline that almost parallels the Round Bottom syncline on the east.

Williams Fork anticline—An anticline whose axis coincides with
the course of Williams Fork for several miles will be referred to
as the Williams Fork anticline. It pitches gently northwestward
from the Hamilton dome to the structural saddle in sec. 14, T. 6 N.,
R. 92 W., immediately southeast of the Bell Rock dome, at the rate
of about 450 feet to the mile. From that point northwestward the
axis rises to the crest of the Bell Rock dome. On the northeast
limb of this fold the dips are low, generally not exceeding 10°,
but the beds in the vicinity of Bell Rock Gulch, like those south-
east of the Big Bend in Yampa River, are inclined west and south-
‘west at comparatively steep angles. For example, the dip of the
"Trout Creek sandstone about 114 miles west of the Hamilton ranch
is 13° W. Toward the northwest the dip rapidly increases to
28°.  Along the west slope. of the high ridge in secs. 25, 35, and 36,
T. 6 N., R. 92 W., the recorded dips range from 16° to 33°, and
the massive sandstone at the top of the Williams Fork formation
in the Bell Rock dome dips southwest at an angle of about 13°.

Bell Rock dome—The Williams Fork anticline plunges north-
westward, but in the northern part of T. 6 N., R. 92 W., it rises
again to form the elliptical Bell Rock dome. The center of the
fold has been eroded to the series of white sandstones capped by
coal beds at the top of the Williams Fork formation. The strikes
and dips of these sandstones and coal beds show the dome structure
clearly, the angle of dip ranging from 13° on the west to 5° on the
east side. This dome takes its name from an isolated mass of sand- -
stone on the west side of Bell Rock Gulch, which has been carved
by erosion into a form somewhat resembling a bell.

Hamilton dome.—Upon the Williams Fork anticline, in line with
the northeast branch of the Axial anticline, is a more or less perfect
dome that has been referred to as the Hamilton or Moffat dome. It
is near the center of the Mancos shale area about 2 miles south of the
Hamilton ranch. The strikes and dips determined at different
‘points on the ledge of thin-bedded sandstone in the Mancos shale
about 800 feet below the base of the Iles formation show clearly
the presence of a dome. Here, as in all other similar uplifts in
this area, the steeper dips lie south or southwest of the axis.

Big Bottom syncline—The rocks dip northeastward from the crest
of the Williams Fork anticline at the rate of about 800 feet to the
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mile. They dip into the face of the Williams Fork Mountains and
form the back slope of this range as they descend into an open
structural trough called the Big Bottom syncline. North of the
Williams Fork Mountains the trend of the syncline is nearly due
west, but as the fold crosses Yampa River it turns nearly due north
on the east side of the Bell Rock dome. The dip toward the axis
of the syncline is nearly the same on both sides, ranging generally
from 7° to 15°.

Bréeze anticline—The axis of the Breeze anticline extends from
the northeast corner of T. 6 N., R. 91 W., in a southeasterly direction,
passing a short distance south of Breeze Mountain. This anticline
is more prominent in the Daton Peak quadrangle, on the east. In
the Monument Butte quadrangle it has the form of a gentle arch
that is more or less in line with the fault occurring in the northern
- part of T. 6 N., R. 91 W. (p. 35). In the eastern part of this town-
ship the dips north and south of the anticlinal axis range from 5°
to 7°. South of the Walker mine, in T. 6 N., R. 90 W., the rocks
dip about 4° W., but farther east, in the vicinity of Breeze Moun-
tain, the beds north of the anticlinal axis dip as much as 20° N.

Beaver Creek anticline—DBetween the steep north limb of the Hart
syncline on the eastern margin of the Monument Butte quadrangle
and the northward-dipping coal-bearing formation in the Williams
Fork Mountains is an extensive area of Mancos shale denoting the
presence of a broad anticline, the extreme northwestern point of
which extends into this quadrangle. From a study of the rocks up
the valley of Williams Fork, it is known to be an anticline of con-
siderable magnitude and to coincide in a general way with that
valley. In accordance with the terminology of Plate 1 of Bulletin
24 of the Colorado Geological Survey, this fold is called the Beaver
Creek anticline.

Badger Creek syncline—The Beaver Creek anticline in general
trends northwestward and if prolonged would cross the Williams
Fork anticline near Hamilton. It dies down, however, on approach-
ing the Williams Fork anticline, and the two are separated by a
slight synclinal fold, which. crosses Badger Creek near its mouth
:and is named the Badger Creek syncline. The synclinal structure
-of this fold is well shown by the basal sandstones of the Iles forma-
tion, which dip eastward and pass below Williams Fork about 114,
miles east of the Hamilton ranch. These same beds rise from water
level a few hundred feet northeast of the Hamilton mine. South-
west of the synclinal axis the beds rise gently toward the crest of
the Hamilton dome, and on the opposite side they rise toward the
-axis of the Beaver Creek anticline. This syncline is just deep enough
to bring the coal-bearing rocks down below the river level and thus



34 AXIAL AND MONUMENT BUTTE QUADRANGLES, COLO.

make a connection between the coal field north of Williams Fork
and the Hart syncline south of that stream. The combination of this
minor syncline with the Hart syncline results in a widening of the
Hart syncline in its central portion. . '

Collom syncline—On the southwest side of the Axial Basin anti-
cline the rocks dip steeply southwest into a well-defined syncline,
which lies from 2 to 3 miles within the coal field of the Danforth -
Hills and parallel with the edge of the upland which marks that
field. It crosses Collom Gulch and passes near the Collom ranches
and is therefore called the Collom syncline. Like most other syn-
clinal folds of the Axial and Monument Butte quadrangles this
syncline has much steeper dips on the north side of the axis than
on the south side. The dips north of the axis as far east as Milk
Creek range from 20° to 30°. Thence eastward they rapidly in-
crease to about 60° near the south line of the Monument Butte quad-
rangle. South of the axis the beds dip north at a very low angle,
ranging from 5° to 7°. The Collom syncline has been modified to
some extent by cross folds. The location of one cross syncline at
Morgan Gulch and another at Milk Creek is brought out in the
geologic map by the structure contours, and also by certain portions
of the escarpment of Mesaverde rocks projecting into the Axial
Basin. The combination of the Morgan Gulch transverse depression
with the Collom syncline, the axes of which are approximately at
right angles, results in a structural basin that occupies a considerable
part of T. 4 N.,, R. 94 W. '

Elkhorn syncline—The prominent point of the upland east of
Milk Creek marks the point of a rather prominent syncline that
extends from the southwestern part of the Monument Butte quad-
rangle in a direction a little west of south across the Danforth Hills,
near the east side of the Meeker quadrangle. The axis of that por-
tion of the syncline included in the Monument Butte quadrangle
pitches steeply toward the south. In the Meeker quadrangle the
synclinal axis lies for some distance along the course of Elkhorn
Creek, and for that reason the name Elkhorn is applied to the fold.

FAULTS

In general, the rocks of the Axial and Monument Butte quad-
rangles have not been stressed sufficiently to cause them to break.
A few normal faults have been observed within these quadrangles,
however, and several thrust faults are present in the north wall of
the canyon where Yampa River cuts through Juniper Mountain.
(See Pls. IV and V, 4.) The mode of development of a normal
fault is illustrated in Figure 8. A represents conditions before the

o



U. S. GEOLOGICAL SURVEY BULLETIN 757 PLATE V

A. NORTH SIDE OF YAMPA RIVER CANYON AT JUNIPER MOUNTAIN, SHOWING
OVERTHRUST FAULT IN CARBONIFEROUS BEDS

B. HIGHLY JOINTED MASSIVE WHITE SANDSTONE OF THE WILLIAMS FORK
FORMATION IN THE NW.} SEC. 22, T.2 N,, R. 94 W.



U. S. GEOLOGICAL SURVEY BULLETIN 757 PLATE VI

4. HIGHLY JOINTED SANDSTONE IMMEDIATELY ABOVE THE TROUT CREEK
SANDSTONE MEMBER OF THE ILES FORMATION EAST OF THE GILBERT WES-
SON MINE, SEC. 30, T. 2 N, R. 92 W.

B. HIGHLY JOINTED MASSIVE WHITE SANDSTONE OF THE ILES FORMATION,
T.4 N.,, R.91 W.
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fault occurs. When the rocks are under tension, they will part
along joint planes, as shown in B, and one side (g’-A) will settle
-down by sliding along the joint fracture (c-d) until it comes to
rest (from e to #). The horizontal space formerly occupied (g-f)
will be elongated to.g’—f’. Several faults of this type have been dis-
covered in the Monument Butte quadrangle. They may have been
formed at the same time that the folds were produced, but it is
probable that they originated at a later date.

The mode of development of thrust faults is illustrated by Fig-
ure 4. A represents the rocks before faulting or folding occurred,
being ‘subjected to horizontal compression, as indicated by the ar-
rows. Under these compressive forces the rocks will begin to bend,
and if the force is greater from one side than from the other there is

“ produced what is commonly
called an overturned fold,
shown in B. If the compres-
sion is continued the folded
rocks will break aleng an in-
clined plane (c-d), and one
portion will be thrust over
the other along this fracture
(-, fig. 4, C). }

The entire .structure as
shown in the figure is seldom /
observed in nature, because FIGURE 3.—Normal fault
while the rocks are being
folded and faulted they-are being worn down by erosion and ﬁnally
they are reduced to the present surface, as shown in Figure 4, D.

One of the normal faults observed in this area was found north of
a small anticline or elongated dome whose major axis extends
through secs. 13, 14, 15, 16, and 8, T. 6 N., R. 91 W. The detailed
work in this township was done by a party under the supervision of
John Allen Davis, who says:

The steepest dips, which range from 18° to 20°, are on the south side of the
dome. On the north side they vary from 5° to 10°. A fault having a maximum
throw of perhaps 200 feet was found a short distance north of the crest of the
anticline and traced several miles in an east-west direction approximately
parallel to the major axis. Near the highest point of the dome the down-
throw of the fault is on the south side, but a short distance in either direc-
tion the downthrow is on the other side of the fault.

The amount of displacement is about 200 feet.

A small eastward-trending fault was mapped through the center
of sec. 17, T. 6 N., R. 90 W., by J. B. Eby. The downthrow, which
amounts to 80 to 100 feet, is on the north side and cuts off the ledge
of massive white sandstone that crops out in the ridge to the south.

104107—25——4
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The Monument Butte fault extends a few degrees north of east
from a point near the center of sec. 26, T. 4 N., R. 92 W., for a dis-
tance of 5 miles. The fault coincides with the second gully south
of Monument Butte, where it has a throw of about 800 feet; east of
Deer Creek it is believed to coincide more or less closely with Moody
Gulch. The displacement seems to have occurred mainly along the
axis of the Hart syncline. The amount of displacement along the
fault may have diminished to
practically nothing at the
. Trout Creek sandstone, or the
" movement may have been
taken up, in part, by slipping
of the soft sandy shale beds in
the. Mesaverde group. West
of Monument Butte the move-
ment seems to have been

rapidly taken up by bending
in the soft beds of the Mancos
shale.

. Two normal faults sepa-

rated by a downthrown block

are visible in the Trout Creek

sandstone rim near the south

quarter corner of sec. 33, T. 4

N, R. 92 W., and may pos-

sibly connect with the Monu-

ment Butte fault. A large

normal fault, with downthrow

.toward the south, lies about

1% miles north of the Monu-

ment Butte fault and nearly

parallel to it, extending from

the east quarter corner of
sec. 19, T.4 N, R. 92 W., to a

point southeast of the Ham-

ilton dome, and smaller nor-
mal faults are present north of the Bell Rock dome and along the
road north of the Walker mine in sec. 17, T. 6 N., R. 90 W.

In each of the thrust faults observed in the Yampa gorge near
Juniper Mountain the beds on the east side of the fault plane are
thrust up over those on the west side, as shown in Plate IV, 4 and B,
and Plate V. Plate IV, B, shows the easternmost of the three faults.
At one point the beds on the downthrust side of the fault are closely
contorted and forced back upon themselves, owing to the overthrust-

Fi1gUure 4.—Thrust fault
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ing of the beds from the east. Plate IV, 4, shows a fault farther
west cutting lower beds. The beds on the upthrust side of the fault
plane can be traced continuously from the top of the canyon wall
down to the river. On the downthrust side of the fault about 30 feet.
of the strata end abruptly at the fault plane. In the faults shown in
Plate IV the direction of the fault plane is so near that of the bedding
that the amount of vertical displacement is small in comparison with
the amount of movement along the fault plane. Plate V, 4, shows
another fault a short-distance west of the highest point in Little Juni-
per Mountain. Here the fault plane occurs at an angle of about 30°
with the bedding. In this fault, as in that shown in Plate IV, B,
the beds on the left or downthrust side of the fault plane are closely
contorted and forced upward and to the left, while those on the right
or upthrust side are bent downward and to the right, strongly indi-
cating that the movement took place as indicated by the arrows.
Owing to the impossibility of correlating the beds on the west with
those on the east side of the fault plane, the total vertical and hori-
zontal displacement could not be determined.

JOINTS

Stresses applied to rocks that are more or less-homogeneous and
under considerable load, if evenly distributed, are likely to be re-
lieved by very slight movement along an almost infinite number of
parallel joint planes. Jointing is conspicuous in many localities
within and near the Axial and Monument Butte quadrangles, and
intense development of parallel joints seems to have occurred where
a sandstone has been tilted at a high angle, especially where the
strike gradually changes, or, in other words, where the outcrop makes
a sweeping curve. Plate VI shows exposures of sandstone at two dif-
ferent localities where these conditions exist. In each locality the
sandstone is dipping toward the observer, very steeply in 4 but at
a low angle in B. Plate V, B, shows a highly jointed sandstone in
which the strike abruptly changes about 90°. Wherever the sand-
stones have been cut by a system of parallel joints the associated coal
beds have probably been affected in a similar manner, and this con-

dition will doubtless have a strong influence on the methods to be
employed in keeping the mine safe while the coal is being mined.
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DISTRIBUTION

As the coal beds occur in the Mesaverde group, they will be found
only where the beds of that group crop out or lie below the surface.
The largest area of coal-bearing rocks is in the northern part of the
quadrangles, extending from the east margin as far west as the line
between Rs. 93 and 94 W. The next largest coal-bearing area is in
the southwestern part, extending as far east as Thornburgh Moun-
tain. The third and smallest area is the Hart Basin, in the south-
east corner of the Monument Butte quadrangle. About 295
square miles of the Axial and Monument Butte quadrangles is un-
derlain by the Mesaverde group, but the Williams Fork formation—
the abundantly coal-bearing portion of the group—is confined to ‘a
much smaller area.

DEPTH

The author’s interpretation of the structure indicates that most of
the coal lies fairly near the surface. The approximate depth to the
top of the Trout Creek sandstone member of the Iles formation, or,
in other words, the base of the principal group of coal beds (Fair-
field) is shown by the structure contours. They indicate that along
the axis of the Collom syncline south of Axial Basin the base of the
principal group of coal beds may be reached in the bottom of the
gulches at depths ranging from 900 to 1,200 feet. In Hart Gulch,
which is transverse to the axis of the Hart syncline, the Trout
Creek sandstone probably does not lie much in excess of 1,000 feet
below the surface. On the north side of Axial Basin the Trout
Creek sandstone is believed to have the greatest depth along the
axes of the Round Bottom and Big Bottom synclines, but even here
it is, in all probability, not much more than 3,000 feet below the
surface. :

ACCESSIBILITY

The natural routes for the construction of railroads through the
Yampa coal field are the valleys of Yampa River and its main tribu- .
tary, Williams Fork. It is safe to assume that most of the coal
mined in the Axial and Monument Butte quadrangles in the next 50
years will be taken out over railroad lines in these valleys, and all
statements here made regarding the best points of approach and the

38
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best methods of mining are based on that assumption. The northeast
corner of the Monument Butte quadrangle is about 23/ miles south-
east of Craig, the present western terminus of the Denver & Salt
Lake Railroad. The Saratoga & Encampment Railway has been com-
pleted from Walcott, on the Union Pacific, to Encampment, Wyo., only
about 14 miles north of the Colorado line. The Colorado, Wyoming
& Eastern Railway has been completed 111 miles'southwestward from
Laramie, Wyo., on the Union Paciﬁc, to Coalmont, Colo., and is
reported to have made surveys in the direction of the Yampa, coal
. field. The Union Pacific Railroad is also reported to have made three
surveys from Wamsutter, on the main line, south to Craig. It seems
probable, therefore, that there will eventually be railway connection
between the main lines of the Union Pacific and the Denver & Salt
Lake railroads by the construction of one of the branch lines men-
tioned. This will enable the coals of northwestern Colorado to enter
into active competition with those from Rock Springs and Hanna,
Wyo. Preliminary surveys have also been made for the extension of
the Denver & Salt Lake Railroad west from Craig to Provo, Utah,
following a line from half a mile to 214 miles north of the Axial and
Monument Butte quadrangles. The extension of this line to Salt
Lake City and on to the Pacific coast should ‘enable the Colorado
coals to compete more readily with other western coals. It seems
probable, however; that the principal future demand for the coal
of this field will originate east of the mountains, and the completion
of the Moffat tunnel, now under construction, will remove one great
obstacle to the profitable exploitation of the coals of the Yampa field.
- Within the Axial and Monument Butte quadrangles the valleys of
Yampa River and Williams Fork and of their tributaries afford un-
usually favorable opportunities for the construction of branch
lines of the Denver & Salt Lake Railroad. Between the 107° 30"
meridian, which farther south forms the east line of the Monument
" Butte quadrangle, and the mouth of Williams Fork, a branch of the
railroad built along Yampa River would have a grade of 0.16 per
cent. Between the point where Williams Fork enters the Monu-
ment Butte quadrangle and its mouth there would be a grade of about.
0.4 per cent. It follows, therefore, that all the coal along Yampa
River between the main line of the railroad and Williams Fork, as
well as that along Williams Fork, could be hauled out to the main
line over a branch line whose grade need not exceed 0.16 per cent.
The empty cars could easily be hauled up the 0.4 per cent grade
from Yampa River up Williams Fork. The moving of the loaded
cars on the down trip would require practically no motive power as
far as the mouth of Williams Fork and very little from that point
out to the main line of the Denver & Salt Lake Railroad. The thick
coal beds in the Hart syncline south of Hamilton could be reached
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either by a spur extending up Morapos and Deer creeks or by one ex-
tending south from Williams Fork up Waddle Creek. From the
Hamilton ranch to the junction of Morapos and Deer creeks the val-
ley rises with a grade of 0.75 per cent. The gradient of Deer Creek
is much steeper, rising at about a 2 per cent grade. From Williams
Fork south to the Hart mine the valley of Waddle Creek also rises
at about a 2 per cent grade.

. Yampa River, from the mouth of Williams Fork to that of Milk
Creek, falls at the rate of about 5 feet to the mile. Throughout this
distance its meanders have been established in rocks either including .
the Fairfield group of coal beds or in other beds closely associated
with that group. Between the mouth of Milk Creek and the base of
the Fairfield coal group near the Shafer mine, on the south side of
Axial Basin, the valley of Milk Creek rises with about a 0.7 per cent
grade.

If it is desirable to develop the coals farthest west—for example,
near the Mount Streeter mine, on Good Spring Creek, or on Jubb
Creek or Morgan Gulch—railroad spurs built from Yampa River
along Milk and Good Spring or Milk and Jubb creeks would have,
respectively, grades of 1.0 and 1.2 per cent.

The Fairfield group of coal beds along Morgan Gulch could be
reached by the same route and by like grades, but if the Morgan
Gulch coal was to be carried westward it could also be reached by
means of a spur from Yampa River up Morgan Gulch, the average
grade of which would not exceed 1 per cent.

It seems probable that the coal beds in Horse Gulch and Sand
Spring Gulch, north of Yampa River, could be reached by a short
spur extending south from the proposed route of the main line
of the Denver & Salt Lake Railroad at the head of Sand Spring
Gulch. The average grade of this spur would not be much in excess
of 1 per cent.

To summarize, it appears that practically all the routes above
. mentioned are feasible. On the few that.involve grades.as'high as
2 per cent the principal haulage would be down the grade. By
means of these branch lines, most of which would not require grades
exceeding 1 per cent, the bulk of the coal of the Axial and Monument
Butte quadrangles could be brought to the main line, and thence to
market either to the east or the west. The occurrence of the coal
and the most favorable points of access to it are set forth in the
detailed description of townships.

METHODS EMPLOYED IN MAPPING THE COAL BEDS

In this field it was necessary to modify the method ordinarily
employed by parties of the United States Geological Survey en-
gaged in mapping coal-bearing areas, owing to the difficulty in
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tracing individual coal beds of these quadrangles and also owing
to the extent to which these coals have burned along their out-
crops—as, for example, on the north side of the great meanders of
Yampa River, where 700 to 800 feet of brick-red sandstone and
baked shale are laid bare along the steep slopes, with scarcely a
_foot of coal showing, although the rocks here exposed comprise a
portion of the great coal-bearing zone immediately above the Trout
Creek sandstone. Fortunately, there are in this area certain sand-
stones that bear a definite relation to the different groups of coal
beds, and these were used as key sandstones in the mapping. The
two most conspicuous key sandstones, the Trout Creek and Twenty-
mile, are fully described in connection with the Mesaverde group
in the chapter dealing with stratigraphy. The Trout Creek sand-
~ stone underlies the Fairfield or principal group of coal beds. On the
south side of Axial Basin this sandstone was traced almost con-
tinuously from the southeast corner of sec. 4, T. 3 N., R. 92 W,
to the northwest corner of T. 4 N., R. 94 W., and thence south
along the steep slope on the east side of Maudlin Gulch. On the
north side of the basin the same sandstone was traced almost con-
tinuously from a point near the northeast corner of T. 6 N., R.
94 W., in a southeasterly direction over the ridges and down into
the gulches as far east as the east line of the Monument Butte
quadrangle. The Trout Creek sandstone was again recognized at
the base of the principal group of coal beds along the south side
of the Hart syncline. The Twentymile sandstone was traced al-
most continuously- from a point near the southeast corner of T.
6 N., R. 93 W., eastward to the junction of Williams Fork and
Yampa, River and was located at many pomts from Yampa River
eastward.

The best exposures of coal occur in the gulches, and in the course-
of the mapping the beds were measured and their stratig‘raphic
relations determined as accurately as possible under the circum-
stances: -Wherever possiblethe méasurement of the entire group
of beds was tied to one of the key sandstones, with the results
shown in Plate XVIII. The detailed sections of the individual coal
beds, as well as of numerous coal beds that were not tied to the key
sandstones, are shown in the plates of coal sections for the several
townships.

QUALITY OF THE COAL
SAMPLING AND ANALYZING

The ordinary means of estimating the value of a coal is to study
its chemical composition as shown by analysis and to determine its

heating or fuel value by laboratory tests made especially for that
purpose.
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. Many tests of the relative values of coals were made in 1904,2° and
many analyses of coals have been pubhshed since that date. The
subject of the chemical analysis of coal is; however, altogether too
technical in its nature to be set forth in thls report.

Analyses are of two kinds, proximate and ultimate. In the
proximate analysis the chemist determines the percentage of moist-
ure, volatile matter, fixed carbon, sulphur, and ash. In the ultimate
analysis he determines the proportion of.carbon, hydrogen, oxygen,.
nitrogen, sulphur, and ash. In the commercial valuation of coals a.
proximate analysis and a calorimeter determination are usually
sufficient. The percentages of moisture, volatile matter, fixed car-
bon, and ash, together with the calorific value, are of chief impor-.
tance to the engineer, coal dealer, or power- -plant superintendent.

The calorific power or heating value is the total amount of-heat.
developed by the complete combustion of a certain amount of fuel;
this is expressed in the analyses as the number of heat units gen-
erated by 1 pound of coal. In the metric system of measurements.
the heat unit is the calorie; in the English system it is the British
thermal unit. The calorie is the amount of heat required to raise
the temperature of 1 gram of water.1° C. when the water is at the
temperature of maximum density, 3.9° C. (39.1° F.). This
unit, generally called the French calorie or gram-calorie, is not
used for coal analyses. The pound-calorie, used in the following
tables, is the heat required to raise 1 pound of water 1° C.; the
British thermal unit is the amount required to raise 1 pound of water-
1°- F. The pound-calorie, therefore, bears the same ratio to the
British thermal unit that the degree Centigrade bears to the degree
Fahrenheit—1.8:1, By recent practice the temperature of the water
is assumed to be 62° or 63° F. instead of the temperature of maxi-
mum density.

B ANALYSES

The table given below includes analyses of samples from most of
the mines of the Meeker, Axial, and Monument Butte quadrangles
and, for comparison, average analyses of several samples of coals
from surrounding fields.

16 Preliminary report of the operations of the coal-testing plant of the United States
Geological Survey at the Louisiana Purchase Exposition, St. Louis, Mo., 1904: U. S.
Geol. Survey Bull. 261, 172 pp., 1905. Report on the operations of the coal-testing plant
of the United States Geological Survey at the Louisiana Purchase Exposition, St. Louis,.
Mo., 1904 : U. 8. Geol. Survey Prof. Paper 48, in 3 parts, 1492 pp., 13 pls., 1906. Holmes,
J. A., Preliminary report on the operations of the fuel-testing plant of the United States
Geological Survey at St. Louis, Mo., 1905: U. S. Geol. Survey Bull. 290, 240 pp., 1906.
Lord, N. W., Experimental work conducted in the chemical laboratory. of the United
States Geological Survey fuel-testing plant at St. Louis, Mo., Jan. 1 1905, to July 31,.
1906 : U S. Geol. Survey Bull. 323, 49 pp., 1907.
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Each analysis is given in four forms designated A, B, C, and D.
A is the analysis of the sample “as received,” B the analysis of the
“air-dried ” sample, C the analysis of the moisture-free” or “dry”
coal, and D that of “ moisture and ash free ” coal. The coal received
at the laboratory is air dried and then analyzed, and the analyses in
forms A, C, and D are calculated from the analysis of the air-dried
coal; C and D represent theoretical conditions not existing in nature.
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COAL 49
CHEMICAL AND PHYSICAL EFFECTS OF WEATHERING

In comparing the analyses of coals the weathered or unweathered
character of the coal should as far as possible be taken into account.
Samples collected from surface diggings and shallow prospects,
or from faces along the walls of the entries, slopes, and rooms of
mines, where the coal has been exposed to the air- for a long time,
commonly have deteriorated to some extent, owing to the oxidation
and decomposition of the coal incident to weathering. On long-
continued exposure many coals lose all their original physical char-
acteristics and suffer great. reduction in calorific value. As the
alteration goes on there is a gradual increase in moisture and oxy-
gen and a corresponding decrease in the percentage of carbon.
In general the percentages of volatile matter, ash, sulphur, hydrogen,
and nitrogen remain fairly constant, although there is commonly
a slight increase in the ash content in the weathered belt and a
decrease in sulphur. The reddish-brown films that form along
newly developed fracture planes in the coal indicate that some of
the iron sulphide in the coal has been changed to iron oxide. From
these facts it is obvious that analyses will not be of greatest value
unless the conditions under which the samples were taken are known.

SIGNIFICANCE OF THE DIFFERENT CONSTITUENTS SHOWN BY
THE ANALYSES

Moisture—The moisture contained in coal may be separated into
two parts, loosely retained or mechanically held moisture such as
is present in coal as it comes from the mine, and moisture re-
tained by coal that has réached an air-dried condition. The differ- -
ence between these two amounts is the “air-drying loss.” The
moisture contained - in the air-dried sample is gradually given off
as the temperature rises, and if the finely powdered sample is
heated for an hour in air at a temperature of 105° C. the free
or loosely held water and some of the hydrocarbons are expelled.
In the table the percentage of moisture given in analysis A, for
the coal “as received,” represents the moisture removed from the
sample in producing “dry ” coal, the composition of which is given
in apalysis C. According to the modified method lignites and coals
high in moisture are heated at a low temperature until all the mois-
ture is drawn out, in order to avoid mechanical losses from material
thrown out of the crucible by the rapid escape of steam and volatile
matter. This preliminary heating for four to six minutes is fol-
lowed by the application of the full flame. Moisture not only fails
in itself to produce heat, but it tends to diminish the heating value
of a coal by displacing its own weight of combustible matter.
Furthermore, it absorbs the heat required to raise the temperature
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along with the temperature of the fuel in which it is included;
and finally it absorbs the latent heat of volatilization, by which it
is passed off as steam. It is evident, therefore, that the presence of
a large amount of moisture in a coal greatly dimirishes its heat-
producing power. '

Volatile matter and fixed carbon.—The volatile matter of coal in-
cludes the gaseous combinations of hydrogen and carbon, the oxida-
tion of which in the processes of burning generates heat, and also
includes a certain amount of inert gas. Coals that contain a large
proportion of volatile matter are said to be soft. They ignite readily
and burn with a long, smoky flame.

The term “ volatile matter ” does not refer to a definite compound
that was in the coal before it was heated, for different degrees or
rates of heating will give more or less volatile matter.

Ash.—The ash contained in a sample of coal may come from
minera] matter intimately mixed with the carbonaceous material of
the coal, or it may be derived from thin layers of shale, pyrite nod-
ules, or other impurities in the coal hed. If the ash is derived from
the first source it is likely to be fairly uniform in the different parts
of the same bed, but if it comes from the second source it is likely
to vary greatly from place to place and the percentage of ash will
depend on the number and thickness of the partings and on the care
with which they are separated from the coal in mining. The chief
constituents of coal ash are silica, alumina, iron, and lime. An ash
high in silica does not fuse readily, and one containing a high per-
centage of iron and lime is easily fusible and is apt to clinker badly
in a furnace.

Sulphw —Sulphur is a common impurity in coal which may be
present in combination with lime and magnesia as sulphates, in
combination with the coal substances as organic sulphur, or in com-
bination with iron as pyrite or marcasite. Sulphur when burned
corrodes the metal parts of furnaces, and its presence is objectionable
in connection with the use of coal for metallurgical processes, es-
pecially those used in. producing iron -and steel, as it exerts a detri-
mental effect upon the finished products. ‘

Hydrogen—Part of the hydrogen is combined with oxygen to
form water, and this part is inert so far as heat-producing power
is concerned. Probably most of the remainder is combined with car-
bon, and a considerable proportion of the heat-producing power
resulting from the combustion of the coal is due to the oxidation of
these hydrocarbons.

Carbon.—Carbon is the chief fuel constituent of coal. Part of
it combines with hydrogen to form the volatile hydrocarbons and
another part remains as “ fixed carbon.”

I e
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* Nitrogen.—Nitrogen is an inert substance possessing no heat-
producing power. It is of interest mainly to the gas and coke manu-
facturer who recovers part of the nitrogen as ammonia, which is
used extensively in the form of ammonium sulphate in the manu-
facture of fertilizer. It usually averages from 0.5 to 2 per cent
in coal. :

Oxzygen—It is the practice of fuel chemists to regard all the
oxygen in the coal as being combined with hydrogen in the ratio
1:8 to form.water. The excess of hydrogen is considered as be-
ing combined with carbon and as such is a potent heat producer.

SPONTANEOUS COMBUSTION

The extent to which the coal of this field has burned out at the
surface is mentioned on page 41. The large beds of the Fairfield
coal group seem to have been more susceptible to spontaneous com-
bustion than the beds of any other group. The combustion is at-
tributed by some to the oxidation of pyrite or marcasite. In certain
places it may have been started by lightning during violent electric
storms. Calorific determinations have shown, however, that expo-
sure of coal at the surface for a certain length of time produces a
decrease in its heating value, apparently due to a slow oxidation of
its constituent volatile hydrocarbons. Many low-rank coals, such as
those of northwestern Colorado, when finely divided and exposed to
the atmosphere often develop heat and burn with a flame in a short
time. In this field not enough mining has been done to furnish any
data regarding the depth to which burning has occurred. Where the
air is excluded in all probability the burning does not extend far back
from the outcrop. On the other hand, where the beds are thick and
the burning causes slumping, the fissures formed may admit the air,
which will support combustion to considerable-depths. As an illus-
tration of extreme depth of burning may be mentioned the Sunnyside
field of Utah, where, according to Clark,'” the coal has in places been
burned to a distance of 1,500 feet back from the outcrop. The extent
to which burning has taken place along the outcrops of the coal beds
of this field is strong evidence of the natural combustibility of the
coal. It is said that in mining the thicker beds at Newcastle, about -
60 miles due south of this field, on the Denver & Rio Grande
Western Railroad, it sometimes became necessary to remove all or a
part of the coal from the rooms before completion, owing to the
tendency of the loose coal to heat and take fire. In fact, the old
Wheeler mine at Newcastle was abandoned years ago because the fire
could not be controlled, and it is still burning.

17 Clark,F. R., personal communication.
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PHYSICAL PROPERTIES

The coal from this field in its unweathered state has a deep black
color and often breaks with a very pronounced conchoidal fracture.
In some of the coal incipient parallel joints have developed to such
an extent that it “slabs off ” readily when struck with a miner’s
pick. The physical properties of the Mesaverde coals are very differ-
ent from those of the younger coals included in the so-called “ Lar-
amie ” and post-“ Laramie ” formations of neighboring areas. The
younger coals are of a distinctly inferior rank and fall within the
subbituminous class as defined in recent reports of the United States
Geological Survey. The Mesaverde coals of this field are somewhat
superior in quality and rank about on the border line between bi-
tuminous and subbituminous coal. .

Both ranks of coal are thoroughly black when fresh, but the
younger coals are tougher and more tenacious, a property which is
often referred to inaccurately as hardness by the miners. On ex-
posure to the air the younger coals may develop a platy stucture,
but the Mesaverde coal tends to weather out into rectangular blocks
by the development of two sets of parallel joints. On exposure to
the air, sun, and rain the younger coals usually break down to a
very fine powder or dust, which interferes seriously with the use of
the coal. The somewhat higher rank Mesaverde coals may be said
to withstand to only a moderate degree the action of the weather.
Samples that have been in the office in glass jars for five years show
but little tendency to break down, and if placed in sheds or bins
affording protection from the sun and rain such coal could prob-
ably be stored with little difficulty for considerable time. If, on
the other hand, it is placed in the open air without protection it
develops joints and breaks down in a few months. Obviously a coal
whose physical properties require that it be transported in closed
cars is somewhat at a disadvantage in competing in the market with
coals that may be shipped in open cars.

METHODS USED IN ESTIMATING QUANTITY OF COAL

Coal groups considered.—Owing to the thickness of overburden,
the extent of burning along the outcrop, and the consequent difficulty
of tracing the individual coal beds, in estimating tonnage the coal
beds had to be combined into groups. The different coal groups
are fully described in the chapter on stratigraphy. The Black Dia-
mond group of coal beds, which occurs locally from 200 to 400 feet
below the Trout Creek sandstone and which is of considerable value.
near Meeker, Colo., is represented in the vicinity of Axial Basin by
a few thin beds of coal of very little economic importance-and ac-
cordingly was not taken into account in the estimation of tonnage.
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The only two coal groups considered are the Fairfield and the
Twentymile. The Fairfield group occurs between the Trout Creek
and Twentymile sandstones and the Twentymile group above the
Twentymile sandstone.

Quantity of coal in each coal group.—The most complete strati-
graphic sections measured south of the Axial Basin anticline, par-
ticularly in the Meeker quadrangle, show between 60 and 70 feet of
coal in the Fairfield group, although the evidences of burning in-
dicate that considerable coal has burned at the surface. As neither
the amount of coal nor the depth of burning is definitely known, in
order to arrive at a conservative estimate of the tonnage only the
quantity of coal actually measured was taken into account. The
quantity of coal assumed for the Fairfield group north of Axial
Basin is based upon the section measured about a mile southeast of
Lay, Colo., in the S. 14 sec. 31, T. 7 N, R. 98 W.; the section
measured along Horse Gulch in T. 6 N., R. 93 W.; and the section
measured in secs. 30 and 31, T. 6 N., R. 91 W.

The total number of coal beds and their thicknesses and relations
are clearly shown in Plate XVIII. At the point where the Lay sec-
tion was measured there is practically no evidence of burning, a con-
dition which probably accounts for the abundance of coal there. In
this section there is a total of 117 feet 8 inches of coal in beds that
exceed 14 inches in thickness.

The thickness for the Twentymile coal group was taken as 22
feet, that being the amount of coal measured above the Twenty-
mile sandstone in Horse Gulch. This amount agrees very closely
with the total coal included in the section measured by Gale and
Fenneman ** at the mouth of Sage Creek canyon, about 5 miles south-.
east of Hayden. That section, which is said to be rather typical of
the upper group, contains 25 feet 8 inches of coal.

Reduction due to erosion.—Wherever erosion has removed a por-
tion of the formation including one of the groups of coal beds a
corresponding reduction was made in the estimate for the amount of
coal.

18 Fenneman, N. M., and Gale, H. §., The Yampa coal field, Routt County, Colo.: U. S.
Geol. Survey Bull. 297, p. 28, 19086.



CHAPTER V.——'DETAILED DESCRIPTION OF TOWNSHIPS

In the following township descriptions are given local details of
stratigraphy, structure, distribution and thickness of coal beds, and
other details that bear directly upon the extent and availability of
the coal resources of individual areas within the Axial and Monument
Butte quadrangles.

T. 6 N.,, R. 90 W.

TOPOGRAPHY

The western part of T. 6 N., R. 90 W, occupies a portion of the
long, gentle slope extending northward from the summit of the Wil-
liams Fork Mountains. Although the surface is rendered uneven by
numerous small gullies, there are no very conspicuous land forms.
It is drained by Flume and Deacon gulches, both of which head
near the south line of the township and run north, opening out into
the valley of Yampa River, whose alluvial dep051ts produce some of
the richest land in the townshlp

STRATIGRAPHY

The strata that crop out in this township include only the Wil-
liams Fork formation and a few of the lower beds of the Lewis
shale near the west line of the township. A detailed description
of these formations is given in Chapter II. The surface conforms
very closely to the dip of the rocks, and so the beds are not well
exposed. For that reason very little coal crops out, although there
is every reason to believe that the western part of the township is
underlain by as much coal as is exhibited in the columnar section
for T. 6 N., R. 91 W., shown on Plate XVIII. One of the most con-
spicuous stratigraphic features in this part of the township is a
prominent sandstone that was traced continuously from a point
near the southeast corner of sec. 32 northward as far as location 427.
in the southwestern part of sec. 17. The altitudes determined at
several points on this sandstone afford valuable information relating
to structure.

. STRUCTURE

The beds in the western part of this township as a rule dip gently
toward the north, but this dip is modified somewhat by the Breeze
anticline, whose axis crosses the township in an east-west direction.
The prominent sandstone mentioned above dips west in sec. 20 at an
angle of about 4°.
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T. 6 N., R. 90 W. 55
COAL
BEDS EXPOSED

The long dip slopes do not favor the outerop of many coal beds
in this township, although it is evident that most of the coal beds
contained in the Mesaverde group elsewhere underlie this town-
ship also. The prominent sandstone that was traced from. loca-
tion 426 to location 427 immediately underlies a belt of brown to
black carbonaceous shale, which in some places grades laterally into
coal. For example, at location 428 there occurs immediately above
the sandstone about 9 feet of brown and gray shale containing two
thin streaks of coal 114 inches in thickness. The same brown shale
bed occurs at location 429. At location 430 there is.2 feet 11 inches
of coal overlain and underlain by sandy shale. At location 431
the coal bed measures 3 feet 2 inches, and at location 432 it
measures 2 feet 11 inches. No coal was seen above the sandstone
north of location 432. The best exposures of coal in the western
part of the township occur on the east side of Deacon Gulch.
Locations 433, 434, 435, and 436 are believed to be on the same
. coal bed. At location 433 the bed measures 3 feet 8 inches and
'is overlain by gray sandy shale and underlain by brown shale.
At location 434 it measures 3 feet 1 inch and is overlain and un-
derlain by brown shale. Still farther north, at location 435, the
bed contains 3 feet 5 inches of coal, overlain by shaly sandstone
and underlain by brown shale. Another coal bed about 25 feet
below this one was measured at location 437 and found to con-
tain 2 feet of coal overlain and underlain by brown shale. A 14-
inch bed is exposed at location 438, which is about 75 feet above
the bed at locations 433, 434, 435, and 436. About 25 feet above
the bed at location 438 is another one (439) 5 feet thick, overlain
and underlain by brown sandy shale. Locations 440 and 441 are
also on the same bed as that measured at location 439. The bed
seems to have changed in character, however, in passing from
location 439 to 440. (See fig. 5.) °

The Walker mine (location 442) is on the west side of the gulch
about one-third of a mile northwest of location 440. The bed mined
here was sampled at the face of the main drift, about 580 feet N.
55° W. of the mine mouth. The results of the analysis are shown
under laboratory No. 22725, on page 45. The analysis of a sample
obtained later is given under laboratory No. 92668.

A definite correlation of the bed here mined with any of the beds
across the valley is impossible. The Walker coal bed, however, ap-
pears to lie in about the same stratigraphic position as the upper bed
measured on the east side of the valley.
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F1eurp 5.—Sections of coal beds in the
western part of T. 6 N., R, 80 W.

The upper bed on the east side
of the valley was sampled in a
small mine called the Miller mine.

expLANATION The analysis of the coal is given

under laboratory No. 92666. Half
a mile south of the Walker mine
the Joe Knez mine was recently
opened and the coal sampled. ' The
analysis of the coal from this
mine is given under laboratory
No. 92667.

QUANTITY OF COAL

The total coal in the Fairfield
and " Twentymile coal groups in
this township was computed mainly
upon the basis of the amount of
coal measured in a stratigraphic
section 1 mile southeast of Lay (see
columnar section, Lay, P1. XVIIT)
and a section measured on the
east side of Yampa River and
Williams Fork in secs. 30 and 31,
T.6 N, R. 91 W, and sec. 6, T. 5
N, R. 91 W. It appears probable
that there is in this township at
least °140 feet of coal above the
Trout Creek sandstone. Owing to
the lenticular character of the thin
beds of coal in the Iles formation
no additional estimate is made for
the coal in that formation. From
the data given it is estimated that

“ there is 1,813,600,000 short tons of
coal in the portion of this town-
ship included in the Monument
Butte quadrangle.

POSITION OF COAL BEDS IN RELATION
" TO MINING

The main line of the Denver &
Salt Lake Railroad is only about
three-fourths of a mile north of
the northeast corner of the Monu-
ment Butte quadrangle, so that the
coal in this township is readily



T. 6 N., R. 8l W. _ 57

accessible to railrpad transportation. It is possible to mine only a
few of the coal beds of this township by means of drifts and slopes
carried in from the surface. By sinking a shaft near the railroad
or at some point farther south, however, an enormous tonnage of
coal could be taken out.

T. 6 N, R. 91 W.
TOPOGRAPHY

The south half of T. 6 N,, R. 91 W., is a part of the gentle slope
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