COAL FIELDS OF NORTHWESTERN COLORADO AND
NORTHEASTERN UTAH.

By Hovr S. Gavrk.

INTRODUCTION.
NATURE OF THE PRESENT INVESTIGATION.

This paper is a preliminary statement of the results of work in the
coal fields of northwestern Colorado and northeastern Utah during
the summer of 1907.¢ In 1905 a preliminary reconnaissance of the
Yampa coal field, of Routt County, was made.> In the summer of
1906 similar work was extended southwestward from the Yampa field,
and the Danforth Hills and Grand Hogback coal fields, of Routt, Rio
Blanco, and Garfield counties, were mapped.c The work of the past
season was a continuation of that of the two preceding years, extend-
ing the area studied westward through Routt and Rio Blanco counties,
Colo., and including some less extensive coal fields in Uinta County,
Utah and southern Uinta County, Wyo.

ACCESSIBILITY.

At present these fields have no_railroad connection, although'~
surveys for several projected lines have recently been made into the
region. Of these lines, the Denver, Northwestern and Pacific Railway
(““Moffat road”) is under active construction in the eastern part of -
Routt County and bids fair to push westward not far from the lower
Yampa and White River fields in the near future. An extension of
the Uintah Railway has been surveyed from Dragon to Vernal, Utah,
crossing the projected route of the “ Moffat road’ near Green River.
The Union Pacific Railroad has made a preliminary survey south
from Rawlins, Wyo., intending to reach the Yampa Valley in ‘the
vicinity of Craig.

& A more complete report combining the results of the preceding season’s work in the Danforth Hills
and Grand Hogback fields with those of last season’s work as outlined here, togethor with detailed
contour maps of the whole area, will be published as a separate bulletin of the Survey.

b Fenneman, N. M., and Gale, H. 8., The Yampa coal field, Routt County, Colo.: Bull. U. S, Geol.
Survey No. 297, 1906.

¢ Gale, H. 8., The coal fields of the Danforth Hills and Grand Hogback, Colorado: Bull. U. 8. Geol.
Survey No. 316, 1907, pp. 264-301.
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FIELD WORK.

- Personnel.—The members of the field party engaged in geologic
work throughout the season were John A. Davis, Charles W. Stoops,
and the author. T. W. Stanton spent about three weeks with the
party at the beginning of the season, for the purpose of collecting
fossil evidence bearing on the age of the coal-bearing beds. W. H.
Beekly and J. Sidney Heil rendered valuable assistance in the manage-
ment of the camp and in the field work.

Methods and conditions.—This work was planned for the purpose
of making a preliminary examination and classification of the public
lands upon which valuable coal was supposed to exist, but about
which very little "authoritative information was available. Much
of the field work was based on the recently established lines of the
township resurveys in this part of Colorado. In each township
or part of a township that contained coal, a large proportion of the
section lines were retraced for the -purpose of locating the coal
This was done with a pocket compass, the distances being measured
by pacing and checked by the corners that were found along the
lines. An average of about five working days for one man was
devoted to each township, and this may serve as a rough measure
of the detail that could be obtained in such a review of the area.
In addition to this work meanders were made along roads and trails
or in gulches and canyons for the purpose of examining the most
favorably exposed geologic sections and procuring such additional
data as could not be obtained by other methods.

In territory where the new surveys had not been completed it was
necessary to pursue a method of traverse, for which both plane table
and compass and notebook were used. In the absence of the constant
checks on well-established land corners it was not pos51ble to obtain
so satisfactory a result as by the other method.

By far the greater part of the valuable coal is concealed at the
surface, and its presence over much of the region can only be inferred
from a study of the sections where it is better exposed. Individual
beds can not be traced from place to place for any considerable
distance without doing a great amount of development work along
the outerops, and indeed it is extremely doubtful if such work could
ever be satisfactorily done in much of the field until all or most of
the beds are actually opened in mining or have been prospected by
the drill. More and more detailed examinations will doubtless
become necessary from time to time as the development of the field
progresses and the coal lands themselves become more valuable.
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GEOLOGY.
STRATIGRAPHY. -

SIGNIFICANCE OF THE ROCK FORMATIONS.

The deposits in which the coal was originally formed are a part of
a great series of sedimentary strata that were laid down at a time
. when this part of the continent was largely submerged. The sub-
mergence probably ranged from deep sea to shallow water and
swampy conditions, as well as frora salt-water or marine to brackish
and fresh water stages. These strata were deposited in an approxi-
“mately horizontal position. Subsequent movements of the earth’s
crust have folded or even broken the originally continuous deposits,
so that it is now necessary to study their attitude and order of super-
position in order to explain the relations of one set of beds to another.
Their position in the stratigraphic section indicates in a general way
their relative geologic age, although there are also evidences that great
time intervals have elapsed in whlch no deposits were being formed,
or in which was being laid down material that was subsequently
removed, leaving little or no record of its existence.

SUMMARY AND DESCRIPTION OF FORMATIONS. -

The following table is a brief description of evidence that has
been collected from this general region, but includes only that part
of the stratigraphic column most directly related to a discussion of
the coal-bearing rocks.

Rock formations of the northwestern Colorado coal fields.

Geo-

logic Forma-

tion Description of strata. | Topographic features. Thickness. Economic value.

Probably late Tertiary or
younger.

“Browns Park ” formation.

Consists of loose or

Forms low sand hills

slightly  consoli- or valley country,
dated sandy ma- commorly covered
terial with local gparsely with sage-
harder sandstone brush, greasewood,
beds and some beds cedar, or pifion.
of gravel. . Con- Typlca]ly osed
tains much cal- Axial asin

careous material
in the form of ce-
ment or filling be-
tween the quartz

a.bout Juniper
Mountain, and sup-
posed to -extend
continuously north-

sand grains. Its westward into
color is everywhere Browns Park.
chalky or limy

white.

Not determined.

Marked unconformity.
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Rock formations of the northwestern. Colorado coal fields—Continued.

Geo- Iporma- inti i '
logic tion Description of strata. | Topographic features. Thickness. Economic value.
age. .

Composed of shale, | Characterized by pla- | Measured sections | Gilsonite and "re~
sandstone,and heds teaus where it is exceed 2,400feet; lated hydrocar-
of dolitic rock. The flat lying; these re- | upper limit not| bons in the Uin-
shaly beds pre- gions being bor- reached. ta Basin,
dominate and are dered by high and
very compact and abrupt escarp-
firmly edded. ments at the mar-

They are generally gins or near the up-
g exposed in escarp- tilted areas. This
° ments and high formation is only
b= bluffs in which the slightly affected by
E weathered beds weathering except
& have a very char- where broken or ex-
bol acteristic chalky- posed in a tilted
3 white aspect. The position. 1t is ‘cut
B shales are, how- by deep canyons
& ever, of various along the stream
g shades of gray, channels, as it read-
] drab, and light ily gives way to ero-
<} brown and are in sion by the attri-
many places hard tion of mechanically
and thin bedded. transported harder N
In some districts material. 1tis well
the lower part con- represented in the
tains much mas- Roan or Book Cliffs
sive white sand- Plateau, the Cathe-
stone. dral Bluffs, and the
Gray Hills.

Composed, chiefly of | Commonly weathers { From 4,000 feeton | Oil and asphaltum
clay or soft clay to low valley or the eastern side deposits near
shale; commonly ridge country, at ofthe Uinta Vernal, Utah.

. variegated, but some places scarred Basin to about
. =1 various shades of by badland washes. 2,500 feet near
& ~§ red and drab pre- It is usually dis- the Utah line.
3 3 dominate. It also tinguished by the | -
£ E contains beds of | banded or colored
& S pebbles or con- clays in the blaffs
: glomerate of very underlying or ad-
3 perfectly rounded jacent to the escarp-
3 gilicious material, ments of the Green
3 such as jasper, col- River formation.
= ored vein quartz, Cactus Valley, on
chert, or flint. Grand River, is
Sandstones in eroded from these

places very mas-
sive and hard.

2

beds.

Name and correlation not determined; possibly
of kort Union or earlier age.

Beds not readily dis-
tinguished  from
the Wasatch in
the TUinta . Basin,
but apparently
more clearly differ-
entiated 1in the
Yamps field. As

. developed in the
latter region they
consist of massive
white or light-
colored sandstones
and shales con-
taining  valuable
coal beds sharply
defined at the base
by a conglomerate
or conglomeratic
sandstone, with-
out doubt marking
an unconformity of
considerable mag-
nitude.

Forms ridges and
hilly country, es-
pecially where the
sandstone members
are prominent and
numerous. Topog-
raphy  resembles
that of the other
coal-bearing  for-
mations, although
not commonly so
rugged as that of
the Mesaverde.

Estimated as
about 800 feet
on Lay Creek
north of Lay.

Workable coal.

Unconformity.
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Rock formations of the northwestern Colorado coal fields—Continued.

Geo-
logic
age.

Cretaceous.

F&ggﬁ" Description of strata. | Topographic features. Thickness. Economic value.

Consists of massive | In the eastern part of | Estimatedas1,200 | Workable coal.
sandstones and the Yampa River fcet between
light-colored sandy valley the Laramie Craig and Lay.
or clay shales and is clearly distin-
many beds of lig- guished from the
nite or subbitumi- underlying  Lewis
nous coal. As both lithologically
mapped, this for- and in its effect on
mationincludesthe | the topography. 1t
strata in which the is similar to the
massive sand- overlying and sup-

. stones are 1ost posedly lower Ter-
o prominent as dis- tiary Dbeds, from
§ tinguished  from which it is distin-
5] the softer strata of guished only by the '
E the underlying presence of the in-
5] Lewis shale. As a tervening conglom-
I whole the forma-| erate and cvidence
2 tion represents the | of unconformity.
& transitional depos- In the western part
-] its of brackish or| of the region the
= fresh-water origin, lower limit of the

conformably over- Laramie is less
lying the upper- clearly defined, as
most marine for- the sandstones
mation. The low- probably occur low-
ermost sandstones er than they do far-
mapped with the ther cast. Thebase
Laramie contain a of the formation is
marine fauna simi- well represented at
lar to that of the Hayden, in the es-
underlying Lewis carpment_bluff
shale. ‘north of Yampa
River.

Comtposed largely of | The outcrop of the | Roughly estima- | Developssome val-
soft dark-gray or Lewis shale is com- ted 1,000 feet in uable agricul-
black _clay shale monly marked by the valley of tural land on al-
with calcareous low valleys hound- Horse Gulch. luvial material
seams and sandy cd on one side by along the valley
beds, the latter de- the sandstone bottoms.

3 veloping in many ridges of the Mesa-
el places as massive verde and on the
5 and continuous other by the escarp-
o ledges. The ab-| ments of the Lara-
B sence of the sand- | mie. In the west-
S stones is the most ermn part of the
prominent distinc- Yampa field the dis-
tion between the tinction is not so
Lewis and theover-| well 1marked, as
lying and underly- sandstone  occurs
ing formations. within the interval
assumed to repre-

sent the Lewis.

Includes an alternat- | Formshogbackridges | From about 3,000 | Coal. Thisforma-
ing succession of and rugged,~ hilly to over 5,000 tion commonly
sandstone, sandy country. The to- feet. includes many
shale, and coal pographic forms are thick beds of
beds. The most usually strong, con- good Dbitumin-
prominent  mem- trasting with the ous coal.

. ers arc the mas- valleys of overlying
=l sive white or light- and underlying for-
.g colored sandstones.| mations. Thechar-
@ The weaker shaly acter of the ridges
E members are more | s chiefly dependent
o commonly covered on the attitude of
o by débris of the theunderlying stra-
® harder beds. The ta. Where steeply
3] coal beds are even tilted the harder
% more generally con-| beds form sharp-
2 cealed, although crested hoghacks,
= their positions are and where more

rendered conspicu- nearly horizontal

ous by the great they form broader

amount of burning flat’ or round-top-

that has taken ped ridges border-

place along the ed by escarpments

outcrop. X or long, gentle dip
slopes.
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Rock formations of the northwestern Colorado coal fields—Continued.

Geo- Iorma-
logic tion Description of strata. | Topographic features. Thickness. Economic value.
age. . .
2 A thick mass of dark | Forms open valleys | 5,000 feet. Oilin the Rangely
= drab or gra%' shale, and broad parks, : district. Agri-
L= containing lenticu- many of which are cultural lands
K] lar members of extensive.  These where favorably
G sandstone orsandy | arecommonly trav- situated. Work-
o strata, and near its ersed by some of able coal near
';,‘ base very constant-| the larger streams, the base in the
3 ly one or more beds and in places broad Vernal district.
a.- of fine-grained dark| bottom lands are
g sandstone and | developed. T he
o some limestonc. | sides of the valleys
- e In Utah the lower generally show ter-
=) sandstoneis lighter | racesor “mesas” at
k= g colored, coarse, and | various elevations
o= . more prpminent. above the valley
= In that part of the bottoms. All these
°© field coal is also |- features are well
= found associated represcnted in
. 5 with these lower Agency Park, Axial
4 @ sandstone 1nem- Basin, Raven Park,
§ 9 bers. At the base and elsewhere.
g is a compact dark :
3 slaty shale.
] =
&)

Dakota sandstone.

Commonly consists

Is developed as an in-

From 100 to 300

of two or more dependent hogback | ~feet or possibly
members of mas- where tilted, and more.

sive sandstone or differentiated by in-

‘quartzite, in many termediate shale

places conglomer- bodies from the un-

atic, with sandy or derlying  Jurassic

clay shaleinterven- | sandstones. Very

ing. Inplacescar- commonly com-

bonaceous shalc is
found in this for-
mation. It is lim-
ited at the base by

" varicolored clays,
clay shales, and as-
sociated strata now
supposed to belong
to the Jurassic.

bined with the lat-
ter in high, sharp
hogbacks with ele-
vated broad dip
slopes usually cov-
ered with brush or
timber.

Below the formations described in the foregoing table a great thick-

ness of older rock strata occur which are not described here, as they
are not directly connected with the discussion of the commercially
important coal fields.

AGE OF THE COAL-BEARING ROCKS.

As indicated in the table, workable coal is found in a number of
formations, including the Mancos, Mesaverde, Laramie, and an over-
lying formation supposed to represent the Fort Union or earlier rocks.
Beds of coal and carbonaceous or lignitic material are even more
widely distributed in the geologic section. Two localities were
observed where coal occurs in beds older than the Cretaceous for-
mations described in the table. Of these one of possible commercial
value in the Henrys Fork field, in Utah, is described on page 311.
A thin bed of coal of doubtful quality has also been noted in Jurassic
strata on upper Red Wash, on the south side of Blue Mountain, Routt
County, Colo. : N an
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Carbonaceous shale somewhat resembling coal has also been noted
-in the sandstone in the lower part of the Mancos in the same general
locality as that of the Jurassic coal just noted. Coal has been opened
in a mine 3 or 4 miles south of Lily Park, Colo., where it occurs in
beds closely adjacent to the Dakota sandstone.

.The strata overlying the Dakota include by far the greater part of
the valuable coal. A brief summary of the occurrences of the coals of
the various formations is given below; this will be followed by more
detailed descriptions of the individual coal beds.

The coal near the base of the Mancos shale is important in the Vernal
field of Utah, where it is mined to a considerable extent for domestic
use. :

The Mesaverde is the most important coal-bearing formation in the
region, constituting by far the largest extent of coal territory and con-
taining the greatest thickness of workable beds.

The Laramie coal is found in the Yampa field north ‘of Yampa
River and is developed to a very moderate extent near Hayden and
Craig.

The post-Laramie coal of Fort Union or earlier age is also found in
the Yampa field and is developed in a small way at several points
north of Yampa River.

GENERAL FEATURES OF THE MESAVERDE FORMATION.

As stated above, the Mesaverde is the most important of the coal-
bearing formations in these fields. On account of the magnitude of
this formation, which is approximately a mile thick in many parts of
the Danforth Hills and Grand Hogback fields, the arrangement and
character of its beds and the grouping of the coals are important
factors in influencing the areal distribution of the coal available for
development.

The Mesaverde formation is composed predominantly of sandstone
and sandy shale. Among these strata the coal beds are usually
arranged so that they may be naturally divided into three-groups.
Recognition of these groups of coal beds has already become fairly
estabhshed in the local usage, especially in some of the better-known
districts, where the whole Mesaverde section is exposed.

In the Uinta Basin the term ‘‘lower coal group” is applied to coal
beds near the base of the Mesaverde formation. In the fields here
discussed this group usually consists of a few unimportant beds of
coal, locally of fair or good quality, but usually too thin to work.
Where thicker beds occur they are comrmonly broken into many thin
benches by bony or shaly material, so that the coals are in general not
workable. Some exceptions to this rule occur, but they are not known
in the area here described. The strata associated with the lower

T1497—Rnll, 341—09——19 ‘ ’



290 CONTRIBUTIONS TO ECONOMIC GEOLOGY, 1907, PART II.

coals are largely of marine origin, as shown by the fossils they contain.
This lower marine portion of the Mesaverde formation is distinguished
by a separate pattern on the geologic maps.

The middle group comprises most of the workable coal beds found
in the Mesaverde formation. The strata associated with these coals
are in many places rather sharply delimited from the lower marine
part of the Mesaverde formation, both by the marked change in the
character of the strata from barren below to coal bearing above, and
in many parts of the fields by the occurrence of a large and conspicu-
ous white sandstone bed just below the base of the coals. This may

~ very properly be included with the lower or relatively barren part of
the formation, as in numerous places it contains marine fossils. Where
it can be identified it furnishes a very convenient key rock from which
to measure the stratigraphic positions of the various beds that overlie
it. Asnoted in previous reports on this general region, it is commonly-
referred to as the ‘“‘white rock.”

Above the ‘“‘white rock,”” coal beds of the middle coal group show
almost everywhere, either in weathered outerops or more generally as
bands of reddened and baked rock or slag, where the coal has been
burned along its outcrop. Higher in the formation the coal beds are
scattered irregularly and vary from place to place, so that individual
sections do not correspond closely in the number and grouping of the
coal beds. The massive sandstone ledges are by far the most con-
spicuous features, in many places masking by their débris the outcrop
of the intervening strata of weaker rocks.

An upper coal group near the top of the Mesaverde section is com-
monly separated from the middle group by a considerable interval of

. relatively barren strata. There is some evidence that the coal of this
part of the section is of lighter weight than the average of the older
coals and that it usually slacks more rapidly, in this way resembling
the subbituminous coals of the Laramie and later formations. Though
this difference may not hold constantly throughout the fields, it seems
nevertheless to be general. A

The total thickness of workable coal in the whole formation of
course ‘varies largely. It is perhaps at or near a maximum at New-
castle, Colo., where 108 feet of coal is found distributed in seven work-
able beds. At Meeker the section is known to contain at least 75 feet
of coal distributed in ten beds, with possibly others not shown by
present development. Unfortunately the sections of this formation
in the fields here described are too incompletely known to give any
reliable estimates of the total amount of coal they contain.

The three coal groups defined in the report on the Yampa coal
field do not correspond to the limits assigned to these groups in the
western part of the same field or in the fields to the south. The lower
and middle groups of the eastern Yampa field are not distinguished as
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separate in the fields to the south and west and together are included
in the middle group. The upper coal group is probably at approxi-
mately the same stratigraphic position in the two fields, although no
positive evidence can be offered to prove this point.

STRUCTURE.

General outline—The sedimentary strata were without doubt
originally deposited in an approximately horizontal position, but they
have later been tilted, exposing them in various attitudes and result-
ing in much irregularity in the outline of their outcrops. This dis-
placement of the strata and subsequent erosion have also brought
about the separgtion of some fields that were probably once continuous.
It also seems likely that some of the deposits were laid down in sepa-
rated basins and so may never have been continuous, although
apparently separated by relatively narrow barriers.

Major structural basins.—The coal fields of northwestern Colorado
lie in two major structural basins, surrounded by areas of older rock
formations that are relatively uplifted. The northern of these two is
known as the Green River Basin, which extends into Colorado as far
as the upper valley of Yampa River. The Yampa coal field occupies
a part of this basin. The southern of the two major structural basins
is known as the Uinta Basin, and the Colorado portion is also termed
the Grand River Basin. This is separated from the Green River
Basin in the Yampa coal field by the anticlinal axis of the Uinta
Mountains, which extends eastward from that range in Utah through
Axial Basin and joins with the uplifts of the White River Plateau and

“the western spurs of the Rocky Mountain system. The Grand Hog-
back, Danforth Hills, and lower White River coal ﬁelds are a part of
the Uinta or Grand River Basin of Colorado.

That part of the Uinta Basin which was examined during the last
year extends from the Danforth Hills westward to and beyond the
Colorado-Utah State line. The Green River Basin includes the west-
ern part of the Yampa field and the Henrys Fork field of Utah and
Wyoming, which are also described in this report.

Minor folds.—Details of the minor structural features of these two
major basins are brought out by the structure symbols on the accom-
panying maps. It is evident from the sinuosity of outcrop of the
tilted strata that their positions at the surface are the direct result of
the depth to which erosion has progressed into the structurally irregu- .
lar underlying beds.

Larger folds of the White River and Vernal fields.—The structural
irregularity of the northeastern margin of the Grand River Basin is
pronounced, forming.a series of domes and anticlines and correlative
synclinal folds. As several of these features are referred to in the
following pages in relation to their influence on the trend of the coal-
bearing rocks, they will be brietly reviewed here.
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South of the Axial Basin anticline and west of the Danforth Hills
lies the Coyote Basin, or Crooked Wash, essentially a broad syncline
toward which the coal-bearing strata dip from the east, north, and
west and around which the rocks outcrop in a continuous rim except
on the south side. A subordinate anticline with a north-south axis
arches the strata through the very center of this basin, crossing
White River at the mouth of Blacks Gulch, near Piceance Creek,
but does not bring the coal rocks to the surface. West of the Coy-
ote Basin syncline the structures are more intimately related to
the folds of the Uinta Mountains, as these features are more or less
symmetrical from Blue Mountain southward in Colorado and also
from that uplift northward in the Utah part of the region. The
summit and southern flanks of Blue Mountain are due to a great
anticlinal flexure whose axis extends east and west and pitches in
either direction. At its eastern extremity it bends toward the south-
east and merges with the western flank of the Coyote Basin syncline.
To the west this fold pitches more abruptly and disappears very
abruptly near the Colorado-Utah State line. It has been called the
Midland uplift or anticline, a name given to it in the early work of
the Hayden Survey. Northwest of the termination of the Midland
anticline a similar fold with axis parallel to'that uplift’ and also
pitching to the west, is recognized in Section Ridge. This fold
extends westward as far as Green River and is referred to as the
Section Ridge anticline. North of Section Ridge a still more pro-
nounced arch of the strata, very similar in character and direction
to the others, forms the high ridge known as Split Mountain, through
which Green River passes in a canyon. This fold, known as the Split
Mountain anticline, pitches to the west and disappears along the
lower course of Brush Creek west of Vernal. North of Split Moun-
tain a broad structural depression to which the name Island Park
syncline is given lies between the Split Mountain anticline on the
south and the main Uinta Range on the north.

South of Blue Mountain in Colorado a low, oval dome on White
River is known as the Raven Park anticline, and this has already
been described in some detail as an oil field. South of the Raven
Park uplift a similar though broader and more gentle flexure occu-
pies an extensive area on Douglas’ Creek. It has been convenient
to give names to some of the intervening synclines, and such names
are explained in the text.

Influence on distribution of coals.—All these folds influence the
trend of the outcrops of coal-bearing rocks, and consequently a general
knowledge of the distribution and arrangement of the folds is essen-
tial to an understandmg of the relations of the various parts of the
coal fields.

a Gale, H. S., Geology of the Rangely oil district, RIO Bl&nco County, Colo.: Bull. U. 8. Geol. Sur-
vey No. 350, 1908.
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. DETAILED DESCRIPTION OF THE COAL FIELDS.
SCOPE OF TEXT AND MAPS IN PRESENT REPORT.

The extent and areal distribution of the outcrops of the geologic
formations, with special reference to those containing the valuable
coals, are represented on the geologic maps (Pls. XVI-XX). These
maps are arranged to suit convenience of publication and descrip-
tion, retaining the scale of 4 miles to the inch which was used in the
reports on adjacent districts and which is also that of the Hayden
and King maps of this part of Colorado.

107°

Sprs.

e e oo v shsriuas. sy o | asadiaotsty <omreind
F1a.5.—Map of Colorado and northeastern Utah coal fields, showing areas represented by Pls.
XVI-XX: Western part of Yampa field (Pl. XVI); lower White River field north of the base

line (P1. XVII); Douglas Creek district, lower White River field south of the base line (P1. XVIII);
Vernal field (Pl. XIX); Henrys Fork field (Pl. XX).

In the brief space of this preliminary report only a very general
description of the conditions in the several fields can be given in the
text. The territory examined naturally belongs to several more or
less distinct fields, as shown by fig. 5. These fields are described in
the following pages. ‘ :

WESTERN PART OF THE YAMPA FIELD.
DISTRICT COVERED IN PRESENT REPORT.

The examination of the Yampa field in the former work in that
region was not carried on in much detail west of the mouth of Williams
Fork, although the coal-bearing rocks of the Mesaverde and overlying -
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. !
formations outcrop continuously westward from the main part of the
Yampa field at least as far as Lay. In view of the recent completion
of the township resurveys west of the line between Rs. 91 and 92 W,
that part of the field was examined in more detail during the last
season, and the map forming Pl. XVI embraces the results obtained
during this examination.

) MESAVERDE COAL.

Distribution and structure of Mesaverde rocks.—Along the valley of
Yampa River west of the mouth of Williams Fork the Mesaverde
rocks are tilted in several broad folds. The principal structure in
this part of the field is the Axial Basin anticline, which forms the
southern limit of the Green River Basin. The strata rise toward the
axis of that uplift, from the summit of which the Mesaverde forma-
tion has been eroded so that the coal field terminates with the south-
ward-facing escarpments of Iles and Duffy mountains. Northeast of
the Axial Basin uplift a corresponding syncline passes through Round
Bottom, on Yampa River, with an axis approximately parallel to the
major anticlinal fold. Northeast of the Round Bottom syncline a
secondary anticline, with axis parallel to the other two folds, extends
northwestward from the mouth of Williams Fork. - This is exposed
as far as Sand Springs, near the Craig-Lay wagon road, and doubtless
influences the underlying structure much beyond that point, although
concealed by the overlying unconformable deposits. The prevailing
dips in all these structures are light, for the most part not exceeding
10° to 15°. '

Typical sections and coal groups.—The complete section of the Mesa-
verde formation exposed in the western part of the Yampa field is
about 3,500 feet thick. This resembles the section of the same for-
mation exposed in the Danforth Hills, although in the Yampa field

1t appears to be somewhat thinner. The evidence on which the lower
members of the formation in the two fields are correlated consists of
(1) the structural relations in Axial Basin, (2) the striking corre-
spondence in arrangement in the basal group of sandstones and shales
on either side of the erosional break, and (3) the correspondence of
fauna and flora obtained from the two sections, of which some repre-
sentative collections have been made and studied by T. W. Stanton.
The arrangement and grouping of the coal beds in the Yampa field
correspond well ‘with the sections exposed in the Danforth Hills.
Above the lower and relatively barren zone no distinction can be
made between the lower and middle coal groups as these were de-
scribed in the report on the Yampa field, and they thus merge into a
single large coal group. The lower coal group of this part of the
field, as in the Danforth Hills, is recognized as a group of relatively
inconspicuous beds occurring lower than any distinguished in the
groups that were described in the report on the main Yampa field.
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Total thickness of workable coal.—Little additional evidence beyond
that contained in the previous report has been obtained as to the
probable total amount of available coal in the Mesaverde formation
in the Yampa field. Owing to the lack of more complete exposures,
these figures must still remain largely as estimates. The section ex-
posed at the Greely prospects on Yampa River, below the mouth of
Williams Fork, reveals 30 to 50 feet of coal as a minimuni. Accord-
ing to former measurements, the section so well exposed at Lay shows
55 feet of coal, within a stratigraphic range of only 320 feet, and the
total amount of coal at that place is doubtless still greater.

Local development of the coal.—The most extensive development is
at Lay, where the beds have been well prospected by A. G. Wallihan.
Other prospects visited are those of the Greely group, just mentioned,
a single entry in Horse Gulch, and several small prospects near Round
Bottom. From none of these has any great amount of coal been

mined.
LARAMIE COAL.

Distribution of Laramie strata.—As shown by the map (Pl. XVI),
the outcrop of the Laramie formation extends westward from the
main part of the Yampa field in a belt several miles wide, passing just
north of Craig. These beds are doubtless continuous farther west,
beyond the limits of the territory here described, but are so largely
concealed by overlapping “Browns Park” beds that their outcrop
covers a relatively small area. The total thickness of the formation is
roughly estimated at 1,200 feet in the vicinity of Craig. There is a
prevailing light dip to the north and a very uniform westerly trend
of the outcrop, except where it is deflected from this course by the
Round Bottom synchne and ad]acent folds.

Coal beds.—Coal is found at various horizons, apparently i 1rregu-
larly distributed throughout the formation. Near Craig and also at
Hayden some large beds occur near the base of the formation. Coal
beds of considerable thickness are found higher in this formation, and
are exposed in secs. 6 and 7, T. 7 N., R. 92 W. Other probably
smaller beds at approximately the same horizon as the upper beds
just mentioned were observed near Lay Creek,insec.7, T.7 N.,R.93 W.
No estimate is available of the total amount of coal in the Laramie
section, as exposures are far too scattering and mcomplete to afford
the necessary data. About the best observed exposure is at the Kim-
berly bank, just east of Craig. Here an 8-foot bed of solid coal, with
a dip of 14° N., has been opened in a prospect entry. It does not,
however, seem to have found favor with the local residents of Craig,
who prefer to make a considerably longer haul to get the Mesaverde
coal rather than mine and use this coal. It is of lighter weight than
the older coal and is said to slack more rapidly.
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POST-LARAMIE COAL.

Nomenclature and stratigraphic position.—A considerable group of
workable coals is found in the formation unconformably overlying
the Laramie. On account of the uncertainty as to whether these
beds should be called Fort Union and classed as a part of the Ter-
tiary system or form an upper and unconformable part of the
Cretaceous system, the coals are for the present referred to as post-
Laramie, as they constitute the only recognized coal group overlying
the Laramie formation in this field. The zone containing the work-
able coals is in the lower part of these later beds. The principal coal
group appears to be in a zone 400 to 500 feet above the basal con-
glomerate member already described as marking the unconformity at
the top of the Laramie.

Distribution of post-Laramie coal-bearing strata.—The coal-bearing
beds immediately succeeding and overlying the Laramie in the Yampa
field outcrop in a belt of hills and ridges north of the Laramie district.
They extend continuously westward from the vicinity of Cedar Moun-
tain as far as and probably beyond Maybell, but beyond Sand Creek
they are concealed by the unconformable ‘“Browns Park” beds.

Local development of the coal.—West of Cedar Mountain these coals
are found near Ducey’s ranch, in the northeast corner of T. 7 N.,
R. 92 W., where a local bank has been opened on one of the beds in
the NW. % sec. 2. The coal exposed at the entry is 7 feet 2 inches
thick and is overlain by soft clay or shale; about 2% feet of the top
of the coal has been left as roof. West of this point the coal may
. be readily traced by numerous outcrops through T. 8 N., Rs. 92 and

93 W.,and T. 7 N., Rs. 94 and 95 W.

In the valley of Lay Creek one of the beds of this group has been
worked for local use at the Blevins mine, in the NW. } sec. 28, T.
8 N., R. 93 W. The coal at the Blevins mine appears to be fairly
representative of most of the coals of this group. The bed is 11 feet
4 inches thick, and all of it is taken out in the entry, together with
about 5 inches of laminated blue clay at the top. Above the clay is
a massive, coarse-grained white sandstone forming a solid roof at
least 40 feet thick. The beds dip 4° N.-5° E. The coal bed is with-
out seam or parting. The floor is covered by 4 or 5 inches of bony
coal, below which is a solid white sandstone. There are no signs of
burning of the outcrops in this immediate vicinity; in fact, the coals
of this group seem less subject to combustion at the outcrops than
the older coals.

Some of the post-Laramie coals are also opened in Spring Creek
Gulch, in T. 7 N., R. 95 W., where several local banks have been
worked at various times.

Character of the post-Laramie coal.—The coal breaks down at the
face of the Blevins mine very easily when loosened, but is very tough
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. and has to be shot, as it can not be picked out before it is broken. It
1is reported that exposure to the open air for three weeks will slack
the coal completely. When first lighted it emits a pale blue smoke
resembling that given off by dry soft wood, but this color soon dis-
appears, leaving a clear, smokeless flame.

The analysis of the post;—La,ramle coal (No. 5514, p. 314) shows it to
be of somewhat lower efficiency than the average Mesaverde coals
of the Yampa field. The coal would probably fall in the class
of subbituminous coals formerly described as black lignite. The
amount of moisture (124 per cent on air-dried coal) is rather too
high to place the coal in the bituminous class, although the fixed
. carbon (50 per cent) compares very favorably with that in many: of

. the high-grade coals. The ash (7% per cent) is a fair average for
commercial coal. The appearance of this coal when first mined is
very like that of the high-grade bituminous coals. Its principal dis-

advantageous feature is the fact that it slacks readily when exposed
to the air.

Total thickness of workable beds.—All the coal beds of this group
are not exposed in any one section, and hence complete measurements
were not obtained in the present investigation. A. G. Wallihan, of
Lay, states that some good exposures are to be found in the ridges
west of Emerson’s ranch, on Lay Creek, where he claims to have
opened by digging twelve different coal beds, ranging from 4 to 20
feet in thickness and aggregating a total of more than 100 feet of
workable coal as measured at the croppings.

LOWER WHITE RIVER FIELD.
POSITION AND  OUTLINE.

West of the Danforth Hills the Mesaverde strata and the valuable
coal beds which they contain are continuous to and beyond the Utah
line, as shown by Pl. XVII. This field occupies in part the divide
between White and Yampa rivers, but by far the greater part of
it lies in the drainage basin of White River in Colorado. - As White
River joins Green River about 40 miles west of the Colorado-Utah
line, and as the coals are mostly confined to the Colorado portion
of that drainage basin, it has seemed most appropriate to apply the
name ‘‘lower White River” to the Colorado field.

This field includes a continuous outcrop of the Mesaverde rocks,
extending from the northwestern part of the Danforth Hills, describ-
ing roughly a semicircle around the north end of Crooked Wash, or
Coyote Basin, and thence passing southward along Pifion Ridge to
White River at the mouths of Wolf and Yellow creeks. From this
point the outcrops of the coal-bearing rocks bend abruptly westward,
forming a narrow hogback on the north side of White River. In the
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vicinity of Raven Park the rocks spread out in broader folds and .
cover an extensive territory, reaching from the vicinity of Blue
Mountain on the north to a line within a few miles of the Book Cliffs
divide at the head of Douglas Creek on the south. Northwest of
Raven Park the coal-bearing strata have been traced continuously
into Utah as a narrowing belt, which is described in a subsequent
section of this paper as the Vernal field.

The examination of the lower White River field was commenced
in Tps. 4 and 5 N, R. 96 W, and continued westward along the out-
crops of the coal-bearing rocks, as indicated on the map (P1. XVII).

AGE OF COAL-BEARING ROCKS.

As explained briefly under tlie heading ‘‘Stratigraphy,” the
Mesaverde constitutes the only important coal-bearing formation
of the lower White River field, the Laramie being absent from the
geologic section south of Axial Basin. Furthermore, the post-
Laramie formations appear to be barren of valuable coals, and it is
still uncertain if any of the strata of the Grand River Basin, of which
the White River.field is a part, are strictly to be corrélated with the
coal-bearing strata that overlie the Laramie beds of the Yampa field.
The correlation of the basal Tertiary beds of the two fields will there-
fore be left an open question for the present, as it is necessary to dis-
cuss here only the Mesaverde beds in the fields of the southern basin.

SUBDIVISION OF THE WHITE RIVER FIELD.

The lower White River field is considered in two parts as divided
at the base line, and is represented in this way on Pls. XVII and X VIII.
This is done partly as a matter of convenience for publication of the
maps and partly to separate the results of the more detailed examina-
tion made north of the base line from those of the hasty reconnais-
sance of the area south of the line. Most of the territory north of the
base line has been either recently resurveyed by the General Land
Office, or the contracts have been let and it is expected that the work
will be completed in the near future. On the other hand, in the
territory south of the base line and west of the twelfth auxiliary
guide meridian, the old land surveys are believed to be in large part
practically without value, and very few corners were discovered in the
present investigation. In the Douglas Creek drainage basin only
three land corners were found, and these do not appear to check with
each other nor to agree with their stated distances and directions
from the base line. These corners are situated in the immediate
valley of Douglas Creek, and it is extremely doubtful if many corners
were ever set or if the lines were run at all in the adjoining »ills. An
attempt to classify the lands in this southern area, therefore seems

unwarranted at present.
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AREA NORTH OF THE BASE LINE.

General section of Mesaverde formation.—As the rocks of the lower
White River field form a direct westward continuation of the outcrops
of the same formations that are éxposed in and adjacent to the Dan-
forth Hills, no sharp distinction nor marked variation in the beds of
the two fields is to be noted. As explained more in detail in the
discussion of the Vernal field, the Mesaverde appears to become
thinner as traced toward the west, being in the vicinity of Red Wash
only 2,500 feet thick, or half the thickness exposed on White River
near Meeker. This thinning is thought to be due to the fact that
erosion of a former land surface had progressed to a considerable
depth into those beds before the succeeding Tertiary strata were laid
down upon them. ‘

Total amount of coal in the Mesaverde section.—As explained in the
published report on the Danforth IHills coal field, the only available
section where satisfactory measurements of the total amount of coal
in the Mesaverde formation can now be had is that exposed on White
River a few miles below Meeker. Here at least 73 feet in ten beds,
each of workable thickness, was well enough opened by developnient
so that the coal could be measured. It is thought likely that a com-
plete measurement at that place would show even more coal than this.
Unfortunately the scattered prospects and small amount of develop-
‘ment in the lower White River field do not permit even a fair estimate
of the total amount of coal. To judge from the few exposures avail-
able, and from such general indications as natural exposures of coal
smut and the relative intensity of baking where coal beds have been
burned in outerops, the distribution of the groups of coal beds is
thought to be very similar to that of the Danforth Hills. Owing to
the thinning of the coal-bearing formation toward the west, thought
to be caused by the absence of its upper members, it seems likely
that the upper coal group of the Danforth Hills may be partly lacking
west of Coyote Basin, and it is almost certainly absent a short dis-

tance west of the mouth of Wolf Creek.

An additional and probably still more important factor influencing
the total amount of available coal in the lower White River field is
an apparently local decrease in the thickness and number of workable
beds in the part of the formation exposed between the district at the
mouths of Wolf and Yellow creeks and a district just west and south
of the mouth of Red Wash. Here, in spite of relatively more active
local demand for fuel supply in the adjacent valley of White River,
but few important coal beds seem to have been discovered, and sev-
eral that are of workable thickness are badly broken by layers of shale
or bone. With the possibility that valuable beds will still be discov-
ered in this vicinity, it seems very likely, nevertheless, that the total
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thickness of available coal here will prove to be but a fraction of that
contained in the Mesaverde section near Meeker. :

In the strata surrounding the Raven Park anticline the total
amount of coal evidently increases again, as is shown by the pros-

"pects and a few local mines and by the abundance of large beds of slag
and burned rock. An estimate based on the observed indications
would, however, place the total thickness in the maximum sections as
not more than one-half to two-thirds that of the Danforth Hills field,
and probably much less in many parts of that area.
" Local descriptions.—The general character of this coal field ma,y be
]udged from a brief review of some of the observed outcrops and a
general description of the field.

South of Juniper Mountain, in Axial Basin, near Cedar Springs,
Twelvemile Springs, and Wapiti Peak, the Mesaverde rocks occupy
the main divide between Yampa and White rivers. A small amount
of prospecting recently done in this general region has served to show
some. thick beds of excellent bituminous coal. Some exposures near
Wapiti Peak indicate beds 10 feet or more in thickness. Most of the
dips in this district are steep, 20° to 60°, and are toward the south,
or inward toward the center or axis of the Coyote Basin syncline.

Along Pifion Ridge, on the west side of Coyote Basin, the rocks are
tilted at lighter angles. The coal beds constitute two groups, sepa-
rated by a relatlvely barren zone, so that the area of coal land is also.
split into two strips or zones corresponding to these outcrops. A coal
bank or prospect drift has been dug in or near the NW. } sec. 15,
T.'4 N., R. 98 W., where coal 5 feet 3 inches thick is developed under
a good sandstone roof with an easterly dip of 17°. The upper zone
is prospected in the eastern side of sec. 25, T. 3 N., R. 98 W, by a
drift 30 feet in depth exposing 6 feet of coal with a dip of 3° SE. To
judge from the number and size of the surface indications, many other
and doubtless some thicker beds occur in this region.

Along the valley of White River below this place the local settle-
ment has created a greater demand for coal, but, as stated above,
observed exposures seem to indicate a notable decrease in the amount,
of available coal in the Mesaverde formation. A few mines have been
opened near the river banks. The Bassett mine, in or near sec. 31,
T. 3 N, R. 98 W_, shows a bed 3 feet 7 inches thick, which appears to
contain very good coal; probably similar to the average Mesaverde
coal in the Meeker district. An old entry south of the river, near
the mouth of Wolf Creek, exposes at least 8 feet of good coal, which
appears to be only part of a thicker bed; although there is much bony
material in the section. West of the mouth of Wolf Creek an old mine
known as the Stadtman bank shows at about the same horizon a
thinner bed consisting of two benches which together contain 4 feet
2 inches of good coal. At Angora post-office, on the north side of the
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river, two beds at about the same horizon have been opened. In
one of these 6 feet 4 inches of coal has been mined, leaving about 1
foot 3 inches of good coalin theroof. Abed stratigraphically about
80 feet lower shows 3 feet 7 inches of good coal that has also been
worked. _

All the Mesaverde rocks of the Angora district are steeply tilted,
forming a long, narrow hogback, approximately parallel to the course
of White River. West of Angora this ridge continues for several
miles to the region where the influence of the Raven Park anticline
broadens the outcrop of the coal-bearing rocks and considerably
enlarges the available coal field. :

The coal-bearing rocks encircle the Raven Park anticline, although
the more important coal beds are completely eroded on the north side
of it between the Raven Park and Blue Mountain folds. The coal
rocks dip away in all directions from Raven Park as a center or axis,
for a greater or less distance, according to the proximity of other
folds that modify this simple structure.

DOUGLAS CREEK DISTRICT, SOUTH OF THE BASE LINE.

Location and extent.—The coal-bearing rocks of the White River
field are continuous south of the base line in the vicinity of Raven
Pdrk, forming a considerable area of actual croppings of the principal
coal-bearing group of the Mesaverde formation which lie mainly in the
drainage basin of Douglas Creek and its tributaries. This district,
as shown by Pls. XVII and XVIII, is a part of the lower White River
field, and the division along the base line is arbitrary, as already
e‘{plalned :

General structure.—Structurally the Douglas Creek dlstrlct is prob-
ably continuous with the Boolg Cliffs coal field, on the Grand River
side of the Book Cliffs divide. Between these two fields the coal-
bearing rocks are buried under several thousands of feet of overlying
strata in the high hills of the Roan or Book Cliffs plateau.

The structure of the district is perhaps most clearly revealed by a
general view from the high escarpments surrounding the valleys and
somewhat broken and hilly “parks.” The bordering escarpments
expose the bare ledges of the Tertiary strata dipping away in nearly
all directions from the eroded center. In passing up the valley of
Douglas Creek southward from White River the beds at first dip
south, conforming to the structure of the Raven Park anticline. Be-
fore the base lme is reached, however, they assume a practically hori-
zontal position and then may be seen torise toward the south, approxi-
mately at the grade of the streams. This structure is véry regular,
and with the exception of a few small faults, mentioned in a following
paragraph, the strata continue to rise gradually southward to a point
about 3 miles south of the N Bar ranch, which is situated in the main
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forks of the creek about 18 miles south of White River. (See Pl
XVIIL) South of the N Bar ranch, on the west fork of Douglas
Creek, a small topographic basin opens out, evidently eroded from the
shale at the base of the Mesaverde formation, and this is therefore
the center of a structural dome or uplift, from which the beds may
be observed to dip outward in all directions. At a point just above
or south of this valley the strata bend abruptly down (southward)
and there may also be a fault at this place. For some distance south
of this point the beds are horizontal, but farther on they again rise
approximately at water grade until they approach the headwaters of
this branch of Douglas Creek. Here the coal-bearing rocks, although
still rising toward the south, pass below the surface-water level. Thus
this group of beds apparently extends under the Roan or Book Cliffs
plateau only 10 to 15 miles north of the outcrops of the same forma-
tion on the south side of that divide,in the Grand River drainage basin.

In the western part of the Douglas Creek district the strata lie very
nearly horizontal, with more or less irregularity of structurealong the
margin of the basin country, this being evident in the sinuosity of

the limiting rim of the escarpments of the Green River formation.
- The general light dip toward the west or into the main Uinta Basin
of Utah is, however, evident in the overlap and succession of higher
and higher beds in that direction; so that the coals are probably
buried at greater and greater depth by the accumulation of younger
beds. :

Faults.—A number of faults were observed. in the Douglas Creek
district, as well as numerous local slides or slumps. Two iiles north
of the N Bar ranch a fault trending N. 30° E. crosses Douglas Creek
with a downthrow of 200 feet, more or less, on the south side. This
fault brings the coal-bearing strata down to stream grade for a short
distance, but beyond they rise again southward to the ridge tops—
their customary situation. Another fault was observed on the east
fork of Douglas Creek about 2 miles above the N Bar ranch. The
direction of this fault is about N. 4° W., and the downthrow is 200 or
300 feet on the east side. The fault plane seems to be inclined toward -
the west at a steep angle on the north side of the gulch and toward
the east on the south side of the gulch. The strata are sharply bent,
showing the drag near the fault, and the burned coal-bearing strata
are dropped to water level on the east side. The abrupt fold above
the small anticlinal basin on the west fork of Douglas Creek is probably
accompanied by one or more faults, and in this displacement the down-
throw is on the south side.

Stratigraphy and occurrence of coal.—The stratigraphic section ex-
posed at the main forks of the creek, near the N Bar ranch, is more or
less typical of the Mesaverde rocks so extensively exposed along the
canyon walls that line Douglas Creek. The lower 400 feet above
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water level is'composed of huge white cliff-forming sandstone beds
and some intervening shale, the whole somewhat conspicuous by con-
trast through the absence of any signs of burning. These beds are
thought to represent in part at least the lower, relatively barren
sandstone portion of the Mesaverde formation. At the base, near
the creek level, is a coal bed about 8 inches thick, noticeably of lentic-
ular character, and this is thought to be one of the lower coal group
described on page 289. This bed shows much variation, thickening
and thinning and dividing in a manner similar to that sketched in
the published plate of Endlich’s report.e It is doubtless 300 to 400
feet or more above the base of the Mesaverde formation as exposed
* around the margin of Raven Park. The strata above the huge white
sandstone bed show a section of about 300 feet reaching to the sum-
mits of the adjacent peaks and ridges, composed of shale and sandy
beds, all fire reddened or colored by heat and baked as hard as pottery
ware. This burned rock is exceedingly magnetic, probably owing to
" the reduction of the iron from the ferruginous seams contained in the
strata before they were burned.

In a rather extensive territory adjacent to the lower valley of
Douglas Creek, or including nearly all except the farthest headwaters
of that stream, the middle or principal coal group of the Mesaverde
can be readily traced by the eye from any prominent point overlook-,
ing the district or by traveling along the canyon bottoms. The
brilliantly colored rocks may be seen to occupy in large part the sum-
mits of the ridges, whereas the canyons are commonly cut into the
more massive white beds that everywhere underlie these coals.

On the west fork of the creek, above the small anticlinal basin
previously mentioned, the principal coal group may be traced approx-
imately at water level to a point within 5 miles of White’s ranch in
the upper valley of the main stream. The lower bluffs bordering
the canyon form an almost continuous rim of brilliant vermilion
rocks. The most brilliant of these is a zone 100 to 300 feet or more
in thickness. At the forks of the west fork of Douglas Creek, about
8 miles above the. N Bar ranch, an old entry exposes a bed of coal
that has been worked for domestic use at an old settlement said to
have been known as Smith’s ranch. Now, however, both ranch and
coal entry are abandoned and fallen into ruins.

- The east fork of Douglas Creek runs approximately parallel to
the high escarpment of the Green River formation known as the
Horseshoe of Cathedral Bluffs. It also follows approximately the
upper limit of the outcrop of the coal-bearing rocks, a geologic
boundary which trends in the same direction as the high rim of the
Green River bluffs. = All these beds have light dips, and the formation
above the principal coal-bearing group carries a great series of mass-

aTenth Ann. Rept. U: S. Geol. and Geog. Survey Terr., 1878, P1. V, p. 8L.
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ive sandstone beds of cliff and ledge forming character, all of which
appear to be almost identical with the unbaked sandstones of the
coal-bearing rocks. Just between the sandstone ledges of the upper
Mesaverde or lower Wasatch and the foot of the main escarpment
of the Green River shale there is on Cathedral Creek and elsewhere a
deep, open valley, showing that there exists a zone of weaker or less
resistant beds in the upper Wasatch or lower Green River formation.
Some clays of red and white color occur, but are not so universally
distinctive of the Wasatch as they are in many othet parts of this
general region.

The principal coal district immediately accessible is, as before
stated, restricted to the Douglas Creek drainage basin. Bakedrocks
indicative of the burning of coal beds are a conspicuous feature in
nearly all the bluffs that border the main stream as far south as a
point beyond the principal forks. These burned rocks were described
.in a report of the Hayden Survey by F. M. Endlich,% who thought they
represented the reddish strata of the Wasatch formauon evidently
failing to recognize the significance or cause of their color The red
cliffs, slag, ashes, baked and hardened rock, and clinker are so con-
spicuous that it seems as if they could scarcely be overlooked by any--
one who travels through the region. There are also natural expo-
sures of the coal itself, but these are comparatively rare. For some
distance along the guleh or canyon walls the sandstone on the west
side of Douglas Creek south of the base line outcrops in brown and
weathered ledges with numerous reddened bands, having a slight
resemblance to the beds found in the red and white banded Wasatch.
strata which normally overhe these Mesaverde rocks in the fields of
the Uinta Basin.

Owing to the sparsity of settlement in this district, but little demand
has been created for the development or use of any of the coals that
might be available. A single local coal bank in a gulch about 1%
miles northeast of the N Bar ranch has been worked within the last
few years for domestic use at the ranch. It consists of a short
slope running down N. 25° E. on a pitch of 5°. The dip of the
" beds is about 7° N. 10° W. . The coal itself is 5 feet thick and possi-
bly thicker, the floor being concealed in the present entry, so that a
complete measurement could not readily be obtained. The roof
consists of a thin-bedded sandy carbonaceous shale 2 feet 3 inches
thick, overlain by a massive sandstone at least 15 feet thick. The
coal is apparently of good quality, similar to the coals of the Meeker
district, but it seems to have beén somewhat affected by the heat
from the huge burned zone that overlies it. This bed is one of the
lowest of the middle coal group of the Mesaverde formation. The
strata do not appear to be burned at all on the east side of the gulch

aTenth Ann. Rept. U. 8. Geol. and Geog. Survey 'J‘er 1878, p. 80.
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at this place, and the coal should be available there from the higher
beds as well as from the one opened at the mine. Owing to its
peculiar situation it is very doubtful if all of the coal of the Douglas
Creek district can be assumed to be of commercial value at the
present time. The almost universal burning in this part of the field
has destroyed practically all of the coal at its outcrops, and by reason
of the location of these beds in the summits of the ridges the burn-
ing may also have extended to considerable depth. The fact that
much of the coal is situated wholly. above ground water would make
the complete burning of practically all the valuable beds very prob-
able in many and perhaps most of the narrow ridges. Such a con-
dition is all the more likely on account of the intricate network of
steep canyons that intersect the region. The coal is thus subdivided
into patches of an almost infinite detail of outline, the actual tracing
of which would be rather difficult.

Toward the flanks of the broad, gently arched uplift these coal-
bearing beds descend to and below water level or are more deeply
covered, and in that portion of the district they are thus in more
favorable positions and attitudes for mining purposes.

Throughout the western part of the district, or, west of the actual
drainage basin of Douglas Creek itself, no coal was noted, but it is
evident that erosion has progressed rather deeply into the Wasatch
beds at many points, and it is very likely that some of the more valu-
~ able coals may some time prove to be accessible at no great depths
within these valleys, should demand ever be made for their develop-
ment. - .

East of the settlement at Dragon, which is the terminus of the
Uintah Railway, the upper valleys of Evacuation, Missouri, and
Texas creeks are evidently eroded in the Wasatch beds underlying
the Green River formation. These strata are shown by the bluffs
of red and white banded clays and soft sandstones which line the
lower canyon walls or form the bare washes in their lower valleys.
These valleys are covered with slabs and blocks of oolitic rock and
sandstone.

Character of the coal.—It seems fair to assume that the coal of this
district is similar in character and thickness to that of the White
River districts to the north and also to that of the better known and
exploited fields on the south side of the Book Cliffs divide. Analyses
of coals from the south side of Raven Park (Nos. 5519 and 5520, p.
314) are doubtless as truly representative of the Douglas Creek district
as they are of the White River field in general.

A comparison of the relative efficiency or heating value of this
coal, as shown by the calorimetric determinations, indicates that it
is very similar to most of that in the Danforth Hills field and also to
the Mesaverde coal of the Yampa field of Routt County, and that
it may be properly classed as bituminous.

71497—Bull. 341—09——20
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VERNAL FIELD.

LOCATION AND SETTLEMENT.

The valley of Ashley Creek, in which the town of Vernal, Utah, is
situated, contains perhaps the most extensive settlement in this part
of the State, or at least in the northern part of Uinta County. This
district supports a prosperous agricultural community of considerable
importance.

CHARACTER OF THE UTAH LAND SURVEYS.

West of the State line and east of the Green River valley no land-
survey corners were found: that could be identified with any certainty,
and although some satisfactory surveys may at one time have been
made in this territory it seems very likely that the corners if ever
established were not permanently marked, and that only slight and
rather uncertain evidence of them remains to-day.. It also seems clear
that the original surveys of Utah overlapped the Colorado State line.
This was probably due to the uncertainty regarding the correct
- location. of that boundary at the time of the work.

The map of the Vernal field presented here depends for its ad-
justment primarily” on the control obtained from a railroad survey
extending from Colorado down Cliff Creek to Green River, and also
on plane-table traverse and triangulation done during the present
investigation. The land lines east of Green River shown on the map
are projected through from corners found in the valley lands. West
of Green River the more extensive settlement and farming lands laid
out by subdivisions and largely fenced afforded more complete evi-
dence of the land-survey system.

RELATIONS TO THE COLORADO FIELDS.

* As shown by P1. XIX, the Mesaverde coals in this part of the Uinta
Basin are directly connected with the same group in the White River
fields of Colorado, but the State line offers a convenient division line
for the separation of the Utah portion, in which these coals have not
as yet been shown to be of much importance, at least in comparison
with the richer and more extensive deposn;s of Colorado.

An additionally distinctive feature is shown by the Utah fields in
the fact that as the Mesaverde coals become relatively unimportant,
older strata at the base of the Mancos shale develop workable beds,
which at the present time carry the only coal considered worth
exploitation in or near this part of the Green River valley.

MESAVERDE COAL.

Tracing of the Mesaverde formation.—West of the State line the basal
sandstones of the Mesaverde are the most conspicuous members of
that formation, constituting a rim-rock ridge somewhat analogous
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to the “rim rock’ of Raven Park. This ridge is very distinct and
easily traced to and beyond Green River and the position of the
Mesaverde coal beds may be inferred from it, even where they are not
actually exposed. As a whole, however, the Mesaverde formation is
relatively much thinner in Utah than in Colorado, and the thinning
is apparently due to the absence of upper members of the formation
which are represented elsewhere. Thus the Wasatch strata uncon-
formably overlying the Mesaverde appear to sink deeper and deeper
as they are traced to the west. The coal beds that are commonly
found in the upper part of the Mesaverde formation in other fields
are probably wanting here. The whole formation, which measures
approximately’ 5,000 feet in the Grand Hogback field and 2,500 feet
on Red Wash in Colorado, is probably not more than 1,500 feet
thick and possibly less near Green River. In each place the section
toward the base of the formation appears to remain practically con-

stant, but the upper beds are beveled off, disappearing one by one
toward the west.
" Local development of the Mesaverde coal. —Coalis exposed from place
to place along these outcrops, and has been mined to a small extent.
A bed of coal at least 7 feet thick and possibly thicker has been opened
in a gulch about 2 miles south of ‘“Cocklebur,” in T. 6 S., R. 24 E.,
of the Salt Lake base and meridian, and a slope has been run in on the
dip of the strata, which is 35° at this place. The mine is 9 or 10
miles from the ferry at Jensen, on Green River, which is the nearest
present market for the coal. The product appears to be a very good
grade of bituminous coal, well suited for domestic use, but a poor
road for hauling has probably hindered the development of the mine..

West of Green River several attempts have been made to mine the
Mesaverde coal, but at present all these operations are abandoned.
An old mine in T. 5 S.; R. 22 K., is situated on the northeast side of
a small isolated knob on the western side of the valley lands. This
is said to have been opened in 1893 and worked at intervals until
. about 1904. The coal bed is reported to have broken off at the face,
probably along a local fault or slump. . The coal at present exposed
is 3 feet 5 inches thick, but the whole bed is reported to havebeen
about 5 feet as worked, This coal has the smell of asphaltum or
oil, and as it occurs just below the outcrop of an asphaltum deposit,
that material has very probably saturated the coal as it has much of
the neighboring rock. The coal is said to have caked somewhat when
burned, spreading over the grates and forming a heavy clinker, a
property possibly due to the asphaltum it contains. It is also
reported to have slacked rapidly—within a month after taken from -
the mine—if left in the open air.

Another prospect about 3 miles southwest of Vernal exposed a
small bed of coal which did not appear to be of much importance.
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Beyond that point no coal was observed in the Mesaverde rocks, and
farther west the formation may be either cut out entirely by the
unconformity between the Cretaceous and Tertiary rocks or con-
cealed by some of the Tertiary and later deposits.

MANCOS COAL.

Age. —The older coal of the Vernal field is associated with fossil-
iferous strata both above and below the workable bed, and collections
from these horizons are reported to be distinctive of the Benton shale
of other fields. Where a group of sandstones and the contained coal
beds form a conspicuous lithologic unit, as they do in most of this
Utah field, their outcrop is indicated on the map as far as it has been
traced, and it is referred to in the legend of the map and elsewhere
in the report as the Mancos coal group.

Position of the outcrop.—The coal group in the lower part of the
Mancos shale presents a sinuous outcrop in the vicinity of the Green
River valley near Vernal. These beds follow the sharp folds of the
older strata of the Uinta Mountain axes as continuous curved ridges,
tracing around the ends of the pitching anticlines and into the deep
reentrant valleys of the synclines. Only a small portion, considerably
less than one-half of the length of outcrop exposed, is known to con-
tain valuable coal. Thus the sandstone beds of this horizon are
exposed in the banks of Green River at Jensen, but are not known to
contain coal. They are also exposed west of Green River around
the foot of Split Mountain. On Brush Creek the coal is of worka-
ble thickness at a few places. Very little is known concerning the
coal around the northeast end of the Island Park syncline, but it is
said to be of small practical value. Along the cropping of this bed
north and northeast of Vernal it is or has been mined at a few places
along the valley of Brush Creek, but the principal developments are
grouped in a locality 7 to 8 miles northwest of Vernal, on the southeast
side of Little Mountain.

Character of the bed mined.—The coal bed presents the same or a -
similar character in the number and thickness of its partings and is
doubtless at the same horizon throughout the field.. One or two
other small beds of coal are reported at various places, but only the
large bed has ever been shown to be of value. Most of the accessible
mines and prospects were visited and measurements taken of the coal,
as well as a set of representative samples for chemical analysis. The
results of the analyses are included in the table on pages 314-315.
The thickness of the bed and the nature of its partings are well shown
in the following table of measurements, which are’arranged in the
order of their position along the outcrop from northwest to southeast.
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Measurement of Mancos coal as mined near Vernal.

George | Joe Rich.|A.N.Tim-|C. C, Rich

Section. Graymine.] mine. [othy mine. mine.
Ft. in. Fi.in. Ft. in. Ft. in.
(1Y) 1 103 23 1 113 1 64
Bome. . .. i 11 9 8% 10
[0 1 7 92 10 9
BODC. -« v emee oo @i e 5 3 43
L0 ) 103 11 11 9
BODe. .t 2 3% b 4
[0 L 63 6% 6 4
Totalcoal ... ... ... .. ... .l ... 3 10% 4 6 4 3 3 4}
Total bed. .. ... 517 6 5 8% 411

The roof is white sandstone at each mine; the floor at the Gray
and Timothy mines is bone.

The coal bed at the Gibson mine, north of Vernal, that in the pros-
pects near the Pollard mine, on Brush Creek, northeast of Vernal,
and that at the Bowen mine, farther south on Brush Creek, east of
Vernal, all show much resemblance to the sections given above,
especially in the character of bony beds and partings contained,
although the actual thicknesses vary considerably from place to place.

Quality of the coal.—As may be seen by reference to the analyses
the coal from this field is of very much the same quality and degree
of efficiency. It is similar to the average Mesaverde coal of the
Meeker district, and is distinctly inferior to the coals of the New-
castle and Glenwood Springs districts. The abundance of bony
material in the bed is the chief disadvantage and interferes rather
seriously with economical mining.

The variation along the outcrop of the bed is very slight, probably
not greater than that which is likely to occur in almost any coal
bed. The only apparent exception is found in the mine due north
of Vernal, which had not been worked for some time when the
sample was taken and the coal of which had evidently deteriorated
somewhat by exposure to the air.

The lower limit of efficiency of high-grade bituminous coals, as
shown by calorimetric determinations, is approximately 12,000
British thermal units, so that the best of the coals in this region
fall just within that class.

Demand and market.—The coal directly available in this field is
moderate in amount, especially when compared with the extensive
coal fields in the ad]acent parts of Colorado. The local demand is
already a considerable factor, probably as much so now as it will be
later, when the coming of a railroad may open up competition with
the larger fields to the east.
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HENRYS FORK FIELD.

GENERAL STATEMENT.

Coal has been reported from the vicinity of Henrys Fork in north-
eastern Utah and southern Wyoming, although very little precise
information concerning this field has heretofore been available.
About ten days at the close of the season “were spent in the field,
reviewing the geology and looking up some of the known occurrences
‘of coal. ' ,
' LOCATION.

The name, Henrys Fork coal field, has been applied in a rather
indefinite way to reported coal croppings in the vicinity of the valley
of Henrys Fork, near the junction of that stream with Green River.
This district lies along the State line in northeastern Uinta County,
. Utah, and southern Uinta County, Wyo. It is 40 to 60 miles from
the Union Pacific Railroad either at Green River or at Carter, Wyo.,
the customary mail route going to the latter point.

STRUCTURE.

The field lies north of the Uinta Mountains and is structurally a .

part of the Green River Basin, or of the Bridger Basin if the larger
structural feature be considered as divided by the Rock Springs
dome. In general the strata in this field are tilted to the north away
from the axes of the Uinta Range. These mountains separate the
. Henrys Fork field from the Vernal field, just described. Structurally
- the Henrys Fork field is directly related to the Yampa field, with
which its rocks are doubtless connected or continuous, except where
they are eroded and covered by the overlap of the Tertiary rocks or
are cut out by faulting. The northern flank of the Uinta Range is
much broken by faults and as some of these are largely obscured
by the Tertiary strata that unconformably overlie the older rocks,
the geology of a part of the field is not very clearly revealed.

STRATIGRAPHY.

The Cretaceous formations correspond to those of the Yampa
field. Where not faulted out the Mesaverde formation is coal -bear-
ing. The relations of.  the Lewis shale to the overlying Wasatch
strata are obscure, but it seems certain that either displacement
by faulting or erosional unconformity has obscured the Laramie, at
least near Green River, where those beds might be expected, on the
east side of the valley above Flaming Gorge.
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PENNSYLVANIAN (UPPE‘R CARBONIFEROUS) COAL.

‘An older coal than any heretofore noted in northwestern Colorado
was found on upper Birch Creek, tributary to Burnt Fork, which is
in turn a branch of Henrys Fork of Green River. This is in sec. 3,
T. 2 N, R. 17 E,, of the Salt Lake base and meridian, Utah, south
of Zeb. Edward’s ranch; and occurs in rocks of the same age as the
Pennsylvania coal measures. The same horizon has been pros-
pected at intervals for several miles along the foothills in this
locality, but the coal appears to be of rather uncertain value.

The coal at the Edward prospect is said to have been tested by the
Union Pacific Railroad Company, and the report has spread that it
proved to be of coking quality. The specimens seen had certainly
withstood exposure to the weather in an exceptional manner. Other
reports state that the coal has been used in a local forge, where it
burned very well and gave a good heat. The exposure seen was in a
very unsatisfactory condition for examination. Some pits had been
dug in a heavily wooded slope, in a block of strata very evidently
slipped from a point higher on the ridge and tilted out of its normal
position. The beds are very soft and broken, but nevertheless some
of the ‘coal is still hard. The coal bed is very irregular and at no
place was more than a few inches of coal visible, although it was con-
fidently stated that the bed was 3 feet thick at the bottom of the
pit, which had then caved. No trustworthy estimate of the true
character of the bed can be obtained until the coal is found in place
and in a normal position. ' '

It is reported that several prospects on Burnt Fork, farther west,
show the same bed in place ; in these it is much thicker but is not of
commercial value, being carbonaceous shale rather than coal.

These beds are of interest as affording an unusual occurrence for
the western fields. -

MESAVERDE COAL.

As shown on Pl. XX the Mesaverde formation outcrops at Green
River near the center of the broad valley area north of Flaming
Gorge, and just north of the mouth of Henrys Fork. Toward the
west the formation is evidently cut off by a fault near Linwood post-
office, on Henrys Fork. East of Green River the formation may be
followed as a long, curved, double ridge extending up the broad strike
valley north of the mountains, apparently bending southward and
abutting against the mountain mass, and possibly terminated there
by another fault. These beds were not examined far east of Green
River.

a Fossils collected in the prospect pit were examined by G. H. Girty, who has made the age determina-
tion and identified the following forms: Fenestella,2 sp.; Lingula# sp.; Spirifer rockymontanus; Pleu~
rophorella costata? ; Edmondia aff. gibbosa; Aviculipecten hertzeri?; Aviculipectensp.; Naticopsis sp.
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A well-exposed section was found near the east bank of the river
at the mouth of Spring Creek, about one-half mile southwest of the
289 milepost on the Utah-Wyoming State line. Here the Mesaverde
formation contains many massive sandstones and intervening shale
bodies, which are very similar in character to the same formation in
the Yampa field. The whole formation was not examined in detail,
- but coal was found in it at several horizons. A small amount of
prospecting uncovered some beds at least 5 feet thick, and local
reports state that the coal has been taken out at some point west of
the river for use at the ranches in the valley.

Opposite Linwood post-office, about one-fourth. mile north of
Henrys Fork, two thick beds of coal are exposed in nearly vertical
position. These beds have been prospected somewhat but have never
been worked to any considerable extent. The following section was
measured at this place: ‘

Section of coal-bearing strata north of Linwood, Utah.

Ft. in
Sandstone, coarse, yellowish, flaggy, and thin bedded........... 15
Coal, apparently good, without partings.......... e 8 9
Shale, blue and gray, fine....... ... ... iiillLL 20
Coal, apparently good, without partings............._... ... 10
Bone, irregularbed... .. ... ..l 1
Sandstone, fine grained, clayey, white................... ... .. 204

74 9

The strike of the beds is N. 67° W. and the dip 80° to 85° S. The
outcrop of this bed splits up within less than 200 yards to the west,
and the bed changes in character, becoming chiefly a brown and gray
shale with coal streaks. Toward the east the bed follows the course
described for a few hundred feet, then bends abruptly south and dis-

appears under an upper terrace level capped by consolidated river
deposits. In the next gulch to the east, one-fourth-mile or so away,
beds of soft black shale, evidently representing the same horizon, have
been prospected. Although resembling coal somewhat in appearance,
the material is merely a dark clay shale. These beds have been filed
on as coal land from time to time, but the filings have always been
allowed to lapse without making final proof.

As these beds occur along a line of evident structural displacement,
probably a fault of considerable magnitude, it is not certain to what
formation they may properly be assigned. The inclosing beds resem-
ble the Mesaverde strata, and their position overlying the Mancos
shale suggests that they belong to that formation. Coal is also found
in the overlying Tertiary strata, some of which might not be easily
distinguished from the Mesaverde.



COAL IN NORTHWESTERN COLORADO AND NORTHEASTERN UTAE. 313
TERTIARY COAL.

Coal beds in the Tertiary strata have been noted at a number of
localities along the north side of Henrys Fork. Outcrops are reported
along the bluff bordering that stream for a distance of several miles
east of Burnt Fork, Wyo., and the coal is probably continuous for a
still greater dlstance, although no further information on this point
has been obtained. .

Some exposures of these beds were examined 3 or 4 mlles east of
Burnt Fork post-office, along a road in a little gulch leading up to
the mesa, less than one-fourth mile from the creek and opposite the
Mass ranch. The coal is exposed at several horizons. A coal bed
near the lower end of the gulch measured 2 feet 10 inches, as shown
in natural outcrop, and although considerably weathered, much of it
was a clear, glossy black. The roof is a sandy and calcareous shale,

alternately thick and thin bedded. The floor is & brown, woody clay,
which is evidently softened by exposure. The beds are nearly hori-
zontal, the dip being very low toward the north. The bed is evi-
dently continuous for some distance, as its croppings can be plainly
traced around the hillside. The coal is doubtless subbituminous,
although this statement is no more than a rough estimate based on
the appearance of the weathered exposure.

On another bed exposed 100 yards or so farther up the gulch a
small amount of digging uncovered 2 feet of coal, but the bed is
doubtless somewhat thicker. A prospect drift had been dug at this
place but is now wholly caved. Some very perfect impressions of a
symmetrically coiled spiral gasteropod were collected from the roof
of this coal bed, but unfortunately they do not fix the geologic age
of the strata, except to indicate that they belong to the fresh-water
Tertiary. The coal-bearing beds are very probably of Wasatch age,
as they are succeeded by strata which resemble the Green River
shales and sandstones, and these in turn are overlain by undoubted
Bridger beds with their vivid green banding.

Other coal beds in Tertiary strata were observed at the bank of
Green River, north of the mouth of Henrys Fork. This locality is
about 1.3 miles N. 5° E. of the 290 milepost on the Utah-Wyoming
line. The coal was very poorly exposed and could not be shown to
be of workable thickness without further development. A collection
of fossils from neighboring rocks contain some fresh-water shells
resembling clams and gasteropods elsewhere found in the Wasatch,
but the same species also occur in later Eocene formations of this
region.
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SUMMARY OF THE HENRYS FORK FIELD.

Coal is rather widely distributed both stratigraphically and geo-
graphically in the Henrys Fork valley. Little effort. has yet been
made to develop or even to prospect the beds, probably owing to the
fact that timber is plentiful and not hard to get. With the possible
exception of the beds at Linwood, no coal beds of unusual thickness
or importance are known to exist there. Many of the reported beds
are probably thin, and the Tertiary coal is of a rather light weight
(subbituminous) variety. The most promising part of the field is
thought to be in Spring Creek valley east of Green River, just north
of Flaming Gorge, in the Mesaverde rocks that are exposed in that
locality. It must be admitted, however, that the examination of
this section of strata was too incomplete to warrant any estimate of
the quality or total quantity of the coal.

ANALYSES.

The character of the coal from the several fields discussed in this
paper is indicated by the subjoined analyses, which were made at the
Survey fuel-testing plant, Pittsburg, Pa. .

Analyses of coal samples from the Uinta Basin, Colorado and Utah.

[F. M. Stanton, chemist in charge.)

Name of coal field......... R Yampa. Lower White River. Vernal.
Post- . :

Geologic age or formation..q| Lara- Mesaverde. Mesaverde. Mancos.
mie.

Laboratory No............. 5514 3463 3461 3462 5516 5519 5520 5511 5753

Sample as received:
. (Moisture. .....
%) Volatile matter.
& Fixed carbon.

...l 17,46 14.65 | 13.31| 12.31| 10.96 [ 11.39 | 14.10 8. 46 8. 64
.| 2821 3473 | 3518 36.17 33.13| 32.36 | 31.83 | 34.32 36. 42

4117 4448 46.53 | 45.40| 47.05) 48.44) 48.81| 47.17| 41.62

Ash..... 7.16 6. 14 4.98 7.32
Sulphur 1.14 .99 .90 1.25
« |Hydrogen 5. 66 580 [........ 5,57
51Carbon.. 56.331 60.07 \........ 65. 55
Nitrogen............. .79 110 |........ 1.09
OXygen.............. 28,921 2590 |........ 19. 22
Calories. ................ 5,391 5,869 |........ 6, 600
British thermal units...} 9,704 { 10,564 |........ 11,880
Loss of moisture on air dry-
3.7 S 57| 530 4.50 4.00 3.20 3.10 4.80 2.90 2.60
Air-dried sample:
. (Moisture 12. 47 9. 87 9,23 8. 66 8.02 8.55 9.77 5.73 6. 20
g Volatile matter. 20.92 | 36.68 | 36.84 | 37.68| 34.22| 33.40| 33.43 | 35.34 37.39
=) Fixed carbon. .. 50.02 | 46.97 ! 48.72| 47.29 ) 48.61 | 49.99) 51.27| 4858 48. 89
& {Ash .......... 7.59 6. 48 5.21 6.37 9.15 8.06 5.53 | 10.35 7.52
Sulphur. .. .. 1.21 1.05 .94 115 75 .46 .40 1.63 1.28
& |Hydrogen............ 5.33 550 {........ 5.563 [........ 5.30 5.38 5.16 5.42
5 Carbon.............. 59.74 | 63.43 |........ 65.33 |........ 64.65 | 65.28 | 64.66 67. 30
Nitrogen............. .84 L161........ JLer|.ooi 1.18 1.11 1.03 112
Xygen .. 25,294 22.38........ 20.41 |........ 20.35 1 22.30 | 17.17 17. 36
Calories. ............co.. 577 6,197 |........ 6,420 | 6,135 | 6,156 | 6,381 | 6,437 6,776
British thermal units...| 10,291 | 11,155 |........ 11,555 | 11,043 | 11,080 | 11,486 | 11,586 | 12,197
o Ft. in.| Ft. in. | Ft. in. | Ft in. | Ft. in.| Ft. in. | Ft. in. | Ft. in. | Ft. in.
Thickness of coalbed.......[11 4|20 3| 9 710} 4 2{11 11|11 11} 6 7{ 6 7

Thickness of part sampled..|11 4| 5 7| 7 5 5|3 8j1 117 4 3 10| 3 9
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Analyses of coal samples from the Uinta Basin, Colorado and Utah—Continued.

Name of coal field...... P Vernal.
Geologic age or formation... Lower part of Mancos.
Laboratory No............. 5512 5509 5754 5755 5513 5510 5515 | 8517 5518

Sample as received:

. (Moisture. ............ 8. 64 8,65 | 823 8. 64 8,21 8. 82 9.43 1166 10.22 °

%) Volatile matter......| 36.09 | 36.16 | 35.69 | 36.74 | 34.30 | 36.60 | 32.77 | 34.40 32. 68
=) Fixed carbon........ 47.21 | 48.19 | 45.77 | 46.67 | 45.70 | 48.33 | 44.94 | 44.50 44.85
A {Ash " ... 806 7.00 | 10.31 7.95 1L.79 6.25 | 12:86 9. 44 12.25
Su(lip 1.39 1.63 126 209 1.76 1. 66 1.93 1.92 77

| Hy .| 857 5. 51 5. 50 5.75 5. 39 5.72 5.12 5. 64 5. 31
54Carbon.... ....| 6410 65.10| 63.52 | 65.68  61.03] 65.11 | 57.81 | 59.16 60. 04
Nitrogen. .. s 104 109 1.00 101 .98 1.09 90 .92 96
Oxygen.. .| 19.84 | 10.67 | 18.41 | 17.52 | 19.05| 20.17 | 21.38 | 22 92 20. 67

(=3
ot
3
-

5, 466 6,538 | 6,152 | 6, 5,759 | 585 | 593
British thermal units.. | 11,581 [ 11,639 | 11,423 | 11,768 | 11,074 | 11,828 | 10,366 | 10,575 | 10,685

Loss of moisture on air dry-

347 - 2.80 2.60 2.30 2.50 2.50 2.90 3.00 4. 40 3.30
" Air-dried sample:

. [Moisture.......... N 6. 01 6.21 6.07 6. 30 5.86 6. 10 6. 63 7.59 7.16

g Vplatile matter...... 3713 | 37121 36.53 | 37.68| 3518 | 37.69 | 3378 | 35.98 33.79

=) Fixed carbon........ 4857 49.48 | 46.85| 47.87| 46.87 | 49.77| 46.33 | 46.55| 46.38

& ilAsh ......... . 820| 719 10.55| 815| 12.00| 6.44| 13.26| 9.88| 1267

Sulphur... FU. 1.43 1. 67 1.29 2.14 1.81 1.71 1.99 2.01 .80

& |Bydrogen.. R 5. 41 5. 36 5.36 5.61 5.24 5. 56 4.94 5.39 5.11

5 Curbon.............. 65.95 | 66.84| 65.02 | 67.37 | 6260 | 67.05 | 59.59 | 01.88 62. 09

Nitrogen............. 107 1.12 1.02 1.04 1.00 112 .93 .96 .99

xXygen. . ... 17.85| 17.82 | 16.76 | 15.69 | 17.26 | 1812 19.29 | 19.88 18. 34

Calories. ....... ... | 6,619 | 6,639 | 6,495 6,706 | 6,310 | 6,767 | 5,937 | 6,145 | 6,138

British thermal units.. | 11,915 | 11,900 | 11,692 | 12,070 | 11,358 | 12,181 | 10,687 | 11,061 | 11,050

Thickness of coal bed.. ..... 5 11| 5 10| 5 8| 5 8 4 11| 4 11| 7 23 7 23 7 2%
Thickness of part sampled..[ 1 2% 3 4 1 3| 2 7| 1 1| 2 -3} 1 2| 3 64 1 9

5514. Sec. 28, T. 8 N., R. 93
3 3 . 7 N., R. 93
3461. Sec. 31, T. 7 N., R. 93
. Sec. 31, T.7N., R. 93 W.

5516, White River, at the mouth of Red Wash, see. 11, T. 2 N., R, 101 W.

55191, 555522% Raven i’a,rk, sec. 14, T. 1 N., R. 102 W. Sample 5519 represents coal not quite so fresh as
sample . ,

5511,5753. NE. :SE. sec.3,T.48.,, R.20 E. Sample included all of the marketable coal of the section
exposed. Some of the coal is divided into two grades, the top and bottom benches being sold as first
grade and the intermediate coal as second grade.

5512, 5509. W. 3 SW. 3 sec. 2, T. 4 8., R. 20 E. Sample 5512 represents lower two benches, marketed as
second-grade coal. Sample 5509 represents upﬁer two benches, marketed as first-grade coal.

. b754, 5755. Lot 10, SW. % sec. 2, T. 4S., R. 20 E. Sample 5754 represents lower two benches, marketed
as second-grade coal. Sample 5755 represents upper benches, marketed as first-grade coal.

5513, 5510. Lots 1 and 2, NW. }sec. 11, T. 4 S,, R. 20 E. Sample 5513 represents lower two benches,
marketed as second-grade coal. Sample 5510 represents upper two benches, marketed as first-grade

coal.
5515, 5517, 5518. NE. 3} NW. gsec. 2,T. 48., R.21 E. Sample 5515 represents lower 14 inches of the.
top bench of good, hard coal 22 inches thick, the rest being bony. Sample 5517 represents a middle
bench composed of a very soft, flaky coal; reported to be of coking %ua.hty. Sample 5518 represents
lower bench, which is bright black and hard, and seemed to be the best coal in the bed.



THE GRAND MESA COAL FIELD, COLORADO. -
By WiLris T. Lek.

INTRODUCTION.
LOCATION OF THE FIELD.

The Grand Mesa coal field is located on the southern rim of the
Uinta coal basin, which lies partly in northwestern Colorado and
partly in Utah. It derives its name from Grand Mesa, a high table-
land between Grand and Gunnison rivers. The coal beds underlie
the mesa and outcrop along the south and west sides. They extend
westward into the Book Cliffs field, north of Grand Junction,® and
eastward into the Anthracite-Crested Butte region,® long known for
its anthracite coal, and thence northward along the Grand Hogback,
recently described by Gale.c

PURPOSE OF THE INVESTIGATION.

The investigation of this field was undertaken for the purpose, first,
of ascertaining the relations of the coal-bearing rocks to other forma-
tions; second, of segregating the coal land from the noncoal land and
classifying it according to the legal subdivisions of the General Land
Office; and, third, of determining the thickness of the coal beds, the
character and quality of the coal, its accessibility with reference to
‘topography and its location with reference to lines of transportation.
The economic results of the investigation are summarized in this
paper. Details and the results of scientific importance will be found
in a more comprehensive paper to be published later as a separate

bulletin.
METHODS OF WORK.

The Grand Mesa field is comparatively free from complicated struc-
tures, and the geologic work consisted principally in determining
the ages and areal distribution of the sedimentary rocks. Samples

a Richardson, G. B., The Book Cliffs coal field, between Grand River, Colorado, and Sunnyside,
Utah; Bull. U. 8. Geol. Survey No. 316, 1907, pp. 302-320. ,

b Eldridge, G. H., Anthracite-Crested Butte folio (No. 9), Geologic Atlas U. 8., U. 8. Geol. Survey,
1894.

¢ Gale, H. 8., Coal fields of the Danforth Hills and Grand Hogback in northwestern Colorado: Bull.
U. 8. Geol. Survey No. 316, 1907, pp. 264-301.
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MAP OF THE GRAND MESA COAL FIELD, COLORADO
By Willis T. Lee, Charles S. Blair, and A. J. Hazlewood

ANDREW. 8. GRAMAM CO. PHOTO-LITHOQRIPHERS, WASHINGTON, D. &
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were collected from the various coal openings for analysis and for
comparison with coal from other fields, and data were collected con-
cerning the characteristics of the coal that might affect its market
value—such, for example, as its tendency to slack and its ability to
coke. The accessibility of the coal is indicated on the accompanying
map (Pl. XXI), which shows the general surface configuration of the
field by means of contour lines.

In accordance with the object of this work, an attempt was made
to map and classify the land by townships, ranges, and sections. As
the work progressed, however, it was found that the land surveys were
not adequate for this purpose. In the lowlands at the west end of
the field almost all the corners were found, but in the central and east-
ern parts few could be located in the lowlands and practically none
in the highlands, where the coal occurs. The presence of corners is
indicated on the accompanying map by solid lines; the dotted lines
indicate that none was found.

In the absence of Government corners near the ¢oal, some other
method of determining location had to be devised. In many places,
because of the precipitous character of the country, it was impracti-
cable to traverse the outcrop of the coal, and its location was deter-
mined principally by triangulation from such corners as could be
found; many of these were several miles away. This method might
have given satisfactory results if the corners used in triangulation had
been accurately located, but that many of them were not became
evident when locations of certain points made from one set of corners
failed to.coincide with locations of the same points made from other
corners. Some of the inaccuracies are traceable to the original sur-
veys and others to the attempts of local surveyors to reestablish lost
corners or to establish new ones where they supposed the original
corners shouid be. For these reasons, although the map is approxi-
mately correct, no final classification of the land can be made.
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The invertebrate fossils collected during the mvestlgatlon have been
identified by T. W. Stanton and the fossil plants by F. H. Knowlton.
On their identifications depend the correlations made in this paper.
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SURFACE FEATURES.

The Grand Mesa coal field is characterized by a very uneven sur-
face. In the western and southern parts a broad belt of compara-
tively low relief borders a flat-topped table-land that rises to an
altitude of more than 10,000 feet above the sea, or a mile vertically
above the lowlands. In the middle-ground, where the coal crops
out there is a belt of rugged country that differs in character from
place to place according to the underlying rocks. Below the coal
the rock consists of soft shale which is covered in many places with
fragments of basalt derived from the sheet that caps the mesa. The
shale is carved by erosion into broad, tongue-shaped mesas and bad-
lands consisting of sharp irregular ridges and V-shaped ravines.
Above the coal there are hard sandstones that form precipitous
cliffs in some places and steep wooded or débris-covered slopes in
others.

Near the east end of the field the surface configuration differs
from that to the west in the absence of lowlands and the presence of
high mountains that rise above the surface of the mesa. Narrow
canyons have been cut by the streams to depths of 2,000 feet or more
in the hard sandstone that overlies the coal. The highlands are
covered more or less completely with timber, consisting principally
of cedar in the western part of the field, and spruce, pine, and other
forest trees farther east. In many places the cedars form dense
thickets and the trees grow to considerable size, but few of the
trunks are sound and they do not make good mine props. However,
_ the pine and spruce trees that grow in considerable abundance in the
canyons and on the mountain sides in the eastern part of the field -
are suitable for mining purposes.

The highlands have further potential importance in connection
with the coal, inasmuch as they furnish the only supply of water
available in many places. Near Palisades and Somerset the rivers
turnish all water necessary for domestic purposes and for such coal
washeries as may be needed, but in the greater part of the field the
coal is far above the river level and the only available water is that
supplied by numerous small streams from Grand Mesa. These
highland waters are of good quality and with proper manipulation
they can be delivered in any part of the field in quantities sufficient
for mining purposes. The waters that issue from the shale below
the coal or that flow over it are highly charged with salts that render
them unfit for domestic use.

The means of approach to the coal are shown on the accompany—
ing map (Pl. XXI) and require little comment. The main line of
the Denver and Rio Grande Railroad crosses the coal outcrop at the
northern border of the field and a branch of this road runs to the
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coal at Somerset, on the North Fork of the Gunnison. At no point
within the field does the coal crop out more than 15 miles from a rail-
road in operation. However, much of the coal can not now be
reached by wagon. No roads and but few trails cross the outcrop
between Palisades and the Kuhnley mine (No. 18, Pl. XX1I), a dis-
tance of more than 25 miles. East of the Kuhnley mine wagon roads
have been built to the coal in many places, but on the North Fork
there is no wagon road east of Bowie.

GEOLOGY.
STRATIGRAPHY.

The accompanying generalized section shows the character and
succession of the rocks in this field. '

]



Generalized section bf rocks in the Grand Mesa coal field, Colorado.

L Group.

Thickness

System. Formation. | Member. (feet). Characteristics. Economic value.
Green River. 200-1,800 | White friable sandstone and clay shale, capped by basalt.
Conglomeratic sandstone and shale, varicolored. In the eastern partofthe
Ruby (prob field therocks are mainly red and conglomeratic beds are numerous. The
ably I%Va; 500-2, 000 basal conglomerate consists principally of quartz and chert pebbles and
at<§1) 4 the higher ones of various crystalline, metamorphic, and extrusive rocks.
Ter- S . In the western part of the field lighter colors prevail and the rocks are
tiar finer in texture.
y.
Unconform-
ity.
‘White friable conglomeratic sandstone, containing pebbles of quartz, jasper,
Ohio Creek. 100 and igneous rock. . ’ ’ ’
Unconform- ~
ity.
Gray_quartzose sandstone, varying from soft and friable to hard and cliff C ful val h
2,000+ ﬁi]tfgsl.g’ and shale with plant remains and shells of fresh-water inverte- %ztﬁgg?gl&g cantory g:g ;'f fhgef]il:ﬁ{. of the
N . . . Coal bearing throughout the field; one bed of
Paonia Shale, carbonaceous in places, and sandstone, with plant remains and shells : g
shale. 400+ of fresh-water invertebrates. - ’ I‘;gil;e;tilgaglélgﬁess at west end and four or
Creta- | Mon-
Mesaverde.
ceous. | tana. Coﬁallgeaxgng; one WOl’kag)le bed g’c v%es;;l end c;{
’ . s . : i tend. Coalmuc
Bowie Dark-colored shale and gray sandstone, containing marine and brackish- ¢ anc nne oTIOreal cas -
shale. 425+ water invertebrates. (Absent from central part of field.) gfg?; tgﬁglg;e ggf}; &?ﬁfgﬁ{g"g’&%g_
cite.
Rollins 1004 White cliﬁ-mﬁking sandstone containing marine invertebrates.

sandstone.
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Mon- |
tana. [ Dark-colored shale, with limestone concretions and marine invertebrates.
‘ Sandy limestone occurs locally near the top, and the base consists of black .
| Mancos. 3,000+ carbonaceous coal-bearing shale and flinty sandstone. The upper por- | Coal of poor quality, in thin, irregular beds.
Creta- | Colo- | tion is correlated on fossil evidence with part of the Pierre shale and the
ceous. | rado. ! lower portion with the Benton.
| Dakota. 10-100+ | Conglomeratic sandstone.
Juras- . Variegated shale and sandstone ranging from fine-grained and flinty to
sic (?). Gunnison. 600 coarse-grained, conglomeratic, and friable. Colored in various shades of

red, yellow, green, blue, etc.
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The determination of the geologic age of the formations in the
Grand Mesa coal field is based on paleontologic and stratigraphic
evidence. The generalized section embodies the conclusions of the
paleontologists regarding the geologic age and also the results of the
field studies with respect to the character and relations of the various
formations. '

The Gunnison formation consists of variegated shale and sand-
stone, and is exposed in the Grand Mesa field only in the canyon of
Gunnison River. It underlies the Dakota sandstone, a more resistant
formation, which by its superior hardness maintains the steep cliffs
and inclined mesas that border the river. The oldest coal of the
Grand Mesa field occurs between the conglomeratic sandstone that
is here referred to the Dakota and the overlying Mancos shale. It
is locally known as the ‘“Dakota coal,” on the supposition that it
occurs in the Dakota sandstone, but there are reasons which will be
discussed in the more detailed description to be published later for
referring it to the Mancos rather than to the Dakota. The coal out-
crops between Grand Junction and Delta, as indicated on Pl XXI,
and again near the mouth of Gunnison Canyon east of Delta, but
so far as is now known it is not of commercial value and is not here
included among the coals of economic importance.

The Mancos is a marine formation and contains only the so-called
“Dakota coal.” The lower part corresponds to the Benton forma-
tion of other fields and the top to the lower part of the Pierre, as
shown by fossil evidence.

The Mesaverde formation lies conformably upon the Mancos shale
and is the only important coal-bearing formation in this field. The
lower part of it was called ‘‘Fox Hills”” and the upper part ‘‘Laramie
by the geologists of the Hayden Survey,® and other geologists have
followed them in referring the coal to the Laramie. However, a
study of the fossils, in connection with the stratigraphy of western
Colorado, proves that it is much older than the Laramie, and the
entire series of coal-bearing rocks in this field is now referred to the
Mesaverde formation, originally named by Holmes,® in southwestern
Colorado. Where the full section is exposed the Mesaverde is sepa-
rated from the Laramie by a marine formation known as the Lewis
shale, but in the Grand Mesa field there is no representative of the
Lewis or of the Laramie beds. The sedimentary rocks of Tertlary
age rest unconformably upon the Mesaverde.

In this field the upper part of the Mesaverde does not contain coal
in beds thick enough to be of commercial value and need not be
described. The IOWer part contains all the workable coal so far as

aH&yden F V., Atlas of Colorado, 1877. .
b Holmes, W, H Ninth Ann. Rept. U. S. Geol. and Geog. Survey Terr., 1875, pl. 35.
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known and is separable into three members of economic importance.
These will be fully described in the detailed report on this region,
which is practically completed and will soon appear as a bulletin of
the United States Geological Survey.

The lower member is a white, massive, cliff-making sandstone that
is persistent throughout the field and marks the base of the coal-
bearing rocks. The name Rollins sandstone, derived from the
Rollins mine, north of Delta, where the sandstone forms a conspicuous
cliff, has been adopted for this member.

Above this basal sandstone at either end of the field is a coal-bearing
member that consists mainly of shale and beds of relatively hard and
high-grade coal and contains shells of marine and brackish-water
invertebrates. The name Bowie shale, from Bowie, a mining town
on the North Fork of the Gunnison, where the shale is typically
exposed, has been adopted for this member.

The third member of economic importance is the Paonia shale, so
named from Pgonia, a town on the North Fork of the Gunnison. It
consists principally of shale with beds of relatively soft and low-grade
coal and is characterized by plant remains and shells of fresh-water
mollusks. The Paonia shale member rests upon the Bowie shale
member with apparent conformity at the east end of the field, but
unconformably upon the Rollins sandstone member in the central
part. At the west end the Bowie shale member again appears, but
there is an erosional unconformity between it and the overlying
Paonia member. .

These two coal-bearing members of the Mesaverde formation differ
notably in physical character at the west end of the field. The Bowie
member there consists. principally of massive sandstone and thick
beds of shale, with one bed of coal at the base. The Paonia member
consists mainly of carbonaceous shale and thin beds of sandstone,
with one thick bed of coal at the base and several thin beds above.
At the east end of the field the lithologic distinction between these
two members is not so pronounced, as both contain carbonaceous
shale and sandstone in alternating layers, with beds of coal at many
horizons. . However, the two are usually separated by a sandstone
that contains marine shells. The line of separation between the Bowie
member and the Paonia member, although in places difficult .to
determine in the field, is economically important because of the dif-
ference in the quality of the coal, the upper coals being soft and lig-

‘nitic and the lower coals bituminous and, locally, of coking quality.

No coal of commercial importance is known above the Paonia
shale, and the overlying rocks are only of negative importance in the
present_consideration, as they cover the coal to depths of several
thousand feet,

[y
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STRUCTURE.

The Grand Mesa coal field is a part of the southern rim of the
Uinta coal basin of northwestern Colorado and eastern Utah. The
rocks, inclining toward the lowest part of the basin, dip in a general
northeasterly direction except near the east end of the field, where
the dip is more to the north or northwest. The degree of dip varies
locally, but the average is about 24°. However, it is usually greater
than this near the outcrop, owing to local upturning of the exposed
edges of the strata. Near the east end of the field the structure has
been complicated by the intrusion of great masses of igneous rock
and the formation of laccolithic mountains, but within the area
mapped the coal has not been greatly disturbed. A, few small faults
have been encountered in the mines, but so far as reported nowhere
has the mining been seriously hindered by any disturbed condition of
the beds. The only displacements of consequence that have been
noted are at the mouth of Black Canyon of the Gunnison east of Delta
and in the vicinity of Surface Creek. At the mouth of Black Canyon
a local fold has been formed and for a short distance the sédimentary
rocks are vertical. The coal-bearing beds east of Surface Creek are
apparently about 400 feet higher than the same beds 2 miles farther
west. -The intervening space is covered with stream deposits and it
could not be ascertained whether the displacement is due to faulting
or to warping. However, the disturbance is in a locality where the
least amount of coal occurs and apparently has no important bearing
on the development of the field.

THE COAL.
GEOGRAPHIC DISTRIBUTION.

Aside from the coal at the base of the Mancos formation, which is
not of commercial value, the outcrop of the coal in the Grand Mesa
field forms a long, sinuous band in the western and southern slopes
of the mesa, and can be best described by districts, as follows: (1) The
Gunnison district lies between Grand Junction and Delta and includes
only the Mancos coal; (2) the Palisades district extends from Grand
River to the southern point of Grand Mesa; (3) the Rollins district
extends from the southern point of the mesa eastward to Paonia,
and (4) the Somerset district includes the coal east of Paonia.

GUNNISON DISTRICT.

The coal of the Gunnison district occurs in the zone of carbonaceous
shale at the base of the Mancos formation and outcrops in the bluffs
north of Gunnison River. It was formerly mined to some extent
near Grand Junction (No. 1¢), but the openings are now abandoned.
It is still mined for local use in Wells Gulch (No. 5), and has been

aNumbers refer to coal sections and locations on Pl. XXI,
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opened at several other places. The coal beds are irregular in thick-
ness, ranging within short distances from a few inches to a maximum
of slightly less than 4 feet. Near Grand Junction there are four beds,
as shown in the following section:

Section cf coal-bearing rocks at the junction of Grand and Gunnison rivers, Colorado.

Shalé, Mancos, containing at the base thin layers of quartzitic sand-

stone with fossils of Benton age. Ft. in.
07 16
Shale. s 4
(07072 P 2 8
Shale, carbonaceous, with thin beds of coal....... ... ... .. ... 2 4
Shale, sandy. ... oo i i 6
(0707 A 10
Shale, Sandy . e .ot 8
(87721 RN 3
Sandstone, coarse, quartzitic, thin bedded....................... 8
Shale, carbonaceous, with thin beds of coal.................. .. 3
Sandstone, conglomeratic (Dakota). ... ..............o.......... 20
55 8

Farther east, at locality No. 2, the largest bed is 3 feet thick, but at
Kahnah Creek (No. 3) and at Deer Creek (No. 4) less than 1 foot of
coal was found. Still farther to the east, at Wells Gulch (No. 5), the
coal is 3 feet 4 inches thick at the outcrop, but only 1 foot 6 inches
175 feet from the opening. At locality No. 6 the coal is 3 feet thick.

The coal is black, bituminous, of dull luster, and bony in many
places, and it does not burn readily, probably because of long expo-
sure. A sample for analysis (No. 5530 in table, p. 333) was taken
near Grand Junction, and represents the upper two beds of the sec-
tion, the 4 inches of shale separating them being discarded. The face
of the bed was cleared in order to procure fresh coal, but the results
of the analysis indicate that the coal is very poor. A sample was
taken also near the east end of the district, from a face which was
apparently not affected by weathering, and the analysis (No. 5534)
indicates a coal of good quality. However, the beds are not thick
enough to be included among those of economic importance.

PALISADES DISTRICT.

Upper coals.—The upper coal beds of the Palisades district occur
at the base of the Paonia or nonmarine member of the Mesaverde
formation, and extend with uniform thickness across the district.
The coal-bearing part of the Paonia is 225 feet thick and contains eight
or more beds of coal. The lowest bed, 7 feet thick, is the most valuable,
none of the others, so far as known, being more than 3 feet thick.
The coal is easily accessible for a distance of 3 miles along the river,
east of Palisades, but for the next 4 miles to the south it outcrops
high in the steep cliffs. Still farther south, although the coal occurs
higher in the cliffs, it is more readily accessible because.of the graded
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slopes leading up to it; but even here at only one place, the Patter-
son mine (No. 12), can the coal be reached by wagon. The lowest
coal bed of this group is the same as the one worked at Cameo and
described by Richardson.¢ Several openings have been made in this
coal bed, but in only one, the Bailey mine (No. 7), was work being
done at the time of the investigation. A considerable amount of
work has been done at several of the openings, but none of them are
equipped with machinery or trackage. '

The coal is black and fine grained, with vitreous to dull luster,
banded texture, and conchoidal fracture. It is comparatively soft
and slacks on exposure. It shows a slight tendency to coke, the
fragments adhering in the forge; but tests on coal from the Patterson
mine are reported as failing to produce coke. The coal bed is regular
in thickness, uniform in character, and contams only a smsll amount
of foreign material.

Lower coal.—The lower coal of the Palisades district occurs at the
base of the Bowie or marine coal-bearing member of the Mesaverde
formation, about 450 feet below the upper coal. There is only one
bed of coal in this member. It is 3 feet 4 inches thick at the north
end of the district, where it is mined for the local market at the
Stokes mine (No. 14), but it thins out a few miles south of Palisades.
The coal is harder and cleaner than the upper coal and does not slack
readily on'exposure. Its qua]ity is regarded as somewhat superior to
that of the upper coal, but mining operations are d]i‘ﬁcult on account
of the thinness of the bed. _

Sections.—The sections given in the subjoined table show the char-
acter of the coal beds in the Palisades district:

Sections of coal beds in the Palisades district, Gfand Mesa coal field, Colorado.
UPPER COAL (PAONIA SHALE MEMBER, OR FRESH-WATER MESAVERDE).

— -
] sl
M W
= | Name and lo- . = | Name and lo- :
p:'; cation of mine. Section. " | cation of mine. Section.
o[ - )
] ]
Z Z
Ft.in. Ft. in.
7 | Bailey; NW.} | Sandstone, massive. 9 | Prospect near Shale
SE.%sec.34, | Shale, sandy........ 5 De Rush 107:1 VSO 7
T. 10 8, R. Coal, impure 3 mine; sec. 11, Shale sandy......... 5
98 W. Shale, sa,ndy ........ 4 T 10 S., R.
Coal.....cooenuee 6 2 9B W. © 12
Shale. )
18 2
10 | Prospect 2 | Shale, carbonaceous
miles south Coal. . .
8 | Hall, SE. 1| Shale. of Palisades; Sandstone
NE.  sec. 2, Coal (bottom not | sec.14,T.11
3‘8\%} S., R. exposed)........ 7 S, R.8W.

aRichardson, G. B., The Book Cliffs coal field between Grand River, Colorado, and Sunnys de, Utah:
Bull. U. 8. Geol. Survey No. 316, 1907, p. 308.
-
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Sections of coal beds in the Palisades district, Grand Mesa coal field, ‘Colorado—Cont’d.

UPPER COAT. (PAONIA SHALE MEMBER, OR FRESH-WATER MESAVERDE)-Cont’d.

[ =
o] s
M “ .
= | Name and lo- " = | Name and lo- o
% | cation of mine. Section. ﬁ cation of mine. Section.
(=] o
) S
Z Z
Ft.in Ft.in
11 Prospect near | Shale, sandy. 13 | Prospect on | Shale.
kett Coal....o.ooovantns 6 Kahnah Coal....ooiiinn.nn 7
mnch sec. | Sandstone. Creek; sec. | Sandstone.
12 S, 26, T. 12 8.,
R 97 W. R.O7TW.

12 | Patterson; Shule c&rbonaceous
sec. 17, T. 12
S, R.97TW.

LOWER COAL (BOWIE SHALE MEMBER, OR MARINE MESAVERDE).

CFt.oin. | Ft. in.
14 | Stokes; NE. 1 | Shale. 16 | Prospect 2 | Sandstone.
SW. }sec. 2, Coal.....coovennnn 3 4 miles south Coal.....oovvenannn 1
T. 11' 8., R. | Shale. of Palisades; | Sandstone.
98 W. . sec. 26, T. 11
S, R.98 W.

15 | DeRush; SW. | Shale.

1 NW. 1 sec. Coal (base not ex-
11, T. 11 8., posed)..........
R.98 W.

ROLLINS DISTRICT.

The Bowie shale member is not represented in the Rollins district
or central part of the field. All of the coal is in the Paonia member,
which here rests upon the Rollins sandstone. Only one bed of com-
mercial value is known in the western part of the district, but in the
eastern part several beds of workable thickness have been opened.
The thin beds above the workable coal near Palisades may thicken
toward the east, but too little is yet known of them to state whether
the beds of coal are continuous for long distances or are more or less
lenticular, as they appear to be in the eastern part of the field where
they are better exposed.

In the western part of the Rollins district the coal crops out high
in the sides of the mesa, the maximum altitude being 8,100 feet. It
is exposed in only a few places on account of a surface covering con-
sisting of blocks of basalt derived from the cap rock of the mesa and
on account of thickets of. cedar, scrub oak, and underbrush that
restrain erosion. In the eastern part of the district it crops out lower
in the mesa, is better exposed, and has been prospected more exten-
sively. The location of the principal openings is shown on the accom-
panying map, and the thickness of coal is given in the following table.
The mines have all been worked more or less, and a considerable
amount of coal is supplied each winter to +he local market.
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Sections of coal beds in the Rollins district, Grand Mesa coal field, Colorado.

sy v
5] b4
A M
= | Name and lo- = | Name and lo- - X
" |cation of mine. Section. % cation of mine. Section.
=3 (=)
S o
z Z
Ft. in.
18 | Kuhnley; SE. | Shale. 26 | MeGruder;sec.
4 SE. § sec. Coal bonyinplaces 5 6 15, T. 13 8., |
34, T. 13 8, Coal.........i..... 2 R.94W.
R.96 W. Shale
Sandstone
76
. 9 6
19 | Rollins; NW. | Shale
27 | Ward (Loo- Shale, carbonaceous. . 6
mis);sec.12, | Coal........... 5 4
T:13 8., R. Shale, carbonaceo 3
94 W.
810
28 { Landerth; | Sandstone(?).
20 | Fairview; sec. [07,7:) P 4 SW.1NW.1| Coal
19, T. 13 8., | Sandstone and shale. 60 sec. 8, T. 13
R.95W. Shale................ 5 S, R.93W.
Coal............... 6 6
Coal, bony......... 4
Sandstone........... 12
Shale, carbonaceous 5
Coal....oooooeeenn. 5
Shale. 29 | Degrafenreid; Shale(?)
sec. 22, T. 13 Coal.....oc.ooooae-. 12
101 6 S., R. 93 W. | Sandstone.
21 | Winton; sec. | Shale. 30 | Bennett; SW. | Shale.
16, T. 1 Coal............... 1 I1NW.3sec. | Coal.......coooen... 5 6
R.95W. Sandstone. 23, T. 13 8., | Shale.
R.23W.
22 Wg,ltaso*n SV‘lfll Shéa,lei ............... ) g 6 —
sec OBl eecnnnnnannnnn 31| N ; SE hale.
T.138, R, | Shale............0. 8 SNW- § se0 S T 14
95 W. (67:7:7 16 26, T. 13 S., | Shale.
Shale. R. 93
7 8
I 32 | Burdick; sec. Roof not exposed.
30, T.13 S, | Coal..eceiieeeanenen 6 2
23 | Davis; SE. } R.92W. Coal bony.
SE.}sec.11,
T. 13 S., R-
%W 33 | Stucker; sec. | Shale. .
27, T. 13 8,, Coal, bonyinplaces. 7
R.92W. Shale, carbonaceous.. 3
oal................ 5
Sandstone.
15
34 | Stucker pros-| Shale
24 | Blossom; NW.| Shale. }i\ectsgc‘ 21, gg:}é """""""" 2 g
ENW-dseo. | Qoal.oonen s 6 ’ Coal .._0200000000 10
B L BE, | Smuaboiois | Sundstode.
Sandstone.
13
56
25 States NE. } | Shale.
sec. 13, Coal.c.oeeeoaa.... 3
’1‘ 13 L R.95 Shale.............. 1
Ww. Coal. ..., 7
Shale.
11
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The coal is black, subbituminous, with fine texture, dull luster,
and conchoidal fracture, and slacks when exposed to the weather.
It burns readily, making a good domestic fuel, but shows little ten-
dency to coke. It is usually free from foreign matter, although in
some places there is a considerable amount of bone. - The coal varies
from place to place in purity and in the thickness and number of the
beds. At the Kuhnley mine (No. 18) the bed is about one-third
bone; at the Rollins mine (No. 19) the same bed contains practi-
cally no bone. For several miles east of Surface Creek the beds are
thin and few in number and the coal is bony; but still farther east
they are more numerous and the coal improves in quality. At the
Bennett mine (No. 30) four beds of workable thickness have been
prospected, and the Newman mine (No. 31) opened on one of the
upper beds has 14 feet of clean coal. Several other mines in the
district have equally good coal in beds 7 to 10 feet thick.

The Rollins mine (No. 19) is the only one in the district equipped
-with steam power, but arrangements have been made for installing
machinery at the Fairview mine (No. 20). At the other openings
mining is done by hand. The inside haulage is by mules, and the
coal is all taken to market in wagons, more or less well graded roads
having been constructed to the mines for this purpose.

SOMERSET DISTRICT.

The eastern or Somerset district includes the coal east of Paonia.
At its west end the coal crops out in the cliffs about 1,000 feet above
North Fork, but at Somerset it is at river level. East of Minnesota
Creek it underlies the mesa and crops out again on Coal Creek, which
has cut its canyon down to the coal-bearing zone. The beds are
extensively exposed farther south, or upstream in the Coal Creek
canyon, but were not examined south of the Mosley mine (No. 49).
. Coal occurs in both the Paonia and Bowie shale members of the
Mesaverde formation in the Somerset district, as shown in the John-
son section (No. 47) of the following table. The upper four beds
of this section are in the Paonia member. There are probably other
coal beds in this member, but none have been opened and there are
few natural exposures, the coal being either burned on the outerop or
covered with brush and surface débris. The Bowie shale contains
seven beds of coal that have been prospected, and others of which
little is known. The amount of clinker and ash in some places indi-
cates the existence of unknown coal beds of considerable thickness.
All the mines and nearly all the prospects of the Somerset district
are in the coals of the Bowie shale, or marine Mesaverde.

The coal of the Somerset district is more abundant, better exposed,
more easily accessible, and more extensively worked than that of
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the other districts. The average thickness of workable coal is prob-
ably not less than 65 feet. The productive beds occur at various
horizons throughout the Bowie shale, and range in thickness from 4
to 25 feet. The lowest coal is worked at the Conine mine (No. 35),
where the bed, 115 feet 8 inches thick, consists of two benches sepa-
rated by 1 foot 6 inches of shale. The coal of the middle and upper
parts of the Bowie shale is worked at the Cooperative mine (No.
36), where the bed is 10 feet 8 inches thick; at the new King mine
(No. 38), where it is 12 feet 8 inches thick; and at the Somerset
mine, where it is said to be still thicker on account of the coalescence
of several beds. o

The coal is better in many ways than the fresh-water coal of the
Rollins district. It is harder, less liable to slack on exposure to the
weather, stands shipment well, and some of it is coking coal. It
is black, bituminous, fine grained, with bright vitreous luster and
texture ranging from even to seamy, and some of it is conspicu-
ously banded by alternating layers of coal that differ in luster. The
coal throughout the district is free from bone or other foreign mat-
ter that seriously interferes with mining or marketing.

Sections of coal beds in the Somerset district, Grand Mesa coal field, Colorado.

a2, -
O] "Name and o Name and
-p4( location of Section. b4t location of Section.
©. mine. o mine.
4N AN
: Ft. in. . ’ Ft. in.
35 | Conine; NW.1 | Shale. 39 | Prospect on | Shale.
: SE. % sec. 24, 7 8 Hubbard Coal......... e 12
T.13 8., R. 16 Creek; sec. | Sandstone.
92 W. 6 6 1 12, T. 138,
2 R.91 W.
17 8
7 40 | Mallott; sec.
24, T. 13 §.,
36 | Cooperative; | Sandstone. R.OLW.
SW.18W.1 Coal,bony........ 2
sec. 17, T. 13 Coal......oooiinn-n 8 8
S.R.91 W, | Shale, carbonaceous. 6
1 2
41 | Whitlaw; sec. | Shale.
23, T. 13 8., Coal....... eeeee 21
37 | King Isold); Shale. R.O1W.
NE.} %Vg (éoa}.i) ............. 4 4 .
sec. 15, T. 1 oal, bony........ .
LR.OLW. o . 43 |-Sylvester; sec. | Shale. .
8. R.9 Sandstone 10, T. 13 8.y | CORLee e 510
4 4 R.90 W. Shale.
i . 45 | Hawks Nest; | Shale.
B EGe G )§ Shale, carbonaceous. - 0.1, T, 18 | COfln e 7
sec. 15, T. 13 : 3 S., R. 90 W. | Base not exposed.
S, R.91W. | Coal 37
) + Coal (“sulphur
streak”’)........ 4|l 46| Shoecroft| Shale.
Coal.....ccovannnnn -6 8 (Porter Coal...iiiinananns 7
Shale, carbonaceous. 8 claims); sec. | Shale.
32, T. 13 S.,
12 8 R.90W.
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Sections of coal beds in the Somerset district, Grand Mesa coal field, Colorado—Cont’d.

[ S
o, Name and O | Name and
-4 location of Section. ‘K| location of Section.
o _. mine. . O mine.
4 A
47 | Johnson (Por- 48(Simonton
ter claims); | (Porter
sec. 5, T. 14 3 claims); sec.
S, R.0W, ] 22, T. 14 8.,
5} R.90W.
g
3
=4
<
=}
Y
L3
Sandstone. ..
Coal....... .. 8
Sandstone........ 50
Ash and clinker .. 20
Coal, metamor-
sed........ 2
Shale tmd sand- s
stone......... 49
.| Coal, metamor- Mggl% se{:s
K (
9 hosed........ 2 S, R '8,
5 |Shale and sand- o
g 5 7
® 25
2 p
g 3
A 15 50
5 05 Prospect near
14 Mosley mine;
.6 sec. 3, T. 14
it S.,R.8W.
46 Shak' sandy.
Shale sandy . 16
Coal............ 3 A
Shale.
543 5

Along the North Fork to the east of Somerset, and on Coal Creek
the coal is hard, massive, bituminous to anthracite, and of coking
quality, although recent tests in the Denver laboratory of the fuel-
testing plant show that the coke is not of the best quality. At the
Mosley mine (No. 49) the coal, 10 feet thick, is metamorphosed,
probably by the heat from an intrusive igneous rock, although no
such rock was found in contact with it. However, it is located in
-the side of Mount Gunnison, at no great distance from extensive
masses of igneous rock. The coal is hard, black, dull vitreous in
luster, fine grained, even to seamy in texture, with conchoidal frac-
ture, free from bone, does not slack on exposure to the weather, and
cokes readily. A large quantity of equally good coal is reported
from Coal Creek, south of the area investigated.

Anthracite coal of good quality occurs in the south slope of Mount
Gunnison at an altitude of 9,700 feet. Several exposures were
observed, and the beds have been carefully prospected by S. G. Por-
ter. The rocks are faulted, crushed, and:cut by dikes of igneous
rock to such an extent that md1v1dual beds can not be traced for
any considerable distance, nor is the coal constant in thickness or
character. An opening, known as the Phillip prospect, was started
on an 8-foot bed, but the coal is crushed in places, variable in thick-
ness, and at a point 290 feet from the opening pinched out entirely.
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The coal is hard and dull in luster, and is virtually a natural coke
changed by the heat of igneous rocks, though without vesicular
structure, probably because of the pressure of the overlying strata.
This coal occurs in comparatively small blocks of the coal-bearing forma-
tion, surrounded by and included in the igneous rock of the mountains;
and the coal is so disturbed and so uncertain in occurrence that it has
not beenincluded within the area here regarded as productive coal land.
Although of excellent quality, it is scanty in quantity and difficult of
access, and its value from a commercial standpoint is doubtful.

Four mines of the Somerset district were producing at the time of
the investigation. Two of these, the Conine and Cooperative, were
not equipped with machinery and the mining was done by hand.
The King mine (No. 38) was well equipped for mining operations. It
is located in the side of the canyon and the coal is lowered 600 feet
by means of a gravity incline to the foot of the cliff, where it is
screened and loaded directly into cars for shipment. The Utah
Fuel Company’s mine at Somerset is the largest producer in the dis-
trict, and is" the objective point of the North Fork branch of the
Denver and Rio Grande Railroad. No information in regard to
this mine could be obtained from the company.

QUANTITY AND VALUE OF COAL.

No close estimate can be made of the amount of coal in this field
until more is known of the number of the coal beds and their varia-
tions in thickness. The average thickness of workable coal, based
on available information, is 11 feet for the Palisades district, 15 feet
for the Rollins district, and 65 feet for the Somerset district. It is
probable that these figures will be increased when the beds are all
prospected. If the practical limit of available coal is assumed to
be 6 miles back from the outcrop, there are about 120 square miles
of coal land in the Palisades district, about 235 square miles in the

Rollins district, and about 195 square miles in the Somerset district.
Coal of 1.3 specific gravity weighs 81.25 pounds, per cubic foot, and
a square mile of coal 1 foot thick contains 1,132,544 short tons. If
the estimated thicknesses are correct, the Grand Mesa coal field con-
tains 19,842,270,880 short tons of coal in workable beds. After de-
ducting 25 per cent for waste in mining, there remain 14,881,703,160
short tons of available coal, mainly on Government land.

COMPOSITION OF COAL.

The following analyses show that good coal occurs throughout the
field, but that the coal of the Bowie, or marine Mesaverde, is superior
to that of the Paonia, or nonmarine beds. In general, Paonia coals
have large percentages of moisture and low heating values, are com-
paratively soft, and slack more or less readily on exposure. The
Bowie coals have low percentages of moisture and comparatively
high heating values, are relatively hard, and do not slack easily.
There is a gradual improvement in quality from west to east, or
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toward the mountains, and the coal nearest the intrusive rock at
the east end of the field is semianthracite.

The samples for analysis were all taken in the manner described on
pages 1213, and great care was exercised to obtain representative coal.

Analyses of coal samples from the Grand Mesa coal field, Colorado.

[F. M. Stanton, chemist in charge.]

DiStrict. ..o veaniiiannns ‘ Gunnison. I Palisades. ‘ Rollins.
Character of coal............. Bituminous. Subbituminous to bitwninous.
Laboratory No............... 5530. ‘ 5534. | 5724. | 5535. | 5541, | 5542. | 5540. | 5522. | 5539. | 5521
Sa.mple as received:
Moxsture ........... ...| 5.96| 6.53| 7.18|11.51 | 17.18 | 19.14 | 16.37 | 14.16 | 15.26 | 13.36
Voln.tlle matter....... 26.41 | 33.85 | 32.97 | 32.60 | 30.67 | 31.20 | 29.79 { 31.29 | 30.24 | 33.72
£\ Fixed carbon . X X .73 | 45.39 | 48.48 | 45.83 | 48.69
F ) s D 8.45, 6.07 1 8.67 4.23
Sulphur.............. .45 .68 .60 .56
.[Hydrogen............. 5.87| 590 5.87 5.88
24Carbon. ..oiiiieaaan .. 56.74 | 61.15 | 59.24 | 62.11
P |Nitrogen.... 1L13| Lo22| 11| 130
Oxygen...... 27.36 | 24.98 | 24.51 | 25.92
Calories.................. 5,616 | 6,016 | 5,780 | 6,226
British thermal units ... .| 8,455 10,040 |11,968 110,408 | 9,364 | 9,580 {10,109 |10,829 10,404 | 11,207
Loss of moisture on air dry- §
Ing..coiimiiil 210 2.10] 2.40] 2.70| 500 590 4.30| 4.90| 5.50 4.60
Air-dried sample:
Moisture.............. 9.05 9.73 | 10.34 9.18
"“ Volatile matter....... 33.51 32.90 | 32.00 | 35.35
1 Fixed carbon.......... 46.79 50.99 | 48.49 | 51.04
A lfAsh. ... 10.65 6.38 | 9.17 | 4.43
Sulphur.............. .96 .72 .64 .59
ofHydrogen.. ... o] 539 Ll 5.64 [ 5.57 5.63
= Carbon.........oooooi oo 69,20 [L.... .. 64.30 | 62.69 | 65.11
Nitrogen.........o.ooo ooaitfoaa | L27 Lo 1.28 | 1.17 1.36
OXYgeN...veeivvnnnenifonenaafone... | 1446 . ..., 21.68 | 20.76 | 22.88
Calories. . ................ 5,042 6,326 { 6,116 [ 6,526
British thermal units.... 10,696 11,387 {11,010 | 11,747
Thickness ot part of bed sam- |Ft. in. [Ft.in. |[Ft.in. |Ftin. in.| Ft.in. | Ft.in. | Ft.in.
pled. oo 3 4/ 16| 6 2| 4 4 5 3 8
District. ...l Rollins. Somerset.
Character of coal............. Subbituminous to bituminous. Bi{{:};ﬁ:i;;gﬁif.o
Laboratory No............... 5523. | 5524, | 5538. | 5525, | 5537. | 5536. | 5552. | 5551. | 5526. | 5527.
Sample as received:
Moisture.............. 13.57 | 9.85 10 24 13.97 | 15.54 | 16.67 | 22.40 | 8.90 | 13.64 9.37
” Volatile matter . . . 3. . . . 34.75
=) Fixed carbon 53.04
sho ..ol 2. 84
Su(liphur ..............
Hydrogen 5. 81
£lcarbon. ... 69.94
Nitrogen 1.31
Oxygen 19.60
Calories.......... ,921 | 5, y 5 6,883
British thermal units . .110,658 110,229 |10,060 {10,201 |10,557 |10,701 | 8,159 ]1 113 10 037 | 12,389
Loss of moisture on air dry-
EDE e eeomoeeer e 5.4o| 3.10[ 2.00] 470 470 52| 8.80’ 3.30| 5.20| 3.60
Air-dried sample:
Momture .............. 8.64| 6.97| 7.46) 9.73 | 11.37 {12.10 { 14.91 | 5.79 | 8.90 5.08
Volatlle matter....... 34,44 | 33.81 | 32.55 ] 33.47 | 34.66 | 34.92 | 34.20 | 33.72 | 32.58 | 36.05
D< Fixed carbon.......... 48.80 | 44.85 | 43.40 | 45.36 | 48.33 | 48.80 | 46.23 | 48.66 | 49.93 | 55.02
Sh..iiiiiiiiiiaaaan 3 3 . . N 4.18| 4.66 | 11.83 [ 8.59 2.95
Sulphur..._.......... . . . L72 .52
ny(lrogen 5,61
5 Carbon.. 72.55
Nltrogen 1.36
Oxygen.... 17.01
Calories.........c........ 6, , 5,882 1 7,140
British thermal units....[11,266 10,556 ]1 078 (11, 10,588 | 12,850
Thickness of part of bed sam- | Ft.in. | Ft.in. | Ft.in. | Ft.in. | Ft.in.| Ft.in. | Ft.in. | Ft.in. | Ft.in.| Ft. in.
pled.........o.iill 6 5/ 3 6| 5 4| 5 6 6 2 6 6| 7 8| 6 6| 88
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Analyses of coal samples from the Grand Mesa coal ficld, Colorado—Continued.

District.... ...l Somerset.
Character of coal............. Bituminous to anthracite.
Laboratory No............... 5760. | 5533. | 5531. | 5532. | 5406. | 5405. ) 5807. | 5529. | 5344. | 5528.

Sample as received: :
Moisture.............. 3.37 | 241 2.34| 2.64| 5.49| 596 21.44 | 19.23 | 8.94 4.22

%] Volatile matter. ..| 35.09 | 29.14 | 34.97 | 28.84 | 35.65 | 23:92 | 29.13 | 31.04 | 34.23 3.98
& Fixed carbon. ... ..| 53.02 | 58.38 | 58.42 | 63.31 | 55.79
fAsh...._..... .| 85211007 427 5.21 3.07
|Sulphur. ... .62 .52 .54 .66 .60
. |Hydrogen. .. .| 5.4l 4.74| 5.37| 505| 576
B Carbon...... 71.18 | 71.93 | 75.31 | 76.81 | 73.22
Nltrogen 159 118) 131 1281 1.22
Oxygene.. .| 12.68 | 11.56 | 13.20 | 10.99 | 16.13

Calories. ... ... | 7,238 | 7,020 | 7,556 | 7,516 | 7,343
British thermal units .. ..|13,028 (12,636 {13,601 [13,529 |13,217

Loss of moisture on air dry-
1 07 .80 1.40| 1.10| 170 2.00| 2.70| 9.80| 10.10| 1.70 3.20 -

Air-dried sample: §
.(Moisture........ . 259 1037 1.25
%] Volatile matte 3537 | 29.55 | 35.36

E Fixed carbon 53.45 | 59.21 | 59.07

Ash...... 8.50 | 10.21 | 4.32
Sulphur.... 63| .53 .55
;| Hydrogen... 536 4.64] 5.31

>

—{Carbon...... .| 71,757 72.95 | 76.15
Nitrogen.. | L60| 1.20| 1.32
Oxygen.... .1 12,07 | 10.47 | 12.35

Calories............ .| 7,296 | 7,120 | 7,640

British thermal units.... 13, 133 12,815 13,752

Thickness of part of bed sam- | Ft.in. | Ft.in.| Ft.in.| Ft.in. | Ft.in.| Ft.in. | Ft.in. | Ft.in.| Ft.in. | Ft.in.

pled.. ... 4 5| 49| 6 46 4, 510 5 7 7 7 56
5530.¢ Sec. 26, T.1S., R. 1 W. (Ute pnnmpalmcrldlan) 80 feet from mouth of opening in deserted mine,
5534.0 Sec. 18, T. 4 S., R. 3 E. (Ute prmclpal meridian), 160 feet from mouth of opening.

5724.¢ NW. 1 SE. 1 sec. 34, T. 10 S R. 98 W, 165 feet from mouth of opening.

5535.¢ Sec. 17, T. 12S., R. 97 W, 5 feet, from mouth of opening.

5541.¢ SE. 1 $E. 1 sec. 34, 3 5., R. 96 W:, 2,000 feet from mouth of opening.

4 T. 1
5542.c NW. 1 NW. % sec. 35, ’1‘ 13 S R. 96 W 285 feet from mouth of opening.
5540.¢ Sec. 19, T. 13 S., R. 95 o 800 feet from mouth of opening.
5522.¢ Sec. 16 T.138S.,,R. 95 W upper bench, 500 feet from mouth of opening.
.13 8., R. 95 W.; lower bench, ’500 feet from mouth of opening.

5521. ¢ S'W iSE 4 sec. 11. T.13 S R.95W., 900 feet from mouth of opening.

5523.¢ NE. : NE. }sec 13, T. 13 8., R. 95 W 110 feet from mouth of opening.

5524.0 Sec. 15, T. 13 8., R. 94 W., 250 feet from mouth of opening.

5538.0 Sec. 12, T. 13 5., R. 94 W. , 200 feet from mouth of opening.

5525.¢ SW. 4 Nw. &sm 23, T. 13 8., R. 93 W., 50 feet from mouth of opening.

55637.¢ SE. i NW. &sec. 26, T. 13 8., 'R.93W., 240 feet from mouth of opening.

5536.¢ See. 30, T. 13 8., R. 9 W, 800 feet from mouth of opening.

5352.b Sec. 21 T.13 8., R. 92 W,

5551.¢ NW. % 'SE. b sec. 24, T. 13 8., R. 92 W.; upper bench, 300 feet from mouth of opening.

5526.¢ NW. 4 SE. % sec. 24 T. 13 8., R. 92 W.; lower bench, 300 feet from mouth of of: cning )

5527.¢ SW. 1 SW % sec. 17, ‘713 S., 'R. 91 W, 300 feet, from mouth of opening.

5760.¢ NE. }NW 1 sec. lo T. 13 S R. 91 W 700 feet from mouth of opening.

5533.¢ NE. 3 NE. }sec 15, 13 S, R.91 W.; upper bench, 700 feet from mouth of opening.

5531.¢ NE. 1 NE. 4 sec. 15 T. 13 8., R. 91 W.; lower bench, 700 feet from mouth of opening.

5532¢. NE. 1 NE. }scc 15 T. 13 5 R. 01 W ; lower bcnch 500 feet feet from mouth of opening. Coal
said to be “daad.”

5406.2 Sec. 11, T. 13 8., R. 90 W., 70 feet from mouth of opening.

5405.¢ Sec. 32 T.13 8., R 90 W. , 100 feet from moyth of opening.

5520.b Sec. 22, T. 14 8., R. 90 w.

5344.¢ Sec. 10(‘7) T. 13 S., R. 8 W., €0 feet fromn mouth of opening.

5528.¢ Prospect South of Mount Gunnison.

a Samples represent coal srom freshly cleared sections in abandoned mines.
b Samples represent weathered coal.
c Samp]es represent fresh coal.
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THE COAL FIELD BETWEEN GALLINA AND RATON
SPRING, NEW MEXICO, IN THE SAN
JUAN COAL REGION.

By James H. GARDNER.

INTRODUCTION.

The San Juan coal region (Durango-Gallup coal field) is a basin of
more or less circular outline, with an area of about 13,500 square
miles, about one-seventh of which lies in Colorado and the remainder
in New Mexico. The region receives its name from San Juan River.
The two chief coal-producing localities are Durango, in the extreme
southwestern part of Colorado, on the Denver.and Rio Grande Rail-
road, and Gallup, in New Mexico, on the Atchison, Topeka and Santa
Fe Railway. The San Juan coal region is the inner coal-bearing
portion of the San Juan Basin.

During the season of 1905 a reconnaissance survey around the east
side of thls region was made by F. C. Schrader, assisted by M. K.
Shaler. Work was begun at Durango, Colo., and carried in an easterly

- direction to Monero, N. Mex.; thence southward in New Mexico via

Elvado, Gallina, and Cuba, to Cabezon; and thence westward to
Gallup.

In the season of 1906 M. K. Sha,l(n assisted by the writer, con-
ducted a reconnaissance survey around the opposite side of the region.
Work was tied to that of the previous season at Durango, and the
outcrop of the coal formations was mapped around the west side of
the region and connected with that of Schrader at Gallup. The coal-
bearing formations mapped in each survey are the Mesaverde and
Laramie, of Upper Cretaceous age, as classified by Cross® in the
vicinity of Durango. :

In the reconnaissange of Schladcl in 1905 the outcrops of the
Mesaverde and Laramie formations were found to be roughly parallel,

aSchrader, F. C., The Durango-Gallup coal field of Colorado and New Mexico: Bull. U. S. Geol. Survey
No. 285, 1906, pp. 241-258. Shaler, M. K., A reconnaissance survey of the western part of the Durango-
Gallup coal field of Colorado and New Mexico: Bull. U. S. Geot. Survey No. 316, 1907, pp. 376-426.

b Cross, Whitman, La Plata folio (No. 60), Geologic Atlas U. 8., U. S. Geol. Survey, 1899.
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and to be represented by more or less eroded hogbacks, with inter-
vening valleys of softer Lewis shale. This relationship extends from
Durango eastward to Monero, and thence southward to the vicinity of
Gallina, where the Laramie was found to be no longer marked by a
prominent hogback, but to be more or less covered by overlapping
Tertiary rocks. This complexity of structure, together with lack of
time, compelled the party to discontinue the mapping of the Laramie
at this place, and it was not recognized beyond this point. The
Mesaverde formation, being more resistant and covered to a less
extent by unconformable shale, was easily followed southward.

In Shaler’s reconnaissance in 1906 the Mesaverde and Laramie
formations were recognized in similar relationship around the west
side of the basin to the vicinity of Sulphur Spring, on the drainage
of Rio Chaco. Here thie Mesaverde and Laramie boundaries were
found to diverge, the former continuing southward, the latter bearing
off to the east a short distance north of Rio Chaco. The Laramie was
traced and mapped as far east as Raton Spring, about 35 miles west
of Gallina. At this point the examination of the Laramie was
abandoned, but it appeared to continue eastward to the region near
Gallina, where Schrader last recognized it a year previous. ,

The present report covers the area between Gallina and Raton
Spring. The field work was carried on from July 20 to August 26,
inclusive, 1907, by the writer, assisted by William J. Reed and Albert
L. Beekly. To these gentlemen acknowledgments are due for valu-
able assistance in the field and office. The map (Pl. XXII) pre-
sented in connection with this report was prepared by Mr. Reed. -

GEOGRAPHY AND TOPOGRAPHY.

Gallina, N. Mex., is a small Mexican settlement of about 100 people,
located approximately in.latitude 36° 15’ and longitude 106° 50°, at
the point where Gallina River emerges from the Sierra Nacimiento.
About 14} miles south-southwest is the old Mexican town of Naci-
miento, known to the post-office officials as Cuba. This village con-
tains about 200 inhabitants, and is located in a small fertile valley at
the foot of San Pedro Mountain, near the point where Nacimiento
Creek joins Rio Puerco. Lajara, Copper City, and Senorito are
settlements of less importance. About 34 miles south of west from
Cuba is Raton Spring, where there are two Mexican stores and a few
dwelling houses. Raton Spring is known also as Pueblo Pintado, a
name formerly applied to the Aztec ruins, which are still evident at
this place. The spring itself is a deep pool of somewhat alkaline
water, which flows as a mere seep. At Ensino Spring, between Cuba
and Raton, 11 miles north of east from Raton, there are some Indian
stone huts, but the spring is known as a watering place for miles over

J
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the surrounding desert country. The water issues from beneath a
massive sandstone, and the flow in August, 1907, was about 1
gallon per minute. These are the only localities worthy of individual
mention here, but there are numerous Mexican ranches along the
west foot of the Sierra Nacimiento between Gallina and Cuba.

The Sierra Nacimiento is a more or less continuous north-south
mountain ridge, with an average elevation of about 9,500 feet, or about
2,500 feet above the surface of the plateau country to the west.
Northeast of Cuba the ridge rises to an elevation of 10,162 feet, and
is known as San Pedro Mountain. An abundant supply of pure
water flows perennially from the slopes of this mountain, the drainage
on the north passing down as the source of Gallina River and on the
southwest as the source of Rio Puerco. Gallina River flows north-
ward for about 16 miles, then turns eastward to Rio Chama, a tribu-
tary of the Rio Grande. Rio Puerco flows southward and is also a
tributary of the Rio Grande. On the west the mountain presents a
bold front, and along its slopes the sedimentary rocks are steeply
inclined- and form hogbacks. At some places the slopes are exten- .
sively covered by bowlders and wash, principally granite and granite
porphyry from the mountain mass. - In the vicinity of Gallina the
Tertiary beds overlap the Cretaceous and lower sedimentary strata,
and in places rest against the crystalline rocks of San Pedro Mountain.
These Tertiary beds include the Puerco, Torrejon, and Wasatch forma-
tions, which cover the broad plateau country, stretching westward to
SanJuan River. Thisregionis a dry, barren expanse of highly colored
mesas and badlands, known as the Nacimiento Desert. The high
portion of the plateau along the Continental Divide west of Gallina
and east of Canyon Largo is named on the Wheeler map “Los Altos
del Utah. "¢ - The country between Cuba and Raton Spring presents
a series of Laramie and Tertiary escarpments that have receded to
varying distances northward. These escarpments have been dis-
sected into numerous outliers and mesas with gentle, intervening dip
slopes in the form of sage-covered plains. Interspersed with these
features are numerous canyons and deep arroyos. The principal
drainage way of this area is the Arroyo Torrejon. This stream heads
along the Atlantic side of the Continental Divide, which crosses the
territory in a northeast-southwest direction. In times of heavy
rainfall there are numerous small lakes in the area, which are readily
soaked up or dry away in the periods of drought that follow. There
are no ranches in the area west of Cuba, but only scattered tents of
Mexican sheep herders or hogans of a few nonreservation Navajoes.

The area is not subdivided by land lines; however, some surveying
is at present being done in the vicinity of Cuba.

aU. S. Geog Surveys W. 100th Mer., Atlas sheet No. 69.
71497—Bull, 341—09——22
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GEOLOGY.
STRATIGRAPHY. .
GENERAL SECTION.

The formations known to occur within the area included in this
“report are as follows:

Generalized section of rocks in coal field between Gallina and Raton Spring, N. Mez.

System. Series or formation. "l‘llllli?gxtess
Quaternary................. ReCeDt . o it 0-50
Wasatch formation. ... . ... ... il (71,000
. Unconformity.-
Tertiary....... e Torrejon formation...... . ... ..ol 110
1| Unconformity (?).
Puerco formation........ .. ...l 690
Unconformity.
Lau,ra‘mig1 f«l)rmation .......................................... 250-2 888
Lewis shale. ... i 3
Cretaceous.................. Mesaverde formation Ceeeeeean 200-900
MAancos SHALE. - oo ciceiiiaaaaaa 500-1, 000
Dakota sandstone.

CRETACEOUS ROCKS.

Dakota sandstone.—The Dakota, or basal formation of the Creta-
ceous throughout the San Juan region, is exposed in a prominent hog-
back along the west slope of the Sierra Nacimiento. It consists
chiefly of hard quartzite with intercalated shale toward the top, but
near the base is made up of reddish sandstone and yellowish shale that -
grade gradually into the Jurassic-Triassic rocks below. No signs of
-coal beds were observed in the Dakota, but they are known to occur in
other parts of the basin.

Mancos shale.—The Mancos shale rests conformably upon the
Dakota. In the type locality at Mancos, Colo., the formation is all
shale, but in New Mexico there are transitional sandy beds toward the
top. ‘At a point 10 miles north of Gallina a part of the formation
becomes arenaceous and forms a hogback in the shale valley. This
sandy bed is about 30 feet thick and ‘about 275 feet below the top of
the formation. It is no doubt the beginning of the sandstone and
shale formation that increases in thickness toward the south and is
coal bearing on the south side of the basin.® The siliceous phase is
continuous along the foot of the Sierra Nacimiento, but is prominent
only south of Cuba. In the vicinity of San Miguel, 12 miles down
Rio Puerco from Cuba, the writer observed a thickness of 300 feet of
argillaceous sandstone and sandy shale in the Mancos, grading upward
through a transition zone to the Mesaverde.

Mesaverde formatwn —The Mesaverde is the most 1mportant coal-
bearing formation in the area, as well as throughout the San Juan

a See reports of Schrader and Shaler, already cited.
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region. It forms a prominent hogback across the east side of the
Gallina-Raton Spring field. The outcrop of the formation enters this
field at a point 54 miles N. 8° E. from Gallina, follows along the foot
of the Sierra Nacimiento in a north-south direction, and passes from the
area mapped near Copper City. Coal beds occur at varyingintervals
between a prominent basal and a capping sandstone. The main coal
bed of the area is just below the top sandstone.

Leuns shale.—The Lewis is much like the Mancos in appearance.
The only point worthy of mention here regarding this formation is its
notable change in thickness across the field. From about 2,000
feet north of Gallina it thins to 250 feet on the Arroyo Torrejon
and in the vicinity of Raton Spring. It may be, however, that the
lower part of the shale in that region is replaced by sandstone which
has heretofore been considered Mesaverde.

‘Laramie formation.—The Laramie is without workable coal beds at
the north limit of the field. In fact, Schrader ® maps the entire area
northward to the Colorado State line as barren. West of Gallina the
Laramie and underlying Lewis shale disappear beneath unconform-
able Eocene beds. The next point to the south at which the Laramie
shows is where it emerges from beneath the Puerco, about 104 miles
southwest of Cuba. The Laramie strata exposed between this point
and Raton Spring are coal bearing, the coal beds increasing in thick-
ness and number toward the west.

TERTIARY ROCKS.

In the vicinity of Gallina and to the south beyond Lajara the varie-
gated shales of the Wasatch rest horizontally against the foot of the
Sierra Nacimiento, covering the highly inclined strata of the Creta-

-ceous and lower sedimentary rocks. The Wasatch bears many
fragments of vertebrates, and collections were suﬁlclent to permit its
positive identification.

In the southern portion of the area, along the mountain foot north-
east of Cuba and along the headwaters of Rio Puerco, the Wasatch is
underlain by a mass of variegated and bituminous shale, with two
beds of massive sandstone. The sandstones form prominent escarp-
ments, the upper immediately west and the lower about 10 miles south-
west of Cuba. The entire thickness of these beds is about 800 feet.
They are highly inclined along the mountains, and northeast of Cuba
they are overturned and dip toward the mountains at about 70°.
The high dips of the massive sandstones are in marked contrast to
the unconformable horizontal shale of the overlying Wasatch. The
prominent sandstone escarpments swing westward from Cuba, the

- lower being traced across the area beyond the limits of the present

a Op. cit., p. 243.
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mapping. The upper escarpment could not be traced with certainty.
The prominent escarpment of the Wasatch to the north follows in a
general way parallel to these escarpments. Near a small pond, about
7 miles N. 76° E. of Ensino Spring, vertebrate fossils were collected
from 25 feet of dark and gray argillaceous sand and shale immediately
overlying the basal escarpment sandstone. A careful study of these
fossils has been made by J. W. Gidley, of the United States National
Museum, and the specimens have been compared with original
material in the American Museum of Natural History, New York.
This comparison definitely places them in the Torrejon formation.2
The Laramie reappears from beneath the lower escarpment, striking
almost at right angles with it, thus bringing out a marked uncon-
formity between the two. It does not follow from the fossils that the
lower escarpment is of Torrejon age. It is probable that there is an
~ unconformity between the Puerco and the Torrejon. This. accounts
-for the Torrejon fossils immediately above the basal escarpment sand-
stone, which is in all probability the lowest member of the Puerco. It
is certainly at the base of an 800-foot mass below the Wasatch, -
exposed along the headwaters of Rio Puerco, as originally described
by Cope.? Along Rio Puerco the base of the Wasatch is 750 feet
above the top of the basal Puerco sandstone. At the point where the
Torrejon fossils were collected the base of the Wasatch, as determined
by both stratigraphic relationship and fossil evidence, is only 135 feet
above the top of the same sandstone. Hence the 800 feet of the
original Puerco is represented by only the basal sandstone, from 30
to 50 feet thick, unconformably overlying the Laramie. This sand-
stone is unconformably overlain by 110 feet of Torrejon, above which,
also unconformably, lies the Wasatch. Space does not permit a
detailed discussion of the Tertiary rocks in this preliminary report,
but such a discussion will appear as a chapter in the report on the

entire field, to be published as a separate bulletin of the Survey.
QUATERNARY DEPOSITS. '

The local terrace deposits, granite wash, etc., occurring between
Gallina and Cuba and resting in places upon the Wasatch beds, also the
alluvium and adobe clays along the present drainage ways, used as
building materials by the natives, are classed as Quaternary.

STRUCTURE.

Mention has been made of the hogbacks composed of steeply
dipping strata along the crystalline rocks of the Sierra Nacimiento.
The Cretaceous rocks in the vicinity of Gallina dip to the west at an
angle of 60°; farther south the dips are steeper, reaching 90° near

aTorrejon is a name proposed by J. L. Wortman (Bull. Am. Mus. Nat. Hist., vol. 9, 1897, pp. 260-261)
for afossil zone at the top of the original Puerco of Cope.
' bCope, E. D., Rept. Chief Eng., 1875, pt. 2, p. 1008,

~
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Lajara; and along the foot of San Pedro Mountain east of Cuba the
rocks are overturned and dip 70° E. The highly tilted Puerco and
Torrejon indicate an elevation of the Sierra Nacimiento after their
deposition. This elevation took place at the close of Torrejon time,
as shown by the fact that the superjacent Wasatch beds lie appar-
ently level against the mountain.

There are two prominent unconformities by overlap in the beds
above the Laramie—one at the base of the Puerco, the other at the
base of the Wasatch. The relation of these unconformities, dips, etc.,
may be obtained from the accompanying map (Pl. XXII). In the
vicinity of Ensino Spring and of the lake 7 miles north of east from
the spring there are local domes in the strata. Such local changes in
dips prevent an accurate estimate of thickness by topographic lines
on the map. As discussed under the heading ‘‘Tertiary rocks,”
there is also very strong evidence of an unconformity between the
Puerco and the overlying Torrejon.

There are few faults aside from local displacements along the east
side of the field adjacent to the mountains. Many such minor dislo-
cations occur along the strike of the sedimentary beds where they rest
in close proximity to the crystalline rocks, but they are not of sufficient
importance for discussion here. The only fault deserving mention is
the one at Raton Spring. This is a tension fault with a stratigraphic
throw of 60 feet. The strike is inconstant, but averages about S. 50°
E. from the spring for a distance of several miles, the downthrow
being on the northeast side. The spring issues near the fault and
doubtless has its source along the fault plane.

THE COAL.
COAL-BEARING FORMATIONS.

The two coal-bearing formations are the Mesaverde and the Lara-
mie. Coal has been mined in this field from the former only, and
that to a very slight extent in one locality. One mile southwest of
Senorito the upper bed of the Mesaverde has been opened and mined
for local use by the Juratrias and other copper companies, which have
now discontinued operations. The coal was used for steaming and
smelting as well as for domestic purposes, and is reported to have
given general satisfaction.

The Laramie is covered by the overlap of the Tertiary in the
vicinity of Gallina, on the north side of the field. At this point it is
barren of workable coal beds. Its boundary beneath the Tertiary
diverges from that of the north-south line of the Mesaverde, and at
its reappearance on the south side of the field is about 12 miles west
of the Mesaverde boundary. I'rom this point the strike turns west-
ward and the formations begin to show thin coal beds which increase
in thickness and number toward Raton Spring.
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' DETAILED DESCRIPTION.

The coals of the area are here described by two districts. One is
along the exposure of the Mesaverde in a north-south direction across
the east side of the field, and is designated the Gallina-Cuba district.
The other in¢ludes the Laramie area in the vicinity of Raton Spring,
and is termed the Raton Spring district.

GALLINA-CUBA DISTRICT.

Locality No. 1: The following is a general section of the Mesaverde
formation at locality No. 1, 5§ miles N. 8° E. of Gallina, where the
rocks dip N. 75° W. at an angle of 36°.

Section of Mesaverde formation 5§ miles N. 8° E. of Gallina (No. I).

Ft. in
Sandstone, brownish, massive, coarse grained.............._.... 35"
Shale. et aieeaaaaaan 20
(075 7
IN] 1T U S 8
Sandstone. . ..... e 8
Coal. il 2
Sandstone. ... ... eeaaaaaaeaaan 8
Shale. oo i 5
L0 Y 1
Shale. . ... ... .. 12
Sandstone. ... ... e 4
Coal. e 11
Shale. . ..ot il 8
~ Sandstone, carbonaceous.......................... PR 1
Coal, resinous......................... A 1 2
Sandstone and shale......... ... .. .. oiil... 2
Sandstone, carbonaceous. ..........iiiiiiii i ieiaaaaaaan 1
Shale. ..o e 2
(0. Y 4
Shale. .. ..o il 3
Sandstone and shale. ... .. ... ..o i 3
L07  SO 2
Shale. ... 5
Sandstone. - ...ttt 21
(07 A 4
Shale, brown, lignitic.........cooiiii i 3
Y P 1 4
Shale. ..o e 13
(07 1
Shale, brown, lignitic.............c. L. 5
Coal....... et e et ee e eeeaaaaaeeaaaaaaaaaa 1
Shale, brown, lignitic... .....oooooooii it 103
Coal............. e e e e et aaaaaaa. 11
Shale, brown, lignitic..........o..cc.ooiiilo.. 4
L0 A 1 10
Shale, brown, lignitic...........o..ooo i, 1 4
C0al. e et 2

aThese numbers correspond to numbers on the map. Pl. XXTI.
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Ft. in

Shale with selenite........... ... .. 1 8
Shale and thin beds of sandstone, good roof.................... 4
L0707 3
SANASEONE. - . oo ee et PO S 1
Shale, grayish. ... e -1

Sandstone, carbonaceous. ... . ..oooiieei e 2
Sandstone, brown, massive...........oiiiiiiiiiaiiiiiiiia,.. 35
214

It will be observed that in this section there are fourteen coal beds
that are not of workable thickness, and only one—the 3-foot bed just
above the basal sandstone—that is more than 2 feet thick. The coal
of this bed is apparently a good grade of subbituminous ¢ coal.

Locality No. 2: About 2} miles northwest of Gallina the Mesaverde
formation shows two workable beds which are probably identical with
some of the thin beds farther north. The lowest coal horizon is
covered in this vicinity. The following is a section of these beds;
the strata dip 45° N. 45° W,

Section of Mesaverde coal-bearing rocks 2% miles northwest of Galling (No. 2).

Ft. in.
Sandstone, MasSIVe. - ..vtueere e 50
Sandstone, shale, and thin coal beds ............................ 100
Shale. ..o 10
Coal. oo et 3 2
Shale. ..o i 3
Sandstone and shale..... ... ... ... o il 50
Shale. . oot 20
L7 2 8
Shale....ooo e 10
Shale, sandstone, and traces of coal.......... ... .. ill.. 120
Sf\.ndstone, IASSIVE. ettt e e e e e 50
418 10

Locality No. 3: South of Gallina no workable coals were observed
in the Mesaverde, although the bed occurring elsewhere immediately
above the basal sandstone may be present here. This coal bed is
associated with over 100 feet of thin sandstone and shale, and along
the steep hogback a valley is formed at this horizon; as a result the
talus from the protruding basal sandstone, together with dwarf
vegetation, completely covers the beds in thls vicinity. The two
workable beds that are present at locality No. 2, northwest of Gallina,
have probably thinned very much or disappeared.

Inasmuch as there are several thin beds in the upper portion which
on the surface show a considerable quantity of loose coal, it seems well
to give a general section of the Mesaverde coal beds in this locality.

aThe term subbituminous has been adopted by the Geological Survey for that class of coal com-
monly known as “black lignite.”
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The higher beds are covered by unconformable Tertiary shale. The
following is a section at this place, where the strata dip 60° W.:

Section of Mesaverde formation 8% miles S. 65° W. of Gallina (No. 3).

Shale, brown.....................
Shale, Bray. .. ooi e i
Shale, drab. .. .. .. .. .. .. ... e,

Covered; probably contains coal bed. .. .. .. ... ... ...
Sandstone, basal, massive.... ... .. ...,

Locality No. 4: At a point S. 50° W. of Gallina
disappears beneath unconformable Tertiary and
Between this point and the hogback, 34 miles N. 40°

Ft. in.

315 3

the Mesaverde
granite wash.
E. of Cuba, the

formation is covered except for a small outcrop of resistant sandstone
here and there. Where the hogback reappears northeast of Cuba the
formations from Triassic up to Puerco, inclusive, are overturned and
dip 70° E. At this point the following section was taken in the

Mesaverde:

Section of Mesaverde formation 84 miles N. 40° E. of Cuba (No. 4).
Ft. in

Sandstone, gray...... ... il 25
(07 6

Shale, carbonaceous. ... ..ottt it aaas 3
Coal, bony ... oot e 7
Shale, drab, hard. . ... ..o .. 17
(07 4 3

Shale, carbonaCeOUS. - ..o ier et 10

Sandstone. . ... e 2

Shale, carbonaceous. ........ovvnriniiiie i 15

Covered by granite wash.

6L 11

The coal bed in this section is apparently made up of excellent coal,

so far as physical appearances show. This is the bed
locally mined at Senorito, 6 miles farther south.

which has been
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Locality No. 5: The following is a section of the Mesaverde rocks
at a promment cirque 1 mile north of Copper City. The local dip
here is 60° S. 30° E.

Section of Mesaverde formation 1 mile north of Copper City (No. 5).

Ft. In.
Sandstone, tOp €SCAIPIMENt. o oooummi ittt 45
Covered; signsof coal........ovoieiiiiariiiiiiliiiiiieiiaa.. 10
Shale, dark some sandstone and thin coal streaks............. 110
Coal. . et 1
3] 1T U 12
L7 ) 1
Shale, drab, and thin sandstone.... .. ... ... ...l 200
1077 6
Shale, carbonaceous.... e et eeateeeeaaeeeaan 3
L0 2 2
Shale, drab. ... . o i 6
L0 B U 3
Shale. ..o it e e iree e 6
107 1 10
Shale. .. 6
L1 R 1 6
Shale, carbonaceous. ... ..outer ottt c e eeanaaaaan 1
Shale, drab.....oiueii ittt iie et aaaaaes 5
Sandstone, gray. . ..ovoiiii ittt i aa e 4
Shale, CarbonaceOoUS. ..t iiee it et ciiaraaaaaaeaaan 4
L07Y 1
Shale, carbonaceous. .. .. .. ettt taeaaea. 5
107 2
Shale, carbONACEOUS. - - -+ vuseseecenennnaeseenneananannnas 1
Shales, dark and drab..... ... ... . ... 30
Shale, carbonaceous, and thin sandstone...........cc.ccea. .. 20
Sandstone, massive, gray, resistant.............coiiiiiiianan 30
Covered; largely shale..... ... oo i, 40
Sandstone, gray, soft... ... i 40
Shales, drab and yellowish................ooiiiiiiiiaaa 15
Sandstone, gray, soft, massive............. ... ..ooLoilll 100
Sandstone, fossiliferous.......o...coiiiiiiiii it 1 6
Sandstone, thin bedded....... .o, 5
Shale, drab. .. .o iiiieeeaaaaaaa 3
Sandstone, gray, soft, argillaceous. ... .. .. .. . ... ... 20
Sandstone, brown, ferruginous..............oooiiiiiiiieiiana. 2
Shale, Mancos. _
719 3

Locality No. 6: Another exposure of Mesaverde coal beds occurs
in the hogback at Copper City. The rocks are overturned, dipping
at an angle of 70° S. 70° E., toward San Pedro Mountain. A massive
resistant sandstone 50 feet thick caps the formation, and a similar
one lies at the base. Between the two is a series of alternating
thin sandstones and shales with small intercalated coal beds. These
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coal beds are scarcely more than traces with the exception of the
bed stratigraphically near the top, which shows a thickness of 5%
feet of clear coal. This bed occurs also at locality No. 4, and carries
good coal in the vicinity of Senorito. The following is a detailed
section .of Mesaverde at this locality:

Section of Mesaverde formation at Copper City (No. 6).

Ft. in,
Sandstone, MASSIVe. ..o oiiiii it 50
Sandstone, thin-bedded...... ... ... ... .. ... ... ....... 5
Shale, carbonaceous. . ...ooeneni i e 2
(07 U 5 6
Shale, brown.............. e e e e e e e e 2
0l . e e 1 .
Shale and thin sandstone................... e eeeeaas 32
Shale, brown, carbonaceous............ooooiiiii i 6
(075721 BN 2
Sandstone, grayish, soft..... ... ..o Lo iiiiiiiililL 12
L0707 U 6
Shales, drab and Drown.......coiiieiiiiiiin i iiea e iaann 13
L0 Y L AN 4
Sandstones, with drab and brown shales....................... 50
Shale, brown, carbonaceous ...c.....coiiiiiiiiiiiiiiiiiaaa.-- 6
L0707 2
Shales, drab and dark, with thin sandstones.................... 80
L0 4
Sandstone, thin, and shale..... ... .. ... .. oiiiiiiiiiiiii.s 10
L6737 ) S S ereeiceemena, 4
Shale, DrOWI. . e.nn et et e et 4
(070 A 1
Shale, dark. ..o 10
L0757 4
Shale, dark. . venneeei it e et et 5
L7 3
Shale, BIOWD. .o..eoe ittt 1
[0 N 9
Sandstone, thin, and shale_ ... .. .. . ... .. ... ... . ..... 12
(0771 R 6
Shale, carbonaceous. .. ... oiiii e 8
Sandstone, massive, basal.... .. ... .. ... ...l 50
363 8

Locality No. 7: At locality No. 7, three-fourths of a mile west of
Senorito, the Senorito bed is exposed, dipping 70° E., showing the
following section: o

Section of Senorito coal bed three-fourths of a mile west of Senorito (No. 7).

: Ft. in.
Sandstone, massive; top of Mesaverde..._.... .. ... .......... 50
Shale, brown, carbonaceous, slickensided....................... 4
Coal, clear. oo i iieeeeieeaaaan 4 6
Shale, brown, carboneceoUs. ......cceee oo cieanaeaaaeaneann. 10
Covered. -
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Locality No. 8: One mile southwest of Senorito, near the Cuba-
San Miguel road, the top coal bed of the Mesaverde has been mined
to some extent for local purposes. At this locality the strata are
overturned, as at pomts farther north, the rocks dipping east at an
angle of 70° Mining is reported to have been done by the Juratrias
and other copper companies formerly operating local smelters at
Copper City. The chief developments at the coal mine are a well-
timbered 20-foot shaft following the dip of the coal and a small head
frame with a windlass hoist. In the overturned rocks the brown
arenaceous shale stratigraphically overlying the coal becomes the
floor; the brown shale below becomes the roof. The bed at this
point is 6 feet thick and is composed of clear coal. The coal has a
black, shiny luster and is apparently a high-grade subbituminous
coal, but unfortunately a good sample for analysis could not be
obtained from the partly filled shaft. The coal is reported on good
authority to have given general satisfaction as a steam and domestic
fuel.

From this locality to the limit of the field here described the Mesa-
verde formation is steeply inclined eastward toward the Sierra
Nacimiento. Farther south the beds assume a normal attitude,
dipping steeply westward toward the interior of the basin.

RATON SPRING DIS I‘RICI‘

The Laramie emerges from beneath the Puerco 12} miles S. 70° W.
from Senorito, and then turns westward toward Raton Spring. This
formation is apparently without workable coal beds in this vicinity,
but thin beds make their appearance within a short distance and
become more prominent to the west. The formation dips slightly
northward and doesnot stand in bold escarpments. Coal exposures
are few and occur in small outliers irregularly over the district. Near
Raton Spring there are three beds, two averaging 3 feet and the other
2 feet in thickness. Locally they show thicknesses of 3% or 4 feet.

Locality No. 9: The first coal exposure noted west of the point of
emergence is 1 mile east of the Farmington and Cabezon road. Here
the following section was taken, the.rocks dipping 3° N.:

Section of Laramie coal beds 1 mile east of Farmington-Cabezon road (No. 9).

Ft. in
Sandstone, brown, hard........ ... . ... 2
Shale, very compact, sandy....... ... ... .. .. .ciiiiiiiaiao.n 20
L7 ) 1 1
Coal, DONY. ... e 5
(0707 ) 5
Shale, carbonaceous. .. .. ot iieaaaan. 6
Shale, Drown. . ...t 1 6
Shale, gray, sandy....coueneiiiii e 20
Covered.
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This bed is near the top of the basal Laramie sandstone, which at
this place is largely covered. '

Locality No. 10: The next indication of coal is 4} miles S. 80° W.
from locality No. 9. Here the following section was taken of a
~ small outlier at the base of the Laramie:

Section at base of Laramie, locality No. 10.

Ft. in
Sandstone, brown, mMassive. ....cveeeeee o irn it 15
(0771 6
Shale, gray, sandy... ... i 90
105 6

At this horizon farther west a workable bed makes its appearance.

Locality No. 11: At locality No. 11, 3% miles N. 53° W. of locality
No. 10, the following section was obtained on Arroyo Torrejon at
practically the same horizon. The rocks here dip N. 5° W.-

Section of Laramie coal beds at locality No. 11.

Ft. in
Sandstone, brown, massive. ... ..ottt 20
Sandstone, carbonaceous. - .. oottt 8
L0707 ¥ 3
Sandstone. . ... ..o 1
Coal.......cooiiiia.t. e i 2
Sandstone, gray............ e 35
Sandstone, carbonaceous................. ool e eens 3
Shale, drab.....coviieeeiii i s 4
(0771 8
Shale. ..o 5
Sandstone, soft, grayish.... ... ... .....iiiil.. 40
109 9

It will be noted that the coal beds of this section are too thin to
work, but the section is given in order to indicate the gradual increase
westward in the thickness and number of the coal beds.

Locality No. 12: The next locality of coal exposure is 3% miles
N. 80° W. of locality No. 11, and at this point the first section of clear
coal of workable thickness was obtained. This is the lowest workable
bed of the area, and is designated coal bed A. The rocks here dip

[o]
N Section of coal bed A at locality No. 12.

Ft. in,
Covered; mostly shale. ... ... .. ... .. ... 30
Shale, black, carbonaceous........ ... ittt 4
Shale, Brown. ....ooooi i 5
Shale, drab. .o u e e 10
Sandstone, grayish. ... ... i 4

Coal A i 2 6
Shale, carbonaceous........... i, 10
Sandstone, grayish.......coieiiiiiiiiinaii. Ceeeeeaeann 20

8 6
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s

The coal of this section has a very black, glossy luster, and appar-
ently does not alter rapidly on exposure.

Locality No. 13: At locality No. 13, 1 mile north of No. 12, ‘the
following section was obtained. The bed in this section is des1gnated
B, being next above coal bed A of locality No. 12:

Section of coal bed B at locality No. 18.

Ft. in
Sandstone, gray, thin bedded......... ... . ... ... ... 3
Shale, drab. .. ... o ieeaaaas 6
Shale, brown. . ... e 1
L6721 S 1
Bed B {Shale, carbonaceous. .........ccoiieiinnneannnnn 1
(0772 Rt 10
Covered.
12 10

Locality No. 14: At locality No. 14, 3 miles N. 30° W. from No. 13,
a coal bed 2 feet thick is exposed about 20 feet stratigraphically
above bed B. This bed is designated C. A section taken at a small
outlier shows the following relations:

Section of coal bed C at lacality No. 14.

Ft. in
Sandstones, thin, andshale........ .. .. ... ... . ... .. ... ... 6
Shale, carbonaceous. .. ... ... ... i il 1
Coal bed C. ..o e as 2 2
Shale, carbonaceous. ... .. oo i i 3
Covered. :
12 2

Locality No. 15: At locality No. 15, about 2% miles S. 5° W. from
No. 14, there is a northward-facing escarpment which shows complete
sections of beds A and B, together with part of bed C. The coal-
bearing section is as follows:.

Section of Laramie coal beds at locality No. 15.

Shale and coal, bed C. Ft. in.
CoVered. .un oot il 20
[0 S A 1 8
Shale, sandy..... .. ... ... i il 1
Bed BCoal. oo et 10
Shale, sandy ... et e e : 1
C0al. e e 1 6
Shale, carbonaceoUs. ... ciuutrt ittt iee et i e 2
Shale, gray, Sandy ..o 15
Sandstone, grayish, brown.............. ... .. ..ol 3
Shale, drab................. E e et 15
Coal streak.
Shale, carbonaceous. .. .. ..ottt i 3
[0 1
Bed A{Shale 701 T 2
(077 ) D 2
1 34T 3
Covered.
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Locality No. 16: At locality No. 16, 1 mile S. 20° E. from No. 15,
the following section was taken immediately above the basal sand-
~ stone, showing coal bed A and small related beds:

Section of Laramie coal-bearing rocks at locality No. 16.

Ft. in.

Sandstone, gray, Massive. ...o.oeeu ot it iri i 15
Shale, carbONACEOUS. . -« oo et i et e i 18

070 PO 4

Shale, carbonaceous ... .. .ol iiiiiiiiiiaa.. 1 8

070 6

Shale . et 8

(077 ) 4
Shale, drab.............. et 3

0081, Ded A +oeeoent s 2 6
Shale, carbonaceous........ ... . ...l 10
Sandstone, gray, soft.................. et 20
Covered.

' 72

Locality No. 17: One mile N. 52° W. from locality No. 16, bed A
shows a thickness of 4 feet 7 inches, with a sandy shale parting toward
the top varying from 1 to 2 inches. The following is the section at

this place:

Section of coal bed A at locality No. 17.
Covered. .

Ft. in,
Shale, sandy........ooooii i 7
T 00al e i 15
Shale, sandy. ..o e 3
Coaleooeiiit. e e e e e e ettt 3 2
Shale, dark................ B, e eeeaiiaaaaaa 3
Covered. -
8 2%

Locality No. 18: At locality No. 18, about 3% miles north of east
of Raton Spring, beds B and C are exposed. These beds are much
burned in the vicinity, and the red baked shale stands out in marked
contrast to the surrounding rocks, affording a reliable guide in tracing
the coal beds. - A section was measured at the head of an arroyo,

where erosion has removed the greater part of the burned material.
The relations at this point are as follows:

Section of Laramie rocks at locality No. 18.

Ft. in
TR IS 1700 1T 3
Coal,bed C i e 2
Shale, CarbonaCeoUS. . .« oot ettt 3
Shales, drab..couiee i e 25
Shale, carbonaceous. . . . . ..o it i 1
(0707 6
Bed BiShale.................... e e 3
Coal. . ool e 3 7
Shale, dark.......... e e e e 3
Covered. : ‘
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Westward from this locality the coal boundaries were traced beyond
the limit of the area mapped, but no sections were obtained. - The beds
are much burned and covered along the head drainage of Rio Chaco
north of Raton Spring. In the immediate vicinity of Raton the
geologic mapping connects with that of Shalere in 1906. '

DEVELOPMENT AND TRANSPORTATION.

The only coal mining in the Gallina-Raton Spring field has been
done in connection with the operations of local copper companies at
Copper City, in the Gallina-Cuba area. A mine was worked here for
a brief time on the upper coal bed of the Mesaverde, but was discon-
tinued with the closing of the smelters. The coal gave good satis-
faction and is evidently a high-grade coal of the subbituminous class.
The coals in the Raton Spring area have not been prospected and
. little can be said regarding their quality. They resist weathering -
fairly well, however, and from all appearances are similar to the best
Laramie beds throughout the San Juan region. The topography of
the region is such that practicable railroad routes may be found to
any part of the field. The nearest railroad points at present are on
the Denver and Rio Grande, 45 miles north of Gallina; the Farming-
ton branch of the same line, 55 miles N. 35° W. from Raton Spring;
and the Atchison, Topeka and Santa I'e, 48 miles S. 35° W. from Raton
Spring.

« Op. cit.



THE COAL FIELD BETWEEN DURANGO, COLORADO,
AND MONERO, NEW MEXICO.

By James H. GARDNER.

INTRODUCTION.

In 1905 a reconnaissance survey of the area between Durango, Colo.,
and Monero, N. Mex., was conducted by F. C. Schrader,* assisted by
M. K. Shaler. The work of that season was carried on too rapidly to
permit the location of coal boundaries with reference to land lines,
the chief object being a hasty determination of the extent and value
of the entire San Juan coal region (Durango-Gallup field).® Since
that time the outcrops of the coal beds from Durango to Rio Florida
have been carefully surveyed by Joseph A. Taff.c

During the season of 1907 the writer, assisted by William J. Reed
and Albert L. Beekly, conducted a resurvey of the field eastward from

. Durango to Monero, N. Mex. It seems desirable to publish a brief

review of this area in connection with a map (Pl. XXIII) showing
more accurately the boundaries of the coal-bearing formations.

GEOLOGY.

STRATIGRAPHY.

The Cretaceous formations in this area, from the base upward, are
as follows: Dakota sandstone, 300 (?) feet; Mancos shale, 1,200 feet;
Mesaverde formation, 1,000 feet; Lewis shale, 1,600 feet; and Laramie
formation, 700 feet. Of these the Dakota, Mesaverde, and Laramie
contain workable coal beds in certain regions. In the area consid-
ered, however, the Dakota coal is not known to be of commercial
value. ,

The Mesaverde is the most important of the coal-bearing forma-
tions in the Durango district, containing three or four workable beds
of excellent bituminous coal, some beds locally being suitable for the

aThe Durango-Gallup coal field of Colorado and New Mexico: Bull. U. S. Geol. Survey No. 285, 1906,
Pp. 241-258.

b For a description of the west slde of the field, see Shaler, M. K., A reconnaissance survey of the
western part of the Durango-Gallup coal field: Bull. U. S. Geol. Survey No. 316, 1907, pp. 376-426.

¢ The Durango coal district, Colorado: Bull. U. S. Geol. Survey No. 316, 1907, pp. 321-337.
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manufacture of good coke. However, the Mesaverde is barren of
workable coal in the northeastern part of T. 35 N., R. 8 W., and is
not known to contain a single workable bed around the northeast side
of the basin for a distance of more than 60 miles along the outcrop.
In this distance the formation shows remarkable thinning, and along
Piedra River it is less than 400 feet thick. The next occurrence of
workable Mesaverde coal beds is in the Vicinity of Monero, N. Mex.,
and to the south on the Apache Indian reservation and the Tierra
Amarilla grant.

The Laramie formation, on the other hand, contains coals of lesser
value than the Mesaverde in the Durango district, and shows workable
beds along its entire line of outcrop from Durango to the Apache
reservation. The Laramie coal is of medium grade over most of the
area, and is classed as subbituminous (“black lignite’’), though an
analysis of Laramie coal along upper Beaver Creek, in T. 35 N,,
R. 6 W, closely approaches that of a bituminous coal.

The outcrops of the Mesaverde and Laramie formations are repre-
sented by hogbacks and bold escarpments, with intervening valleys
of Lewis shale. The two escarpments are roughly parallel and
extend eastward to the southern part of T. 35 N., R. 5 W. From this
vicinity eastward the boundaries separate, being at some points as
much as 8 miles apart.

The Dakota at most places forms a broad dip slope, from which the
Mancos shale has been entirely eroded, along with the Mesaverde
toward the interior of the basin.

Overlying the Laramie-are the Tertiary rocks, having a thickness
of about 2,500 feet and at places forming a line of high hills near the
Laramie escarpment. In the vicinity of Durango a series of con-
glomerate beds about 300 feet thick at the base of the Tertiary were
named by Cross® the Animas formation. These are well exposed on
Animas River at Carbon Junction, below Durango, but they were
not recognized east of Piedra River and apparently are locally devel-
oped in the vicinity of the type locality. Toward the interior of the
basin the Tertiary forms high broken hills of smooth outline, covered
largely by pine and pifion trees.

STRUCTURE.

The dips of the rocks around this side of the San Juan Basin differ
considerably in different areas, in both direction and degree. The
general direction, however, is south and west of south, away from the
San Juan Mountains and toward the interior of the basin. From
T. 35 N,, R. 8 W, to T. 35 N., R. 5 W., the dips increase from 30°
to 50°. Farther east the dips decrease shghtly, and gradually change
to west of south on the east side of the basin.

aCross, Whitman, La Plata follo (No. 60), Geologic Atlas U. S., U. S. Geol. Survey, 1899.
71497—Bull. 341—09——23
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Along the Laramie outcrop on San Juan River, above Juanita, in
'T. 33 N., R. 2 W., there are several faults of small longitudinal extent
but considerable throw. The largest fault that was observed in the
upper part of the Laramie is in the SW. 3 SW. 1 sec. 32. This fault
trends N. 25° W. and shows a downthrow of about 125 feet to the
southwest. A fault is evident also in the west side of Archuleta Moun-
tain. The only other fault worthy of mention is the one at Monero,
N. Mex. This fault strikes S. 26° E. from the northwest corner of
sec. 7 to the southern part of sec. 33, T. 31 N., R. 1 E. The displace-
ment amounts to more than 200 feet, the downthrow being on the
north side. The disturbance of the rocks in this area has facilitated
erosion, and thus the area of workable coal beds is considerably
reduced.

THE COAL.

MESAVERDE COAL BEDS IN T. 35 N., R. 8 W.

Locality No. 1: ¢ In T. 35 N., R. 8 W., the Mesaverde formation
contains six beds. The following section, reading down in strati-
graphic order from the upper sandstones, was measured by Joseph A.
Taff in the southwestern part of sec. 8:

Section of Mesaverde coal beds in sec. 8, T. 85 N., R. 8 W. (No. 1).

Ft. in.
Sandstone, MassIVe. - .u.eeeeniae e 3040
Sandstone, shaly....... ... oL 3
L7 ) 1 6
Shale and shaly sandstone................. ... ... ... 28
L0717 1 8
Shale. oo e 12
L) 2
Shale. ot 8
L1 1 3
Shale and shaly sandstone. ... ... ... ... ... ........ 12
(077 1 1 4
Shale, sandy...... ..o 1
C0al. . 2
Coal, DONY .. e 3
L0707 Y O 10
Shale. .t 11
07 1
Sandstone, massive.
115-125 -11

Locality No. 2: The coal beds given in the section at locality No. 1
can not be definitely identified in other parts of the same township.
It is probable, however, that the bed exposed at an old prospect near
the center of the north side of sec. 18 is the same as the top bed at

a These numbers correspond to those on P1. XXIII.
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locality No. 1. The following section was measured by Mr. Taff at
the exposure just mentioned:

Section of Mesaverde coal bed in sec. 18, T. 85 N., R. 8 W. (No. 2).

Ft. in.

Sandstone, Massive. . ......ooiiiiii it 35
YT 1 R 6
07T ) 4
3] 1 £ 6
L0707 1 1 10
Shale, 8aNnd Y. e aeee e it 4
(075} ) U 9
Total coal bed. . ..o i 3 9

Locality No. 3: In the SE. } sec. 7, T. 35 N., R. 8 W., one of the
Mesaverde coal beds has been opened at what was formerly known
as the Perkins & Rookwood mine. On account of water, a section of
the coal bed could not be procured in the abandoned slope, but Mr.
Taff gives the following section of another bed 80 feet or more strati-
graphically above it:

.Section of Mesaverde coal bed in sec. 7, T. 85 N., R. 8 W. (No. 8). -

Ft. in.
10727 NN 4
Shale. .o e 1 6
(070 1 6
Shale, carbonaceoUs. . .« oevni et it iaaeneannns 4
(077 S I SN 1 3
Shale and sandstone. . ... ... oo 80
Covered.
Total coal bed..eeeneeeenneeaaenaninna.. e 4 11

Locality No. 4: In the southeastern part of sec. 8, T.35 N., R. 8 W.,
. one of the Mesaverde coal beds has been exposed by a drift 25 feet
in length. - No coal is at present being mined at this point. Mr. Taff
gives the following section taken at the face of the drift:

" Section of Mesaverde coal bed in sec. 8, T. 85 N., R. 8 W. (No. 4).

Sandstone. Ft. i

n.
1] 171 Y 6
(07 DI 2 9
Shale. . e 3
(07 3
Coal, DODY ..ot e 1
Coal.c e 2 8
Shale.




356  CONTRIBUTIONS TO ECONOMIC GEOLOGY, 1907, PART II.

Locality No. 5: Toward the northeast part of T. 35 N., R. 8 W., the
coal beds of the Mesaverde apparently thin suddenly and disappear.
However, the last bed observed in passing eastward along the outcrop
of the Mesaverde shows a thickness of more than 6 feet. The section
was measured at a prospect just north of the Durango wagon road,
in the southwest part of sec. 3, T. 35 N., R. 8 W.:

Section of Mesaverde coal bed in sec. 3, T. 85 N., R. 8 W. (No. 5).

Shale, sandy. ' Ft. im
(67 4
Shale. oot 3
1071 6
Shale. .t 2
(07 2

Shale.

6 11

It is the writer's opinion that the bed shown above represents a

local thickening.
; LARAMIE COAL BEDS.

" Locality No. 6: In the Laramie of the Florida River district there
are two important coal beds in the shales and thin sandstones imme-
diately above the basal sandstone. These coal beds are usually made
up of thin benches of coal separated by shale partings. They are
exposed at several places in the southern part of sec. 9, T. 35 N.,
R. 8 W, at which the following section was measured by Mr. Taff:

Section of coal bed of the upper Laramie in sec. 9, T. 85 N., R. 8 W. (No. 6).

Sandstone. . Ft.
Coal e 8

1 )71 L A 4 6
L0 2

Shale, carbonaceous.
14 6

Locality No.7: Near the southeast corner of sec. 9, T. 35 N, R. 8 W,
the lower coal bed of the Laramie is exposed in natural outcrop. The
section here furnished by Mr. Taff is as follows:

Section of coal bed of the lower Laramie in sec. 9, T. 85 N., R. 8 W. (No. 7).

Shale. Ft. in.
(070 2 6
Shale. o it e e 3
(0757 SRR 2
1] 4 L AR 1 6
(075 ) RIS 6
Shale. .o eee e i 1
S 07 Y U PN 5
Shale
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Locality No. 8: Below is given a section of a Laramie coal bed in
the northern part of sec. 7, T. 35 N, R.7W.:

Section of a Laramie coal bed in sec. 7, T. 85 N., R. 7 W. (No. 8).

Shale, carbonaceous, and bone. Ft. in.
(07 1 2
Shale. . e et e 1 8
L0727 Y 8
Shale. .ot e 8
(07 Y G 1 2

Covered; possibly more coal. P—

There have been local prospects in this vicinity, but no coal is being
mined at the present time.

Locality No. 9: Near the center of sec. 8, T. 35 N., R. 7 W., the
* following section was taken of the upper coal bed of the Laramie:

Section of the upper coai bed of the Laramic in sec. 8, T. 35 N., R. 8 W. (No. 9).

Shale. . ‘ Ft. in.
Coal, with thin shale partings...............coooooiii. 3.
(07271 J 1105 5

~Coal with bonystreaks................. et 3

Shale.

6 5

Locality No. 10: Near the center of sec. 13, T. 35 N., R. 7 W, a
great quantity of Laramie coal is exposed in an old prospect. The
identity of this bed could not be determined. The following section
was measured in this pit:

Section of Laramie coal bed in sec. 18, T. 85 N., R. 7 W. (No. 10).

Shale, carbonaceous. Ft. in.
Coal with thin partings..............................ll 14
Shale, 80ft. .« e ee i i e it e 4
Coal, bony...........oo...s e 3
Coal. e 5 6
Shale
26 6

In the upper bed of the above section the coal is apparently of low
grade; the thin partings are too numerous and irregular to permit a
detailed section. The lower bed, however, is made up of clear coal.

Locality No. 11: In the western part of sec. 17, T. 35 N., R. 6 W.,
the following section of a Laramie coal bed was obtained:

Section of a Laramie coal bed in sec..17, T.85 N., R. 6 W. (No. 11).

Ft. In
Sandstone. - . ..o e iiaeaan 5
] L 1
[0 S 5
Coal, bony. ..o 6
L0 2 4

Sandstone.
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Locality No. 12: There have been several prospects and local coal
mines along the Laramie boundary in the eastern part of T. 35 N.,
R.6 W. The bed in this vicinity is represented by the following sec-
tion, taken along the south line of sec. 14: '

Section of Laramie coal beds in sec. 14, T. 35 N., R. 6 W. (No. 12).

Shale. Ft. in.
(07 ) 2
Bhale. .ot 15
(07T ) 4 8
Coal, Bony. . .ooo i 1
Coal. e 5
Shale.
22 2

A sample of the coal bed shown above was taken for analysis by
F. C. Schrader in 1905. The sample was obtained by making a cut
across the coal bed exclusive of the bony-coal parting. The moisture
content is less than in many of the coals in the San Juan region .
(Durango-Gallup field), but the percentage of ash is far above the
average. . "

Locality No. 13: Along the line between secs. 32 and ‘33, T. 35 N.,
R. 5 W, the Laramie coal beds are exposed at several places. There
has been some local prospecting in the vicinity. Two beds are
exposed, with signs of a third, as shown in the following section,
taken at the central part of the east line of sec. 32:

Section of Laramie coal beds in sec. 32, T. 85 N., R. 5 W. (No. 18).

Ft. in.
Shale... ... ..l S 10
008l o e 3-6
Shale. ... e 2
L0107 ) 1
Shale. o oo 1
L0 1 6
Shale. ..o e 1
Coal. oo 7
Shale. .o 25
Sandstone. ... e 2
Coal signs, possibly workable bed.
Sandstone. ... . 2
Shale. .o e 25
Sandstone............... e e e, 4
Coal. oo e 6
Sandstone, massive, base of Laramie.................. .. .. 60
145-148 11

Locality No. 14: In T. 34 N., R. 5 W., there appears to be much
coal at the base of the Laramie, but a large amount of it contains
hard argillaceous streaks, commonly known as ‘““bone coal.” In this
region the Tertiary escarpment is near the Laramie outcrop; the
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intervening valley shows natural exposures of the coal at several
localities. The following section was taken in the northwestern
part of sec. 12: .

Section of Laramie coal beds in sec. 12, T. 84 N., R. 5 W. (No. 14).

Ft. in.
Shale, much burnt.... ... il 4
07 2 6
Shale. .o 6
- Coal with bony streaks. ... ... ..o i 12
Shale, drab. ... oo 10
Shale, carbonaceous... ... . e 8
Sandstone, massive.
42 6

Locality No. 15: About 1} miles southwest of Piedra Parada Peak,
in T. 3¢ N., R. 4 W., there are two beds exposed above the basal
Laramie sandstone. The total thickness of the Laramie as measured
in this vicinity is 650 feet. The following is a section of the basal
portion, including the coal beds: :

Section of Laramie coal beds in sec. 80, T. 84 N., R. 4 W. (No. 15).

Ft. in.
1S 1T 1 (<Y 12
Limestone, argillaceous, bearing fossil shells............... ... 6
Shale, argillaceous, bearing fossil shells at base................. 2
Coal, oo T
Shale. ..o e 5
Sandstone. .. ... . 4
Shale, bearing some fossil shells............ ... ... .. ... .. 7
Limestone, argillaceous, bearing fossil shells.................... 7
Shale, with fragments of silicified wood................. ... .. 5
L0 2 2
Shale. ..o i 15
Sandstone, massive, base of Laramie................ ... ... 100
160 3

‘Locality No. 16: Near the center of sec. 16, T. 33 N., R. 3 W., one

- of the Laramie coal beds is being worked at the Talian mine, on a

branch of the Denver and Rio Grande Railroad running from Pagosa

Springs to Pagosa Junction. The following is a section of the coal
at this mine:

Section of coal beds at Talian mine, in sec. 16, T. 38 N., R. 8 W. (No. 16).

Shale, arenaceous. Ft. in.
107 S 4
Sandstone, thin-bedded..... ... ... 16
Sandstone. . ... i 3
Shale, arenaceous. ... ... i it 6
107 3
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The upper bed in the above section is the one being mined and is
reported to be good coal for steam and domestic purposes. The out~
put of this mine goes largely to the Denver and Rio Grande Railroad,
~ Pagosa Springs, and lumber camps in adjacent portions of the State.

Locality No. 17: Across San Juan River from Montezuma Moun- -
tain two workable coal beds are exposed above the basal Laramie
sandstone. In the NE. } sec. 32, T. 33 N., R. 2 W., the following
section was measured: '

Section of Laramie coal beds in sec. 82, T. 88 N., R. 2 W. (No. 17),

. Ft. in.
Shale, sandy......ccoooiiaa..s i 25
Coal, bony. ..ot il 1 8
Shale.................... e 1
(0707 Y 5 4
Shale. .. oo i . T
070 Y 3
Shale. ... e 1
Sandstone, massive, base of Laramie................ ... ...... - 90
13¢

Locality No. 18: In the southern part of sec. 2, T. 32 N, R. 2 W_,
the lowest Laramie coal bed was mined several years ago at what
was known-as the Archuleta mine. A drift which was run in on the
bed, trending S. 50° W. at a very slight dip, is now filled by débris.
Schrader @ reports the coal to be of good quality and 11 feet thick,
with two thin partings. Shale occurs above and below the coal bed.

MONERO COAL DISTRICT.

The outcrop of the Laramie formation striking east of south across
the Jicarilla Apache Indian reservation from Dulce is apparently
barren of workable coal beds. The Mésaverde, however, in the vicin-
~ ity of Monero, N. Mex., contains three workable beds of excellent
quality. Monero is located on the- Denver and Rio Grande Rail-
road, in the SE. % sec. 7, T. 31 N., R. 1 E. Three companies are
operating mines near this place—the Monero Coal Company, the
Rio Arriba Coal Company, and the George W. Kutz Company.
Most of the coal is sold to the Denver and Rio Grande Railroad, but a
small portion goes to the San Luis Valley and some to Santa Fe,
N. Mex. The total output for the year 1906 was 43,000 tons, valued
at $69,500.

a Op. cit., p. 247.
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The following is a generalized section from the base of the Mesa~
verde up to and including ‘the Monero coal beds:

Section of Mesaverde coal group in Monero district, T. 81 N., R. 1 E.

Covered. Ft. in.
Sandstone, brown.......oooooiiiiiiiiiii i 4
(077 1 6
Bed No. 3¢Shale.....oooiie e 7
. (077 Y I 1 6
Shale . e 3
(0707 Y 1
Shale and thin sandstones............... ... ... .. ii.... 10
Sandstone, brown. ... ...l 1 6
Sl . et eaeeaieaaeaaaa 10
Sandstone, thin bedded...........oo. il 30
Bone..... e e e e 2
Bed No. 2¢Sandstone.........cooviniiiiieieiinnnanan.. 6
Coal. ..ot 3 4
Shale. .o e 5
SandStone. ..ot et 15
(077: 1 D e eeeeieaiiaaa.. 1 8
Bed No. 1{_Shale ......................................... 9
(077 S 1 4
Sandstone and shale. ... .. ... i 15
Sandstone, massive, base of Mesaverde................ ... ... 50
155 10

Two analyses of coal from bed No. 2 of this district, as made at the
fuel-testing plant, St. Louis, Mo., are given on page 363, Nos. 2121 and
. 2122. The samples were collected by F. C. Schrader? in the usual
manner, by making a cut across the face of the bed, quartering the
sample to convenient size, and sealing it in an air-tight can.

A new mine has recently been opened southwest of Lumberton,
in the SE. % sec. 8, T. 31 N., R. 1 W. This mine is on a branch line
from Lumberton to Elvado and was opened in 1906 by the Burns-
Biggs Lumber Company. The thickness of this bed is 3 feet, with
sandstone above and shale below. B

COAL NORTHEAST OF PAGOSA SPRINGS, COLO.

During the present examination the writer had occasion to visit
an area of reported coal about 10 miles northeast of Pagosa Springs,
Colo. A prospect from which a small amount of coal has been taken
is located in the NE. } sec. 36, T. 36 N., R. 1 W. of the New Mexico

aOp. cit., p. 258
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principal meridian. The following is a section of the horizontal coal-
bearing rocks at the prospect:

Section of coal-bearing rocks in sec. 86, T. 86 N., R. 1 W.

Sandstone and shale, largely covered.

Coal bed, burnt. Ft. in.
Shale, brown, carbonaceous. . ... .. ..o it 6
Covered.....oooeeoeioiaiiiia oot S 15
Shale, carbonaceous. .. .. ... 14

070 Y Rt 5 6
Shale, brown, carbonaceous. ...t 9

008l et 1

Shale, carboDACEOUS. . - - -« - nnvenee e e e 1

Coal. ..o ol e 1 3
Sandstone, carbonaceous. .. ... ...t 2
Sandstone, massive, white............... ... e 50

104 9

Two coal beds 3 feet or more in thickness are reported by J. E.
Chapson, of Pagosa Springs, as occurring above the 53-foot bed shown
in the above section. Possibly one of these beds is represented by
the burned zone at the top and the other in the covered area of 15
feet near the top of the section. Coal has been mined for local use
at the prospect.

In the eastern part of the SW. } sec. 31, T. 36 N., R. 1 E., there
has been some local mining. The bed at this point measures 104
feet, with shale above and below. The coal has a black, shiny luster,
and mines out in rather thin layers.

It is the writer’s opinion that the coal beds in the region under
discussion are Laramie and have been preserved by block faulting
adjacent to the San Juan Mountains. The exposures are within 1
mile of the igneous peaks and 1,000 feet above San Juan River. The
coal-bearing rocks are largely covered by talus and spruce. There
is evidence of a fault in the vicinity, but no attempt was made to
trace the sedimentary boundaries or to map the structure. The
coal sections with the massive white sandstone at the base are closely
similar to sections on the north side of the main Laramie outcrop,
and on this basis alone the identification is made.

For purposes of comparison the analyses of three other samples
from the vicinity of Durango are given on page 363. Sample No. 2092
is from bed No. 3, at Porter, and No. 3552 from Perrine Peak. Both
of these samples are from coal in the Mesaverde formation. Sample
No. 3551 was obtained 3 miles southeast of Durango and is Tepre-
sentative of the Laramie coal in this dlstrlct
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ANALYSES.

The following analyses represent the character of the coal in this -

field:

Analyses of coal samples from the Durango- Monero coal field, Colorado-New Mexico.

[F. M. Stanton, chemist in charge.]

Name of formation.................. Laramie. 1}135{&;)’ Mesaverde.
- 12 mti}nes‘ '
i Beaver| Du- |DOTHIC Lum- " Du-
Locality . .oooveeieeiiiienis Creek. | rango. Peg,sgf)g;, Monero. herton. Porter. rango.
Springs )
Laboratory No...................... 2094. 3551. 4175. 2121. 2122. 5'}61. 2092. 3552.
Sample as received:
. (Moisture.................o... 4.79 3.05 9. 50 1.71 2.73 3.64
% [Volatile matter.............. 35.04 | 82.70 | 34.78
=\ Fixed carbon................. 45.45 | 47.47 | 45.75
B fASD . e 472 1678 9.9
Sulphur.. ... ...l 7 .
ydrogen. ... jiiiaa.s
=Carbon. ...
Nitrogen.....ooeeeeevinneiefoeinen.
(05147431 HUN P S R
Calories. . ...t
British thermal units...........\........ 11,900 |........
Loss of moisture on air drying...... 2.20

Air-dried sarnple:

. (Moisture............ [OUUT 2.65 2.17 1.32 1.45 2.07
%} Volatile matter.............. 35.83 | 33.00 36.40 | 36.52 | 38.40
S1Fixed carbon................. 46.47 | "47.90 55.33 | 55.20 54,22
17,0 15.05 | 16.93 6.95 | 6.83 5.31
Sulphur. ... ... ool 79 1.31 .65 .54 1.38
ydrogen.........ooooiiii il 4.6 519 ....... 5.29
230arbon. ... iiiiiii 64.79 |.. 75.68 |........ . 76.63
P |Nitrogen. ... ...l 1.44 .. 157 |ooonil 1.50
(62,4775} « W P 10.86 4.. 9.96 |........ 9. 89
Calories. ..o, 6,671 |.. 7,656 | 7,832 7,676
British thermal units...........[........ 12,008 13,780 | 14,008 | 13,816
Ft. in.| Ft. in. in. | Ft. in.| Ft. in.| Ft. in.

Thickness of coal bed............... 3 28 73 4 26 3 6 10




THE COAL FIELD BETWEEN GALLUP AND SAN MATEO,
“ NEW MEXICO.

By James H. GARDNER.

INTRODUCTION.

The coal-bearing rocks between Gallup and San Mateo, N. Mex.,
are included in a portion of the area covered by the hasty reconnais-
sance of Schrader? in 1905. Because of the brief time available for
work during the season of 1905, Schrader’s party was unable to trace
boundariesin detail. The matter of land lines was necessarily ignored
to a large extent, as in other parts of the region. The field work of
the last season included a resurvey of the area in greater detail and
relative to land lines. The map here presented (Pl. XXIV) was pre-
pared by W. J. Reed. Acknowledgment is due also to A. L. Beekly
for valuable assistance in the field. '

Work was begun at the northeast corner of T. 15 N.,R.18 W, of the
New Mexico principal meridian, the township in Whlch Ga]lup is
located, and continued eastward to San Mateo, in T. 13 N., R. 8 W.,
including a resurvey of that township. The report given here is a
brief review of this portion of the San Juan coal region (Durango-
Gallup coal field). A full report on the entire field is in preparation,
to be published later as a bulletin of the Survey.

The region under discussion is one of sparse population. The
lack of permanent streams for irrigating purposes leaves the country
practically void of agricultural development. During the fall and
spring months there is usually a fair growth of grass over the area
and stock may be grazed with profit, but as the grazing season does
not continue throughout the entire year and is inconstant in its occur-
rence, little capital has been invested. There are a few small springs
near which are located trading posts, supported largely by Mexmans
and Navajo Indians.

6 Schrader, F. C., The Durango-Gallup coal field of Colorado and New Mexico: Bull. U. 8. Geol.
Survey No. 285, 1906, pp. 241~258.
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MAP OF THE COAL FIELD BETWEEN GALLUP AND SAN MATEOQ, NEW MEXICO

By James H. Gardner, William J. Reed, and Albert L. Beekly
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TOPOGRAPHY AND GEOLOGY.

The topographic features are comparatively simple, and the same
may be said of the geology. The boundary of the Cretaceous system
is expressed in a general way in the topography, which is shown on the
Fort Wingate and Mount Taylor topographic sheets of the Geological
Survey. On the Fort Wingate sheet a narrow ridge is represented as
running in a north-south direction about 24 miles east of Gallup.
The bold portion of this ridge or hogback marks the boundary of the
Cretaceous rocks, which dip steeply westward. This hogback stands
in bold relief for a few miles northward from the Atchison, Topeka
and Santa Fe Railway. Beyond this stretch it swings to the east and
is continuous with an escarpment trending in a southeasterly direction
by way of Hosta Butte to and beyond the vicinity of San Mateo, in
the Mount Taylor quadrangle. ‘ '

The relation of the coal-bearing formatlons of this region to those
in the northern part of the San Juan River region was not deter-
mined in the work of 1905. Schrader classified the rocks in three
divisions—upper Montana, lower Montana, and Colorado.

Regarding the Hosta Butte district, Schrader ¢ says:

The upper coal group [upper Montana] was observed only in the northwestern part
of the district, in the southeast corner of the Navajo Indian Reservation, where it
has an extent of about 30 miles in an east-west direction. * * * The middle and
lower coal groups enter the Hosta Butte district from the direction of Mount Taylor,
and after extending northwestward across the district, curve southward and form the
hogback, which crosses the railroad 3 miles east of Gallup. Their geologic age is not
definitely determined, but from the evidence of a few fossils collected in each of them

it is probable that the middle group represents the lower part of the Montana formation
" and that the lower group represents a part of the Colorado formation.

Schrader shows the three divisions on his map, stating in connection
with it that the relation of the upper and lower Montana to the
Mesaverde was at that time unknown. HHowever, in Shaler’s recon-
naissance in 1906,% the true Mesaverde was traced southward from its
type locality in the Mesa Verde, on the Rio Mancos in Colorado, and
found to be continuous, though possibly not identical in entirety with
the coal groups at Gallup. As a result, Shaler mapped the coal-
bearing strata on the south side of the field on a new basis, substi-
tuting Mesaverde for the upper and lower Montana of Schrader.

The Colorado formation of Schrader, subjacent to the Mesaverde,
consisting of clay and arenaceous shale, and bearing coal beds, was .
mapped by Shaler, on the basis of fossil evidence, as coal-bearing
Mancos. The lower portion of the Mancos is Colorado and the upper
portion Montana.c Consequently Shaler? shows only two groups of

a Op. cit., p. 252.

b Shaler, M. K., A reconnaissance survey of the western part of the Durango-Gallup coal field of
Colorado and New Mexico: Bull. U. S. Geol. Survey No. 316, 1907, pp. 376-426.

¢ Cross, Whitman, La Plata folio (No. 60), Geologic Atlas U. 8., U. 8. Geol. Survey, 1899.

a Op. cit., Pl. XXII.
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coal beds between Gallup and San Mateo, the Mancos and the Mesa-
verde. All the fossils so.far collected by previous parties and by the
writer during the last season confirm Shaler’s determination that the
coal beds of the Mancos are limited to the lower part, and conse-
quently are of Colorado age.

Only the lower part of the Mesaverde formation is present in the
escarpment between Gallup and San Mateo. The upper portion is
eroded for a distance of 40 miles to the north, and forms an escarp-
ment along Rio Chaco roughly parallel with the margin of the field
and in close proximity to the outcrops of the Lewis and Laramie
formations.

The following table includes the formations of the Cretaceous system
exposed between Gallup and San Mateo:

Generalized section of a portion of the Cretaceous rocks between Gallup and Sen Mateo,
. N. Mer.

Mesaverde formation, lower part (1,000 feet): Massive sandstone, alternating with
thin clay and argillaceous shales and bearing workable coal beds.
Mancos shale (800 feet):
Massive sandstone, arenaceous shale, and coal beds, workable in central part of
the area (500 feet).
Drab clay shale and thin sandstones (300 feet).
Dakota sandstone (200 feet): Light-gray, hard sandstone at top and bottom. Alter-
nating thin beds of sandstone and shale, with some b1tum1nous shale and a few
irregular coal beds of no commercial importance.

It is probable that the upper part of the Mesaverde, corresponding
to the formation along Rio Chaco, is present in the Gallup district
and farther southward in the Zufii Basin. Further work will doubt-
less be necessary before the exact correlation of these rocks can
be made.

Regarding the Dakota coal, it seems Well to quote the following
paragraph of Shaler’s report rela,twe to the Gallup district:®

The coals of the Gallup district represent three for;nations—the Dakota, Mancos,
and Mesaverde. Those of the Mesaverde are the most valuable and the only ones
at present mined. The Dakota coal was examined east of Gallup in the southward-
facing escarpment north of the railroad, but was found to be thin and full of partings
and consequently not of present commercial value.

This character appears to hold for the Dakota throughout the
Gallup-San Mateo field.

THE COAL.

There has been no development of the coal beds in most of the
field under present discussion, mining being confined entirely to
the vicinity of Gallup. For a description of the mines and sections
at Gallup, the reader is referred to the Schrader and Shaler reports,

a 0p. cit., p. 410.
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previously cited. The present lack of demand for subbituminous
noncoking? coals in this portion of the country and the recent
adoption of fuel oil on the Pacific coast railroads has had a tendency
to prevent any marked increase in production in this part of the
field. The sections given in the following pages show the number
of workable coal beds in the escarpment between Gallup and San
Mateo.

Locality No. 1:¢ The following section represents the coal-bearing
strata, beginning at the base of the Mancos transitional rocks in the
central part of sec. 16, T. 16 N., R. 17 W., and extending to the top
of the Mesaverde escarpment, at the southeast corner of sec. 6 of the
same township:

Section of coal-bearing rocks from sec. 16 to sec. 6, T. 16 N., R. 17 W. (No. 1).

. Ft. In.

Sandstone, brown, MAassiVe. ......coueieiieeeeeeeeannnann.. 30
Shale and shaly sandstone................ ... ... ... ) 40
Sandstone, MAasSiVe ....ocovuiiiii e e 6
Shale, carbonaceous. .. .. cooo i 2

L0 ) 3
Shale, carbonaceoUs. ..« .vvn et 3

Coal. o 6
Shale, carbonaceous......... ... iiiiiiiiiiiiiiiiiat 6

1077 DU N 2 2
Shale, carbonaceous. .. ... coovuimmiiiiii i, 10
Shale, drab... ... ... 5

(07 ) N 6
Shale, CarbONACEOUS. « -« e vt c e e eas 2
Shale and thin sandstone.............. e 15

L0 6
1 ) 7 L 25
Sandstone........ oo iiiiiiiiioo.. et 3
Shale, drab....... ... ... 5
Shale, carbonaceous. .. .....cooiiiiii it 20
Shale and thin brownish 'sandstone......................... 150
Sandstone, gray, massive. ... ... ... iiioiiiiiiiiiaiaoa. 50
Shale, carbonaceous.............. .. ... .. .....illoL. 10
Sandstone and shale.......... ... iiiiiiiiiiiiiiia.. ' 40
Sandstone, brown, massive.... ....ccooiiiiiiiiiiiaiia... 35
S ) U 20
Sandstone, massive...... e i 20
Shale and sandstone........... ..., 50
Shale. ..o P 5

Coal. e 1 8
Shale. oo 10
Sandstone. .. ... 1
Shale, carbonaceous. .. ..... ..ot 1
Sandstone, gray .. ... ...t 10

07 Y 2
Shale and sandstone.........ocooiii il 15

a These numbers correspond to those on Pl. XXIV,
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. - Ft. in.
Sandstone, thin-bedded........ooeeeeeeeeemmneinaaen o .. 20
Shale, carbonaceous....... ...l PO "1

L7 et 2
Shale, carbonaceous.. ... .. ...l _ 10
Sandstone, thin, and shale...... e 50
Sandstone, brown, massive.........coeiiiiiiiiiiii.s ... 20

(07 1 4

Shale....iee i 8

Coal. .o 8
Shale...ooeeoni e et 28
Sandstone, brown, massive; base of Mesaverde..........._.. 60-100
Shale, drab... ... oo i 20
Sandstone, MAassive. .- ..ovoiiiii i 15
Shale. ... 20
Sandstone. .. ... 15
Shale, sandy..... ..o 18
Sandstone, brown, massive, argillaceous............. U 15
Shale and thin sandstone...... ... ... ... .. .. S 60
Sandstone, ferruginous, fossiliferous................. e 1

957-997

Locality No. 2: The following is a section of the Mesaverde coal-
bearing rocks near the southwest corner of sec. 35, T. 17 N., R. 16 W.:

Section of Mesaverde coal-bearing rocks in sec. 85, T. 17 N., R. 16 W. (No. 2).

Ft. in.
Sandstone, brown, MassiVe. . c.eoo i i e 70
Shale, carbonaceous. . ... ..ot 25
Sandstone, massive, soft..........o oL il 30
Shale. .. et 1
107 Y 5
) ) S 5
Sandstone, whitish, massive.... .0 ... L LiiiilL. 50
Shale, drab, hard.......ooooiiiiiii 10
Coal. o 3 9
Shale, carbonaceous. .. ... ...l 3
Sandstone. ... ..o et 60
Shale, hard, carbonaceous......... e e 1 8
070 Y 3
Shale, drab.. ... ..o 4
L0 1 4
72 T 1
(0707 8
Shale, drab.. ... 2
Sandstone, MAassIVe- ..o oo 4
Sl et i 1
1077 1 2
Coal, DOy .« oo 9
07 4
Shale. .ot 5
L0 2 1
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Ft. in.
Sandstone, whitish, massive.............coviiiii .. 20
(6757 1 8
Shale................... e e e 2
C0al. e 1 6
Shale....ooo 3
(037 1 I 10
Shale.............. U 12
Coal.euvveennn..... e e 3 4
Shale, drab........ ... i, 8
Covered. ————
357

The section given above includes only that portion of the Mesa-
'verde which contains workable coal beds. A series of sandstones,
shales, and very thin coal beds occurs below the section given above,
continuing on down to and including the upper part of the Mancos.

Locality No. 3: The following is a section of the coal-bearing rocks
in the Mancos shale below the Mesaverde, taken at the southeast
corner of sec. 3, T. 16 N., R. 15 W.:

Section of Mancos coal-bearing rocks in sec. 8, T. 16 N., R. 15 W. (No. 8).

Ft. in.
Sandstone, brown, massive................... e 30
Shale, yellowish, arenaceous......................o..o..... 30
Shale, tan colored............... . .. ...l e 50
Sandstone, yellowish........ccoo.o i ioiaon.... e 6
Shale and thin sandstone. ... ... ... ... ... ...l 50
Coal. e 1 2
Shale, dark. ... ..o e 4
[0 E 8
Shale, hard, sandy........ .. .. Ll 3 -
L0707 10
Coal, BOMY . oo e 4
(677 S 1 4
Sandstone, gray, arglllaceous ............................. .. 3
Shale, carbonaceous.......... ... ...oiiiiiiiiiiiioL ceeee 2
Coal, DODY e 8
Shale, drab, and thin sandstone................... ... 40
S F0 T 170 ) 1V S 15
1) U 12
Sandstone, MAasSIVe. « - eouiiu ettt et 10
(07 3
Coal, bony . coe e 8
107 % 1
Shale, drab. .. .. 10
o Sandstome. .. ... i 1
Coal, DOnY -« o ooee i 1
1] 172 L S 15
[0 Y A 2
Shale, carbonaceous. ... ... ... 2
Sandstone. - ..ot 1

71497—Bull. 341—09——24
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- Ft. in.
Shale, carbonaceous........ ... .. 1
0717 2 6
Shale. ... e 1
L0741 S 11
Shale, sandy......coooiiii i 3
L7 8
Shale. .o et 19
Sandstone, gray.....c.uueue it 6 '
Sandstone, massive............. e et 40
Covered. . ...ooe i e 100
Sandstone, massive, soft ......... ... il 30
- 496 4

The detailed section given above represents the entire sandstone
and coal zone of the Mancos formation. From this place the Mancos
is coal bearing eastward to the center of T. 15 N., R. 10 W.

Locality No. 4: The following section of-the Mesaverde coal-bearing
rocks was measured in the southwest corner of sec. 34, T. 17 N,,

R. 15 W.: '
Section of Mesaverde coal-bearing rocks in sec. 34, T. 17 N., R. 15 W. (No. 4).
) . Ft. in.
Sandstone, brown, massive............. ........... e 60
Shale, gray, and thin sandstone. ..... ... ... .. .. ... ....... 7
Sandstone, yellowish, 80ft........ ... .. ... ... ... ..oiio.... 5
Shale, gray . ..cuei it e 20
Sandstone, gray, 80ft.....oee i 8
Shale. i 2
(077 8
Shale. e aeaaae 4
Sandstone, white ........ ... ... ... 3
) L070T:Y BU 1 4
Sandstone, white, soft....... ... ... ... 3
Sandstone. ... ..ooiiii e e 8 -
Shale, drab, hard............... P 7
Sandstone, brown...........o i 4
Shale, BroWn. - .eoei i 10
L7 ) 3 6
Shale, DroOWD. .. ..oeiiie i it aaas 6
Sandstone, locally burned red.........c..oo ..t 15
1070 S 7 6
Shale, gray, sandy.. ... i 11
L0707 Y 7
Shale, gray .. oo et 4
(077 1 3
Shale, gray. ...ocoiir i e 4
(07T 6
Shale, Brown. ... .ooee i i 4
Sandstone, Massive. .....eeoiiemt e 6
Shale, BroOWD. ..o 3
(07 1
Shale, gray. ... .coommi e 10
Sandstone. ..o . 4
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Ft
Shale, Bray . .ottt e e 3
L0 A 1
2 71 L P 3
Sandstone. . ...t 50
1077 2
Shale, gray . ettt e 4
(07
Shale, brown and yellow................ ... ... 0.l 35
. L0 N
Shale, brown.....coeeniiiiii it i 1
L0 N
Shale, Drown. ..o 25
L0 P 1
Shale. .ot i 1
Coal. . e
Sandstone. ;... ...t 10
(07 AN 2
Sandstone and sandy shale........................ Ll 35
L0 Y 2
Shale and thin sandstone. .. .. et 55
Sandstone, white, massive........... ... oL 14
Shale, DrOWI. ...ttt iee e e e c e m e e aeaaaeaanan 3
(0707) D J 2
Shale. ..o ettt 12

497

371

. In,

2

The three workable beds in the upper part of this section, with an

average thickness of 6 feet, apparently contain a good grade of sub-
bituminous coal, free from partings.

Locality No. 5: In the northern part of sec. 1, T. 16 N., R. 14 W,,

there are four beds of workable thickness in the upper or Mesaverde
formation, as shown in the following section of the coal-bearing
portion: ’

Section of Mesaverde coal-bearing rocks in sec. 1, T. 16 N., R. 14 W. '(No. 5).
Ft. fin.
Sandstone, gray, and shale.... ... .. .. ... ... ...l ... 20 :
Shale. .. i 3
(077 e 3 4
Shale, drab.......oi e 40
Sandstone, gray, 80fb............uueeiiiie it 40
L0707 ) 3 6
*Shale, sandy.....oooeiii i 15
Coal. . e 1
Shale, carbonaceous. .. .. ...ttt 3
Sandstone and shale, with thin bedsof coal.................. .. 50
Shale, drab, hard ... .. .o 5
Shale, carbonaceous. . ... ...ooveeeeeeeeeareeeaaaaaaaannn . 2
[0 AN 2
Shale, sandy............... et e 20
Coal with bony streaks.............coooiii ... 4
Shale, sandy, carbonaceous. ............... I 20
Covered.
231



372 CONTRIBUTIONS TO ECONOMIC GEOLOGY, 1907, PART II

The coal beds of this section are free from partings and resist .
weathering fairly well. The 4-foot bed near the base of the section
does not present a favorable appearance at the surface exposure. It
evidently contains a large percentage of hard, argillaceous material.

Locality No. 6: The following section represents a part of the Man-
cos shale in the east part of sec. 18, T. 16 N., R. 13 W.:

Section of Mancos coal beds in sec. 18, T. 16 N., R. 18 W. (No. 6).

Top covered. Ft. in.
Sandstone, massive.......ooooie i 5
Shale, carbonaceous. . .. .....on et 10
Coaleunnniinennann.. el SO 6
Shale, carbonaceous. .. .. ... ..o.uiiiiin i 1 6
(073 2 2
Shale, carbonaceous. ... ..cooeti i 2
Sandstone and shale......... .. ... ............. . ... 6
(07 | 1
Sandstone and thin coals.......ooooeiie it 90
Covered.
18 2

This section shows only one coal bed more than 2 feet in thickness,
but it is probable that other beds occur above the section given here,
although their outcrop is so covered as to be indistinguishable.

Locality No. 7: Hosta Butte is Tocated on the line between secs.
26 and 27, T. 16 N., R. 13 W. The main portion of this butte is com- -
posed of an outlier of the upper or Mesaverde coal group, and the
Mancos coal rocks form the escarpment about 1 mile south of the
butte. The base of the main butte has an elevation of about 8,000
feet; the top of the escarpment, at a triangulation point used in the
survey of the Wingate quadrangle, is at an elevation of 8,837 feet.
Just below the 8,000-foot level is a coal bed 2 feet thick, with massive
sandstone above and shale beneath. The bed is in the Mancos shale
and apparently contains good coal. At an elevation of 8,550 feet"
occurs a bed 3 feet, thick, with carbonaceous shale roof and ﬂoor At
8,600 feet is a bed 5 feet thick, of clear coal, with shale above and
below. The two latter coal beds belong in the Mesaverde formation.
They are clear of partings or any apparent injurious constituents.

Locality No. 8: Devils Pass is a deep canyon cut through the Mesa-
verde rocks from sec. 20 to sec. 3, T. 16 N., R. 12 W. The follo'ving
is a general section taken in the southeast corner of sec. 29 of this
township:

Section of Mesaverde coal-bearing rocks in sec. 29, T\ 16 N., R. 12 W. (No. 8).

Sandstone, massive. Ft. in.

] 1 L S 10
(07 NP 3 6

Sandstones and shale (shale at base) ........................... 25
107 3 6
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Ft. in
1o 1 (- 8
(077 1
Shale and sandstone..........ooeiiii i e 20

L0707 S R 1 6
Shale. e 1

Coal. .o 1 6
Shale and sandstone..........ceeeemoieioin i 100
Shale, brown, carbonaCeOUS. « . -« umveema e enaeeeaeaaans 1
C0al. e 2
8] 0T Y 3
008l e 2
Shale, brown, carboNaACEOUS. -« vouuiveieieia i e aiaaanannn 1
Shale. e 2
Shale, brown, carbonaceous. ........cooooii it 1
Shale and sandstone..........ccooovii it 100
Shale, brown, carbonaceous. ..........ooo i 1
[0 1
Shale, brown, carbonaceous.............oieieiiiiieaa... 1
SRALE. «+eee e ene et et e e 2
Coal containing much fossil resin ....... B 2
Shale, brown, carbonaceoUs. .. .coierer et it ea e 1
' 1
306

Locality No. 9: Near the southeast corner of sec. 11 ,T. 15 N, R.
12 W, there is one workable bed in the Mancos showing the following

section: :
Section of Mancos coal bed in sec. 11, T. 15 N., R. 12 W. (No. 9).

Ft. in
Sandstone with intercalated sandy shale................ . .... 4
(077 3 2
Shale, sandy....coooiiiii i i 2
L7 X 10
Shale, CarboNACEOUS. . .. v e v e e ee e e eee e eeiee el 10
18 2

A section of this bed measured 3 or 4 miles west of the locality
noted above is given in the report of Shaler, who describes it as
follows:@

A typical section of the Mancos coal is exposed in the escarpment south of the
entrance to Devils Pass, about 12 miles east of north of Thoreau. The coal compares
well in quality with the sample collected in 1905 from the same bed in the Tiejen
prospect, ? 10 miles east of north from Baca. The.analysis shows a good subbituminous
coal. It contains considerable fossil resin, which causes it to ignite readily. The
strata ¥ * * dip east of north at an angle of 7°. The section of the coal is as
follows: .

. Section of Mancos coal bed south of Devils Pass.

Shale, drab. Ft. in.
(677 Y A 2 6
Shale. ..o et 3
L0 10

Shale, brown, carbonaceous.

a0p. cit., p. 410, b See No. 11 of this report, p. 374.
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Locality No. 10: The following is a general section of the Mesaverde
or upper coal-bearing rocks, measured in the northwest corner of sec.
29, T. 16 N., R. 11 W.: :

Section of Mesaverde coal-bearing rocks in sec. 29, T. 16 N., R. 11 W. (No. 10).

Ft. in.
Sandstone, yellow, massive.... ... ... iiiiiiiiia... 55
Shale, gray .« ii it eeieacieeaeaeaaaaenaaraaanaancan 20
Shale, black, with streaks of bony coal........................ 7
L0757 10
Shale, gray . ..ottt aee e 5
(07 B 2 6
Shale, gray. ..ot et iieeeieeaaaas 2
Sandstone, white, 80ft. ......ccoiiiei it 4
Shale, brown .. ... i 4
L0771 R 2 3
Shale, brown .. ..ot 2
Sandstone, white, soft...... ..o i 2
Shale, brown .. ... ii it it et ieacaaaea 30
(07T Y Y 4
Sandstone, pinkish, soft.... ... ... L Lol 3
Shale, 808t . uuniee i et ier et e et et a e 12
Sandstone, hard. ... ... ..ol i el 2
Sandstone, soft, and shale........ ... .. ... ... ..l.. 25
Sandstone, brown, hard. ... ... .. .. ..ol 3
Shale, brown .. ... 4
(1107 R 1 4
Shale, dark. ... ... .ot 3
Shale, gray .- e e ittt et 3
L0 N 5 2
Shale. .t et 4
L0707 4
Shale. .o e et 7
L0727 NG 2
Sandstone, thin bedded ..........oooiiiiiiiiiiiiiiit, 3
Shale, sandy . ... -8
ST 110 1705 1 =Y MR 18
Shale, brown..................... e et 8
07 A 10
Coal, BONY. .. e eaens 2
Sandstone, yellowish............._. ettt 4
Shale, Bray. .c.veeei ittt it i eas 3
Coal. . s 2
Sandstone, thin bedded..... e P . 6
Shale and soft sandstone.......... ... ..ol 38
(07 P . 272
Shale and sandstone, soft.......... ettt 32
Sandstone, tan colored, hard..... .. ... ... ... ..ol 25
Sandstone, brown, massive, hard........ ... ... ... ... ... 35
Shale, Mancos.
402 5

Locality No. 11: The principal coal bed of the Mancos shale is the
Tiejen bed, so named from a small prospect made several years ago
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by J. E. Tiejen, of Bluewater, N. Mex. The location of this prospect
as given by Mr. Tiejen is in the center of sec. 30, T. 15 N., R. 10 W.
A section of the bed follows:

Section of coal bed at Tiejen prospect, sec. 30, 1. 15 N., R. 10 W. (No. 11).

Ft. in.
Shale, carbonaceoUs. - ... .coiiieiniiiaii e e iiaaeaa e 1
[0 Y S 1 3
Shale, arenaceous. . ... vinueiie i i 11
(077 U N 3 6
Shale, carbonaceous.
Total coal bed. ... ..o e 4 10}

* Schrader ¢ makes the following statement relative to this coal:

The coal is a good black lignite ¥ and contains much fossil resin, resembling in this
respect the Monero coal. A sample was taken from the Tiejen prospect for analysis.
The material was secured by making a cut across the face of the coal, exclusive of the
parting 14 inches in thickness. * * * With'the exception of the heavy percentage
of water, this analysis compares favorably with the analyses of other coals of the field.

The analysis of this coal as made at the St. Louis laboratory follows:

Analysis of coal from the Tiejen bed.
[F. M. Stanton, chemist in charge.]

Asreceived.| Air dried.

Alr-drying 108S. . ... oo e ., e 520 |....oiian..

Total moisture, including air-drying 1088. .. .. .....o.oiiiiiiiiiiaiiiniiaaa. 15.03 10.37
Volatile matter. .. ... i o fevenens 37.26 39. 30
Fixed carbon.. . 41.97 4.27
) e e 5.74 6.08
CSUIPRMUL. . .57 .60

In the central portion of T. 15 N., R. 10 W., shown by the broken-
lined area on the accompanying map (Pl. XXIV), the Mancos is
barren of workable coal beds. Thin beds, however, occur throughout
the length of the Mancos exposure. From this vicinity eastward the
workable coals are confined to the Mesaverde, which is exposed in a
bold, well-marked escarpment striking in a northwest-southeast
direction.

Locality No. 12: The following section includes the workable coal
beds of the escarpment in sec. 20, T. 15 N., R. 10 W.:

‘Section of Mesaverde coal beds in sec. 20, T. 15 N., R. 10 W. (No. 12).

Ft. in
Sandstoneand shale........ ... .. .. ... ... 40
Shale, brown, hard. ... .. ... . ... 10
L0717 3
Shalé, brown . ... i 3
(075 1 8
11T U 8

@ Op. cit., p. 254.
% The term *‘subbituminous” was later adopted by the Survey for this class of coal.
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Ft. in.
Shale, black, arenaceous. ... .. ... 3
0T Y P 6
Shale, drab, hard ... ... ... ... ... 9
Y 1
Shale. . e 3
Sandstone. .. ... . 4
Shale. ..o ol 1
(07 ) 3 6
Shale
90 8

Locality No. 13: At the southwest corner of sec. 11, T. 15 N, R. 10
W., the coal beds exposed are as follows:

Section of Mesaverde coal beds in sec. 11, T. 15 N., R. 10 W. (No. 18).

Ft. in.
Shale, carbonaceous............ ..o 10
Coal. e e 3 3
Shale, carbonaceous............. ... .o oL 15
Coal. e 2
Shale, carbonaceoUs. .. ovvneeee e aeii e e 6
Shale and thin-bedded sandstone.............................. 100
Shale, carbonaceous. ... ..o oo 2
Coal. i 2
Shale. .. oot et 2
10757 Y N 2
Covered.
144 3

Locality No. 14: In the southwestern part of sec. 19, T. 15 N., R. 9
W., the Mesaverde contains several coal beds which show along the

face of_ the escarpment.

These beds vary remarkably, as a com-

parison of the sections will indicate. Within a few miles thin beds

to mere traces.

at locality No. 14:

Section of Mesaverde coal beds in sec. 19, T. 15 N., R. 9 W. (No. 14).

Ft.

Shale, carbonaceous...........ooiiiiiii i 20
(077 2
Shale, carbonaceous........ocueieiiiieiiiinenaienn i, 1B
CO&I:............: ........... e e eaeeeeceeaeaeaeaaaaaa 1
Shale and sandstone. .. ... ..ot 12
(07 AR 1
Shale. .o 2
C0al. et 3
Shale, carbonaceous. .. ....oieiieiiiiii i 4
© Sandstone, brown. . ... ... ool 10
Shale, drab.............. N 15

undoubtedly thicken to valuable proportions, and thicker beds thin
The following is a section of the coal beds exposed

in.

3

10

2
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Ft. In
Shale, carbonaceous. .. .....oooiiii i 10
Coal containingfossil resin.............. .o ..o .o il 3
Shale, carbonaceous...... oo 1
Coal..... o e e e 1 6
Shale. .. ..o il 2
(07 5
Shale. . oot 2
Sandstoneand shale........... . ... .. ... ... 25
L) A S 2
Shale, carbonaceous. ... .......oovnie i 6
L0721 8
Covered.
139 1

Locality No. 15: A section was made in the southeastern part of
sec. 33 of the same township and shows about an equal quantity of
coal, although the relatmns of one bed to another are somewhat
dlﬁ'erent

Locality No. 16: In sec. 13, T. 14 N., R. 9 W., there are three beds
in the escarpment of the Mesaverd.e worthy of mention. They are
shown in the following section:

Section of Mesaverde coal beds in sec. 18, T. 14 N., R. 9 W. (No. 16).

Sandstone. Ft. in.
Shale, carbonaceous.... ... ... . ... .. ... ...l AU |
Coal. i 3 2
Shale, CArDONACEOUS . - -« oot e e e ee e e e e e e e 1
Sandstone, massive.. ... ...l 10
Shale,drab........................ ... T 4
L0 3
Shale, carbonaceous..... ... ... i 10
Sandstone, gray. ... .. .. 18
Coal. .o 2 2
Shale, CArbDONACEOUS. -« .ottt i e 2 6
Coal. o e 10

Shale, carbonaceous.

55 8

Locality No. 17: InT. 14 N., R. 8 W., the outcrop of the Mesaverde
formation makes a decided northward swing; from the east side of -
sec. 34 it encircles a wide area covering several square miles to the
north and returns to the west side of sec. 35 in the same township.
From this point the boundary passes westward, showing as a mesa
in sec. 9, and thence southward to the point of disappearance beneath
the lava surrounding Mount Taylor.

In the central part of sec. 27, T. 14 N., R. 8 W., a coal bed 4 feet
2 inches thick was observed in the Mesaverde formation. The bed is
about 20 feet below a massive sandstone, 60 to 100 feet thick, which
caps the escarpment at that place.
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Locality No. 18: The same bed was observed in the northeastern
part of sec. 2, T. 14 N., R. 8 W., where the section is as follows:

Section of Mesaverde coal bed in sec. 2, T. 14 N., R. 8 W. (No. 18).

Ft. in
Shale, sandy. .. ... ..o i 10
(67 ) 2 6
Shale. .. et 6
677 A 1 8
Shale. oo e 4
Covered.
18 8

Locality No. 19: In the mesa in sec. 9, T. 13 N., R. 8 W., there is
only one workable coal bed. This is 3 feet thick, with a carbonaceous
shale above and below, and it occurs about 100 feet below the top of
the mesa, on the west face. Other thin coal beds are associated with
the shales and sandstones above the massive sandstone at the base of
the mesa which represents the bottom of the Mesaverde formation.

In the vicinity of San Mateo the dips change from north to east, and
as a result the outcrops of the Mancos and Mesaverde formations turn
to the south. West of San Mateo the outcrops of these formations
pass beneath a lava flow which covers a broad expanse of country to .
the south and east. It is probable that to the northeast, toward
Cabezon, the upper Montana coal group of Schrader is identical with
the upper Mesaverde of Rio Chaco and with the highest coal-bearing
strata at Gallup. '



THE HARMONY, COLOB, AND KANAB COAL FIELDS,
SOUTHERN UTAH.

By G. B. Ricaarpson.

INTRODUCTION.

The existence of coal beds of workable thickness in the southern
part of Utah has been known' since the country was settled by the
Mormons in the middle of the last century, but the isolation of the
area has prevented development and the southern Utah coal region is
the least known in the United States. Only a few small minés have
been opened, in the vicinity of settlements that are located contiguous
to the coal outcrop, and practically the entire region is unprospected.
The recent completion of the San Pedro, Los Angeles and Salt Lake
Railroad, however, has aroused interest in this area, and, although the
road is 40 miles from the nearest coal, a branch line can easily be con-
structed across the Escalante Desert between Lund and Cedar City,
near the west end of the coal deposits. (See P1. XXV.)

Very little has been published concerning the coal in’ southern Utah. -
Several analyses of samples from the vicinity of Cedar City and Kan-
arraville were printed in 1883, and a number of references?® to the
occurrence of the coal have appeared, but the first systematic study
was not undertaken until 1906, when Lee ¢ made a preliminary exam-
ination of the deposits in Iron County. In the summer of 1907 the
writer, assisted by Leon J. Pepperberg, Herbert Graff, and C. D.
Perrin, surveyed the Harmony, Colob, and Kanab fields in the western
part of the southern Utah coal region; and the present paper is an
abstract of a more complete report of this investigation which will be
published later.

LOCATION AND TOPOGRAPHY.

That part of the southern Utah coal region which is the subject of
the present report is situated in eastern Iron and Washington counties

a Daggett, E., Analyses and calorific values of some Utah coals: Mineral Resources U. 8., U. 8. Geol.
Survey, 1883, pp. 76-79.

b Dutton, C. E., Geology of the High Plateaus of Utah, 1880, p. 155. Forrester, R., Coal fields of Utah:
Mtneral Resources U. 8. for 1892, U. S. Geol. Survey, 1893, p. 519. Stanton, T. W,, The Colorado forma-
tion: Bull. U. 8. Geol. Survey No. 106, 1893, pp- 34-37. Storrs, L. S., Twenty-second Ann. Rept. U. 8.
Geol. Survey, pt. 3, 1902, pp. 455-456.

¢Lee, W, T., The Iron County coal field, Utah: Bull, U. 8, Geol. Survey No, 316, 1807, pp. 359-375. .
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and western Kane County, and extends from the vicinity of Rush Lake
Valley on the west to the Kanab Creek valley on the east. The west
end of the region lies at the border of the Basin Range and Plateau
provinces, but with the exception of the small Harmony field, the
entire coal area is situated in the Plateau Province. The surface of
the country ranges in elevation from 5,000 to 11,000 feet above sea
level, the general altitude of the country decreasing southward by a
series of benches which descend step like from the top of the highest
plateaus. In the area under consideration the prominent escarpment
known as the Pink Cliffs separates the crest of the High Plateaus, here
known as the Markagunt and Paunsagunt, from the next lower bench;
and another escarpment, less conspicuous, marks off this from the
succeeding platform, the Colob Plateau, which is terminated by the
bold escarpment known as White Cliffs. In the western part of the
region, toward the border of the plateaus, the White Cliffs fade away
and the plateau that is underlain by coal-bearing rocks rises directly
above Rush Lake Valley. West of Rush Lake Valley the Harmony
Mountains, outliers of the Pine Valley Mountains, form the limit of the
area under consideration. ,

The extreme western portion of the region drains into the Great
Basin and has no outlet to the sea; but the larger part is drained by -
the headwaters of the Virgin River and by Kanab Creek, both of
which are tributary to the Colorado. These streams occupy deep
valleys, some of them flowing in canyons more than a thousand feet
deep, and the region is characterized by some of the grandest scenery
on the continent. A large part of the region, consequently, is diffi-
cult of access, and much of it is unsuited for settlement; but the
relatively broad and low valleys in the eastern and western extremi-
ties of the area examined in 1907 are occupied by prosperous towns.
Intensive farming is successfully practiced in the valleys, and parts of
the Colob Plateau are used as a summer range for sheep and- cattle.
Snow remains until summer on the highlands, which consequently are
well watered and support a forest growth of pine, fir, aspen, cotton-
wood, etc., so that there is a good supply of timber for mine purposes.

Cedar City, Kanarraville, and New Harmony are situated in or near
Rush Lake Valley. Cedar City, with a population of about 1,000,
is the largest town in the region and is 33 miles distant from Lund, the
nearest station on the San Pedro, Los Angeles and Salt Lake Railroad.
Near the east end of the area are the towns of Mount Carmel, Order-
ville, and Glendale, situated in Long Valley at the head of Virgin
River, and Upper Kanab, at the head of Kanab Creek. These towns
are most.conveniently reached from Marysvale, about 90 miles north
of Glendale, at the terminus of the San Pete and Sevier branch of the-
Rio Grande Western Railway. (See Pl. XXV.) ‘
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MAP OF THE HARMONY, COLOB, AND KANAB COAL FIELDS, UTAH -
By G. B. Richardson and Leon J. Pepperberg
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GEOLOGY.
GENERAL OUTLINE.

A large part of the High Plateaus of Utah is composed of an igneous
complex consisting of lava sheets, beds of tuff and volcanic conglom-
erate, and intrusive masses of various types. These rocks in general
overlie an eroded surface of Eocene strata which outcrop at lower ele-
vations around the igneous uplands. Beneath the Tertiary rocks
there are several thousand feet of practically horizontal Mesozoic and
Paleozoic strata which outcrop at successive lower elevations in a
series of benches that extend southward from the High Plateaus to
the platform in which Colorado River has cut the Grand Canyon.
The Markagunt and Paunsagunt plateaus are underlain by Eocene
beds, the southernmost extent of which is marked by their outcrop
in the Pink Cliffs. The next succeeding bench is underlain by Cre-
taceous strata; rocks of Jurassic age underlie the Coloh Plateau; and
older rocks down to the Carboniferous are exposed along the western
base of the plateau. Coal occurs in the lower part of the Cretaceous
system and is of Colorado age. :

STRATIGRAPHY.

In the southérn Utah coal region the rocks are chiefly. sedimen-
_. tary, ranging in age from Carboniferous to Eocene. There are also
‘local intrusive masses and lava flows. As is general throughout the.
Rocky Mountain province, the coal-bearing rocks are of Cretaceous
age, and in the present preliminary report it will suffice to limit the
description to the coal measures and to the immediately overlying
and underlying formations, which are outlined in the following table:

Outline of coal-bearing and associated rocks in the southern Utah coal region.

. | Thick-
System. Series. Formation. Character. 'ness in
| feet.
Tertiary..... Eocene...... JU, Wasatch................... Varicolored shale, lime- 500+
. stone, sandstone, and
conglomerate. i
Unconformity. .
) Montana (?)............... Buff sandstone and drab | 500+
Cretaceous...] Upper Cretaceous. . shale.
Colorado.......coeuueaan... Buff sandstone and drab | 2,500

shale, including workable
beds of coal in the lower

part.
5 Unconformity.
UV D -1 (TN DO B s Varicolored shale and sand- 800k
stone, with lenses of lime-
stone and gypsum over-
lying massive marine
limestone.

The coal-bearing strata are underlain by about 800 feet of gener-
ally soft rocks, which outcrop in a lowland belt below the Cretaceous
platform. These lower rocks are composed of reddish and varicol-
ored shale and thin-bedded sandstone, with intercalated beds and
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lenses of gray limestone and white gypsum, and about 400 feet of
massive gray limestone at the base. Marine Jurassic fossils occur
abundantly in the lower limestone, but no remains of life have yet
been found in the upper strata. The lithology and stratigraphic
relations of these upper rocks suggest, however, their equivalence to
the fresh-water Jurassic beds (Morrison) that are well developed in
other parts of the Rocky Mountain region. These rocks are delim-
ited above by an erosional unconformity, marked by the varying
thickness of the Jurassic and by a basal Cretaceous conglomerate.

Throughout the Plateau Province Lower Cretaceous time is unrep-
resented by rocks, and Upper Cretaceous strata lie directly upon
beds of Jurassic age. In the area under consideration the Upper
Cretaceous rocks consist of about 3,000 feet of buff sandstone and
drab shale, in the lower part of which coal beds of workable thick-
ness occur. No Dakota fossils have been found in this area, although
possibly the thin bed of conglomerate at the base of the Cretaceous
is of that age. The greater part of the Cretaceous rocks, including
the coal, are assigned to the Colorado, but the upper few hundred
feet contains fresh-water shells and plants of undetermined age,
which may possibly belong to the Montana. The succession of Cre-
taceous strata in the southern Utah region is unlike that in western
Colorado and northeastern Utah, so that the formation names used
in the coal fields of those areas can not be applied to the rocks in the -
area under consideration. The coal in southern Utah is older than
that in the Uinta Basin region, which includes the Book Cliffs field,
the largest and most important in the State. The southern Utah
coal belongs to the same group as that in the Weber River field.

The Cretaceous rocks are unconformably overlain by Eocene
strata, which, as already stated, outcrop in the Pink Cliffs and under-
lie the Markagunt and Paunsagunt pldteaus. The unconformity,
marked by a basal conglomerate containing pebbles of the underly-
ing rocks, is emphasized by the absence of the upper members of the
Cretaceous system, which are well developed in other parts of the
Plateau province. The Eocene rocks consist of a variable succes-
sion of shale, limestone, sandstone, and conglomerate that are char-
acteristically varicolored. Shades of red and white predominate and
are beautifully developed in the Pink Cliffs. Fossils are extremely
rare in these rocks, and only a few fragments of Vivipare and Unio
have been obtained in this area; but the characteristic peculiarities
of stratigraphy and coloring of the rocks leave little room for doubt
that, except possibly a few feet of basal beds containing conglomer-
.ate of doubtful significance, they belong to the Wasatch formation
of the Eocene series, which is so largely developed in the High Pla-
teaus of Utah and from which characteristic fossils have been obtained
in a number of places.



HARMONY, COLOB, AND KANAB COAL FIELDS, UTAH. 383

Igneous rocks cover a large part of the surface of the High Pla-
teaus north of the coal fields, but in the area under consideration
they are comparatively rare. The common type is basalt, which
occurs in lava flows on an eroded surface of the sedimentary rocks
from those of Eocene age downward. - Over most of the area these
igneous rocks apparently have had no effect on the coal, but in the
Harmony field an intrusive mass of andesite has accomplished con-
siderable metamorphism.

STRUCTURE.

Throughout the greater part of the area included in the present
report the rocks dip between 1° and 2° NE.; but along the western
margin of the Plateau Province the structure is complex and the
strata are steeply tilted, and north of New Harmony the coal meas-
ures adjacent to a mass of intrusive igneous rock dip eastward at
high angles. The continuity of the strata is interrupted by a num-
ber of normal faults of large displacement. One of these, the Hurri-
cane fault, extends along the western border of the plateau and has
been traced southward as far as the Grand Canyon in Arizona. In
consequence of this fault the coal in the Colob field occurs about
2,000 feet higher than that in the Harmony field. Several displace-
ments, in general parallel to the Hurricane fault, occur east of it,
and in the vicinity of Cedar City especially the rocks are much
disturbed. Another important fault is the Sevier, which extends
along the upper valley of Virgin River east of Orderville and Glendale.
This displacement has been traced for many miles, both north and
south, beyond the limits of the area represented by the map (PL
XXV). Within the region here discussed the throw of the Sevier
fault amounts to about 2,000 feet, the downthrow, as is common
throughout the plateau region, being on the west. This fault causes
a lateral offset of the coal outcrop of 9 miles, extending from the
vicinity of Mount Carmel to a point north of Glendale.

THE COAL.

OUTLINE OF OCCURRENCE.

Coal occurs throughout the area examined in the lower part of the
. Cretaceous system between 50 and 500 feet sbove the top of the
. Jurassic rocks. In general, in any one section only one bed of work-
able coal has been found, but in places six are present. The beds of
coal thicken and thin out like lenses, and no single bed has been

found to be continuous for more than a few miles. In the absence . -

of prospecting, however, many facts relating to the ‘occurrence of
the coal are unknown. It is estimated, on the assumption that the
workable limit of the coal is 4 miles back from the outcrop, that
there are 295 square miles of coal land in the area examined in 1907.
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If the entire thickness of coal may be represented by a single bed 8
feet thick, the total amount in this area is 2,672,803,340 short tons.

"The present development of the western part of the southern Utah
coal region is limited to the few small mines and prospects shown on
the map. The mines are worked only during the fall and winter
months, to supply the local demand, and the entire output is only a
few hundred tons a year. When a railroad enters the field, this coal
may compete with others in the southern California market, with
the advantage of being the nearest of the Rocky Mountain fields.

That part of the southern Utah coal region with which the present
report is concerned is divided into the Harmony, Colob, and Kanab
fields, which are distinctly separated topographically.

HARMONY FIELD.

The Harmony coal field is the best known though smallest in the
southern Utah region. The coal outcrop is only about 3 miles long,
and the field has been prospected by a number of pits, tunnels, and

shafts. .
LOCATION.

The Harmony field lies partly in Iron County and partly in Wash-
ington County, in secs. 29 and 32, T. 37 S., R. 13 W., and in unsur-
veyed land in the adjoining township to the south. This area is a hilly
country between the Pine Valley Mountains on the southwest and
the Harmony Mountains on the northeast, and is drained by branches
of Harmony Creek. The coal in the Harmony field is as accessible
as any other in the entire region and is much more easily reached
than the coal in the greater part of theregion. The principal pros-
pects are situated 4 miles northwest of New Harmony, at an eleva-
tion of about 6,000 feet, and are reached by a wagon road up Pace
Creek. New Harmony is connected with Cedar City, 20 miles to
the northeast, by a good wagon road across a broad wash-covered

area.
OCCURRENCE AND THICKNESS OF COAL.

The coal in the Harmony field occurs in a narrow belt of Creta-
ceous strata which outcrop along the eastern base of a low range of
hills composed of andesite. The coal-bearing rocks contain abundant
fossils of Colorado age and are correlated with the coal measures on
the Colob Plateau, but .neither the fossils nor the rocks are suffi-
ciently distinctive to determine the exact horizon that is here rep-
resented as compared with the section on the plateau. Only about
600 feet of Cretaceous rocks, consisting of alternating layers of drab
shale, buff sandstone, lenses of gray limestone, and several beds of
coal, are exposed in the Harmony field. These rocks are uncon-
formably overlain by Eocene rocks and they are delimited below by
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an intrusive mass of andesite which has tilted the strata and meta-
morphosed the coal.

The rocks adjacent to the andesite and extendmg eastward from
it for about half a mile dip to the east at angles ranging from 45°
to 80°. East of this steeply tilted zone the dips become less, and in
the Harmony Mountains the strata lie almost flat. In the valley
of Pace Creek, where the change in dip occurs, the relations are
concealed by abundant vegetation and by accumulations of rock
débris, but a few exposures show disturbed conditions, and it is
probable that faulting has occurred. Whether the coal continues
but little disturbed east of the Pace Creek valley or has been cut
off by a considerable fault can best be determined by drilling.

The following section of coal-bearing rocks in the Harmony field
was measured during the past summer:

Section of coal-bearing rocks in the Harmony field, Utah.

Fect,

Shale, buff..... ... ol 65
Sandstone, buff..... ... .l 4
Shale, buff........... . e 50
Coal and shale (No. 1)..........c..ooiiia... e 7
Shale, drab. .. .coeee e 36
Coal and shale (No. 2)........ ... 1
Sandstone, buff..... ... ... 1
Covered (shale?)...... ... i 30
Shale, drab... ...l 8
Coal and shale (No. 3)......... it 6
Shale, drab................... e 10
Covered (shale?)............... e e 25
Limestone, fossiliferous.............ooiii i i 5
Coal and shale (No. 4)....................... s 11
Sandstone, buff.... ...l 2
Shale, drab.. ... ... L L e 25
Sandstone, buff. ... ..o 3
Covered (shale?)... ... ... . .. .. ... ... ... e 35
Shale, drab..........o.. il e 18
Sandstone, buff............ ... 5
Shale, drab..._ ... .. L. et 18
Covered (shale?)....... . ... ... .. . 25
Sandstone, buff... ..o e 10
Shale, drab.... ... e 16
Coal and shale (No. 5). ... 17
Limestone, Bray ..o et 5
Sandstone, buff. ..o 3
Shale, carbonaceous........ .. ... ... .. ..., reeaaae e 10
Coal and shale (No. 6).................... et 6
Shale, drab.....oo.oii e 15
Sandstone. .....oooeeeeen.... PUUUUUU e 8
Shale, carbonacCeoUs. . . . ..o r ettt e 20
Concealed. . ..ot 50
Intrusive andesite. ‘ _
560

71497—Bull. 341—09——25
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R. A. Kirker, who has spent several years in prospecting this
field, numbers the coal beds from 1 to 6, the latter being at the
base of the section, and states that the coal ranges from 4 to 7 feet
in thickness, as follows:

Thickness of coal beds in the Harmony field, Utah.

[Measured by R. A. Kirker.]

Ft. in
Bed L. oo e 4
Bed 2. . 5
Bed 3. i 4 8
Bed 4. .. 4 4
Bed 5. .o 7
Bed 6. .. e 4

The measurements for beds 3 and 4 were confirmed by the writer,
but the conditions of the workings were such that the other beds
could not be measured with accuracy.

The steep dip of the coal-bearing rocks and the close proximity
of the ground-water level to the surface will cause trouble in develop-
ing this field, but apparently the chief drawback is the dirty condi-
tion of the coal, as shown by the large amount of ash in the analyses.
Although considerable prospecting has been done in the Harmony
field, active mining has not yet begun. It is reported, however, that
a Los Angeles company plans soon to develop the property. -

QUALITY OF THE COAL.

The coal in the Harmony field has been metamorphosed by the
intrusion of a large mass of andesite into the coal-bearing rocks.
. The andesite occupies an area of many square miles west of the coal
field, and its intrusion has steeply tilted the strata adjacent to the
contact, as already mentioned. In the SW. % sec. 32, T. 37 S,,
R. 13 W, the intrusive rock is in close proximity to the coal, but
the actual contact was not seen nor was any evidence obtained that
the coal has been coked. In other places the outcrop of the andesite
is several hundred feet distant from the nearest coal bed. The
analyses show that considerable alteration of the coal has occurred,
. and, as would be expected, that the beds which are farthest away
from the andesite are the least altered. Unless the intrusive rock
extends eastward beneath the surface, it is probable that the hlgher
grades do not extend far from the outcrop.

The coal in the Harmony field is deep black in color and has a
brilliant luster. It breaks both with a semiconchoidal and a cubical
fracture, and is fairly hard, though it can be crushed in the hands.
The coal is streaked with seams of bone and shale in intimate asso-
ciation, and, at least locally, much foreign matter is present. Films
of iron pyrite occur, irregularly disseminated. The coal burns with
but little smoke and with a faint blue flame.
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The composition of coal from the Harmony field is shown by the
analyses on page 388, made at the fuel-testing plant of the United
States Geological Survey at Pittsburg, Pa., by uniform methods,s
under .the direction of N. W. Lord and F. M. Stanton.

The analysis of each sample is tabulated in two forms, showing
the analysis of the sample as received and that of the air-dried
sample. The two sets of figures show the composition of the same
sample under different conditions, and the difference in the figures
_emphasizes the necessity of stating with each coal analysis exactly
what it represents. The analysis of the ‘“sample as received’’ shows
the percentage of the several constituents in the coal, including the
amount of water contained by the coal as mined. The analysis of
the ‘“air-dried sample” shows the percentage of the several con-
stituents in the coal after it has been powdered and allowed to lose
the moisture that evaporates on exposure in an oven heated to a
temperature slightly above that of the laboratory until a constant
weight results, the percentage of air-drying loss being shown in the
table. TFor general purposes the figures for the air-dried'sample are
best for comparison with other analyses.

The analyses show an extremely high percentage of ash, ranging
from 22.89 to 33.96 per cent in the air-dried samples. These high
values are due to the intimate association of shale and foreign matter
with the coal. Better results are obtained from picked samples.
Three small samples selected by Mr. Kirker and analyzed by Herman
Harms, State chemist of Utah, showed respectively 11.65, 12.61, and
13.83 per cent of ash, and two small lumps of coal from bed 6, chosen
to show low ash values, were found to contain 8.90 and 9.46 per
cent of ash by G. O. Spitler, of the United States Geological Survey.
The amount of coal containing such relatively low proportions of
ash has not been determined. -If by washing or by other means the
product of this field can be put on the market with a much Jower
percentage of ash than shown by the analyses on page 388, the
Harmony coal will rank as a high-grade fuel. The high ash con-
tent is the cause of the low heating values, which range from 8,569 to
10,796 British thermal units, as shown in the table. '

Bed 6, the one nearest the andesite, has a fuel ratio of 13.16,
which on that basis classes the coal as an anthracite. The fuel
ratios of beds 3 and 4 range from 5.88 to 3.39, which would class
them from low-grade semianthracite to semibituminous coals. The
high percentages of carbon (82.06 to 88.53) in the ultimate analyses
calculated on an ash-free, moisture-free basis emphasize the meta-
morphosed condition of the Harmony coals.

a Prof. Paper U. S. Geol. Survey No. 48, 1906, pp. 174 et seq.
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Analyses of coal samples from the Harmony coal field, southern Utah.

Bed 3
No.ofcoal bed.....ooveveimuiiiiiiiiiiiii i iiiiieiiieneans Bed 6. | Bed 4. | (picked | Bed 3.

. sample).
Laboratory NO. .. ..ieeiae ittt 5311 5312 5310 5309
Sample as received:. . .

Mofsture. .. ..o 8.21 7.02 9.50 829

%] Volatile matter. ...l - 4,41 10. 30 13.22 13. 44

F|Fixed carbon. .. 58,02 60. 61 49, 22 45. 64

MlfAsh....... 20.36 | 22.07| 28.06 32.63

Sulphur. 2.28 4.06 3.55 3.17

& |Hydrogen 2.98 3.32 3. 44 3. 55

5 Carbon..... 53.31 62.77 51.44 48. 48

NItTOZen . .. e 90 .92 .85 .8

L4 0 11.17 6. 86 2.66 11,32

CAMOTILS. . - onvnseess s sneme e eenenenanamanns 4,949 5,782 4,922 4,575

British thermal units. ... ... ..o 8,908 10, 408 8,860 8,235

Loss of moisture on air drying............ s 5.20 3.60 5.70 3.90
Air-dried sample:

Moisture............oooooi s 3,17 3.55 4.03 4.57

”  Volatilematter....................o..... s 4,65 10. 69 14.02 13.99

g Fixed CaAThOD. oo ee st e 61. 21 62. 87 52.19 47. 49

RlyAsh 30.97| 22.89| 20.76 33.95

2.41 4.21 3.76 3.30

2.53 3.03 - 2.98 3.25

56. 23 65. 12 54. 55 50, 45

95 .95 .90 88

6.91 3. 80 8. 8.17

5,220 5,908 |© 5,219 4,761

9,397 10,796 9,395 8,569

COLOB FIELD.
LOCATION.

The Colob coal field includes the coal on the bench immediately
above the Colob Plateau. It.extends from the vicinity of Cedar City

. and Kanarraville, at the west end of the plateau, southeastward to

the Sevier fault in the vicinity of Glendale and Mount Carmel, in
the upper Virgin Valley. The outcrop of ‘the coal beds follows a
tortuous course.around the dissected margin of the plateau and
throughout the larger part of the area occurs in the face of steep
cliffs and is difficult of approach, but where the coal passes beneath
the surface in the valleys of the larger streams it is more easily
accessible. In the eastern part of the field, especially, and locally at
the extreme west the- coal can be conveniently reached. In the
central part of the Colob field, however, the problem of transporting
the coal from its outcrop in the face of cliffs across the dissected
upland presents many difficulties.

OCCURRENCE AND THICKNESS OF COAL.

The coal in the Colob field occurs in the lower few hundred feet
of the Cretaceous section in rocks of Colorado age. Several beds
have been found at different horizons, but the field has been pros-
pected in only a few places and much remains to be learned concern-
ing the occurrence of the coal. The work of the last season demon-
strated, however, that no bed can be traced continuously throughout

.
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the field, and that the coal occurs in beds of variable extent which
are lenslike in their development. Coal has been found near the
base of the Cretaceous rocks wherever sections have been made, and
it is probable that the entire area marked on the map by stippling
is underlain by one or more beds of coal. In prospecting it will be
.convenient to bear in mind that the coal occurs in the lower part of
the buff and drab sandstone and shale series, usually within 200 feet
of the underlying red and varicolored shales and gypsum.

The rocks on the Colob Plateau lie almost flat, dipping northeast-
ward at an angle of only 1° or 2°. Along the margins of the field
the rocks are traversed by normal faults of large displacement. The
Sevier fault, at the east end, is of such magnitude that it causes a
lateral displacement of the coal of about 9 miles, and forms the
boundary between the Colob and Kanab fields.

The following measurements of the coal in the Colob field begin in
the vicinity of Cedar City and proceed southeastward, following the
crop around the field. (See Pl. XXV.) Several layers of thin-
bedded, marly shale and limestone are associated with the coal,
both above and below. They contain numerous small gasteropods,
popularly known as screw shells, which serve as a guide in pros-
pecting. ,

No successful coal mines have been located on the north side of
Coal Creek, and apparently beds of workable thickness do not extend
north of this stream. Two prospects near the mouth of Maple
Creek, in sec. 22, T. 36 S., R.10 W., show that the coal has many
partings, and it is probably too “dirty’” to be worked with profit.
A section at the prospect on the west side of the creek is as follows:

Section at prospect in the SW. 4 sec. 22, T. 36 8., R. 10 W.

Limestone, fossiliferous. Ft. i
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Total coal. oo 6 2

At the head of and south of Coal Creek, however, coal occurs in
workable thickness, and a number of prospect pits and small mines
have been opened to supply the demand for domestic coal in Cedar
City. ' -
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The Jones mine (No. 19) is situated in the NW. } sec. 36, T. 36 S.,
R. 10 W, about 25 feet above Coal Creek and adjacent to a good
wagon road. Like all the workings in this field, this mine consists of
a tunnel driven in on the outcrop for 100 feet, more or less. The
following section was measured in the mine:

Section of coal bed at Jones mine.

Limestone, fossiliferous. Ft. in.
Shale, carbonaceous...........ceeiiiii e 1
(07 S 1 812
Bone. el 1- 4
L7 | 2 3-12
Shale, carbonaceous........... .. ...l 3

Limestone, fossiliferous.

Totalvcoa.l ............................................. 5+

The Jensen mine (No. 2) is an abandoned drift about three-fourths
of a mile northwest of the Jones property, in the NE. } sec. 35,
T. 36 S., R. 10 W. The workings were inaccessible in the summer of
1907, and the thickness of the coal was not determined.

A fault apparently causes an offset of the coal in secs. 27 and 28, as
shown on the map, where the vertical displacement between  two
beds of coal, presumably the same, is indicated as about 700 feet.
At a prospect in the downthrown block in the SE. § sec. 28, T. 36 S.,
R. 10 W., the following section was measured:

Section of coal bed in prospect south of Coal Creek.

Shale. ) Ft. in,
07 A 6
152 T 4
L0 P 3
3 703 oY= 1
C0al. ..o 10

Limestone, fossiliferous. !

Total coal and bone. .......ccoeenneiniiiieieiaaaannn 5 8

A number of prospects have been opened on the coal in sec. 33,
T.36S.,R.10 W. The abandoned Leyson mine (No. 3) is reported to
have been the earliest opened in this field, and to have been worked
between 1854 and 1890. Daggett? states that the bed in this mine
is split by a clay parting into an upper bench 2 feet thick and a lower
one 4 feet thick.

At the Wood prospect (No. 4), about half a mile to the south, the
following section was measured by W. T. Lee:

a The numbers refer to location of mines and prospects on Pl. XXV.
b Daggett, E., Analyses and calorific values of some Utah coals: Mineral Resources U. S., U. 8. Geol.
Survey, 1883, p. 77. .
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Section of coal bed in Wood mine.

-
B

Limestone, fossiliferous. Ft.
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Limestone.

Total coal...... ... ..ol ST 7 6%

These two mines are situated about 2,000 feet above Cedar City,
and consequently are difficult of approach.

The Corry mine (No. 5) is situated on the west side of Mount Henry
about 4 miles southeast of Cedar City, at an elevation of about 2,700
feet above the town, and is one of the main sources of supply. The
following section was measured here:

Section of coal bed in Corry mine.

Limestone, shaly, fossiliferous. . Ft. in.
L0737 Y 3 3
Bone. .o 9
L0707 Y 2 4
L] 6
[07 10

Limestone, shaly, fossiliferous.

Total coaland bone. ... ..cceeiiieiiiiiaiiiiinannnnn. 7 2

South of the Corry mine the coal is covered by a mass of basaltic
lava, but the bed outcrops again in the amphitheater at the head of
Shirtz Creek. Several old prospect holes are situated there, but only
one opening, the Culver mine (No. 7), is now accessible. The coal is
about 10 miles distant from Cedar City and nearly 3,000 feet above it,
and is reached by a steep road. The following section was measured
in this mine:

Section of coal bed in Culver mine.

Limestone, fossiliferous. Ft. in
Shale, carbonaceous. .. .oueeneenotar it eeee e 4
[0 2 2
Bome. . e 2
Coal. e 4 11
L6 N 7
L0757 ) 9

Limestone, fossiliferous.

Total coal and bone.......... e s 8 1 -
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South of Shirtz Creek the coal outcrop is also covered by a sheet of
lava, and where it next appears, east of Kanarraville, a fault probably
divides the coal measures and causes an apparent repetition of the
coal. The dislocation is suggested by the occurrence of two beds of
coal with fossiliferous limestone above each, in secs. 8 and 10, T. 38 S.,
R. 11 W, but the actual existence of the fault has not been demon-
strated. However, 5 miles farther south, at the end of the area
mapped, a fault which causes an estimated displacement of 500 feet
in the massive red sandstone and overlying Jurassic limestone is
plainly visible, and the suspected fault in the coal measures appears to
be the northward continuation of this displacement.

Several prospect pits and small mines have been opened on the
plateau east of Kanarraville, where the coal is at an elevation of about
3,000 feet above the town. Two old mines, known as the Lone Tree

- (No. 9) and Pollock (No. 10), were caved in when visited in 1907.
Dacrgett“ reported in 1883 that 8 feet of coal was exposed in the Lone
Tree mine, and 14 feet 3 inches in the Pollock mine. At present the
Kanarra mine (No. 11) is the only one that is worked. This is located
op the road from Kanarraville across the plateau, and consists of a
drift about 200 feet long, with several rooms off the main entry which
are now caved in. The following section was measured at the mouth
of the entry: -

Sectron of coal bed at Kanarra mane.

Limestone, shaly, fossiliferous........ ... ... ... ... ... .... 4

Shale, carhonaceous....... Pt 2
L7 8 9

Shale, carbonaceous. .. ... ... i 7

Sandstone, buff.

Between the Kanarra mine and North Fork of the Virgin, an air-
line distance of 18 miles and a distance along the outcrop of more
than 40 miles, the coal is unprospected and very little is known regard-
ing it. Throughout this distance the coal outcrops for the most part
in the face of steep cliffs and is difficult of approach. Wherever sec-
tions were measured during the survey in 1907 one or more beds of
coal were encountered, the indications being that the coal occurs in
lenses which thicken and thin. No single bed could be recognized as
such for any considerable distance. .

The following measurements show general conditions:

Section of coal beds in sec. 8, T. 88 8., R. 11 W.

Ft. in
L0 ) 4
~Covered. . e 15
Sandstone, massive, buff......... ... ... ... . ... .. ........ 35
Sandstone, thin bedded......... .. .. ... ... ... ... ....... 10

aOp. cit., pp. 77-78.
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Ft. in.

Shale, calcareous and carbonaceous...........c.oiiioiiaa... 15

Limestone, fossiliferous. ... ... il 6

L0 4
Shale. ... 4
(670 1 6
Shade. .. e 4
C0al . i, 3 8
Shale. . ..ooo e 4
Limestone, fossiliferous...........c.cooiiviiiniiiiiiian.n. 1 4
L0 ) 1 6
Shale . . e 4

[0 1

Shale

Total cpal .................. e eeaeaa e 15 8

Section of coal beds in sec. 18, T. 88 S., R. 11 W., at the head of Colob Creck.

Shale, carbonaceous.

Shale, sandy. Ft. in.
Limestone, thin bedded, fossiliferous.............. [, 10
(077 4 2
Shale, drab.._ . ... ... 3
(07 O A 1 b
Shale. . e 1 3
L0707 AR 1
Sandstone....... ...l et 10
7 Y U 5 8
Section of coal beds in sec. 14, T. 38 S., R. 11 W. _—
. ; .10,
Shale, carbonaceous..... et 12
Limestone, fossiliferous........ ..o it 1
Coal. i 4
3 1T L 2 2
Sandstone, buff..... ... ... Ll 35
Shale, sandy......oo i 6
Sandstone, buff....... .. ... ... ... eees 12
Shale, carbonaceous. ... ccoiunt it it 10
Limestone, fossiliferous............ ..o, 10
L7 Y 1 6
Shale. ... i 3
Coal.............. e e 4 11
Shale, cArbODACEOUS. .- -« .. @@ \eeeiieeiaaeaeaaaeaaeeaaannnn, ‘ 6
Sandstone, fossiliferous................. ..., e 2 6
L0707 11
Shale, carbonaceous.......... ... ... ool 4
Total coal. ... iee i 11 4
Section of coal bed vn sec. 5, T. 89 S., R. 10 W.
Limestone, fossiliferous. Ft. in.
(07 3 4

393
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Section of coal bed in sec. 7, T. 89 8., R. 9 W.

Sandstone. Ft. in.
Coal. .. 1 2
Shale. ..o 1
Sandstone, buff................ I 30
Covered (probably shale).............. ... ... ......... 35
Shale, carbonaceous. .............iiiiii i 45
Coal. .o 6 2
Shale, drab.........ooi i 6
Total Coal. ... 7 4

A bed of cannel coal has recently been found in the valley of North
Fork of Virgin River, and in the fall of 1907 a prospect, known as the
Cannel King (No. 12), was opened in sec. 26, T. 39 S., R. 9 W:, where
the following section was measured:

Section of coal bed in Cannel King prospect.

Shale, carbonaceous, fossiliferous. . Ft. in.
Coal, bituminous. ......c.oooiiiiiiiiii i 2 5
Coal, canmel. .. ..o 5 6

Shale, drab.

Total coal.....nnrrr i 7 11

The cannel-coal bed occurs about 100 feet above the conglomerate
at the base of the Cretaceous section, and 160 feet below a prominent
bed of white sandstone which will serve as a guide in prospecting. = As
yet little work has been done here and the extent of the bed has not
been determined. It hasnot been discovered in sections made several
miles northwest and southeast of the Cannel King propefty, and it is
probable that this coal is not of great extent.

In Orderville Gulch, north of Clear Creek Mountain, the following

section was measured:

Section of coal beds 1n Orderville Gulch.

Ft. in
Shale, carbonaceous. .. - ..o vc i 2 3
Coal, hituminous. ......oeeeie it a e a e 5 4
Shale, carbonaceous. . .« ..« et 1 3
Coal, bituminous. ... ... .ovoee i 4 7
Shale and sandstone..........c.ocooioiii i 250
Coal, bItuminous. ... .coeeor o 2 2
Coal, cannel. ... .....ooioooiii i 5 6
Shale, carbonaceous.
Total coal....ooo e 17 7

In Long Valley, at the east end of the Colob field, several openings
have been made on the coal, which is conveniently located and easy
of access. But the quality is. inferior to that of the coal farther
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northwest, and locally the bed is disturbed by faults. The following
sections were measured in this vicinity: ' :

* Section of coal-bearing rocks 2 miles southwest of Orderville.

Shale, drab, fossiliferous. Ft. in.
Coaland bone............ooiiiiiiiiiiiiaa.. PN 5
Shale, drab................ e e, 2
L0 X 2 6

Shale, carbonaceous...........coooiiiL.. et 5

Sandstone, thin bedded............. e e e 5

Sandstone, Massive. . ...o..ooiiiii it it 21

Concealed (probably shale)........ ..., 17

Shale, carbonaceous............cooeiiena... e 10
Coal. e e, -1 3

Concealed (probably shale)..... ... ... .. .. . . ... 11

Sandstone, massive.............ooiaa.... LN 27

Concealed (probably shale)...................... e 60

Sandstone, white............. . ... ... ... 50

Shale, drab. ... . i 11
Coal and bOne. - .. ... 10

Shale, carbonaceous..........oooneiaan... [ 5

L] 7

Sandstone, MaSSIVe. .. eeeneeiee e eeeereeeeaeaineaaeaaeanns 37

Conglomerate, pebbles of quartzite and limestone (base of Creta-

CEOUS)eeunererrenreannnesennnens ettt et 15
Total coal and bone. ... ... . i, 18 9

At the Muddy prospect (No. 13), in sec. 7, T. 41 S.,, R. 7 W., a
- mile northwest of Mount Carmel, the following section was measured:

Section of coal bed at Muddy prospect.

Ft. in
0 T 11 - Y G 1
L7 2 2
BoOne .« e aaans 7
L0 7
BOme. ..o e 2
0 R S 3 5
L0 2
(070 Y 1 5
5700 1 Y- 7
(0707 ) 1 11
L) P 3
070 10
Shale, carbonaceous. : —_—
Total coal...... ... .. e eeeeeeaeeaas 10 4
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At the Kroft mine (No. 14), in sec. 16, T. 41 S., R. 7 W, 2 mJles
south of Orderville, the followmg measurements Were made:

Section of coal bed in Kroft mine.

Shale, sandy, carbonaceous Ft.  in,
Coal. . il 4 2
Parting. ... ... 4
Coal. .. 3 4
Parting. ..o 3
L 1 8

Shale.

Total coal. ... ... .. i 9 2

In the vicinity of Glendale coal occurs in the upper part of the
rocks of Colorado age, and prospects have been opened northeast and
southeast of the town, adjacent to the Sevier fault.

C. Levanger has opened a prospect (No. 15),in sec. 26,T. 40 S., R.
7 W., in which the following section was measured, the base of the
coal not being exposed: ‘

Section of coal bed in sec. 26, T. 40 8., R. 7 W.

Shale. © PFt. in.
Coal......oo.ooooil.. e ettt 2 2
Bone. .. 3
(0701 U 4 1

Total coal and bone........ ... ... ... .... I 6 6

In the Glendale mine (No. 16), in sec. 24, T. 40 S., R. 7 W., one-
half mile northeast of Glendale, the following section was measured:

Section of coal bed in Glendale mine.

Shale, fossiliferous. Ft. in.
Coal. . i 3 2
Bome. .o 3
oAl .« eeee e i 4

_ Shale, carbonaceous.

Total coal. ..o 7 2
QUALITY OF THE COAL.

The Colob coals are deep black and have a shiny luster. They are
slick and do not soil the hands like better grades of bituminous coal.
Their fracture generally is irregular, with a tendency to split along
bedding planes. Some of the coals have two Well-developed planes
of fracture at rlght angles, but fine pnsmatlc cleavage is notably
absent. -

The composition of several samples of coal from the Colob field is
shown in the following table. The samples were taken from the
working faces of the mines and prospects and represent as fresh coal '
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as could be obtained, but as the working faces are not far from the
outcrop, and as active mining was not in progress when the samples
were collected, they probably represent slightly weathered coal.

Analyses of coal samples from the Colob field, southern Utah.

NW.C}! NW.i[ NW.1 | NW.3% NW‘BA» NWZ.{
sec. 36, , scc. 31, | sec. 24, | sec. 33, | scc. 16, | sec. 24, -
Location....oe. o oooei e 1360 36| T AT | 1L AT r 4l | Tdo | N sge- 26 T
S,R. S,R.|S,R.|S,R.[S,R.|S,R. o B VW
0W., 10W.|1IW. [ IIW.| TW., | TW.
]
Laboratory No......coooveiiiiiae.. 5304 5404 5305 5307 5314 | 5341 | 25306 | V5308
Sample as received:
. (Moisture . 4.93 | 14.19| 12.56 | 16.59 [ 20.56 | 15.74 35
% JVolatile matter 3 37.24 ] 33.39 | 36.43 | 32.59( 32.43 | 41.92 46. 93
& Fixed carbon................. 3 44,79 | 42.50 | 46.21 | 37.38 | 40.79 | 28.00 22.48
Ash. ... ... 3 13.04 9.92 4.80 | 13.44 6.22 | 14.34 23.24
Sulphur el . 6.72 5.39 5.24 3.41 .19 132 1.61
s |Hydrogen e 511 520 567 539 6.08| 6.11 6.18
~+Carbon........... 63.01 | 55.27 | 62.13 | 46.66 | 57.11 | 51.96 51.88
Nitrogen . .93 .8 .93 .85 1.01 1.16 1.06
Oxygen....... 17. 11,19 | 23.37 | 21.23 | 30.25 | 28.39 | 25.11 16.03
CalOTieS . . e v aneeeannenns.. 1| 6,340 | 5,515 | 6,079 | 4,379 | 5,441 | 5,282 | 5,753
British thermal units........... 10,874 | 11,412 | 9,927 | 10,942 | 7,882 | 9,794 | 9,508 | 10,355
Loss of moisture on air drying ..... 1.80 1.40 2.80 1.60 3.90 4.70 4,50 -1.10
Alr-dried sample:
o(Moisture. ......oiiiiiiiiiaal 3 3.58 | 11.72( 11.14| 13.20 | 16.64 [ 11..77 6. 32
’g Volatile matter f 37.78 | 34.35| 37.02| 33.01( 34.03 | 43.89 47.45
=Fixed carbon................. 3 45.42 | 43.72 | 46.96 | 38.90 | 42.80 | 29.32 22.73
{Ash ............. . 13.22 | 10.21 4.88 | 13.99 6.53 | 15.02|. 23.50
Sulphur_........ . 6.82 5. 55 5.32 3.55 1.25 1.38 1,63
o |Hydrogen........ 5.02.| 502 5.03 5.58 5.16 5.83 5.87 6.13
—<Carbon........... 3 63.91 | 56.86 | 63.14 | 48.55 ] 59.93 | 54.41 52. 46
Nitrogen......... . .94 .87 .94 .88 1.06 1.21 107
Oxygen........... 15, 10.09 | 21.48 | 20.14 | 27.87 | 25.40 | 22.11 15.21
Calories..........o...o..oo 6,430 | 5,674 | 6,178 | 4,557 | 5,709 | 5,531 5,817
British thermal units........... 11,073 | 11,574 | 10,213 | 11,120 | 8,202 | 10,277 | 9,956 | 10,470
aUpper 2 feet. b Lower 33 feet.

The coal contains considerable moisture, and in general a large
amount of ash, though in some samples the ash is only medium; sul-
phur, too, is high, especially for coals of the Rocky Mountain region.
The analyses show that in addition to carrying these impurities the
coals are intrinsically of medium low grade, the change from the origi-
nal vegetable matter from which the coal is derived having progressed
only moderately in the process of transformation to pure carbon.
Calculated on. an ash-free and moisture-free basis, the carbon in the
ultimate analyses ranges from 66 to 76 per cent. The carbon-
hydrogen ratios of the air-dried samples, ranging from 12.42
to 9.40, and the heating values, which range from 8,202 to
11,120 British thermal units, also indicate that the coal is of medium
to low grade. It should be noted that the samples from the western
part of the field, east of Cedar City and Kanarraville, show better
results than those from the eastern part, in the vicinity of Mount
Carmel and Glendale. Judged from the analyses, therefore, the coal
of the Colob field ranges from low-grade bituminous to subbitu-
minous. o ' o

~ In view of its possible future use in reducing the iron ores in the Iron
Springs district, which is only 10 miles northwest of Cedar City, the
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coking quality of this coal is an important consideration. The iron
ore is still undeveloped, but so far as known it is the largest deposit
west of Mississippi River, and sooner or later it will be mined. Unfor-
tunately, no satisfactory coking tests have been made of the southern -
Utah coal, although it is reported that a number of years ago an
inferior quality of coke was produced in the Coal Creek valley. Labo-
ratory tests in a small crucible show that the Colob coals fuse to a
 slightly coherent massin which grains of coal are distinctly visible, but
only tests on a practical scale can determine whether commercial
coke can be made from the southern Utah coal. The high sulphur
content of the Colob coal renders it an undesirable metallurgical fuel.

The cannel coal is massive bedded, of a brownish-black color, and
has a dull greasy luster. Its fracture is conchoidal and the coal also
tends to break along bedding planes, although it is notably tough
compared with the other coals. The analyses clearly show that the
coal found in the valley of North Fork of Virgin River possesses the
peculiar properties of cannel. The volatile matter is high, from one
and one-half times to twice as great as the fixed carbon; and the
hydrogen in the analyses of dry coal is more than 5 per cent, being
practically double that in the other coal beds of the Colob Plateau.
The characteristic peculiarity of cannel is due to the fact that its
original ingredients are largely different from those composing most
coals. Thin sections of this cannel coal have been examined by
David White, of the United States Geological Survey, who reports as
follows:

The fuel contains very little in the way of vestiges of the cell structures of higher
plants, being made up largely of russet and lemon-yellow, more or less lenticular, or
globular, translucent bodies embedded in a brownish-black groundmass of somewhat
flocculent aspect. Some of this translucent matter is probably resinous, while it is
possible that some of the lemon-yellow substance, less in quantity, may be gelatinous,

though that is not at all certain. On the whole, the microscopical composmon of the
coal is essentially that of a high-grade cannel.

The heating value of the cannel coal is low, 9,956 British thermal
units in one specimen and 10,470 in the other, figured on an air-dried
‘basis. These low figures, however, are largely due to the considerable
amount of ash in the coals. . The high content of volatile constituents
makes cannel coal a valuable gas producer.

KANAB FIELD.
LOCATION.

The Kanab coal field is the eastern continuation of the Colob field,
and is named from Kanab Creek. " This field is bounded by the Sevier
fault on the west, and extends northeastward toward Paria River,
the present work ending at range 5 of the Land Office survey. The
coal in the Kanab field in general is more accessible than in the Colob
field; a number of roads cross the area, and the outcrop of the coal
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measures in most places is easily reached. But, on the other hand,
this field is far distant from an immediately prospective market of
any consequence.

OCCURRENCE AND THICKNESS OF COAL.

In the Kanab as in the Colob field, coal occurs in the lower part of
the Cretaceous section, and the same buff sandstone-shale series,
within a hundred feet or so above the basal Cretaceous conglomerate
which overlies the Jurassic varicolored shale and gypsum, can be used
as a guide in prospecting. In addition to the lower coal, another bed
4 feet 5 inches thick occurs several hundred feet higher, on which a
prospect pit (No. 17) has been opened about 3 mlles southwest of
Upper Kanab.

The main coal horizon in many places can be easily traced by the
dark streak caused by the outcrop along the hillsides, but very little
prospecting has been done. Two openings have been made on the
coal in the valley of Kanab Creek, about 5 miles south of Upper
Kanab. At the old Siler prospect (No. 19), in sec. 25, T. 39 S.,
R. 6 W, the drift had caved in, but in the Johnson prospect (No. 18),
about one-half mile to the northwest, the following section was

measured: .
Section of coal beds in Johnson prospect (No. 18).

Shale, drab. Ft. in.
0 1 6
27 1 -V 3
(0767 ) 1
15 73 ¢ V< N 1
[0 Y SO 7
Limestone. . ...ttt 3
(0727 Y G AN 3 11

Shale, carbonaceous.

Total coal....omee i e 7

No other test pits were found in the Kanab field w1th1n the area
studied in 1907. Apparently the coal thins out east of Kanab
Creek, and there is an area of barren rocks that extends an indefinite
distance beyond the limits of the region mapped (Pl. XXV), in
which coal of workable thickness has not been found. The following
section, measured near the east end of the area studied, shows the
greatest thickness of coal found in that vicinity:

Section of coal beds in the NW. % sec. 35, T. 40 S., R. 5 W.

Shale, carbonaceous. : Ft. in.
Coaland bome. ....oouiiiiiii e 1 9

Shale, CarbonACEOUS. . . -« < v oo vt e 3
(077 1 6

Shale, carbonaceoUs. .. cocvi ittt ittt 2 3
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QUALITY OF THE COAL.; :

Fresh samples from the Kanab field could not be obtained, and
no analyses have been made of this coal. It resembles that from the
eastern part of the Colob field, of which it is a continuation, and prob-
ably the analyses of the coal from Tps 40 and 41 S., R. 7 W, indicate
the general composition of the coal in the Kanab field. It should
be noted, however, that the cover of the coal in a considerable part
of the field, for 2 or 3 miles back from the outcrop, is generally slight—
in many places less than 100 feet—and doubtless in such places on
account of weathering, the coal is of inferior qua,hty
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THE ROGUE RIVER .VALLEY COAL FIELD, OREGON.
| : " By J. S. DILLER.
LOCATION.

Coal occurs at numerous localities in the Rogue River valley of
southwestern Oregon, between the Cascade Mountains on the east

125° - 124° 123° 122 121°

g
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125° . 124° - 123° 122° 121°

F16. 6.—Map of Rogue River valley and other coal fields of southwestern Oregon.

and the Klamath Mountains, locally called the Siskiyou Mountains,
on the west. The long, narrow coal belt, as outlined in fig. 6, begins
71497—Bull. 341—09——-26 401
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at the north on Evans Creek in T. 33 S., R. 2. W. of the Willamette
principal meridian, stretches to the south and southeast in the Rogue
River Valley east of Medford and Ashland, and continues through the
Siskiyou Mountain divide into California, a total distance of nearly
100 miles.

STRUCTURE OF COAL BELT.

The Cascade Range, east of the coal belt, is made up mainly of Ter-
tiary lavas; the Klamath Mountains, on the west, are composed of
granular igneous rocks and a smaller proportlon of pre-Cretaceous
sediments.

The soft rocks in which the Rogue Rlver valley has been cut are
sandstones, shales, and conglomerates. They dip generally eastward,
extending beneath the greater portion of the lava fields of the Cascade
Range. The older sediments along the western border of the valley,
by Bear Creek from the Toll House to Ashland, Phoenix, and Jack-
sonville, are Cretaceous in age and do not contain coal. The coal-
bearing rocks lie east of Bear Creek as far north as Medford, but
beyond that point they overlap the Cretaceous rocks and occupy the
whole northern portion of the Rogue River valley.

THE COAL.

The principal prospects have been made near Medford and Ashland,
but others occur on Evans Creek, to the north, and near Ager, in
California, to the south.

PROSPECTS ON EVANS CREEK.

On Evans Creek the strata dip locally to the northwest, but at the
time of examination the incline by which the coal was prospected was
full of water, so that the available exposures were unsatisfactory.
However, there appear to be 8 feet, if not more, of coal, some of which -
is of fair quality, but most of which is impure and shaly. The coal
bed has, besides a number of small clay partings, two prominent part-
ings of sandstone one 12 inches and the other 6 inches thick. The
shaly coal has been sheared so that much of it is slickensided and
goes to pieces on exposurc. The immediate vicinity does not show
a large body of coal above drainage level. The coal at this point
appears to lie within a few hundred feet of the base of the coal-
bearing rocks.

Coal is reported from the meadows on Evans Creek and also from
Table Mountain on Rogue River, but as there was no active prospect-
ino at either locality they were not specially examined.

S
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COAL NEAR MEDFORD.

The coal 6 miles east of Medford lies along the foot of the steeper
slope, which rises from the edge of the valley, 600 feet above the
town, to the bold front of the Cascade Range. Some years ago the
Southern Pacific Company prospected a coal hed at this point, and -
the size of the dump indicates that the trial drift must have been
-about 100 feet in length. Since then R. P. Little has discovered a
number of other coal beds a short distance farther up on the same
hillside and opened two of them by slopes, tunnels, and drifts aggre-
gating nearly 900 feet in length. Drainage is effected by a lateral
tunnel into an adjacent ravine. Considerable coal has been hauled
to Medford and sold at $8 per ton.

The principal bed prospected is about 12 feet thick, and the striking
feature at the entrance of the gentle slope is the large number of clay
and sand partings with very little coal between them. The partings
weathering whitish are strongly contrasted with the darker bands.
As the slope is descended along the bed there appears a decided
increase in the quantity and improvement in the quality of the coal
toward the northeast. The bands of black lustrous coal, generally
not over 6 to 8 inches thick, locally swell to more than a foot and
furnish the source of supply for the local demand. The intermediate
shaly coal and coaly shale is abundant and requires much picking to
obtain satisfactory results. Several faults striking N. 40° E. and
dipping 26° to 42° SE. have been encountered in the tunnels. The
direction of movement and the amount of displacement could not be
definitely determined. No lavas were seen in the mine, but they
appear higher up, overlying the whole succession of coal beds. The
decided improvement in the coal down the dip suggested that as the
most favorable direction in which to prospect.

Since the examination on which the foregoing statement is based
- was made the Pacific Coal Company has purchased this mine and has
developed the openings to the northeast along the dip of the coal bed
for more than 1,000 feet. The prediction that the coal would be
found of better quahty and in larger quantity has been confirmed.
A few small faults have been encountered, but these are all of the
normal type and easily overcome. The mine is now producing coal
and supplies the local market. The development of this mine has
greatly stimulated prospecting in other parts of the. field.

J. A. Holmes, of the Geological Survey, collected a sample ‘of coal
at this locality last summer and has kindly furnished the following
results of an analysis made in the labomtory of the Survey fuel-
testing plant:
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Analysis of sample of coal obtained near Medford, Oreg.

[F. M. Stanton, chemist in charge.]

I As received., Air dried.

21703 428705 o0« T 5346, 5346.

Loss of moisture on air drying. .. .o ... . i 2.00
0] 1 11. 30 9.49
Volatilematter. ... ..oon oo i 23.39 23.87

Fixed CaTbON . - .. 31.89 32.54
7 " 33.42 34.10
Sulphur......... .. 1.16 1.18
{078 1o 5 - - 4,183 4,268

British thermal units. .. .. ... .. i 7,529 . 7,683

The sample taken is-a complete section of the coal bed exposed
and represents what has to be removed in working the coal. It con-
tains not only the good coal, but all the shaly partings. The high
percentage of ash indicates that the bed contains much that would
have to be thrown away in mining. The ash is about four times as
great as that of the bed mined at Libby, in the Coos Bay region.

In prospecting the region systematically the entire coal-bearing
series should be drilled from top to bottom to determine the number,
position, and relative value of the beds, and then they should be
worked at the top first. If the lower beds are worked out first, those
next above may be rendered unworkable by caving and thus lost.

It is not to be expected that the coal beds extend to a very great
distance beneath the Cascade Range before being disturbed by the
rising lavas of the range, but it may well be that they continue far
enough to give a considerable body of coal of various grades that will
supply for the present, in some measure, local demands for fuel and
that will in the future, when producers and gas engines are perfected,
furnish an important source of power.

Several other prospects have been opened to the north and also to
the south of those of Mr. Little, but nowhere are the works extensive
enough to show continuity of the beds.

COAL NEAR ASHLAND.

Four miles north of Ashland several coal beds have been faced up
in short slopes by D. P. Greninger. A striking feature of this coal,
as of that near Medford, is the decided increase in the amount and
improvement in the quality of the coal to the northeast, but the
workings are not extensive enough to afford a fair opportunity of
estimating their value. Neither lavas nor faults were encountered
here. The beds are not so large as those farther north. -They have
furnished a few tons of coal for the local market.

Greater activity is shown 4 miles east of Ashland, near the “Gillett
Lithia Springs,” where the Ashland Coal Company has run slopes
into two coal beds, the upper 12 feet and the lower 5% feet thick, sepa-
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rated by 50 feet of slippery shale and shaly sandstone. The coal beds
are made up of streaks of good coal locally 6 inches thick and sepa-
rated by coaly shale. The coal breaks out in blocks and contains a
considerable percentage of sulphur. The disturbing features at this
prospect are irregular masses of old lavas, which appear not only in
all the entries, but at various levels on the surface and in bluffs near by
along the creek. Where the coal is in contact with the lava the lat-
ter appears to be the older. The abundance and irregularity of these
lava masses render the extent of the coal beds a matter of doubt.

COAL NEAR AGER, CAL.

As already stated, the coal belt extends south through the Siskiyou
Mountains into California, where several coal beds have been reported
near Ager and one of them prospected to a considerable depth on an
incline of 45°.

SUMMARY.

Although coal beds have been prospected, as noted above, at six
localities between Evans Creek and Ashland, a distance of 40 miles,
the evidence thus far available does not indicate the continuity of
the same coal beds throughout that distance, but rather the develop-
ment of small beds a few miles in greatest extent parallel to the coal
belt and to the old shore line along which the vegetation accumu-
lated in swamps to form coal. The swamps lay at the base of the
Klamath Mountains when the coal-bearing beds were deposited over
the low flats and the shallow body of water extending to the northeast.

The most impressive feature at all the localities examined is the’
improvement in the coal toward the northeast; down the dip of the
coal beds into the hill. This is not simply a matter of weathering,
but a decided increase in the amount of coal present and a decrease
in the amount of fine sediment washed into the original swamp where
the vegetal matter was accumulating. The farther northeast in
the swamp the deposits lie, the farther from the source of the wash
from the slopes of the Klamath Mountains and to a certain extent
the thicker and purer the coal.

The age of the coal-bearing rocks of the Rogue River valley is not
yet fully determined. They contain numerous fossil leaves which are
now regarded by Doctor Knowlton as Eocene, although the latest col-
lections from that region have not yet been studied. It is probable,
however, that they are Eocene and of approximately the same age as
the coal of Coos Bay.

For the present the coal beds from Ager to Evans Creek are only of
local interest as a source of fuel, but detailed examinations in the
future may show these coals to be more extensive than they are now
supposed. If so, they may become, with the improvement of gas
producers, important sources of power.



A COAL PROSPECT ON WILLOW CREEK, MORROW
COUNTY, OREGON.

By W. C. MENDENHALL.

The coal prospect here described is on Willow Creek, about 22 miles
above Heppner, the county seat of Morrow County, Oreg., in a rather
mountainous region just west of the divide between the Willow Creek
and the John Day River drainage. The coal property is in secs. 33,
34,35,and 36, T. 4 S., R. 28 E. Willow Creek, a tributary of Colum-
bia River, flows through a canyon from its source to its mouth, but
this canyon deepens toward the head of the stream because the gen-
eral level of the surrounding country is higher in this direction. The
elevation of the bed of the creek in the vicinity of the coal prospect is
about 4,400 or 4,500 feet above sea level. That of the highest sum-
mits near by is perhaps 7,000 feet. ‘

The walls of the lower portion of Willow Creek. canyon reveal sec-
tions of basalts exclusively. These rocks underlie the central por-
tion of the Columbia River valley, and are probably to be correlated
with the Yakima basalt of central Washington. Eighteen or 20 miles
above Heppner the geology changes abruptly and older, altered rocks,
including basic plutonics and granitic and diabasic intrusives, appear
in the canyon walls. These rocks clearly represent a part of the base-
ment upon which the lavas were poured out and their abrupt appear-
ance is probably to be explained. by the presence of a sharp fault of
perhaps a few thousand feet throw, with the uplift on the eastern side
of the fracture. Just below the coal mines coarse feldspathic sand-
stone outcrops, overlying the older basement rocks and dipping in -
general 20° or 25° SE., the strike of the sedimentary beds being north-
east and southwest with local variations in attitude. This belt of
sediments is reported to have been explored for 15 or 20 miles along
the strike and to extend, therefore, to the southwest across the divide
into the John Day drainage basin. Overlying the sedimentary beds
the basalts appear again, capping the neighboring ridges. The total
thickness of the sedimentary section here was not measured, but by
combining the apparent exposed section above the creek bed with the

406 .



COAL PROSPECT IN MORROW COUNTY, OREG. 407

reported record of a diamond-drill hole 602 feet deep, bored in the
vicinity of the prospects, the conclusion is reached that the sedimen-
tary rocks are probably less than 2,000 feet thick. The beds exposed
in the neighborhood of the coal mines are sandstones of varying
degrees of coarseness, but softer shale is reported higher up on the
slopes. ‘A few poor specimens of fossil plants were collected from
the roof of one of the drifts and submitted to F. H. Knowlton for
determination. He reports, in part, as follows:

This material contains the following species:

Monocotyledonous plant (unknown to me).
Glypostrobus cf. G. europeeus Heer.
Quercus consimilis? Newberry.
Populus sp.?
I am uncertain about the age of this material, but from the presence of what appears
to be Quercus consimilis I incline to regard it as * * * wupper Clarno [upper
Eocene].

The coal was discovered some years ago by Willard Herron, by
following up float found in the creek bed. The property is now
reported to be owned by D. A. Herron, C. A. Redfield, and George
Conser jointly, and the statement is made that about $82,000 has been
expended in exploitation and development. Five drifts have been

- carried into the sides of the canyon. No. 1 is only a few feet long,
No. 2 about 50 feet, No. 3 about 150 feet, No. 4 about 380 feet, and
No. 5, known as the ““Conser tunnel,” 290-feet. No. 4 is in the best
condition for examination at present and'is the only one explored at
the time of the writer’s visit, November 7, 1907. It has been driven
into the west side of the canyon wall in a nearly westerly direction,
following the local strike. Near its entrance the drift is timbered,
and near the heading, which has been chambered out into rooms 15
or 20 feet long, 10 or 12 feet wide, and 8 or 10 feet high, some props
have been placed. The immediate floor and roof of the coal bed are
of that variety of black, homogeneous, nonfissile, and highly carbon-
aceous shale usually characterized as bone. These shale bands are
only a few inches thick and above and below them appears the sand-
stone which makes up the major part of the inclosing formation. The
sandstones, both above and below the coal, are rolling and irregular,
so that the thickness of the coal is variable. The coal bed where
measured is about 53 inches thick and consists of an intimate inter-
bedding of bands and lenses of pure coal, apparently bituminous in
its nature, with bands of bone similar to that forming the roof and
floor. These materials are interbedded in such thin bands as to make
it difficult to separate the coal from the bone commercially. Selected
pieces of coal can be taken which would yield a low percentage of ash
and would probably give high-grade tests, but such sampling would
not yield practical results.
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So far as known all the drifts are on one coal bed, but the 602-foot
diamond-drill hole bored in the creek bed opposite the mouth of one
of these drifts and starting perhaps 25 or 30 feet below its level is
reported to have passed through six beds of coal. The thicknesses

.of the upper two, whose positions are not given in the section, are
reported at 8 feet 4 inches and 7 feet 6 inches; the other four are very
much thinner. No accurate idea could be gained of the quality of
the coals passed through by the drill. No effort has been made thus
far to sink shafts to these beds, so that it may be assumed that their
quality was not sufficiently good to justify this expenditure.

The owners of the prospects report that selected samples of the coal
have yielded from 51 to 71 per cent of fixed carbon by analysis; that
the average moisture content is about 8 per cent, and that samples
yielding as low as 5 per cent of ash have been analyzed. It is stated
that a fair sample across the face of one of the drifts has yielded about
26 per cent of commercial coal, and that in other places the coal
forms from 12 to 40 per cent of the total thickness of the bed.

It will be evident from the above account that the coals thus far
revealed by developments are not usable in the ordinary commercial
way because of their very high percentage of ash, due to the intimate
intermingling of coal and bone. It is possible, however, that as they
occur in a region remote from other sources of hydrocarbon fuels, they
may prove to be suitable for use in.producer-gas engines, When this
means of developing power has become more general.



THE POCKET COAL DISTRICT, VIRGINIA, IN.THE
LITTLE BLACK MOUNTAIN COAL FIELD.

By Cassius A. FisHER.

INTRODUCTION.

During the early part of June, 1908, the writer made a brief exam-
ination of the coal deposits in the vicinity of Pennington Gap, Vir-
ginia. Considerable exploitation and development work has been
done in this district during the last three years, and as a result a
large amount of valuable information concerning the stratigraphic
position and distribution of the various workable coal beds has been
obtained. This information, which was kindly furnished by the per-
sons interested, together Wlth additional data collected during a brief
examination of the area, is regarded as sufficient to warrant the
present publication.

LOCATION AND EXTENT.

The Pocket coal district is located in Lee County, in the southwest
corner of Virginia, between Cumberland and Little Black mountains,
mainly on the southern slope of the latter. It constitutes a part of
the Black Mountain coal field, which extends along the northwestern
side of Cumberland Mountain throughout southwestern Virginia into
eastern Kentucky. The name ‘“Pocket” has been applied to this
district owing to the fact that it is a topographic depression sur-
rounded on three sides by high ridges. It is about 9 miles long and
4 to 5 miles wide, comprising about 40 square miles. It lies just
north of Pennington Gap, Virginia, and is reached by a branch of the
Louisville and Nashville Railroad from Pennington station and also
by a branch of the Southern Railway from Appalachia. Above the
junction at the upper end of the gap a line extends up Straight Creek,
from which branches have been built up Baley Trace, Fawn Branch,
and Gin Creek to the various coal mines. These lines are used jointly
by the two railroad systems, and they extend to all the operatlons

in the dlstrlct (See fig. 7.)
409 -,
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TOPOGRAPHY.

The district is one of hilly topography, with very little level land,
being made up mainly of steep-sided, narrow-topped, irregular ridges
that rise to the northwest, culminating in Little Black Mountain,
which has an altitude of about 3,500 feet.2 Thisridge marks the State
boundary line between Kentucky and Virginia. Along the southern
border of the district Stone Mountain extends as a high, narrow ridge,

83°05" a3°||
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F1a. 7.—Sketch map of the Pocket coal district, Virginia, in the Little Black Mountain coal fleld.

rising about 1,200 feet above the river at Pennington Gap. The dis-
trict is heavily wooded and thinly populated except along the narrow
stream valleys. ' _ '

"DRAINAGE.

The principal stream of the district is Straight Creek, which rises
high on the slope of Little Black Mountain and, flowing southward,
empties into North Fork of Powell River, at the head of Pennington

aThis altitude was taken from a reconnaissance topographic map which can be regarded only as
approximate. ’
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Gap. Its principal tributaries are Gin Creek, Baley Trace, Puckell

.Creek, and Stone Creek, all entering from the west: Fawn Branch
and Ely Creek, tributaries of Baley Trace and Stone Creek, respectively,
also drain small areas in the western part of the district. These are’
all vigorous mountain streams, carrying considerable water except in
very dry seasons. '

STRUCTURE.

The structure of the rocks in the Pocket coal district is compara-
tively simple. Throughout the greater part of the area the beds lie
nearly horizontal, dipping gently northwestward. Along the base of
Stone Mountain, however, they are sharply upturned, and this moun-
tain is composed of vertical strata which produce sharp, knife-blade
ridges. It is possible that the beds are more or less faulted along the
northern side of Stone Mountain, where their dips change from a low

angle to vertical within less than one-fourth of a mile. No definite
evidence of a fault along this line, however, was observed in the field.
Throughout the central part of the district, where the rocks are nearly
horizontal, no faults were observed or reported.

GEOLOGIC OCCURRENCE OF COAL.

The rocks of the Pocket coal district all belong to the Pottsville
group, of Pennsylvanian age. They have an estimated thickness of
about 4,000 feet. The beds constituting the lower half of the section
have not been subdivided into formations in this district. They con-
sist mainly of sandstone and shale with many beds of coal distributed
throughout.” The beds of workable thickness, however, are confined
largely to the upper half of the section. '

During the present investigation information was obtained from
representatives of the Black Mountain Coal Land Company, the prin-
cipal owner of this part of the Little Black Mountain coal field, con-
cerning the relative position of all the important workable coal beds
with respect to. a gray, coarse-grained sandstone occurring near the
summit of Little Black Mountain, which is said to be the Harlan sand-
stone. This information, together with observations on the quality
of the coal of the different beds, is here set forth.

There are twelve known workable coal beds in this district and two
which may possibly be workable. They have a combined thickness
of about 54 feet, and occur within a stratigraphic interval of about
2,090 feet. These beds are designated by numbers ranging from 1 to
12. Bed 1, the lowest in the series, occurs about 2,090 feet below
the so-called Harlan sandstone, and bed 12, the highest, immediately
beneath it. A generalized section, omitting all details and showing
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the relative positions of the various workable coal beds of this district,
is given below:

Generalized secton showing positions of coal beds in the Pocket district, Virginia.

' Ireet.
Harlan sandstone (?), exposed ... ... .. .. .. .. ... 40
Coal bed 12. .. it i 43
Interval. ... .. ... il - 60
Coal bed 10 oo e 3
Interval. ... e 300
Coal bed 10. . ..o i 6
Interval. ... 40
Coal bed 9. eee i e 43
Interval. ... . .. 100
Coal bed 8. et 4
Interval. .. ... 100
Coal, impure. ... .l 4
Interval. .. ..ot 100
Coal bed 7. . i e - 3
Interval. ... .o i eiieaaaaa, 325
Coal bed 6. .. 43
Interval. .. .. iiiiiiecaeaaa 275
Coal bed B e 33
Interval. ... ... 180
Coal bed 4. .o e 23
Interval. ... ... i iiiiiaiaaan 180
Coal bed 8. ..t 33
Imterval. ... ... ...l .. 40
Coal bed 2 A et 3
Interval.. ..o i iieeieeaeeeaaaaan 40
Coal bed 2. .o et 3
Interval.. ... it iitie e 300
Coal bed 1.t e e e 4%
2,134

DETAILED DESCRIPTION OF COAL BEDS.

General statement.—Only the coal beds of commercial importance
oceurring in the upper half of the Pottsville group were studied. A
number of coal beds lower in the Pottsville, and also in the basal for-
mation of that group, the Lee conglomerate, have been mined at
country banks for years, but these are thin and they were not exam-
ined.  According to reports, there are five or six of these beds, ran-
ging in thickness from 2 to 3 feet.

The following notes give in ascending order a brief description of
the stratigraphic position, thickness, and general characteristics of
each of the more important workable coal beds in the Pocket coal
district. _

Bed 1.—About 2,090 feet below the base of what is believed to be
the Harlan sandstone occurs ‘a coal bed which is known locally as
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bed 1. This bed is said to range in thickness from 34 to 6 feet, with
an average of 4} feet, and it is generally free from partings. It usually
~ has a sandstone roof and floor, although in some localities a ““draw
“slate’” is present between the coal and overlying sandstone, which
attains a maximum thickness of 7 feet. As this is the lowest work-
able bed in the series, it has a wider distribution than any other coal
bed in the district. It outcrops in the bluffs on either side of Straight
Creek, a short distance above its mouth, and is carried by the dips
beneath the level of that stream some distance below Black Mountain
station.
~ Bed 2.—About 300 feet above bed 1 is bed 2, which averages 3 feet
in thickness. It is overlain by sandstone and underlain by shale
and contains no partings of appreciable thickness. This coal bed out-
crops on the west bank of Straight Creek, about one-fourth mile below
Black Mountain station, where it passes beneath the level of the
creek.

Bed 2 A.—Forty feet higher stratigraphically than bed 2 is another
somewhat thicker coal bed, which has been designated bed 2 A. In
some localities this coal bed is said to reach a thickness of 6 feet, but
its normal thickness is about 3 feet. The bed generally consists of
clean coal without partings, and has a sandstone roof and shale floor.
It has been mined slightly at a country bank on the west side of
Straight Creek, at Black Mountain station, where it occurs about 10
feet above the level of the valley.

Bed 3.—This coal bed occurs about 40 feet above coal bed 2 A, and
nas a thickness of 3 feet 2 inches at the Virginia Lee Company’s mine,
one-fourth mile above Black Mountain station, on the west side of
‘Baley Trace, where the bed is now worked. This thickness is slightly
below the average.- A 2-inch pafting occurs about' 1 foot above the
base, and the coal is overlain by drab- shalé, wlhich is said to afford
an exceptionally strong roof. The floor is of clay. Bed 3 passes be-
neath the level of Baley Trace near the mouth of Fawn Branch.

Bed 4.—At about 180 feet above bed 3'is bed 4, which has a thick-
ness of about 2} feet. This attains workable thickness at a few places
in this field. It is exposed on the West side of Baley Trace, above the
mouth of Fawn Branch.

Bed 5.—This coal bed occurs about 180 feet above No. 4. It ranges
in thickness from 3 to 4 feet and is clean and free from partmgs It
is overlain by sandstone and underlain by clay. At the head of
Fawn Branch, where this bed is being opened at many places, a
measurement of one of the beds opened by the Virginia Lee Com-
pany gives a thickness of 3 feet 7 inches, with no appreciable parting.
Bed 5 is opened and mined at many places along Fawn Branch, Baley
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Trace, Straight Creek, and Gin Creek, and is regarded by operators
as one of the most valuable coal beds in the district., It is mined at
Darbyville and consequently is known to some extent as the Darby
bed. It is said to be the stratigraphic equivalent of the Taggart coal
of the Big Stone Gap region.

Bed 6.—About 275 feet above bed 5 is bed 6, which at the head of

' Straight Creek, at the Virginia Iron, Coal and Coke Company’s mine,
has a thickness of 4 feet 4 inches, with a }-inch parting 14 inches above
the base. It is overlain by shale and underlain by clay. This coal
was examined at the head of Straight Creek, where it outcrops at an
elevation between 1,600 and 1,700 feet.

Bed 7.—Between beds 6 and 7 there is a stratigraphic interval of
325 feet. Coal bed 7 has an average thickness of 3% feet, and is sepa-
rated near the middle by a clay parting. It has a shale roof and
floor. This coal outcrops relatively high in the slope of Little Black
Mountain, and consequently has a smaller areal distribution than any
of the beds-described above. A section of this coal bed, measured
in an opening on the left fork of Gin Creek, is as follows:

Section of coal bed 7 on left fork of Gin Creek.

Ft. in.
Shale, exposed....... ... ... 5
C0al. ot 2 5
Clay, ight gray.....cccoooiiiiiii i 7
(0707 1 1 9
Shale.
Total coal. ... ... ..., 4 2

Bed 8.—About 200 feet above No. 7 occurs bed 8, which has a
thickness of 4 feet. This bed was not examined. It occurs some
distance up the slopes of Little Black Mountain, and consequently
has a relatively limited distribution in the district, underlying only
the higher portions of the mountain. At a horizon halfway between
Nos. 7 and 8 there is a coal bed which attains workable dimensions
in some places, but the bed as a whole contains so large a percentage
of shale that it can not be worked.

Bed 9.—This bed occupies a position about 100 feet above No. 8.
It has a thickness of nearly 5 feet and in some localities it contains a
thin parting in the lower half. It has been opened at many places
along the southern slope of Little Blatk Mountain, but is reported
not to have been mined anywhere within the district. It was exam-
ined by the writer at the heads of Baley Trace and Gin Creek. The
sections of the bed at these two openings, which are about 1} miles
apart, are very similar. The coal is overlain and underlain by shale.’
A section of the bed at the opening on Baley Trace is given on the
next page. ‘ '
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Section of coal bed 9 at Wax opening, at the head of Baley Trace.

Shale, sandy. : Ft. in.
(07 3 6
Shale, carbonaceous. ... ... ... ... .o 13
0 1 1
Coal, Impure. . .....oooei i 4

Total'coal............ e et 4 11

Bed 10.—About 40 feet above bed 9 occurs bed 10, which is one of
the thickest coal beds in the district. It has an average thickness of
6 feet, and contains a clay parting in the upper part, also a thin coaly .
shale layer about 2 feet above the base. The bed is usually overlain
by sandstone and underlain by shale. It outcrops high in the slopes
of Little Black Mountain, and covers but a small area within the -
district. Three sections of bed 10 were measured, two at the head
of Baley Trace and one on the left fork of Gin Creek. The following

sections are representative of the bed:

Section of coal bed 10sat the Lead of Baley Trace.

Ft. in.
Sandstone, gray.........oooiii e 8
Coal. .o 1 7
Shale, coaly. . ..o 1%
(677 S 33
Clay, light gray. ... ... . il 8
L0 ) 2 6
Shale, coaly. .. oo e 13
(07T ) S 2 6
Total coal. . . ... 6 103
Section ¢f coal bed 10 at the head of Gin Creck. N
t. in
L0702 1
(0 4
(0772 2 8
Shale, coaly. ... ..o .. 1
1070 2 1
Total coal. ... o i e 5 9

 Bed 11.—About 300 feet above bed 10 occurs bed 11. This coal
bed was not examined, but it is reported to be 3 feet thick. It-out-
crops high on the mountain slope, being only 70 feet below the base
of the Harlan sandstone, and underlies only the upper portion of
Little Black Mountain.

Bed 12.—This is the highest workable bed known in the district.
It occurs 60 feet above bed 11, immediately beneath a massive gray
coarse-grained sandstone believed to be the Harlan sandstone. The
bed has a thickness of 4 to 5 feet and consists of firm, massive coal.
As it is the highest coal bed on the slopes of Little Black Mountain,
it has the smallest distribution of all the beds within the district. Tt
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has been opened at a number of places, but, like all beds above No. 6,
it has not been mined in the Pocket district. A section of this bed
is given below:

Section of bed 12 at the head of the left fork of Gin Creek.

Sandstone (Harlan?). Ft. in.
L6 ) D I 6
Shale, carbonaceous............coiiiiiii e 4%
(077 I 4

Clay.

Total coal.. ..o e aaaas 4 6

CHARACTER OF COAL.
PHYSICAL PROPERTIES.

During the examination of the coal of this district special attention
was given to a study of the physical properties, and a number of sam-
ples were collected for comparative study. The result of a system-
atic study shows that the coals of the different horizons, 14 in
number, do not differ widely in physical properties, but, on the other
hand, bear a regional resemblance to each other. Certain excep-
tions were noted, however, which will be described.

The coals of this district are usually of a pitch-black color, with a
dark-brown streak and brown to black powder. They have a sub-
dued vitreous luster, owing to the fact that they are composed of
indistinet bands of bright and dull coal. The coal has a distinctly
bedded structure, which on close examination is found to be lami-
nated. It has cubic jointing or cleavage, the major joints occurring

at intervals of about 4 inches and the minor at one-half inch. The
~ coal breaks with an irregular fracture and is moderately brittle,
although in some beds in the district it is tough. In no place was the
coal observed to be crumbly. It has a metallic impact and is mod-
erately heavy. The coal burns with a long, yellow flame, emitting a
bituminous odor. In burning it leaves a relatively small amount of
ash, which is reddish-yellow in color and moderately fine. There is
very little sulphur or resin in the coal, but mineral charcoal is fairly
abundant. These general statements concerning the physical prop-
erties of the coals of this district do not wholly apply to beds 7 and
12. The former contains coal which, although bedded, is decidedly
more massive than the average coal of the district. 1t is also firmer
~and more resistant to breakage. On the whole, the coal of bed 7,
from a physical point of view, is regarded by the writer as a superior .
Variety The coal of bed 12 is also a very firm, finely laminated coal,
and in some respects resembles a splint coal It breaks in large
blocks and appears to resist weathering more successfully than some
of the other coals,
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CHEMICAL PROPERTIES.

In addition to the samples of coal obtained for a comparative
study of physical properties, a number were collected in the uniform
manner prescribed by the United States Geological Survey for chem-
ical analysis. The result of these analyses is given in the following
table:

Analyses of coal samples from the Pocket district, Virginia.«
(F. M. Stanton, chemist in charge.]

NO- 0 CORI DA .« e eeeeeeeeeeeeeeeeeeeeeeeeee e eeeeaness 5 | 9 10 12
Baley , Gin Left fork of Gin
Location. ... e Ttacey. Creek. Creek.
LAbOLALOrY NO. ... eeeneeaeeeneeeee e eeeee e eeeaeeen 6236 | 6238 6237 6239
Sa,mp]c ag received:
Molsture. . .. 3.42 4.44 5.31 | - 5. 49
%] Volatilematter....................... e : 34.36 35.99 32.66 36.03
leed earbon. ...t e 58.83 53.59 53.23 51.87
Ash............... 3.39 5.98 8.80 6. 61
Sulphur. .. .58 .76 .75 1.24
ydrogen........... 5.26 5.19 5.13 5.19
={Carbon............. 77.98 71.95 70.39 71.47
Nitrogen. .. 1.29 1.25. 1.36 1.12
Oxygen..... 11.51 14.87 13.57 14.37
Calorfes.... .. .. ... ... ... . 7,852 7,424 7,099 7,283
British thermal units 14,134 13,3063 12,778 13,109
Loss of moisture on air-drying........... .. ... ... 1.40 | - 2.10 3.10 | 3.10
Alr-dried sample:
MOISEHTE. .. ..o 2:05 2.39 2.28 2.47
" Volatile matter............. 34.85 36.76 33.71 37.18
Fixed carbon 59. 66 54.74 54.93 53.63
Ash 3.44 6.11 9.08 6.82
59 .77 .78 1.28
5.16 5.07 4.04 5.00
79.09 73.49 72.64 73.76
1.31 1.28 1.40 1.16
10.41 13.28 11. 16 11.98
7,964 7,58 7,326 7,516
14,334 13,650 13,187 13 528
' o Ft.in. | Fu in. It in.
Thickness of coal bed....... s e . 410 51| 4 6
]

a As soon as taken these samples were placed in tightly fitting screw-top cans which were hermet-
ically sealed six hours later.

COKING QUALITIES.

Although practical coking tests have not been made of all the coal
beds in the Pocket coal district, it is believed by the writer that coke
of average quality could be made from most of the workable beds.
Samples of coke, apparently -of excellent quality, that were seen in
the field, were sald to have been made of run-of-mine coal from beds
5 and 6, and also of mixed coal from these two beds. So far as could
be ascertained no practical coking tests have been made of coals from
other beds in the district, but the adhésion test described by Pishel?
was applied to samples of coal from beds 3, 5, 6, 7, 9, 10, and 12 with
fairly satisfactory results. This process, given briefly, is as follows:

Pulverize in an agate mortar a small quantity of the coal to be tested until it will

pass through a 100-mesh sieve. Pour out the pulverized coal and observe the condi-
tion of the mortar and pestle. With some coals the mortar and pestle will be deeply

b Pishel, M. A., A practical test for coking coals: Econ. Geology, vol. 3, No. 4, June-July, 1908.
T1497T—Rull, 341—09 '
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covered with a coating of coal dust, which adheres so strongly to the agate surface
that it is removed with difficulty. With other coals there will be only a thin film of
coal dust adhering to the mortar and pestle, while with still others both mortar and
pestle will be nearly as clean after the coal is pulverized as they were before the oper-
ation began. * * * The degree of adhesion seems to coincide with the coking
qualities of the coal. If it adheres strongly the coal will probably make excellent
coke; if it adheres only slightly the coal possesses the coking qualities to only a'slight
extent, if at all; and if the mortar shows no coating of dust the coal is to be regarded
as noncoking.

DEVELOPMENT.

Coal has been mined from small banks in this district for many
years to supply a small local demand. The heavily forested condi-
tion of the region makes wood so cheap and easy to obtain that
there was little incentive on the part of the native population to
develop coal for domestic fuel. With the building of the Louisville
and Nashville Railroad and other lines into this district increased
interest was shown in the coal beds and considerable proespecting was
done. :

The following companies are operating or are preparing to operate
in the near future: Virginia Lee Company, Dominion Coal Com-
pany, Black Mountain Mining Company, Lee Coal Company, Darby
Coal and Coke Company, Bondurant Coal Company, Monarch Coal
and Coke Company, Black Mountain Colherles Company, and Vir-
ginia Iron, Coal, and Coke Company.-



CLASSIFIED LIST OF PAPERS DEALING WITH COAL, COKE,
LIGNITE, AND PEAT CONTAINED IN PUBLICATIONS OF U. §.
GEOLOGICAL SURVEY, EXCEPT THOSE ON ALASKA.®

Compiled by WiLris T. LEe and Jou~ M. NIcKLEs.

This list contains the more important papers published by the
United States Geological Survey dealing with coal, coke, lignite, and
peat, from an economic standpoint. The page references indicate

whether a paper is devoted wholly or in part to these subjects.
Papers general in scope are given first; then those dealing with re-
stricted areas are listed in chronologic order under the States arranged

alphabetically.
STATISTICAL.

The reports on coal in the volumes of Mineral Resources of the
United States contain, in addition to statistical matter, various other
information. The statistics are. given for the United States as a’
whole and for the States severally in-alphabetic arrangement.

Mineral Resources of the United States. Albert Williams, jr. [For 1882-3], 1883:
Coal, pp. 1-107. Calendar years 1883 and 1884, 1885: Coal, pp. 11-143; The manu-
facture of coke, by J. D. Weeks, pp. 144-213. Calendar year 1885, 1886: Coal, pp.
10-73; The manufacture of coke, by J. D. Weeks, pp. 74-129.

Mineral Resources of the United States. David T. Day. Calendar year 1886, 1887;
Coal, by C. A. Ashburner, pp. 224-377; The manufacture of coke, by J. D. Weeks, pp.
378-438. Calendar year 1887, 1888: Coal, by C. A. Ashburner, pp. 168-382; The
manufacture of coke, by J. D. Weeks, pp. 383-435. Calendar year 1888, 1890: Coal,
by C. A. Ashburner, pp. 168-394; The manufacture of coke, by J. D. Weeks, pp. 395-
441. Calendar years 1889 and 1890, 1892: Coal, by E. W. Parker, pp. 145-286. Cal-
endar year 1891, 1893: Coal, by E. W. Parker, pp. 177-356; The manufacture of coke,
by J. D. Weeks, pp. 357-402. Calendar year 1892, 1893: Coal, by E. W. Parker, pp.
263-550; The manufacture of coke, by J. D. Weeks, pp. 5561-602. Calendar yecar
1893, 1894: Coal, by E. W. Parker, pp. 187-414; Manufacture of coke, by J. D. Weeks,
pp. 415-460. .

Mineral Resourcesof the United States, 1894, nonmetallic products. Sixteenth Ann.
Rept., pt. 4, 1895: Coal, by E. W. Parker, pp. 1-217; Manufacture of coke, by J. D.
Weeks, pp. 218-304; Origin, distribution, and commercial value of peat deposits, by
N. 8. Shaler, pp. 305-314. )

Mineral Resources of the United States, 1895. Seventeenth Ann. Rept., pt. 3, 1896:
Coal, by E. W. Parker, pp. 285-542; Coke, by J. D. Weeks, pp. 543-620.

«For publications on coal in Alaska, see Bulletin No. 335, 1908, pp. 130-133.
419
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Mineral Resources of the United States, 1896. TEighteenth Ann. Rept., pt. 5, 1897:
Coal, by E. W. Parker, pp. 351-632; Coke, by E. W. Parker, pp. 659-746.

Mineral Resources of the United States, 1897. Nineteenth Ann. Rept., pt. 6, 1898:
Coal, by E. W. Parker, pp. 273-543; Coke, by E. W. Parker, pp. 545-642.

Mineral Resources of the United States, 1898. Twentieth Ann. Rept., pt. 6, 1899:
Coal, by E. W. Parker, pp. 295-507; Coke, by E. W. Parker, pp. 509-608.

Mineral Resources of the United States, 1899. . Twenty-first Ann. Rept., pt. 6, 1901:
Coal, by E. W. Parker, pp. 321-519; Coke, by E. W. Parker, pp. 521-633. _

Mineral Resources of the United States. David T. Day. Calendar year 1900, 1901:
Coal, by E. W. Parker, pp. 273-457; Coke, by E. W. Parker, pp. 459-536. 'Calendar
year 1901, 1902: Coal, by E. W. Parker, pp. 279-449; Coke, by E. W. Parker, pp. 451-
523. Calendar year 1902, 1904: Coal, by E. W. Parker, pp. 289—447; Coke, by E. W.
Parker, pp. 449-515. Calendar year 1903, 1904: Coal, by E. W. Parker, pp. 351-538;
Coke, by E. W. Parker, pp. 539-608. Calendar year 1904, 1905: Coal, by E. W.
Parker, pp. 381-577; Coke, by E. W. Parker, pp. 579-648; Peat, by H. H. Hindshaw,
pp. 1229-1234. Calendar year 1905, 1906: Coal, by E. W. Parker, pp. 453-714; Coke,
by E. W. Parker, pp. 715-766; Peat, by M. R. Campbell, pp. 1319-1322. Calendar
year 1906, 1907: Coal, by E. W. Parker, pp. 563-753; Coke, by E. W. Parker, pp.
754-809; Peat, by M. R. Campbell, pp. 1211-1212. Calendar year 1907, 1908: Coal,
by E. W. Parker, pt. 2, pp. 5-222; Coal briquetting in 1907, by E. W. Parker, pt. 2,
pp. 223-228; Coke, by E. W. Parker, pt. 2, pp. 229-290.

TECHNOLOGIC.

Preliminary report on the operations of the coal-testing plant of the United States-
Geological Survey at the Louisiana Purchase Dxposition St. Louis, Mo., 1894, E. W.
Parker, J. A. Holmes, M. R Campbell, committee in charge. Bull. No. 261, 1905.
172 pp.

Preliminary report on the operations of the fuel-testing plant of the United States
Geological Survey at St. Louis, Mo., 1905. J. A. Holmes, in charge. Bull. No. 290,
1906. 240 pp.

Report. on the operations of the coal-testing plant of the United States Geological
Survey at the Louisiana Purchase L‘xposition 8t. Louis, Mo., 1904, E. W. Parker,
J. A. Holmes, M. R. Campbell committee in chargo Prof. Paper No. 48, 1906. (In
three parts.) 1492 pp. ‘ i

The present status of the producer-gas power plant in the United States, by R. H.
Fernald. Bull. No. 316, 1907, pp. 439459.

Condition of the coal-briquetting industry in the United States, by E Ww. Parker
Bull. No. 316, 1907, pp. 460-485.
_ The importance of uniform and systematic coal-mine sampling, by J. S. Burrows.
Bull. No. 316, 1907, pp. 486-517.
Experimental work conducted in the chemical laboratory of the United States fuel-
testing plant at St. Louis, Mo., by N. W. Lord. Bull. No. 323, 1907. 49 pp.
A study of four hundred steaming tests, by L. P Breckenridge. Bull. No. 325, 1907.
196 pp. i
Coal-mineaccidents: their causes and prevention, by Clarence Hall, W. O. Snelling,
- and J. A. Holmes. - Bull. No. 333, 1907. 21 pp.
The burning of coal without smoke in boiler pla,nts, by D. T. Randall. Bull. No.
334, 1908. 26 pp.
Washing and coking tests of coal and cupola tests of coke, by Richard Moldenke,

A. W. Belden, and G. R. Delamater, with introduction by J. A. Holmes. Bull. No.
2761908, 76 pp. .
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~ The purchase of coal under government and commercial specifications on the hagis
of its heating valuc, by D. T. Randall. Bull. No. 339, 1908.. 27 pp.

Binders for coal briquets, by J. E. Mills. Bull. No. 343, 1908. 56 pp.

Mine sampling and chemical analyses of coals tested at the United States fuel-
testing plant, Norfolk, Va., in 1907, by J. S. Burrows. Bull. No. 362, 1908. 23 pp.

Comparative tests of run-of-mine and briquetted coal on locomotives, including
torpedo-boat tests and some foreign specifications for briquetted fuel, by W. F. M
Goss. Bull. No. 363, 1908. 57 pp. . '

Tests of coal and briquets as  fuel for house-heatmg boilers, by D. T. Randall. Bull.
No. 366, 1908. 44 pp.

Washing and coking tests of coal at the fuel-testing plant, Denver, Colo., by A. .
Belden, G. R. Delamater, and J. W. Groves. Bull. No. 368, 1909. 54 pp.

The prevention of mine explosions; report and recommendations, by Victor Wat-
teyne, inspector-general of mines, Belgium; Carl Meissner, councillor for mines,
Germany; and Arthur Desborough, . M. inspector of explosives, England; with
letter of transmittal by James Rudolph Garfield, Secretary of the Interior. Bull.
No. 369, 1908. 11 pp. '

AREAL.
GENERAL.

General account of the fresh-water morasses of the United States, with a descrip-
tion of the Dismal Swamp district of Virginia and North Carolina, by N. S. Shaler.
Tenth Ann. Rept., 1890, pp. 303-304.

Discusses briefly the utlhmtlon of peat.

Stratigraphy of the bituminous coal field in Pennsylvama Ohio, and West Virginia,
by I. C. White. Bull. No. 65, 1891, 212 pp.

Origin, distribution, and commercial value of peat deposits, by N. S. Shaler.
Sixteenth Ann. Rept., pt. 4, 1895, pp. 305-314.

General discussion.

The coal fields of the United States, by C. W. Hayes. Twenty-second Ann. Rept.,
pt. 3, 1902, pp. 7-24.

Distribution and geologic relations of the various coal fields in the United States, classification of
coals, production, and marketing.

The northern Appalachian coal field, by David White, M. R. Campbell, and R. M.
Haseltine. Twenty-second Ann. Rept., pt. 3, 1902, pp. 119-226.
The southern Appalachian coal field, by C W. Hayes. Twenty-second Ann

TRept., pt. 3, 1902, pp. 227-263.
An account of the stratigmphy, distribution, a,nd character of the coals of the Jeilico, Chattanooga,
and Birmingham districts, embracing parts of Kentucky, Tennessee, Georgia, and Alabama.

The eastern interior coal field, by G. H. Ashley. Twenty-second Ann. Rept., pt.
3, 1902, pp. 265-305.

An account of the coal field embracing parts of Indiana, Tllinois, and Kentucky.

The western interior coal field, by II. . Bain. "l‘wenty-second Ann. Rept., pt. 3,
1902, pp. 333-366.

An account of the coal field occupying purts of Missouri, Kansas, Nebraska, and Towa.

The southwestern coal field, by Joseph A. Taff. Twenty-second Ann. Rept., pt. 3,
1902, pp. 367—413.

An account of the coals of Arkansas, Indian Territory, and nortfhem Texas.

The Rocky Mountain coal fields, by L. S. Storrs. Twenty-second Ann. Rept.,
pt- 3, 1902, pp. 415471. :

The coal fields of the Pacific coast, by George Otls Smith. Twenty-second Ann.
Rept., pt. 3, 1902, pp. 473-513.

An account of the coals occurring in Washington, Cahromm and Oregon.
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Coal fields of the United States, by C. W. Hayes. Bull. No. 213, 1903, pp. 257-269.

A general account of the distribution and geologic relations of the coal fields, and the classification
and marketing of coals.

Lignites of the middle and upper Missouri Valley, by E. F. Burchard. Bull. No.
225, 1904, pp. 276-288.

Describes the occurrence and character of lignite deposits in Dakota County, Nebraska, and in North
Dakota.

-Preliminary report on the geology and underground water resources of the central .
Great Plains, by N. H. Darton. Prof. Paper No. 32, 1905, pp. 372-379.

Gives a general account of the occurrence of coa.l in Colorado, Wyoming, South Dakota, and
Nebraska.

Field work, by M. R. Campbell. Bull. No. 261, 1905, pp. 18-29.
Field work, by M. R. Campbell. Prof. Paper No. 48, pt. 1, 1906, pp. 156-173.

Survey work on coal during 1905, by M. R. Campbell. Bull. No. 285, 1906, pp.
203-210. '

Gives a short account of geologic work on coal areas in 1905, of the work of the fuel-testing division,
and of the classification of coals. )

Contributions to economic geology, 1906, pt. 2. Coal, lignite, and peat, by M. R.
Campbell and others. - Bull. No. 316, 1907. 542 pp.

Classified list of papers dealing with coal, ccke, lignite, and peat, contained in publi-
. cations of U. S. Geol. Survey, by W. T. Lee and J. M. Nickles. Bull. No. 316, 1907,
pp. 518-532.

Map of coal fields of the United States, by Marius R. Campbell, 1908.
Gives areas, production, and estimated original tonnage of coal fields

Contributions to economic geology, 1907, pt. 2. Coal and lignite, by M. R. Camp-
bell and others. Bull. No. 341, 1909.

ALABAMA.

The coal measures of Alabama, by E. A. Smith. Mineral Resources U. S. for 1892,
1893, pp. 293-300.

~ Stevenson folio, Alabama—Georgla-Tennessee description, by C. W. Hayes. Geo-
logic Atlas U. 8., folio 19, 1895.

Gadsden folio, Alabama, description, by C. W. Hayes. Geologic Atlas U. 8., folio
35, 1896. ‘

The southern Appalachian coal field, by C. W. Hayes. ‘Twenty-second Ann. Rept.,
pt. 3, 1902, pp. 227-263. :

An acconnt of the stratigraphy, distribution, and character of the coals of the Jellico, Chattanooga,
and Birmingham districts embracing parts of Kentucky, Tennessee, Georgia, and Alabama.

The Warrior coal basin in the Brookwood quadrangle, Alabama, by Charles Butts.
Bull. No. 260, 1905, pp. 357-381.

The Warrior coal basin in the Birmingham quadrangle, Alabama, by Charles Butts.
Bull. No. 285, 1906, pp. 211-222.

The northern part of the Cahaba coal field, Alabama, by Charles Butts. Bull.
No. 316, 1907, pp. 76-115.
ARIZONA.

Report of work done in the division of chemistry and physics mainly during the
fiscal year 1884-85. Bull. No. 27, 1886, p. 74.
Gives analyses of coal from Deer Creek Valley, Ariz.

The Deer Creek coal field, Arizona, by M. R. Campbell. Bull. No. 225, 1904, pp.
240-258.
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ARKANSAS.

The coal fields of Arkansas, by J. C. Branner. Mineral Resources U. S. for 1892,
1893, pp. 303-306.

Preliminary report on the Camden coal field of southwestern Arkansas by J. A.
Taff. Twenty-first Ann. Rept., pt. 2, 1900, pp. 313-329.

The southwestern coal field, by J. A. Taff. Twenty-second Ann Rept., pt. 3, 1902,
pp. 367-413.

An account of the coals of Arkansas, Indian Territory, and northern Texas.

Fayétteville folio, Arkansas-Missouri, description, by G. I. Adams and E. O. Ulrich.
Geologic Atlas U. S., folio 119, 1905, p. 6.

The Arkansas coal field, by A. J. Collier. Bull. No. 316, 1907, pp. 137-160.

The Arkansas coal field, by A. J. Collier, with reports on the paleontology by David
White and G. H. Girty. Bull. No. 326, 1907. 158 pp.

Winslow folio, Arkansas-Indian Territoryi description, by A. H. Purdue. Geologic

Atlas U. 8., folio 154, 1907. 6 pp.
CALIFORNIA.

The coal deposits of California, by H. W. Turner. Mineral Resources U. S. for .
1892, 1893, pp. 308-310.

Sacramento folio, California; description, by Waldemar Lindgren. Geologic Atlas '
U. 8., folio 5, 1894.

Jackson folio, California; descnptlon by H. W. Turner. Geologic Atlas U. S., folio
11, 1894. .

Lassen Peak folio, California; deSCI‘lptIOIl by J. S. Diller. Geologic Atlas U. 8.,
folio 15, 1895.

Marysvllle folio, California; description, by Waldemar Lindgren and H. W. Turner.
Geologic Atlas U. 8., folio 17, 1895.

The coal fields of the Pacific coast, by G. O. Smith. Twenty-second Ann. Rept.,
pt. 3, 1902, pp. 473-513.

An-account of the coals occurring in Washington, California, and Oregon.

Coal in the Mount Diablo Range, Monterey County, Cal., by Ralph Arnold. Bull.
No. 285, 1906, pp. 223-225.

Coal of Stone Canyon, Monterey County, Cal., by M. R. Campbell Bull. No. 3186,

1907, pp. 435—438
COLORADO.

A report of work done in the division of chemistry and physics mainly during the
fiscal year 1888-'89, by F. W. Clarke. Bull. No. 64, 1890, p. 55.

Gives analyses of coals from Gunnison County, Colo, .

Coal fields of Colorado, by R. C. Hills. Mineral Resources U. S. for 1892, 1893, pp.
319-365.

Anthracite-Crested Butte folio, Colorado; description of the sedimentary forma-
tions, by G. H. Eldridge. Geologic Atlas U. 8., folio 9, 1894.

Geology of the Denver Basin in Colorado; economic geology, by G. H Eldridge.
Monograph XXVII, 1896, pp. 317-387.

Elmoro.folio, Colorado; description, by R. C. Hills. Geologic Atlas U. S., folio 58,
1899. )

La Plata folio, Colorado; economic geology, by C. W. Purington. Geologic Atlas
U. 8., folio 60, 1899, p. 14.
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Walsenburg folio, Colorado; descrlptlon by R. C Hills. Geologic Atlas U.'S., folio
68, 1900, pp. 4-5.

Spanish Peaks folio, Colorado; description, by R. C. Hills. Geologic Atlas U. 8.,
folio 71, 1901, pp. 4-6. '

The Rocky Mountain coal fields, by L. S. Storrs. Twenty-second Ann. Rept., pt. 3,
11902, pp. 415-471. .

Preliminary report on the geology 1and underground water resources of the central

Great Plains, by N. H. Darton. Prof. Paper No. 32, 1905, pp. 372-379.

Gives a general account of the occurrence of coal in Colorado, Wyoming, South Dakota, and Nebraska.
The Yampa coal field, Routt County, Colo., by N. M. Fenneman and H. S. Gale.
Bull. No. 285, 1906, pp. 226-239.
" The Durango-Gallup coal field of Colorado and New Mexico, by F. C. Schrader.
Bull. No. 285, 1906, pp. 241-258
The Yampa coal field, Routt County, Colorado, by N. M. Fenneman and H. S. Gale.
With a chapter on the character and use of the Yampa coals by M. R. Campbell.
Bull. No. 297, 1906. 96 pp.
Coal fields of the Danforth Hills and Grand Hogback, in northwestern Colorado, by
H. 8. Gale. Bull. No. 316, 1907, pp. 264-301.
The Book Cliffs coal field between Grand River, Colo., and Sunnyside, Utah, by
G. B. Richardson. Bull. No. 316, 1907, pp. 302-320.
The Durango coal district, Colorado by J. A. Taff. Bull. No. 316, 1907, pp. 321~
337.
_A reconnaissance survey-of the western part of the Durango-Gallup coal field of
Colorado and New Mexico, by M.\K. Shaler. Bull. No. 316, 1907, pp. 376-426.
Ouray folio, Colorado; description, by Whitma.n Cross, Ernest Howe, and J. D.
Irving. Geologic Atlas U. S., folio 153, 1907. Coal, by Whitman Cross, p. 19. B
-Coal fields of northwestern Colorado and northeastem Utah, by H. S. Gale Bull.
No. 341, 1909, pp. 283-315.
The Grand Mesa coal field, Colorado, by W. T. Lee. Bull. No. 341, 1909, pp. 316-334.

Reconnaissance of the Book Cliffs coal field, by G. B. Richardson. Bull. No, 371,

1909. 53 pp.
. GEORGIA.

Ringgold folio, Georgia-Tennessee; descriptive text, by C. W. Hayes. Geologic

atlas U, §., folio 2, 1894,

Stevenson folio, Alabama- Georgla-Tennessee description, by C. W. Hayes. Geo-
logic Atlas U. S., folio 19, 1895.

The southern Appalachian coal field, by C. W. Hayes. Twenty-second Ann. Rept.,
pt. 3, 1902, pp. 227-263

An account of the stratigraphy, distribution, and character of the coals of the Jellico, Chattanooga
and Birmingham districts; embracing parts of Kentucky, Tennessee, Georgia, and Alabama.

. IDAHO. .
Boise folio, Idaho; descnptlon by Waldemar Lindgren. Geologic Atlas U. 8., folio
45, 1898.

The Rocky Mountain coal fields, by L. S. Storrs. . Twenty-second Ann. Rept., pt.
3, 1902, pp. 415-471.
ILLINOIS. .
Danville folio, Illinois-Indiana; description, by M. R. Campbell. Geologic Atlas
- U. 8., folio 67, 1900, pp. 6-7.
The eastern interior,coal field, by G. H. Ashley. Twenty-second Ann. Rept., pt. 3,
1902, pp. 265-305.

An account of the coal ficld embracing parts of 1ndiana, Illinois, and Kentucky.
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‘Recent work in the ¢oal field of Indiana and Illinois, by M. L. Fuller and G. H.
Ashley. Bull. No. 213, 1903, pp. 284-293.

Patoka folio, Indiana-Illinois; description, by M. L. Fuller and F. G. Clapp. Geo-
logic Atlas U. S., folio 105, 1904, pp. 7-9.

Coal investigation in the Saline-Gallatin field, Illinois, and the adjoining area, by
F. W. De Wolf. Bull. No. 316, 1907, pp. 116-136.
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Danvxlle folio, Illinois-Indiana; description, by M. R. Campbell. Geologic Atlas
U. 8., folio 67, 1900, pp. 6-7.

The eastern interior coal field, by G. H. Ashley. Twenty-second Ann. Rept., pt. 5,
1902, pp. 265-305.

An account of the coal field embracing parts of Indiana, Tllinois, and Kentucky.

Ditney folio, Indiana; economic geology, by G. H. Ashley. Geologic Atlas U. S.,
folio 84, 1902, p. 7.

Recent work in the coal field of Indiana and Illinois, by M. L Fuller and G. H.
Ashley. Bull. No. 213, 1903, pp. 284-293.

Patoka folio, Indiana-Illinois; description, by M. L. Fuller and F. G. Clapp. Geo-
logic Atlas U. 8., folio 105, 1904, pp. 7-9.

INDIAN TERRITORY. See OKLAHOMA.
‘ IOWA.

Sketch of the coal deposits of Towa, by C. R. Keyes. Mineral Resources U. 8. for
1892, 1893, pp. 398-404. .

The western interior coal field, by H. . Bain. Twenty-second Ann. Rept., pt. 3,
1902, pp. 333-366.

An account of the coal field occupying portions of Missouri, Kansas, Nebraska, and Iowa.
KANSAS. '

The western interior coal field, by H. F. Bain. Twenty-second Ann. Rept., pt. 3,
1902, pp. 333-366. '

Au account of the coal field occupying portions of Missouri, Kansas, Ne].)rask&, and Jowa.

Stratigraphy and paleontology of the upper Carboniferous rocks of the Kansas sec-
tion, by G. I. Adams, G. H. Girty, and David White. Bull. No. 211, 1903, 123 pp.
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Economic geology of the Iola quadrangle, Kansas, by G. I. Adams, L. Haworth,
and W. R. Crane. Bull. No. 238, 1904, pp. 74-75.
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Economic geology of the Independence quadrangle, Kansas, by F. C. Schrader and
E. Haworth. Bull. No. 296, 1906. Coal, pp. 48-52.

Joplin district folio, Missouri-Kansas; description, by W. 8. T. Smlth and C. E.
Siebenthal. Geologic Atlas U. 8., folio 148, 1907, pp. 19-20.

Independence folio; description, by . C. Schrader. Geologic Atlas U. S., folio
159, 1908, p. 6.

) KENTUCKY. .

The coal fields of Kentucky, by J. R. Proctor. Mineral Resources U. S. for 1892,
1893, pp. 4156-417.

Geology of the Big Stone Gap coal ﬁeld of Virginia and Kentucky, by M. R. Camp-
bell. © Bull. No. 111, 1893, 106 pp.

Estillville folio, Kentucky-Virginia-Tennessee; description, by Mr. R. Campbell.
Geologic Atlas U. S., folio 12, 1894.

Richmond folio, Kentucky; description, by M. R. Campbell. Geologic Atlas U. 8
folio 46, 1898.
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The southern Appalachian coal field, by C. W. Hayes. Twenty-second Ann. Rept.,
pt. 3, 1902, pp. 227-263.

An account of the stratigraphy, distribution, and character of the coals of the Jellico, Chattanooga,
and Birmingham districts, embracing parts of Kentucky, Tennessee, Georgia, and Alabama.

The eastern interior coal field, by G. H. Ashley. Twenty-second Ann. Rept., pt.
3, 1902, pp. 265-305.

An account of the coal field embracing parts of Indiaﬁa, Illinois, and Kentucky.

The Cumberland Gap coal field of Kentucky and Tennessee, by G. H. Ashley.
Bull. No. 225, 1904, pp. 259-275.

Coal resources of the Kenova quadrdngle, by W. C. Phalen. Bull. No. 285, 1906,
pp. 269-268.

Geology and mineral resources of part of the Cumberland Gap coal field, Kentucky,
by G. H. Ashley and L. C. Glenn. Prof. Paper No. 49, 1906. 239 pp.

The Elkhorn coal field, Kentucky, by R. W. Stone. Bull. No. 316, 1907, pp. 42-54.

Coal resources of the Russell Fork basin in Kentucky and Virginia, by R. W. Stone.
Bull. No. 348, 1908. 127 pp.

Economic geology of the Kenova quadrangle, Kentucky, Ohio, and West Virginia.
by W. C. Phalen. Bull. No. 349, 1908. 158 pp.
, - MAINE.

Rockland folio, Maine; description, by E. S. Bastin. Geologic Atlas U. 8., folio 158,
1908, p. 14. .

Peat deposits of Maine, by E. 8. Bastin and C. A. Davis. Bull. No. 376,1909. 127 pp.

MARYLAND.

Piedmont folio, West Virginia-Maryland; description, by N. H. Darton and J. A.
Taff. Geologic Atlas U. 8., folio 28, 1896.

The bituminous coal field of Maryland, by David White. Twenty-second Ann,
Rept., pt. 3, 1902, pp. 201-214.

Accident-Grantsville folio, Maryland-Pennsylvania-~West Virginia; description, by
G. C. Martin. Geologic Atlas U. 8., folio 160, 1908, pp. 11-13.

MICHIGAN.

The northern interior coal field, by A. C. Lane. Twenty-second Ann. Rept., pt. 3,
1902, pp. 307-331.

Ann Arbor folio, Michigan; description, by I. C. Russell and Frank Leverett. Ge-
ologic Atlas U. 8., folio 155, 1908, pp. 8-9.

MISSOURI.

The coal measures of Missouri, by Arthur Winslow. Mineral Resources U. 8. for
1892, 1893, pp. 429-436.

The western interior coal field, by H. F. Bain. Twenty-second Ann. Rept., pt. 3,
1902, pp. 333-366.

An account of the coal field occupying portions of Missouri, Kansas, Nebraska, and Iowa. .

Joplin district folio, Missouri-Kansas; description, by W. S. T. Smith and C. E.
Siebenthal. Geologic Atlas U. 8., folio 148, 1907, pp. 19-20.

MONTANA.

The Laramie and the overlying Livingston formation in Montana, by W. H, Weed.
Bull. No. 105, 1893, p. 105.

A brief statement regarding the occurrence and character of the coal beds.
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Three Forks folio, Montana; description, by A. C. Peale. Geologic Atlas U. 8.,
folio 24, 1896.

Geology and mineral resources of the Judith Mountains of Montana, by W. H
Weed and L. V. Pirsson. Eighteenth Ann. Rept., pt. 3, 1898, pp. 614~616.
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Fort Benton folio, Montana; description, by W. H. Weed. Geologic Atlas U. 8.,
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Little Belt Mountains folio, Montana; description, by W. H. Weed. Geologic Atlas
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The Rocky Mountain coal fields, by L. 8. Storrs. Twenty-second Ann. Rept., pt.
3, 1902, pp. 415-471.

Development of the Bear Creek coal fields, Montana, by C. A. Fisher. Bull. No.
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The North Dakota-Montana lignite area, by A. G. Leonard. Bull. No. 285, 1906,
pp- 316-330.

The Great Falls coal field, Montana, by C. A. Tisher. Bull. No. 316, 1907, pp.
161-173. N

Coals of Carbon County, Mont., by N. H. Darton. Bull. No. 316, 1907, pp. 174-193. °

The coal fields of parts of Dawson, Rosebud, and Custer counties, Mont., by A. G.
Leonard. Bull. No. 316, 1907, pp. 194-211.

The Sentinel Butte coal field, North Dakota and Montana, by A. G. Leonard and
C. D. Smith. Bull. No. 341, 1909, pp. 15-35.

The Miles City coal field, Montana, by A. J. Collier. Bull. No. 341, 1909, pp. 36-61.

The Bull Mountain coal field, Montana, by L. H. Woolsey. Bull. No. 341, 1909,
pp. 62-77.

Coal near the Crazy Mountains, Montana, by R. W. Stone. Bull. No. 341, 1909,
pp. 78-91.

The Red Lodge coal field, Montana, by E. G. Woodruff. Bull. No. 341, 1909,
pp- 92-107. '

The Lewistown coal field, Montana, by W. R. Calvert. Bull. No. 341, 1909, pp.
108-122. .
" Coal ficlds of the mortheast side of the Bighorn Basin, Wyoming, and Bridger,
Mont., by C. W. Washburne. Bull. No. 341, 1909, pp. 165-199.

Geology of the Great Falls coal field of Montana, by C. A. Fisher. Bull. No. 356,

1909. 87 pp.
NEBRASKA.

The western interior coal field, by H. F. Bain. Twenty-second Ann. Rept., pt. 3,
1902, pp. 333-366.

An account of the coal field occupying portlons of Missouri, Kansas, Nebraska, and Iowa.

Lignites of the middle and upper Missouri Valley, by E. F. Burchard. Bull. No.
225, 1904, pp. 276-288.

Describes the occurrence and character of lignite deposits in Dakota County, Nebraska, and in
North Dakota.

Preliminary report on the geology and underground water resources of the central
Great Plains, by N. H. Darton. Prof. Paper No. 32, 1905, pp. 372-379.

Giyes a general account of the occurrence of coal in Colorado, Wyoming, South Dakota, and
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Elk Point folio, South Dakota-Nebraska-Iowa; descmptlon by J. E. Todd. Geo-
logic Atlas U. 8., folio 156, 1908, p. 6.
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NEVADA.

The Rocky Mountain coal fields, by L. S. Storrs. Twenty-second Ann. Rept., pt.
3, 1902, pp. 415-471. )

Coal deposits between Silver Peak and Candelaria, Esmeralda County, Nev., by
J. E. Spurr. Bull. No. 225, 1904, pp. 289-292.

Ore deposits of the Silver Peak quadrangle, Nevada, by J. E. Spurr. Prof. Paper
No. 55, 1906, pp. 165-168. e

' NEW MEXICO.

~ Report of work done in the division of chemistry and physics, mainly chlring the

fiscal year 1885-86, by F. W. Clarke. Bull. No. 42, 1887, p. 147.

Gives an analysis of ‘‘natural coke” from Purgatory Canyon, N. Me\
The Rocky Mountain coal fields, by L. S. Storrs. Twenty-second Ann. Rept pt.
3, 1902, pp. 415-471.

Coal fields of the White Mountain region, New Mexico, by C. A. Fisher. Bull. No.
925, 1904, pp. 293-294.

The Engle coal field, Neyv Mexico, by W. T. Lee. Bull. No. 285, 1906, p. 240.

The Durango-Gallup coal field of Colorado and New Mexico, by F. C. Schrader.
Bull. No. 285, 1906, pp. 241-258." ‘

A reconnaissance survey of the western part of the Durango-Gallup coal field of
Colorado and New Mexico, by M. K. Shaler. Bull. No. 316, 1907, pp. 376-426.

The Una del Gato coal field, Sandoval County, N. Mex., by M. R. Campbell.
Bull. No. 316, 1907,.pp. 427-430.

Coal in the vicinity of Fort Stanton Reservation, Lincoln County, N. Mex., by
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The coal field between Durango, Colo., and Monero, N. Mex., by J. H. Gardner.
Bull. No. 341, 1909, pp. 352-363.

The coal field between Gallup and San Mateo, N. Mex by J. H Gardner. Bull.
No. 341, 1909, pp. 364-378.

NORTH CAROLINA.

Report of work done in the division of chemistry and physics, mainly during the
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Gives analyses of coals from Gulf and from Stokes County, N. C.

Correlation papers—the Newark system, by I. C. Russell. Bull. No. 85, 1892, coal,
pp. 36-43.

The Atlantic coast Triassic coal field, by J. B. Woodworth. Twenty-second Ann.
Rept., pt. 3, 1902, pp. 25-53.
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The Rocky Mountain coal fields, by L. S. Storrs Twenty-second Ann. Rept., pt.
3, 1902, pp. 415-471.

Lignites of the middle and upper Missouri Valley, by E. F. ‘Burchard. Bull. No.
225, 1904, pp. 276-288.
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North Dakota.

The lignite of North Dakota and its relatlon to irrigation, by F. A, Wllder Water-
Sup. and Irr. Paper No. 117, 1905. 59 pp.

The North Dakota-Montana lignite area, by A. G. Leonard. Bull. No. 285, 1906,
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" C. D. Smith, Bull. No. 341, 1909, pp. 15-35.
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teenth Ann. Rept., pt- 3, 1899, pp. 423-456.
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The bituminous coal field of Pennsylvania, by David White and M. R. Campbell.
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BIBLIOGRAPHY. 431 .

Clearfield coal field, Pennsylvania, by G. H. Ashley. Buil. No. 285, 1906, pp.
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1907, pp. 13-19.

Coal resources of Johnstown, Pa., and vicinity, by W: C. Phalen. Bull. No. 316,
1907, pp. 2041.

. Accident-Grantsville folio, Maryland-Pennsylvania—West Virginia; description, by
G. C. Martin. Geologic Atlas U. 8., folio 160, 1908, pp. 11~13.

RHODE ISLAND.

A report of work done in the Washington laboratory during the fiscal year 1883-84,
by F. W. Clarke and T. M. Chatard. Bull. No. 9, 1884, p. 18.

Gives an analysis of coal.from Cranston, R. I.

General geology of the Narragansett basin, by N. S. Slnler Monograph XXXIII,
1899, pp. 79-88.

Describes the stratigraphy, occurrence, and character of the coal deposits in the Narragansett basin
in Rhode Island.

SOUTH DAKOTA.

The lignites of the Great Sioux Reservation: A report on the region between the
Grand and Moreau rivers, Dakota, by Bailey Willis. Bull. No. 21, 1885. 16 pp.

The Rocky Mountain coal fields, by L. 8. Storrs.  Twenty-second Ann. Rept., pt. 3,
1902, pp. 4156471.

Edgemont folio, South Dakota-Nebraska; description, by N. H. Darton and W. 8. T.
Smith. Geologic Atlas U. 8., folio 108, 1904, pp. 9-10. -

. Preliminary report on the geology and underground water resources of the central
Great Plains, by N. H. Darton. Prof. Paper No. 32, 1905, pp. 372-379.
Gives a general account of the oceurrence of coal in Colorado, Wyommg, South Dakota, and Nebraska.
The North Dakota-Montana lignite area, by A. G. Leonard. Bull. No. 285, 1906,
pp. 316-330.
TENNESSEE.

R:eport of work done in the division of chemistry and physics mainly during the
fiscal year 1887-88, by F. W. Clarke. Bull. No. 60, 1890, p. 170.

Gives analyses of coal from Claiborne County, Tenn.

A report of work done in the division of chemistry and physics mainly during the
fiscal year 1888-89, by F. W. Clarke. Bull. No. 64, 1890, pp. 54, 55.

Gives analyses of coals and cokes from Campbell County, Ténn.

The Tennessee coal measures, by J. M. Safford. Mineral Resources U. S. for 1892,
1893, pp. 497-506.
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Ringgold folio, Georgia-Tennessee; description, by C. W. Hayes. Geologic Atlas
U. 8., folio 2, 1894. '

Kingston folio, Tennessee; description, by C. W. Hayes. Geologic Atlas U. 8.,
folio 4, 1894. ) ‘

Chattanooga folio, Tennessee; description, by C. W. Hayes. Geologic Atlas U. 8.,
folio 6, 1894. :

Sewanee folio, Tennessee; description, by C. W. Hayes. Geologic Atlas U. 8., {folio
8, 1894. : :

Stevenson folio, Alabama-Georgia- Tennessee description, by C. W. Hayes. Geo-
logic Atlas U. S., foho 19, 1895.

Pikeville folio, Tennessee; description, by C. W. Hayes. Geologic Atlas U. S.,
folio 21, 1895.

McMinnville folio,; Tennessee; description, by C. W. Hayes. Geologic Atlas U. 8.,
folio 22, 1895.

Loudon folio, Tennessee; description, by Arthur Keith. Geologic Atlas U. S., folio
25, 1896. ' '

Briceville foho Tennessee; descuptmn by Arthur Keith. Geologic Atlas U. S.,
folio 33, 1896. - ‘ '

Wartburg folio, Tennessee; description, by Arthur Keith. Geologic Atlas U. 8.,
folio 40, 1897. .

Standingstone folio, Tennessee; descnptlon by M. R. Campbell. Geologic Atlas
U. S., folio 53, 1899.

Maynardville folio, Tennessee; description, by Arthur Keith. Geologic Atlas U. S.,
folio 75, 1901, p. 5.

The southern Appalachian coal field, by C. W. Hayes. Twenty-second Ann. Rept.,
pt. 3, 1902, pp. 227-263. : '

An account of the stratigraphy, distribution, and character of the coals of the Jellico, Chattanooga,
and Birmingham districts, embracing parts of Kentucky, Tennessee, Georgia, and Alabama.

The Cumberland Gap coal field of Kentucky and Tennessee, by G. H. Ashley. Bull.

No. 225, 1904, pp. 259-275.
TEXAS.

Report of work done in the division of chemistry and physics mainly during the
fiscal year 1886-87, by F. W. Clarke. Bull. No. 55, 1889, p. 87.

Gives an analysis of coal from Burnet County, Texas.

The coal fields of Texas, by R. T. Hill. Mineral Resources U. S. for 1892, 1893,
pp. 507-510. . ' .

Reconnaissance in the Rio Grande coal fields of Texas, by T. W. Vaughan, Bull.
No. 164, 1900. 100 pp.

Uvalde folio, Texas; description, by T. W. Vaughan. Geologic Atlas U. 8., folio
64, 1900, p. 5.

The southwestern coal ﬁeld by J. A. Taff. Twenty-sccond Ann. Rept., pt 3, 1902,

pp. 367413.

An account of the coals of Arkansas, Indian Territory, and northern Texas.
UTAH.

Report of work done in the division of chemistry and physics mainly during the
fiscal year 1890-91, by F. W. Clarke. Bull. No. 90, 1892, p. 75.

Gives analyses of coals from Little Cottonwood gulch and from the Wasatch Mountains,

Coal fields of Utah, by Robert Forrester. Mineral Resources U. S. for 1892, 1893,
pp. 511-520.

The Colorado formation and its invertebrate fauna, by T. W. Stantou Bull. No,
106, 1893, pp. 35, 36.
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The Rocky Moéuntain coal fields, by L. S. Storrs. Twenty-second Ann. Rept.,
pt. 3, 1902, pp. 415-471.

Coal in Sanpete County, Utah, by G. B. Richardson. Bull. No. 285, 1906, pp.
280-284.

Notes on the Weber River coal field, Utah, by J. A. Taff. Bull. No. 285, 1906, pp.
285-288.

Book Cliffs coal field, Utah, west of Green River, by J. A. Taff. Bull. No. 285 1906,
pp. 289-302.

The Book Cliffs coal field between Grand River, Colo., and Sunnyside, Utah, by
G. B. Richardson. Bull. No. 316, 1907, pp. 302-320.

The Pleasant Valley coal district, Carbon and Dmery counties, Utah, by J. A.
Taff. Bull. No. 316, 1907, pp. 338-358.

The Iron County coal field, Utah, by W. T. Lee. Bull. No. 316, 1907, pp. 369-375.

Coal fields of northwestern Colorado and northeastern Utah, by H. 8. Gale. Bull.
No. 341, 1909, pp. 283-315.

The Harmony, Colob, and Kanabh coal fields, southern Utah, by G. B. Richardson.
Bull. No. 341, 1909, pp. 379-400.

Reconnaissance of the Book Cliffs coal field, by G. B. Richardson. Bull. No. 371,

1909. 53 pp.
: VIRGINIA.

Report 6f work done in the division of chemistry and physics mainly during the
fiscal year 1885-86, by F. W. Clarke. Bull. No. 42, 1887, p. 146.

Gives an analysis of “‘natural coke’’ from Midlothian, Va.

_Report of work done in the division of chemistry and physics mainly during the
fiscal year 1886-87, by F. W. Clarke. Bull. No. 55, 1889, p. 87.

Gives analyses of coal and coke from Scott County, Va.

Correlation papers—the Newark system, by I. C. Russell. Bull. No. 85, 1892,
coal, pp. 36-43.

The Clinch Valley coal ﬁelds by A. 8. McCreath and E. V. D’Invilliers. Mineral
Resources U. S. for 1892, 1893, pp. 521-528.

Geology of the Big Stone Gap coal field of Virginia and Kentucky, by M. R. Camp-
bell. Bull. No. 111, 1893, 106 pp.

Estillville folio, Kentucky-Virginia-Tennessee; description, by M. R. Campbell.
Geologic Atlas U. 8., folio 12, 1894.

Staunton folio, Virginia-West V1rgm1a description, by N. H. Darton. Geologic
Atlas U. S., folio 14, 1894.

Pocahontas folio, Virginia-West Virginia; description‘ by M. R. Campbell. Geo-
logic Atlas U. 8., folio 26, 1896.

Tazewell folio, Virginia-West Virginia; descnptlon by M. R. Campbell. Geologic
Atlas U. 8., folio 44, 1897.

Geology of the Richmond basin, Virginia, by N. 8. Shaler and J. B. Woodworth.
Nineteenth Ann. Rept., pt. 2, 1899, pp. 511-515.

Bristol folio, Virginia-Tennessee; description, by M. R. Campbell. Geologic Atlas
U. 8., folio 59, 1899.

The Atlantic coast Triassic coal field, by J. B. Woodworth. Twenty-second Ann.
Rept., pt. 3, 1902, pp. 25-53.

The Russell Fork coal field, Virginia, by R. W. Stone. Bull. No. 316, 1907, pp.
55-67.

Coal mining at Dante, Va., by R. W. Stone. Bull.'No. 316, 1907, pp. 68-75.
71497—Bull. 341—09——28
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Coal resources of the Russell Fork basin in Kentucky and Virginia, by R. W. Stone.

Bull. No. 348, 1908. 127 pp.

The Pocket coal district, Virginia, in the Little Black Mounta.m coal field, by C. A.
Fisher. Bull. No. 341, 1909, pp. 409-418.

WASHINGTON.

A geological reconnaissance in central Washington, by I. C. Russell. Bull. No. 108,

1893, p. 76.

A brief note on the occurrence of coal of little economic value near Wenatchee.

Some coal fields of Puget Sound, by Bailey Willis. Eighteenth Ann. Rept., pt. 3,
1898, pp. 393-436.

Tacoma folio, Washington; description, by Bailey Willis and G. O. Smith. Geo-
logic Atlas U. 8., folio 54, 1899.

A preliminary paper on the geology of the Cascade Mountains in northern Washing-
ton, by I. C. Russell. Twentieth Ann. Rept., pt. 2, 1900, coal, pp. 205-206.

The coal fields of the Pacific coast, by G. O. Smith. Twenty-second Ann. Rept.,
pt. 3, 1902, pp. 473-513.

An account of the coals occurring in Washington, California, and Oregon.

A geological reconnaissance across the Cascade Range near the forty-ninth parallel,
by G. O. Smith and F. C. Calkins. Bull. No. 235, 1904, p. 97.

Notes the occurrence of coal and coal mines in northwestern Washington.

Mount Stuart folio, Washington; description, by;G.l0.Smith. Geologic-AtlasU. S.,
folio 106, 1904, pp. 9-10.

Coal in meshmgton near Portland, Oreg., by J. S. Diller. Bull. No. 260, 1905,
pp. 411-412.

Coal in Clallam County, Wash., by Ralph Arnold. Bull. No. 260, 1905, pp. 413—421.
Snoqualmie folio, Washington; description, by G. O. Smith and F. C. Calkins.
Geologic Atlas U. 8., folio 139, 1906, p. 13 '
WEST VIRGINIA.
Coal mining in the Kanawha Valley of West Virginia, by S. M. Buck. Mineral
Resources U. S. for 1883 and 1884, 1885, pp. 131-143.
Report of work done in the division of chemistry and physics mainly during the

fiscal year 1884-85. Bull. No. 27, 1886, pp. 73, 74.
Gives analyses of coals from Randolph County, W. Va.

Report of work done in the division of chemistry and physics mainly during the
fiscal year 1887-88, by F. W. Clarke. Bull. No. 60, 1890, p.169.

Gives analyses of coals and cokes from Piedmont, W. Va.

A report of work done in the division of chemistry and physics mainly during the
fiscal year 1888-89, by F. W. Clarke. Bull. No. 64, 1890, p. 54.

Gives analyses of coals from Kanawha County, and of coal and coke from Tucker County, W. Va.

Stratigraphy of the bituminous coal field in Pennsylvania, Ohio, and West Vir-
ginia, by I. C. White. Bull. No. 65, 1891, 212 pp.

Report of work done in the division of chemistry and physics mainly during the
fiscal year 1889-90, by F. W. Clarke. Bull. No. 78, 1891, p. 128.

Gives analyses of coals from Barbour County, W. Va. .

Report of work done in the division of chemistry and physics mainly during the
fiscal year 1890-91, by F. W. Clarke. Bull. No. 90, 1892, p. 75.

Gives analyses of coal and coke from Tucker County, W. Va.

The Potomac and Roaring Creek coal fields in West Virginia, by J. D. Weeks. .

Fourteenth Ann. Rept., pt. 2, 1894, pp. 567-590.

Geologic section along the New and Kanawha rivers in West Virginia, by M. R.
Campbell and W. C. Mendenhall. Seventeenth Ann. Rept., pt. 2, 1896, pp. 473-511.
Deseribes the stratigraphy of the Coal Measures in this section. Includes analyses of the coals.
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Pocahontas folio, Virginia-West Virginia; description, by M. R. Campbell. Geo-
logic Atlas U. S., folio 26, 1896.

Piedmont folio; West Virginia-Maryland; descnptlon, by N. H. Darton and J. A
Taff. Geologic Atlas U. 8., folio 28, 1896.

Franklin folio, West V1rmn1a—V1rg1ma description, by N. H. Darton. Geologic.
Atlas U. 8., foho 32, 1896.

Buckhannon folio, West Virginia; description, by J. A. Taff and A. H. Brooks
Geologic Atlas U. 8., folio 34, 1896.

Tazewell folio, Virginia-West Virginia; description, by M. R. Campbell. Geologic
Atlas U. 8., folio 44, 1897. .

Huntington folio, West Virginia-Ohio; description, by M. R. Campbell. Geologic
Atlas U. 8., folio 69, 1900, pp. 5-6.

Charleston folio, West Virginia; description, by M. R. Campbell. Geologic Atlas
U. 8., folio 72, 1901, pp. 6-9. :

Raleigh folio, West Virginia; description, by M. R. Campbell. Geologic Atlas
U. 8., folio 77, 1902, pp. 4-8.

The Meadow Branch coal field of West Virginia, by M. R. Campbell. Bull. No. 225,
1904, pp. 330-344.

Coal in the Nicholas quadrangle, West Virginia, by G. H. Ashley. Bull. No. 260,
1905, pp. 422-428.

Coal resources of the Kenova quadrangle, by W. C. Phalen. Bull. No. 285, 1906,
PP. 259-268.

Economic geology of the Kenova. quadrangle, Kentucky, Chio, and West Virginia,
by W. C. Phalen. Bull. No. 349, 1908. 158 pp.

Accident-Grantsville folio, Maryland-Pennsylvania~-West Virginia; description, by
G. C. Martin. Geologic Atlas U. 8., folio 160, 1908, pp. 11-13.

WYOMING.

The coal fields of Wyoming, by G. C. Hewitt. Mineral Resources U. 8. for 1893,
1894, pp. 412-414.

A geological reconnaissance in northwest Wyoming, by G. H. Eldridge. Bull. No.
119, 1894, Coal, pp. 49-62.

Coals and Coal Measures of Wyoming, by W. C. Knight. Sixteenth Ann. Rept.,
pt. 4, 1895, pp. 208-215.

Field observations in the Hay Creek coal field, by W. P. Jenney. Nineteenth
Ann. Rept., pt. 2, 1899, pp. 568-587.

Includes some account of the coals of the area.

Preliminary description of the geo]ogy and water resources of the southern half of
the Black Hills and adjoining regions in South Dakota and Wyoming, by N. H.
Darton. Twenty-first Ann. Rept‘, pt. 4, 1901, pp. 582-584.

Gives an account of the distribution of coal in the Lakota formation in northeastern Wyoming.

The Rocky Mountain coal fields, by L. S. Storrs. Twenty-second Ann. Rept.,
pt. 3, 1902, pp. 415-471.

The copper deposits of the Encampment district, Wyoming, by A. C. Spencet
Prof. Paper No. 25, 1904, pp. 16-17.

Gives brief descrlptlon of coal beds and a coal analysis.

Coal of the Bighorn Basin, in northwest Wyoming, by C. A. Fisher. Bull. No. 225,
1904, pp. 345-362.

~ Newcastle folio, Wyoming-South Dakota; description, by N. H. Darton. Geologic
Atlas U. 8., folio 107, 1904, pp. 8-9.

- The coal of the Black Hills, Wyoming, by N. H. Darton. Bull. No. 260, 1905,
pp. 429-433. i
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Preliminary report on the geology and underground water resources of the central
Great Plains, by N. H. Darton. Prof. Paper No. 32, 1905, pp. 372-379.

Gives a general account of the occurrence of coal in Colorado, Wyoming, South Dakota, and Nebraska.
Sundance folio, Wyoming-South Dakota,; descnptmn by N. H. Darton. Geologic
. Atlas U. 8., folio 127, 1905, p. 12.
Aladdin folio, Wyoming-South Dakota—Montana.; description, by N. H. Darton and
C. C. O’Harra. Geologic Atlas U. S., folio 128, 1905.
_Mineral resources of the Bighorn Mountain region, by N. H. Darton. Bull. No. 285,
1906, pp. 303-310.
Includes an account of coal deposits in northeastern Wyoming. -
Mineral resources of the Blghorn Basm, by C. A. Fisher. Bull. No. 285, 1906,
pp. 311-315.
Coal and oil in southern Uinta County, Wyo., by A. C. Veatch. Bull. No. 285,
1906, pp. 331-353.
Geology of the Bighorn Mountains, by N. H. Darton. Prof. Paper No 51, 1906,
pp. 62-67, 111-112.

Gives an account of the stratigraphy, character, and mining of coal in the Bighorn Mountains of
Wyoming.

Geology and water resources of the B.ghorn Basin, Wyoming, by C. A. Fisher.
Prof. Paper No. 53, 1906, pp. 46-56.

Describes the character, occurrence, and deveiopment of the coal deposits of the area.

Bald Mountain-Dayton folio, Wyoming; description, by N. H. Darton. Geologic
Atlas U. S., folio 141, 1906, p. 14.

Cloud Peak-Fort McKinney folio, Wyoming; description, by N. H. Darton. Geo-
logic Atlas U. S., folio 142, 1906, p. 15.

Devils Tower folio, Wyoming; description, by N. H. Darton and C. C. O’Harra.
Geologic Atlas U. 8., folio 150, 1907, p. 8.

Coal fields in a portion of central Uinta County, Wyo., by A. R. Schultz. Bull.
No. 316, 1907, pp. 212-241.

The Lander coal field, Wyoming, by E G. Woodruff Bull. No. 316, 1907, pp.
242-243, ‘ ’

Coal fields of east-central Carbon County, Wyo., by A. C. Veatch. Bull. No. 316,
1907, pp. 244-260. .

Coal of Laramie Basin, Wyoming, by C. E. Siebenthal. Bull. No. 316, 1907, pp.
261-263.

Geography and geclogy of a portion of southwestern Wyoming, by A. C. Veatch.
Prof. Paper No. 56, 1908. 178 pp.

The Sheridan coal field, Wyoming, by J. A. Taff. Bull. No. 341, 1909, pp. 123-150.

The Glenrock coal field, Wyoming, by E. W.Shaw. Bull. No. 341, 1909, pp. 151-164.

Coal fields of the northeast side of the Bighorn Basin, Wyoming, and Bridger, Mont.,
by C. W. Washburne. Bull. No. 341, 1909, pp. 165-199.

Coal fields of the southwest side of the Bighorn Basin, Wyoming, by E. G. Woodruff.
Bull. No. 341, 1909, pp. 200-218.
- The eastern part of the Great Divide Basin coal field, Wyoming, by E. E. Smith.
Bull. No. 341, 1909, pp. 219-242.

The western part of the Little Snake River coal ﬁeld Wyoming, by M. W. Ball.”
Bull. No. 341, 1909, pp. 243-255.

The northern part of the Rock Springs coal field, Sweetwater County, Wyo., by
. A. R. Schultz. Bull. No. 341, 1909, pp. 256-282.

Geology and mineral resources of the Laramie Basin, Wyoming, by N. H. Darton and
C. E. Siebenthal. Bull. No. 364, 1909. 81 pp. : .
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