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'COAL RESOURCES OF THE RATON COAL F IELD,

COLFAX COUNTY, NEW MEXICO.

By Wiruis T. LEek.

PURPOSE OF THE REPORT.

The purpose of this report is to present an account of the general
geologic features and the coal resources of the developed part of
the Raton coal field of New Mexico. This is a small part of the area
of coal-bearing rocks in Colorado and New Mexico known as the
Raton Mesa region, which extends about 90 miles from north to south
and 50 miles or more from east to west and which includes the Trini-
dad coal field of Colorado and the Raton coal field of New Mexico.
The medium rank of bituminous coal which occurs throughout this
region compares favorably in quality with the best bituminous coal
of Ohio and other parts of the United States. Much of the coal will
coke, and in many places it occurs in thick beds that are easily mined.
The quantity, quality, and accessibility of the coal renders this one
of the most important coal-producing regions in western America,
as is indicated by the fact that during the 10 years from 1911 to
1920 it yielded more than 27,330,000 tons of coal. During the same
period the production of the Raton field increased from 2,297,611
tons in 1911 to 3,114,604 tons in 1917.

"The area described in this paper forms a small part of the Raton
coal field, though it includes most of the developed portion. It is
shown on the maps of the Raton, Brilliant, and Koehler quadrangles,
published by the United States Geological Survey, and on the map
of the Dawson area presented in Plate XIII (p. 120). Coal has been
mined on a commercial scale near Raton ever since the early seventies.
The first large mines, which were near Blossburg, were operated for
many years but ﬁnally abandoned for coal could be mined to betfer-
advantage at Koehler, Van Houten and Dawson. The mines most
recently developed are at Brilliant, Gardiner, Sugarite, and Swastika.

Though the coals of the Raton Mesa region are among the most
valuable in the West, their quality varies greatly from place to
place, particularly in the part of the Raton field described in this
bulletin. The coal beds are here relatively thick, contain an ex-
cellent quality of coal, lie almost horizontal, and are not faulted or

1



2 COAL RESOURCES OF RATON FIELD, N. MEX.

warped to any notable extent. But the best beds do not occur in
all places, and at some localities where they do occur the coal has
been destroyed by intrusion of igneous rock. '

The most valuable beds of coal occur in rocks that were uplifted
after the coal beds had been formed and cut away in some places
during a period of erosion that followed. On the eroded surface
thus formed the younger coal-bearing rocks were laid down, as ex-
plained in detail on page 12. This removal of the older coal beds
from part of the field renders necessary very careful preliminary
work in order to ascertain where the valuable bodies of coal occur
on which mines may be opened. In some places in the mines the
coal was reduced in thickness, presumably by this erosion, to such
an extent that it can not be mined with profit under present condi-
tions. This will be described in detail later in the paper.

Scarcely less serious, from the miner’s standpoint, is the destruc-
tion of the coal in some places by the intrusion of igneous rock that
coked the coal or burned it out completely. Where the intrusion
took the form of dikes the coal was affected only locally. But in
many places the igneous rock was forced either into the coal bed or
so near it that the coal was coked. Where this has occurred the
coal bed is almost valueless, for it has been found that the cost of
removing such bodies of coal as escaped destruction is so great that
they can not be recovered with profit.

The value of the coal beds of the younger formation is affected in
another but scarcely less serious manner. They are much less regu-
lar in thickness than the older beds originally were and are much
more irregular in physical character, consisting of complex series of
coal, bone, and shale layers: It is well known that coal beds are broad
lenses thinning out and finally disappearing laterally. The younger
coal beds of this field are more than ordinarily lenticular. Some of
them seem to be continuous for considerable distances, others to
thin and disappear within short distances, as illustrated in Plate
XII (p. 78), where it appears that certain beds penetrated by the
drill at one locality are not present at neighboring localities. These
younger beds consist of many layers of coal separated by shale.
The layers of coal and of shale differ in thickness from place to
place so that a bed which contains a valliable body of coal at one
locality may be so shaly as to be commercially worthless at a neigh-
boring locality. In prospecting these higher beds the problem is
not to ascertain the continuity of the bed, as it is with the lower
coals, but to find localities where the coal is thick enough, clean
enough, and of sufficient extent to be mined with profit.

Although the Raton field contains a large quantity of valuable
coal in beds of great commercial value, it is a field where careful
prospecting is necessary before a mine can be intelligently located



METHODS OF WORK. 3

and where each unit of area must be judged on its own merits. For
this reason the writer has refrained from making the customary
estimates of tonnage for the area described. Much more prospecting
must be done before an estimate of tonnage for the entire field
can be made that will be of much value. This paper consists very
largely of descriptive details that confirm these general statements.

The coal beds are described in order of their age, beginning with
the oldest. As the evidence of geologic age of the coal-bearing
rocks has been presented in detail in previous publications® this
subject is here touched lightly. However, the effect of structure
on the occurrence of the coal beds is of great economic importance
and this is described in detail. Also the attitude of the coal beds
and the relation of their outcrop to mesa slopes, canyons, and other
features is described in connection with the approach to the coal
beds of lines of transportation, and finally the quality of the coal
and the methods emplgyed in mining it are described.

METHODS OF WORK.

The methods by which the coal beds of the Raton coal field were
studied differ somewhat from those employed in other fields, and a
brief explanation may help in understanding certain parts of the re-
port. The lowest coal bed of this field, commonly known as the
Raton coal, occurs in'what is now known as the Vermejo formation.
It was first opened near the town of Raton, from which it is known
as the Raton coal. Later when the coal-bearing rocks were separated
into two formations, the younger one was named Raton. This
formation contains many beds of coal, but the Raton coal is not
one of them, and the name Raton formation must not be confused
with the name Raton coal bed. The Raton coal bed is well exposed
in many places and has been carefully surveyed and prospected
wherever it outcrops in the area described. It has also been pene-
trated in many places by the diamond drill. The information thus
obtained, together with that derived from the mine maps and re-
ports, has been utilized to supplement the observations made by
the writer and his assistants.

With the higher beds, however, it is quite different. Mines have
been opened on them in only a few places and relatively small parts
of their outcrop have been systematically prospected. In few places
can these upper beds be followed continuously at the outerop for
any considerable distance because of poor exposures, and indeed in
many places no surface indication of their presence was found.
However, in the canyons and on some of the prominent ridges fairly

! Lee, W. T., and Knowlton, F. H., Geology and paleontology of the Raton Mesa and other regions in
Colorado and New Mexico: U. S. Geol. Survey Prof. Paper 101, 1918.
Lee, W. T., U. 8. Geol. Survey Geol. Atlas. Raton-Brilliant-Koehler folio (No. 214), 1922.



4 COAL RESOURCES OF RATON FIELD, N. MEX.

good vertical sections were measured. In these sections the altitude
of a given bed above some recognizable horizon, such as the top of
the Trinidad sandstone, was determined by Locke level, and the
sections together with the drill records give the best means avail-
able in most places for judging of the contmulty or lack of it of the
several beds of coal.

The mine entries and some of the old prospect openings were
located when the contour map was made but without reference to
their relation to the land corners as they are marked on the ground.
Later the land net was superimposed on the topography of the map
with actual knowledge of the position of only a few of these corners.
Hence, the land net shown in the eastern part of the map of the
Raton quadrangle indicates only approximate positions with reference
to legal subdivisions.

Many of the prospect openings in which detailed measurements
of the coal beds were made several years ago can not now be identi-
fied, and therefore their location can be shown only approximately

on the accompanying map (Pl. I, in pocket). However, most of

them are so described that this approximate location is regarded
as sufficiently accurate for all practical purposes.

A’CKNOWLEDGMENTS.

The writer’s study of the Raton coal field dates back nearly to 1900
and has continued intermittently until the present time, chiefly under
the general supervision of M. R. Campbell. The first detailed work
on the coal resources was done during the summer of 1907 when the
writer was assisted by A. L. Beekly and C. S. Blair. At that time the
unconformity that separates the coal-bearing rocks into two for-
mations was discovered. Two years later, assisted by J. B. Mertie,

he spent the summer making a comprehensive study of the strati-

graphic relations of the coal-bearing rocks to neighboring formations.
The results of this work were published by the U. S. Geological Survey
in Professional Paper 101 and in Geologic Folio 214. In 1910 the
topographic survey of the Raton field was begun on a scale that would
furnish an adequate base for mapping the rock formations and for
showing the location of the coal beds, but not until the summer of
1913 did the writer have the opportunity of continuing his study of
this area. Then, with'the assistance of K. C. Heald, he completed the
main part of the work that has resulted in the present bulletin. . The
intense activity in the coal mining industry during the next five years
resulted in the accumulation of much new information concerning the
coal resources of the Raton field. During the summer of 1919 the
writer spent six weeks in this field gathering new information for the
purpose of bringing the report up to date. As the body of the report

—
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was written in 1914 some of the conditions that are described no longer
exist. However, in general the descriptions have been revised so that
they express the conditions that existed in the summer of 1919.

A large amount of information has been furnished for this report by
the mining companies of the Raton field. The principal mines here
described are owned and operated by the St. Louis, Rocky Mountain
& Pacific Co. and the Phelps-Dodge Corporation. The president of
the former company, Mr. J. Van Houten, has furnished for this report
all the available information regarding the six large producing mines
owned by his company, the preliminary surveys and records of pros-
pect openings made preparatory to opening these mines, and the
records of the several diamond-drill prospects. A large part of the
exact information contained in this report was derived from the
records thus placed at the writer’s disposal, and it is a pleasure to give
hearty acknowledgment for this generous cooperation. Equally
hearty cooperation was given by the officials of the Phelps-Dodge
Corporation at Dawson, N. Mex., who furnished all available maps
and records of the Dawson mine. The writer wishes also to acknowl-
edge his indebtedness to the late Orestes St. John, for many years the
geologist of the St. Louis, Rocky Mountain & Pacific Co., and to the
engineers, especially Frank Young, John Corruthers, and David
Thompson; also to the several mine superintendents who took great
pains in giving him every opportunity possible for investigation.
Valuable information was furnished also by the New Mexico-Colo-
tado Coal & Mining Co., locally called the Yankee Fuel Co., whose
mines are at Yankee, N. Mex., including maps, drill records, and
graphic sections of mine measurements made by the general superin-
tendent of the company, H. L. Handley. The Yankee mines, how-
ever, were not in operation in 1919.

GEOGRAPHY.

Location of the field.—The area described in this bulletin includes all
the coal land of the Raton field east of the town of Raton. Toward
the west the coal beds underlie the highlands that occupy the central
part of the Raton Mesa region. The area extends from the northern
boundary of New Mexico southward beyond Dawson, a distance of
about 40 miles. The trunk line of the Atchison, Topeka & Santa Fe
Railway passes through it, and it has an outlet to the Colorado &
Southern Railroad through a branch line of the Santa Fe known as
the St. Louis, Rocky Mountain & Pacific Railway. The El Paso &
Southwestern road reaches it by a branch that extends from the main
line at Tucumcari, N. Mex., to Dawson, which is a few miles south of
the area mapped. The relation of this area to the Raton Mesa region
and to the lines of transportation is shown on the index map, Figure 1.



6 COAL RESOURCES OF RATON FIELD, N. MEX.

Surface features—The surface features that have an intimate rela-
tion to the development of the coal beds are the only ones described
here. Among the most conspicuous of these are the high mesas.
of the Raton quadrangle in the eastern part of the area. These
mesas have sometimes been erroneously called mountains and they
are described in the older writings as the ‘“Raton Mountains.”
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FI3URE 1.—Index map showing the relation of the Raton coal field to neighboring rcégions. The Raton
Mesa coal region, including the Raton field in New Mexicoand the Trinidad coal field in Colorado, is
ou'lined in light shading and the part of the Raton field described in this report in dark shading.
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However, because of their obvious table-land or mesa character and
because of the equally obvious inappropriateness of calling them
mountains, the term Raton Mesa region has been adopted by the
United States Geological Survey for the coal-bearing area of Colorado
and New Mexico that includes the Trinidad and Raton fields. These
mesas rise to altitudes ranging from 8,000 to 9,500 feet, or 1,500 to
3,500 feet above the level of the surrounding plain. (See fig. 2.)
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They contain coal beds which outcrop in g

their sides and in the walls of the canyons
that have been eroded in them. The
highlands in the Brilliant and Koehler
quadrangles consist of narrow ridges sepa-
rated by deep valleys. Because of the ab-
sence of the hard protecting layers of rock
that have preserved the surface of the
mesas, the coal-bearing rocks of this part -
of the area are deeply cut by many branch-
ing canyons in the sides of which the coal
beds crop out. These features are of great
advantage in mining. The mine openings
are so located that the coal is brought to
the surface at tipple height above the bot-
toms of the canyons, so that it descends
through the screens directly to the rail-
roads that are built in the bottoms of the
canyons. This relation is illustrated in
Plate XVII, B (p. 152), which shows the
tramways on both sides of the canyon de-
scending to the tipple, beneath which the
cars are loaded for shipment.

Although the drainage system in the °
. Raton field is well developed, there are
few permanent streams. The run-off re-
sults mainly from the torrential showers,
popularly known as ““cloudbursts,” which
occur frequently on or near the mesas and
cause destructive floods of short duration.
Usually a little water flows in Crow Creek,
Canadian River, Dillon Creek, and Sugarite
Creek, but most of the other streams are
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intermittent, and the problem of procuring @
water for mining operations is a serious one. 3 %g I

Although precipitation is insufficient to §§§% b
maintain permanent streams, it is suffi- Y]
cient to cause a dense growth of brush, es- ° \g ‘
pecially near the tops of the mesas. In L] I

many places this brush so completely ob-
scures the surface that no undisturbed rock
is exposed for long distances and the ex- ¥
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FigurE 2.—Profile section in the eastern part of the Raton coal field from Round Mesa through Johnson and Barilla mesas, showing the relations of the eroded piain
to the mesas and of the sedimentary rocks to the caps of lava.




8 COAL RESOURCES OF RATON FIELD, N. MEX.

amination of the coal beds is thus made impossible without extensive
work in locating and opening the beds. * Another surface feature that
aids in obscuring the coal beds is the covering of rock débris which
conceals the sides of the mesas and is held together by the inter--
lacing roots of the underbrush. This débris is especially abundant
and troublesome near the tops of the mesas. The basalt of the cap
rock is so resistant and its disintegration so slow that large masses
of the débris from it accumulate on the surface.

GEOLOGY.

STRATIGRAPHY.

Age of the rocks.—The stratigraphy and structure of the Raton
coal field have been described in detail by the writer in recent publi-

cations of the Geological Survey.? These publications describe the.

area that is considered in this bulletin and give in detail the rela-
tions of the several formations to each other and the reasons for the
geologic classification of the rocks. A brief summary of the con-
clusions there presented will therefore be sufficient here to form the
basis of the economic descriptions to follow. The coal-bearing rocks
of this region were formerly all included in a single formation and
called Laramie because they were supposed to be equivalent in age
to the coal-bearing rocks called Laramie in fields farther north, but
they are now known ta consist of two distinet geologic formations.
The lower one, known as the Vermejo formation, is of Cretaceous age
and contains fossil plants that indicate that it is older than Laramie.
The upper one—the Raton formation—rests unconformably on the
Vermejo and contains fossil plants that indicate essentially an age
equivalent to that of the older Eocene (Tertiary) formations found
in Mississippi and other Gulf States and also to that of the Dawson
arkose of the Colorado Springs region and the Denver and Arapahoe
formations of the Denver Basin. The following table shows the
stratigraphic relation of the formations exposed in the Raton field:

2 U. S. Geol. Survey Prof. Paper 101, 1918; Geol. Atlas,) Raton-Brilliant-Koehler folio (No. 214), 1923.
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Geologic formations exposed in the Raton coal field, N. Mex.

. Thick-
System. | Series. | GTOUP ggg forma- | “pess Description.
. (feet).
Igneous rock, mainly basalt, in dikes, sills, stocks,
Quater- and flows. ~ The mesa lavas rest in some places on
Jary. @ (? 200+ beds of loosely cemented sand and gravel that

forgncd surface débris when the lavas were poured
out.

Sandstone, brown to buff-colored, and shale in al-

< . ternating layers; coal-bearing. A conglomerate
Tertiary. | Eocene. | Raton formation. | 1,150 usually occurs at the' base containing pebbles
mainly ofsiliceous rock. Fossil plants numerous.

Unconformity.

Dark shale, carbonaceous in many places, light-
gray friable sandstone and bituminous coking coal
in alternating layers. Fossil plants numerous.

Vermejo for-
mati]on. 0-200+

Upper
Cretaceous.| Cre-
taceous.

Trinidad

sandotong. 100 Sandstone, massive, feldspathic, light gray.

Montana group.

¢

Shale, drab to black, containing concretions of lime-

Pierre shale. | 3,000+ stone in upper part. .Bones of reptiles and shells
of marine invertebrates near the top.

Prerre shale.—The Pierre shale, the oldest formation exposed in
the vicinity of Raton, underlies the whole area described, crops out
in the lower slopes of the mesas, and occupies the broad plain south
of Raton. The shale is of marine origin and .contains concretions
of limestone, many of which are full of the shells of large mollusks.
Cretaceous rocks older than Pierre occur in the Raton field beneath
this shale, but they do not differ in ¢haracter sufficiently to be dis-
tinguished in well borings nor in the surface exposures that have
yet been found to the east of the field, although some of the fossils
collected from the southeastern part of the Raton quadrangle and
from the eastern part of the Koehler are of Colorado age.

In southern Colorado the Cretaceous formations below the Pierre
are well defined, and a prominent limestone (the Greenhorn) occurs
in the strata of Benton age and another in beds of Niobrara age.
But these formations do not crop out in the Raton coal field. A
well drilled about 2 miles northeast of Raton is reported to have
reached a depth of about 2,700 feet or a horizon about 3,000 feet
below the top of the Pierre shale without encountering a limestone
formation.

Trinidad sandstone.—The Trinidad was first ‘described as a for-
mation by R. C. Hills* and was regarded as essentially equivalent
in age to the Fox Hills sandstone. From Trinidad, Colo., its type
locality, it extends southward beneath the highlands and crops out
in the sides of the mesas in the Raton field. As defined by Hills,

$Hills, R. C., U. 8. Geol. Survey Geol. Atlas, Elmoro folio (No. 58), 1899.
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the Trinidad formation consists of a sandstone 70 to 80 feet thick—
called by him Upper Trinidad—and a series of thin layers of sand-
stone and shale about 75 feet thick called Lower Trinidad. Later
usage has restricted the name Trinidad to the sandstone or Upper
Trinidad of Hills, and his Lower Trinidad has been included in the
underlying Pierre shale. Hence the Trinidad sandstone of this report
is the cliff-making sandstone approximately 100 feet thick that
separates the Pierre shale from the coal-bearing rocks (Vermejo
formation).

Like the Pierre shale, the Trinidad is mainly of marine origin and
contains impressions of shells of marine mollusks and great numbers
of fossil seaweed (Halymenites major). In some of the older reports
this sandstone is called the ‘“ Halymenites sandstone.” These fossil
seaweeds can usually be found wherever the sandstone is exposed
and are often useful to the prospector in identifying the rocks, for
nowhere within the Raton Mesa region does coal occur below this
-sandstone. Throughout this region the most valuable beds of coal
lie either on the Trinidad sandstone or a few feet above it.-

The Trinidad is a massive light-colored feldspathic sandstone
without notable partings of shale. In most places it is harder than
the rocks immediately above or below it, except where the basal
conglomerate of the Raton formation rests upon it, so that it stands
out as a prominent cliff in the sides of the mesas. (See Pl. X,
A, B, p. 78) '

The Trinidad sandstone apparently was formed near the shore of
the Cretaceous sea and represents the change from marine condi-
tions, when sea water occupied this part of the Cretaceous Basin, to
the nonmarine or swampy conditions favorable for the accumulation
of coal. This sandstone is utilized to some extent as a building
stone, and several of the buildings in Raton and in other towns of
this field are constructed of stone quarried near by. Also some of
the coke ovens and mine buildings are made of it. However, the
sandstone weathers too easily to be very useful as building material.
When exposed to the weather it gradually disintegrates and crumbles.

Vermejo formation.—The name Vermejo was proposed by the
present writer for the coal-bearing rocks that lie between the Trinidad
sandstone and the Raton formation, which is described below. The
classification of these rocks as a separate formation was the result
of the work described in Professional Paper 101, but owing to delay in
publication the name was used elsewhere * before that paper appeared.
The Vermejo formation- consists of coal-bearing sandstone and shale,
principally of fresh water origin. The type locality of the formation is
in Vermejo Park, several miles west of Raton, where it has a maxi-
mum thickness of about 375 feet and is coal bearing throughout. It

¢ Lee, W. T., Recent discovery of dinosaurs in the Tertiary: Am. Jour. Sci., 4th ser., vol. 35, p. 531, 1913.
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rests conformably on the Trinidad sandstone, and although the change
from this sandstone to the coal-bearing rocks is abrupt in the Raton
field, there is no evidence that this change indicates a time break
between them. In other parts of the region the transition is not so
abrupt, and there is reason to believe that sedimentation was con-
tinuous from Trinidad sandstone to Vermejo.: The formation thins
toward the east and is absent in some places. It does not occur at
the outcrop for a considerable distance between Koehler and Van
Houten and is absent in the vicinity of Red River Peak. Northeast
of Raton it thins out, and it appears in outcrops farther east only as
thin isolated remnants that escaped erosion and now occur in some
places between the basal conglomerate of the Raton formation and
the underlying Trinidad sandstone.

In the area described in this bulletin the Vermejo consists mainly
of shale and coking bituminous coal. In some places it contains
three well-defined beds of coal, in others two or only one, and in
still other places no coal has been found. This variation from place
to place in the number of coal beds has been interpreted by some
geologists and mining engineers as due to lenticularity of the coal
beds. More detailed work than has yet been done is needed in order
to state what proportion of the variability is due to lateral thicken-
ing and thinning or to coalescence of the coal beds, but certain consid-
erations render another explanation probable.

There are good reasons for believing that the Vermejo coals were
formed in swamps lying but little above sea level and that a bed
of coal represents a surface that was nearly level during the time
that the vegetable matter from which the coal was formed was
accumulating. Under such circumstances extreme lenticularity of
the coal beds seems improbable, and where columnar sections
measured close together differ notably in thickness and in the num-
ber of coal beds the differences may indicate a period of erosion
which removed some of the Vermejo beds. This is illustrated in
Plate II, and many details of this relation will be presented in con-
nection with the descriptions of the coal for the several localities.

The Vermejo formation occurs in all parts of the Raton Mesa
region except where it has been removed by erosion, and fossils,
consisting mainly of plants, have been collected from it in many
places. Most of the fossils are impressions of leaves that occur in
the shale which overlies the coal and were collected near the
mines. They indicate, according to F. H. Knowlton, who has
studied them in detail, that the Vermejo formation is of Montana
age and is somewhat older than Laramie. The details on which
determination of age rest have been published by Knowlton in the
second part of Professional Paper 101.

55393—24—Bull. 752—-2
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Evidence of the removal of parts of the Vermejo formation during
~ the post-Cretaceous period of erosion was found at many of the
localities described later in this bulletin. In some places well-marked
angularity was noted between the planes of bedding of the Vermejo
and thos> of the overlying Raton formation, and in others the -
absence of the Vermejo is best explained on the basis of its re-
moval by erosion. At many of the localities examined in detail
the evidence of erosion at the top of the Vermejo is unmistakable.
Certain easily recognizable beds, such as coal, where traced laterally,
disappear abruptly at the line of separation between the Vermejo
and the overlying formation in a manner clearly indicative of erosion.
The evidence of an erosion interval following the deposition of the
Vermejo is substantiated in several ways, as described in Professional
Paper 101.

Raton formation.—The coal-bearing rocks that lie unconformably
on the Vermejo formation constitute the Raton formation. The
name was proposed by the writer, and like that of the Vermejo, was
introduced into geologic literature in 1913. The Raton formation
includes the upper part of the beds that were formerly called Laramie
in this region. It is about 1,150 feet thick near Raton and consists
of sandstone and shale in which coal beds occur at several horizons.
These coal beds occur in two general groups—one near the base, in
which the coal beds are only locally of commercial importance, and
the other in the upper part, in which there are several thick beds of
coal.

The base of the Raton formation in nearly all parts of the Raton
Mesa region is conglomeratic, but in the Raton quadrangle, the peb-
ble beds occur only locally. In the southern part of the Brilliant
quadrangle and the northern part of the Koehler, the pebble beds
are massive and prominent, but near Dawson they are inconspicuous.
Near Koehler (Pl. ITI, A) and in the several tributaries of Crow
Canyon (Pl. V, p. 32) the conglomerate has a maximum thickness
of 50 feet or more and forms well defined cliffs that are readily
recognizable in the walls of the canyons. Near Van Houten also it is
present (Pl. VII, 4, p. 48) but is thinner than it is farther south and the
' pebbles contained in it are smaller. It is distinctly recognizable in
Canadian River canyon, but the pebbles are few and small. Farther
to the northeast, between Blossburg and Linwood Canyon, east of
Raton, very few pebbles were found in it and some difficulty was
experienced in tracing it. However, where the conglomeratic char-
acter disappears, the basal sandstone takes on a quartzose character
and differs in appearance from neighboring sandstones. Near the
mouth of Linwood Canyon it is locally conglomeratic, but farther
east the conglomerate is absent in some places, as near the mouth of
Sugarite Canyon, and the overlying shale rests on the Trinidad sand-
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A. NORTH WALL OF PRAIRIE CROW CANYON NEAR MOUTH OF KOEHLER COAL
MINE.

Showing relations of the coal bed (¢) to the Trinidad sandstone (b) and the basal conglomerate
d) of the Raton formation.

B. VIEW NORTH OF KOEHLER.

Showing the Pierre shale (a), the Trinidad sandstone (b), the coal-bearing Vermﬂo formation
(¢), the lower part of the Raton formation (d), and a part of the ¢ ‘barren series’ (e).
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stone. Still farther to the east and to the south the base of the
formation consists of acoarse sandstone that is variable in character
and irregular in occurrence. It is usually hard and where well
exposed forms a small but well-defined shelf in the side of the mesa
just above the outcrop of the Trinidad sandstone. The shelf &t the
top of the projecting point of the mesa, half a mile north of Yankee,
is formed by this sandstone. It is here separated from the under-
lying Trinidad by 2 or 3 feet of carbonaceous shale apparently a
remnant of the Vermejo formation that escaped erosion. However,
2 miles southeast of Yankee, in a cliff formed by the basal sandstone
of the Raton and the Trinidad sandstone (see Pl. XX, B, p. 192),
the Raton formation rests unconformably on the Trinidad sandstone
without any carbonaceous shale between. Similar occurrences were
observed at the side of the wagon road just south of Rathbun Can-
yon, near the Colorado line at the eastern edge of the Raton quad-
rangle, and elsewhere in the eastern part of the Raton field.

The rocks through a thickness of about 100 feet above this basal
sandstone consist mainly of shale in which there are several beds of
coal, only one of which, the Sugarite bed, is known to be of commer-
cial value. This zone of coal-bearing rocks is recognizable through-
out the Raton and Brilliant quadrangles.

A series of beds consisting principally of coarse-grained sandstone
300 feet or more in thickness occurs above the Sugarite zone. Because
these rocks do not contain coal of commercial value they have been
called the “barren series.”” The sandstone forms the cliffs which are
so conspicuous throughout the Raton Mesa region and the prominent
escarpment that faces the plain southwest of Raton. Several coal
beds that occur above the “barren series” make up the principal
coal beds of the Raton formation. They occur in & zone of shale
and soft sandstone that is locally called the “upper coal group.”
This zone is readily recognized at the outcrop by the coal and car-
bonaceous shale that crop out in it.

In the eastern part of the Raton field the Raton formation is over-
‘lain by the mesa lavas and the poorly consolidated Quaternary sand
and gravel that occur beneath the lavas in some places. West of
the mesas the coal-bearing rocks are overlain by beds of coarse
material which may be equivalent to the Poison Canyon formation.
Since the publication of the geologic folios describing the Trinidad
coal field in southern Colorado, the Raton and Poison Canyon forma-
tions have generally been regarded as unconformable with each other.
Mainly because of the lithologic character of the Poison Canyon and
its stratigraphic relations it was correlated with the Denver forma-
tion of the Denver Basin. Gs B. Richardson found in it fossil plants
that are identical with species in the Denver formation and later
the same species of plants were found in the Raton formation. These,
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together with many others, prove that the Raton, the Poison Can-
yon, and the Denver formations are of approximately the same age.

Jt seemed difficult to reconcile these facts until the work was done
for this bulletin, when in the highlands west of Raton it was found
that in many places the beds above the upper group of coals are
arkosic and conglomeratic and closely resemble those of the Poison
Canyon formation. No line of demarcation corresponding to the
unconformity supposed to exist in the Trinidad field between the
Poison Canyon and older rocks was found, and it seems probable
that there is little difference in age between them and that the differ-
ences in physical character are due to local variations in sedimenta-
tion. Similar relations have been described by Richardson® from
Castle Rock, Colo., where he shows that the Dawson arkose and the
Denver formation constitute essentially one formation although they
differ in physical character.

STRUCTURE.

The geologic structure in the Raton field is very simple. This
field constitutes the southern part of the somewhat irregular basin
of coal-bearing rocks known as the Raton Mesa region. The strat-
ified rocks of the area described dip slightly in a northwesterly
direction, toward the center of the basin, but are not warped or
faulted to any considerable extent. Several small faults have been
encountered in the mines, but the displacements are slight and most
of them seem to be due to surface movements similar to slumping.
In many places the rocks of the sides of the mesa and in the canyons
seem to be gradually settling and producing numerous small dis-
placements along fault lines. This settling is indicated in many
places by open fissures a few inches to a foot or more in width. The
movement also crushes the coal in some places and renders beds
irregular that seem to have been originally of uniform thickness.
The movements are accelerated by the removal of coal, and in the
vicinity of the mines small open fissures are numerous at the surface.
This faulting and crushing of the coal has been noted near the out-
crop in several mines. A large number of small faults were en-
countered in the New Gardiner mine east of Blossburg. The old
Hartsel mine southeast of Sugarite was abandoned, according to
report, because of irregularities in the coal bed, whereas the same bed
as developed in the Sugarite mine half a mile away is regular in
character and thickness.

5 Richardson, G. B., U. S. Geol. Survey Geol. Atlas, Castle Rock folio (No. 198), 1915.

°
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COAL.
RATON COAL BED.

GENERAL FEATURES.

The Raton coal is the most valuable bed in the Raton field. The
coal is a coking bituminous coal that compares favorably with the
best bituminous coal of Ohio and other parts of the United States.
It is used extensively on railway locomotives, and a large quantity
of the coke made from it is shipped for use in the smelters of the
southwest.

The Raton coal occurs in the Vermejo formation or the lower of
the two formations that were formerly grouped together under the
name Laramie. It was the first coal to be developed in the Raton
field, and because thé mines were near Raton, the only town of con-
sequence in the field at that time, the bed was called the Raton coal.
As development proceeded farther and farther toward the southwest
the name was applied to the lowest coal at each locality which was
supposed to be the exact equivalent of the coal first developed near
Raton. Closer study, however, makes doubtful whether the bed
developed in one district is the same as that developed in a neigh-
boring district. In some places there are two coal beds separated
from each other by rock ranging from a few feet to 30 feet or more in
thickness and in other places there are three or more beds, but which-
ever bed happened to be thickest where a mine was opened has been
called the “Raton bed.” :

The coal beds of the Vermejo formation may indeed be broad
lenses, as some believe, and their attenuated edges may overlap, but
" they were not examined in the old mines with this conception
in mind, and the records of the abandoned workings are not sufficient
to determine beyond question at the present time the shape of
the beds. IFurthermore, the long stretches of outcrop between
developed districts have not been prospected extensively enough to
settle this question. On the other hand, it is possible that the coal
beds are not so lenticular as has been supposed and that some of the
higher beds were removed by the erosion that preceded the deposi-
tion of the younger formation. The indications of lenticularity and
the evidence of the occurrence of separate beds grouped under the
name “ Raton coal,” as well as the indications of the removal of some
of them by erosion, are given in detail in the following pages, but the
general usage is followed and the name “Raton coal” is used in
a general way for coals of the Vermejo formation, although for
convenience local names are used to designate the part of the bed
developed in the several districts. Thus Koehler, Van Houten,
Gardiner, Blossburg, and Dawson are local names that have been
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used to designate the Raton coal from the mines located at these
places. :

The Raton coal is described by districts in order from southwest.
to northeast. There are three well-defined districts separated from
each other at the outcrop by barren areas, although the coal is con-
tinuous between them back from the outcrop. These districts are
Koehler, named from the mining town; Willow, named from the
canyon in which the Willow mine opens at the town of Van Houten;
and Blossburg, which is here described as extending southward to
include the undeveloped area in the canyon of Canadian River (locally
called Red River) and eastward to include the area in the vicinity
of Raton. The fourth important district in which the Raton coal
is mined is Dawson. As this district is outside of the area shown
on the maps, its description is given after that of the mapped dis-
tricts.

KOEHLER DISTRICT.

LOCATION.

The Koehler district extends from Crow Canyon southward and
westward to Saltpeter Creek and includes all territory which will
eventually be reached by the Koehler mine. For convenience the
district may be regarded as extending to the Dawson property, the
boundary of which follows the crest east of Saltpeter Canyon.

RELATIONS OF THE COAL BEDS.

Two coal beds occur in the northern part of this district separated
by a maximum vertical distance of about 30 feet. As previously
explained, these are both in a sense the “Raton coal,” and the two
may join to the south and form the thick bed of the main part of the
Koehler mine. The lower bed, so far as is known, attains a minable
thickness only locally in Crow Canyon unless indeed it thickens
toward the north and becomes the main bed exposed in the northern
tributaries of that canyon. The upper one, which is the main bed
of the developed part of the district, may be called the Koehler coal
because of its development in the main part of the Koehler mine.
This bed has been extensively prospected along the outcrop and much
information collected concerning it. The data obtained from the
surface are presented first, after which the character of the bed is
described and an outline given of its relations to neighboring rocks
as shown in the mine workings, followed by a description of the mine.

The coal bed lies at an altitude a little less than 7,000 feet, 500
feet or more above the general level of the plain to the east. The
rock beds are somewhat warped so that the dip of the coal bed varies
slightly in direction and degree from place to place, but in general
it is inclined slightly toward the west, the outcrop crossing Prairie
Crow Canyon at an altitude of about 6,750 feet and Crow Canyon
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at about 6,700 feet. The bed outcrops in the sides of the canyons
along a very irregular line.

The coal bed on which the Koehler mine is developed is the lowest
and indeed the only one in the Vermejo formation near Koehler, al-
though a lower coal occurs farther north. The Vermejo is here
only a few feet thick, although in the western part of the Raton coal
field it reaches a maximum measured thickness of 425 feet,® and con-
tains ten or more coal beds of varying thickness. The coal lies only
a few feet above the Trinidad sandstone, which here as elsewhere
throughout the field makes a prominent cliff, and below a massive
conglomerate that constitutes the base of the Raton formation and
that lies unconformably on the Vermejo. The stratigraphic rela-
tions of the coal beds are best shown in the sections that have been
plotted in Plate II (p. 12), and these are described in the following

pages.
STRATIGRAPHIC POSITION OF COAL BED.

Several columnar sections that show the relation of the coal beds
to the neighboring rocks were measured in the Koehler district,
some of them by Orestes St. John, the geologist of the company
owning the land, others by the writer and his assistants. The results
of St. John’s work are recorded on two comprehensive charts. The
first, which bears the date 1898, indicates the location of the outcrop
line, the altitudes of the coal at the several localities examined, the
platted sections showing the character of the coal bed as measured
in prospect openings, and other useful information. The second
chart bears the date 1902, and, although intended primarily to cover
the Willow district farther north in a manner similar to the first,
includes the northern part of the Koehler district. Later a portion
of the outcrop in Prairie Crow Canyon was prospected by the coal
company in greater detail and the results recorded on a map dated
1907. These results are used in the following descriptions in addi-
tion to the data obtained by the writer.

The Pierre shale and the Trinidad sandstone are well exposed in
this district, and the rocks of the Vermejo formation, although soft
and therefore poorly exposed in many places, are well known through
mining operations. The conglomeratic sandstone at the base of the
Raton formation makes a conspicuous cliff above the outcrop of
the coal, as shown in Plate III, A and B, and is easily recognizable.

¢ U. 8. Geol. Survey Prof. Paper 101, pl. 17, 1918.
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PROSPECTS AND SECTIONS MEASURED AT THE OUTCROP.
AREA SOUTH OF CURTIS CANYON.

The Raton coal bed is not well exposed in the Koehler quadrangle
south of Curtis Canyon, and little can be said of it. It is reported
to be 3 feet thick at locality 1 and 4 feet 10 inches thick at locality
2, where the following section was measured:

Section of rocks at locality 2, south of Five Dollar Canyon.

Raton formation: . ‘ Ft. in.
Sandstone, cliff-making. ........ ... ... ... ool 1004
Shale. ... et 3

[0 1+
Shale, not continuously exposed. ........................ 35
(07 e 2
Sandstone and shale, not continuously exposed. .......... 40
Sandstone, yellow, thm-bedded .......................... 7
Sandstone, yellow, massive......... .. ... ..., 12
Shale, carbonaceous. .....c..oooii i 3

Sandstone, yellow, massive, fine grained, quartzose, with

streaks of very coarsesand....... .. .. ... .. ...... 10

213+

Unconformity.

Vermejo formation:

Shale, not continuously exposed. ...............c.o. oLl 21
Coal. - i 4 10
Shale, drab. . .....ne i e 9
Sandstone, white, massive, coarse, friable................. 18
Sandstone, white, massive, with partings of shale.......... 19
Shale, drab.....coueeeiei i R, 4
Sandstone, yellow, hard..... et eeeaa et eaaeananan 1
Shale, drab to black, carbonaceous at top. .. ............. 4
Sandstone, brown, hard, massive............... .. ...... 1 6
Shale, with partings of sandstone. ....eceeuvveinnninnn.. 7
89 4

Trinidad sandstone:

Sandstone, containing Halymenites major Lesquereux and
invertebrates. ......................... P 804

Pierre shale:
Transitional zone.
Shale. _

3824

The exact correlation of this section with neighboring sections is
open to question. Either the Vermejo formation is unusually
thick here or some of the rocks referred to it belong in the Trinidad
sandstone. Elsewhere in the region the main coal bed is only a few
feet above the top of the Trinidad sandstone. The suggestion that
the lower 54 feet of the Vermejo formation of this section is really
Trinidad finds support in relations observed at locality A, three-
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fourths of a mile to the east, where 2 feet of coal and carbonaceous
shale was observed below 20 feet of sandstone which forms the
upper part of the sandstone cliff, there interpreted as Trinidad
sandstone.

At locality 3, where the outcrop crosses Five Dollar Canyon—
formerly called Turkey Canyon—the main coal bed is 4 feet thick.
No satisfactory measurements of the coal were made in the east
wall of Five Dollar Canyon, but the croppings indicate that the
thick bed is persistent there. Also a thin bed containing a few
inches of coal was noted in several places below the main bed, and
in some places a higher bed containing a few inches of coal occurs
just under the basal conglomerate of the Raton formation.

In the east wall of Five Dollar Canyon, a white friable sandstone
was observed above the main coal bed. This sandstone is persistent
throughout the Dawson district and is described fully on pages 121-
122. It was not observed east or north of Five Dollar Canyon.

The coal in Curtis and Waldron canyons was prospected in 1907 by
the St. Louis, Rocky Mountain & Pacific Co. From the chart furnished
by this company are obtained the details shownin Plate IV. Inview
of the occurrence of the thick bed of coal in Five Dollar Canyon and
of the still greater thickness shown east of Curtis Canyon, the extreme
thinness of the coal in the west wall of Curtis Canyon is not readily
understood. If the bed of coal shown in sections 1 and 5 in Plate
IV represents the main bed, it is evident that this bed thins out
rather abruptly toward the southeast. On the other hand, the known
occurrence in this region of a thin bed of coal 5 to 10 feet below the
main coal and the occurrence of a still lower bed of thin coal at locality
4 raises the query whether the bed in these sestions may be one of
these lower beds. .

Two sections showing the rocks above and below the coal in this -
region were measured, one east of Curtis Canyon near locality 19
and one east of North Curtis Canyon near locality 33. They are as
follows:

Section of rocks at locality 19, east of Curtis Canyon.

Raton formation: Ft. in.
Sandstone, yellow, massive, fine grained . . ................ 20
Covered . . . .iiiii i e e 53
Sandstone, yellow, massive, fine grained . ................. 10
Shale, 8andy ..ot e 16

107 8
Sandstone, thin-bedded, alternating with yellow sandy chale. 38
) o ) (=Y 4
Coal . o 6
Shale, drab.... ... ... ... ..., R, 1
Sandstone, massive, fine grained........................... 3
Shale, drab toyellow.... ... ... ... ... .. ... ... ... 4

Coal . . 1
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Raton formation-—Continued. Ft. in.
Shale, not continuously exposed .......................... 37
Coal . e 15
Shale, yellow to brown ....... e taeeaioaeaans e 10
Sandstone, massive, coarse gramed ........................ 25
Sandstone, thin-bedded, and sandy shale, not continuously
[ o 143< LT 27
BandStone. ..o nt e e 5
1S 0T 12
SandStone. ...t i, 12
Covered - .. oo i 10
Sandstone, fine grained, hard, and quartzose.............. 10
302 7
Unconformity. —=
Vermejo formation: )
Shale, brown to black. ... ....ouiin i ieaannn 12
L0 8
Shale, black, carbonaceous.... ... . ..oiiiiiiiiiiiiaian, 6
L07T 8
Shale, brown to black....... .. ..o il 6
075 8
30T 10
Sandstone, yellowish white............. ...l 6
L707: X U o7 2 6
Shale, brown to black. ... .cooviiiii i 6
43
Trinidad sandstone....oeveeeeeieeeieeioieiminiiaciaenananan 77
Pierre shale:
Transitional zone.
Shale.
422 7
Section of rocks at locality 33, east of North Curtis Canyon.
Raton formation:
Sandstone and shale; several hundred feet. Ft. in.
Sandstone, massive, coarse grained, base irregular........... 53
Unconformity. ==

Vermejo formation:
Shale, with layers of thin sandstone and ironstone nodules .18

(670 9
Shale, buff- colored ...................................... 7
(00T 6
o 1T LSRR 1
Sandstone, white, granular. ....coooiiiiiiii i, 9
Shale, buff-colored ... .cvereneanan.s e e, 5
49 6
Trinidad sandstone..eceeeeaeencecaeancoeaacecaacaaacaaeccaan- 90
Pierre shale:
Transitional ZOMe.ueee .. cueeeeeeneaecnaneccsonaanaaasnnnns 25
Sha.le. ——

[USRRPN B
W e tem T

I
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AREA NORTH OF CURTIS CANYON.
‘Still farther north, in Waldron Canyon, at locality 40, St. John
Teports the following section:
Section of rocks in Waldron Canyon, at localily 40.

Sandstone. Feet.
10 U< S 5
(07 8
Shale. —
13

The sandstone of this section is doubtless the base of the Raton
formation, which is conglomeratic in this region and which in many
places farther north rests unconformably on the coal.

The coal bed thins slightly toward the east. According to St.
John, at locality 41 it is 7 feet 6 inches thick (see Pl. IV), and at
locality 42 it is 7 feet, but at neither of these localities is the character
of the bed or its relation to neighboring rocks indicated. Toward
the north the diminution in thickness is slight. At locality 43, in
Ashenfelter Canyon, the bed is reported to be 7 feet 9 inches thick,
but a shale parting appears which does not occur farther to the
southwest at locality 40. This shale parting increases in thickness
toward the east and was measured at localities 44 and 45 as shown
in the graphic sections of Plate IV. The measurements from which
these sections are plotted are found on the mine map and presumably
are comparable to the mine sections, which are described below.

The sections made from the mine measurements indicate only the
part of the coal bed removed in mining. The floor of the Koehler
mine is shale in most places, but the roof varies greatly. The mate-
rial above that represented in the sections may be bone or a part of
the coal left in process of mining, or it may be shale, sandstone, or
conglomerate, all of which constitute the roof in one part or another of
the mine. The probable character of the material overlying the coal
at these localities can readily be inferred from the sections that
follow.

At locality 46 St. Jobn reports the section shown in Plate IV in
which there is a thickness of 8 feet 6 inches of clean coal overlain by
2 feet 6 inches of shaly coal. No mention is made of the shale part-
ing just described, but it may be present here as it is both west and
north of this locality. In some of the sections reported years ago
the total thickness of the coal bed was given without regard to part-
ings, and it is not now possible to verify the observations without
reopening the prospect entries, which have long since been destroyed.

Still farther north, at locality 47, the section of the coal bed is very
similar to that measured at locality 46. Just north of this locality a
large dike cuts the coal bed. The next point along the outcrop at
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which a section was measured is in the north wall of Bear Den Can-
yon, at locality 48, where St. John reports the following section.
The conglomerate of this section is the one now known to lie uncon-
formably on the Vermejo beds.

Section of rocks at locality 48, in Bear Den Canyon.

Conglomerate. Ft. in.
Shale. e e .-
107 6
3T U 1 4
(010 A SN 1 3
Shale, brown. ... ...l 7
107 ) 8 3
Shale —
1511

At locality 49, on the point of the mesa to the east, a thickness of 9
feet of coal is reported, but no details of the bed are given. This
measurement was made before the study of the economic resources
of the region was undertaken by the writer, but it is probable that the
bed is here the same as that at locality 48. A columnar section
showing the stratigraphic relations of the coal to the rocks above and

below it was measured at this locality as follows:

4
Section of rocks at locality 49, near Koehler, N. Mez.

[For graphic section see P1. II, p. 12.]

Raton formation: ‘ Feet.
Sandstone, conglomerate, coarse-grained, quartzose, containing
siliceous pebbles as much as 13 inches in diameter. . .. ...... 28
. Unconformity.
Vermejo formation:
COVEIEd. . et 5
0| 9
Shale, not continuously exposed. ......... ... 18
Trinidad sandstone......... ... o i 80

Pierre shale. - —_—

140
Near Koehler the Vermejo formation is irregular in thickness, due
to erosion after it was laid down. In some places the upper part of
the coal bed was eroded. The shale, which at locality 48 separates
the conglomerate from the coal, occurs in some places farther west in
the mine, but in other places it is absent and the conglomerate rests
with irregular base on the coal. In the western part of the mine, near
locality 114, a parting of sandy shale separates the coal into two
benches. These benches were followed westward in the mine to a
point where the parting is 6 feet thick. This parting doubtless rep-
resents the 25 feet of sandstone and shale between the two coal beds at
the outcrop in the canyon at locality 50 (see PI. II), where the fol-

lowing section was measured:
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Section of rocks at locality 50 in Prairie Crow Canyon,

Conglomerate, under surface covered with worm borings.

Unconformity. Ft. in.
1S5 L= I 3
0 ) 11
(07071 I 1103 4 A 1 6
L070T 11
Shale. ..o 2
Coal................ e e e et e e 9
Shale and cross-bedded sandstone............ccooveieeinennan. 25
877 ) 5
Shale. et e 6
L6712 1 11
Shale . e e 5+

Sandstone (Trinidad). i _
37+

The coal bed is well exposed in many places in the north wall of
Prairie Crow Canyon near Koehler, where it outcrops in a zone of
shaly rocks. (See Pl. III, 4, p. 12.) The Trinidad sandstone forms
a cliff below the line of outcrop of the coal, and the conglomeratic
sandstone at the base of the ‘Raton formation forms an equally con-
ispicuous cliff above it. But only one bed of coal occurs here and this
:seems to include both the benches just described in the same way
that both occur together south of the canyon.

At Jocality 52 the writer measured a section including the Trinidad
:sandstone at the base and the conglomerate at the top. The 6 feet
-of ¢oal found at this locality probably represents only the lower part
.of the bed, which is much thicker than this on either side of this local-
ity. The section is as follows:

Section of rocks at locality 52, in north wall of Prairie Crcw Canyon.

[For graphic section see PI. IT, p. 12.]

. Feot

Conglomerate. ... ... ... . i 30+
Shale and sandstone. . ....... ... iiiiiiiiiiiiiiii e 22

Coal. ..o 64+
Shale. .................... e e e e e e e 8
Sandstone. . ........ e e i 5
Shale. ... e 3
Sandstone (Trinidad). . ....... ... .. . 65
Shale or sandstone (?). . - ...t 70

209+

About 200 feet farther east the bed contains 11 feet of clean coal,
:a8 shown in section 52 in Plate II, and at the head of the gulch to the
‘west, St. John reports a thickness of 12 feet of coal which is somewhat
shaly at the middle. In this gulch the conglomerate that was 22
feet above the coal at locality 52 is only 6 feet above the coal, and
still farther west, at locality 130, described below, the conglomerate
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rests on the coal, which is reduced in thickness near this locality to
2 feet 6 inches or less. Mine entries were not driven into coal thin-
ner than 2 feet 6 inches. The unconformity shown by the sections.
just described is illustrated in figure 3.

FiGuRE 3.—Diagram showing relations of beds exposed in the north wall of Prairi¢ Crow Canyon, where-
the basal conglomerate of the Raton formation rests unconformably on the coal-bearing shale of the Ver--
mejo formation. The coal, which is here shown in black, thins toward the left to such an extent that.
mining is there discontinued.

At locality 53 the coal is reported to be 11 feet 10 inches thick (see:
P1. IV), but no details of the bed are given. However, in the gulch
still farther to the east, at locality 54, the bed is 12 feet 2 inches thick.
and is separated into two benches by a thin parting of shale, as shown
in section 54 of Plate IV.

Still farther to the east the rocks extending from the upper part of
the Pierre shale to the cliff-making sandstones of the ‘“barren series”
-of the Raton formation at the top of the mesa are well exposed, as.
shown in Plate III, 4 (p. 12), and a columnar section was measured in.
the side of the canyon north of the town of Koehler at locality 55..
The coal bed, which has a maximum measured thickness of 14 feet.
in this vicinity, does not occur in this section, but a bed of ash was.
found that obviously resulted from the burning of this coal. The:
section is as follows:

Section of rocks at locality 55, in side of canyon north of Koeller.

{For graphic section of lower part see P1. IT, p. 12.1

Raton formation: . Ft. in.
Sandstone, yellow, massive. ... .. ... i 30
Covered. . . ..o et 75
Sandstone, yellow, massive. .. ........ccouiiieeneraennan-. 15
Sandstone, yellow, thin-bedded, with partings of sandy

shale not continuously exposed.......................... 35
Sandstone, yellow, massive.. ... ... ..... ... ....o..o.i... 14
Shale, drab to brown. ... .. ... ... ... iiiia... 10
Sandstone, yellow, massive.........c.cocimiriineniaia.n. 18
Shale and sandstone, not continuously exposed. . .......... 44
Sandstone. ... ...l 20
Covered. . .. ciiiiii i it 8
Sandstone. ... ... 3
Shale and shaly sandstone................ e 16.
Sandstone, conglomeratic, coarse-grained, quartzose, with

siliceous pebbles up to 1 inch in diameter. . ............. 26

Unconformity.
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Vermejo formation: ) Ft. in.

Shale and shaly sandstone...................ooiiiiaia.. 22
Ash (representing burned coal)............. ..ol 6
Shale. . it 16
Coal, dirty. . - ooe e 6

Shale, brown to black, sandy............ ... ...l 6

trinidad sandstone, with shaly partings..............c.ceeee... 45

Pierre shale. : -
389 6

The distance to which the burning has extended along the outcrop
was not determined because of poor exposures in the south wall of
Ox Canyon. Certainly, however, it extended back from the outcrop
nearly to locality 138, where the burned area has been reached in
the mine.

At the point where the outcrop of the coal bed crosses the stream
in Ox Canyon, near locality 56, a columnar section was measured in
the north wall of the canyon. The Vermejo formation is thicker.
here than it is west of Koehler, a mile farther south, the difference
being due to the thickening of the beds below the main coal bed and
to the appearance of a thin bed of coal below the main coal. Al-
though only 3 feet of coal is reported in this lower bed where the
section was measured, it is known from other measurements near by
to be considerably thicker than this. The basal conglomerate of the
Raton formation has here practically the same thickness and char-
acter that it has near the Koehler mine farther south and rests un-
conformably on the shale which overlies the main coal bed. The
columnar section measured at this locality is as follows:

Section of rocks near locality 56, in the north wall of Ox Canyon.

[For graphic section see Pl. IT, p. 12.]

Raton formation: Ft. in.
Sandstone, conglomeratic..... ... .............. St 27
Unconformity.
Vermejo formation:
(67 ) S 3 7
Shale. ..o e 1
0 Y 10
Shale. oo e 5
Sandstone, white, coarse-grained, massive, shaly toward the
20 N 27
Coal. .« i 8
Shale, brown to black. .. ... ... ... 4
Shale and massive sandstone not continuously exposed. .... 16

Trinidad sandstone.

8 2

In the south wall of this canyon, near locality 56, the main coal
bed was measured at the side of the stream, and the results are shown
in the platted section on Plate IV. Apparently the upper part of
the coal bed was eroded away before the conglomerate, which here
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Tests unconformably on the coal, was deposited. The lower surface
of the conglomerate is covered with a network of cylindrical bodies
found in many places throughout the Raton field, especially where
the conglomerate rests on coal. Further evidence of partial removal
of the coal is brought out by the varying thickness of the bed in this
region, as shown in Plate IT (p. 12), where the line connecting the
base of the conglomerate of the several sections indicates the irreg-
ularities of the surface on which the conglomerate was laid down.
At locality 57 the conglomerate rests on coal that is more than 5
feet in thickness. The base of the coal bed was not seen. A little
farther downstream in the first side guleh on the north St. John
reports a thickness of 5 feet of coal at locality 58, and of more than
- 5 feet at locality 59. At neither of these localities does he indicate
. the relation of the bed to the neighboring rocks, but this relation is
well shown farther east, where a good exposure of the coal and its
accompanying rocks was found by the. writer at locality 60 and the
following section measured by him:

Section of rocks at locality 60, in north wall of Oz Canyon.

Ft. in
Conglomerate. . ..« ouvnntine e e e a et 30
Unconformity. )
Shale........ e ettt e 8
L0707 ) 3 4
Coal, BOMY . it e 5
Coal. . i 8
) o) - T 10
L0707 3
Shale. . ... 1
L0707 NP 3
Shale, carbonaceous. .. .........oooiieieiiiiiiiiiei i 2
SandBtONe. . ...ttt e a e 8
Shale, carbonaceous....... e e et 8
Sandstone (Trinidad).
Total thicknessof beds........ ..o il 60 11
(0 12 3

Although somewhat nearer to the Trinidad sandstone than the bed
just described at locality 56, this coal bed bed is obviously the one
in which the Koehler mine is developed and the one on which the
conglomerate, which is here separated from it by 8 inches of shale,
rests unconformably at the localities just described farther up the
canyon. The carbonaceous shale at the base of the section is at the
horizon of the 8-inch bed which was observed near locality 56 and
which farther to the north thickens and locally attains economic
value. It is referred to elsewhere as the lower coal bed.

St. John found the main coal to be 8 feet thick in the gulch at
locality 61, a little farther to the east, but for some distance farther to
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the southeast the coal has been burned. However, its full thickness
ogeurs at locality 62, where St. John measured the thickness shown in
section 62 in Plate IV. Although he does not state that the sand-
stone is conglomeratic, it occupies the position of the conglomerate
that is conspicuous throughout this region, and it has therefore
been represented as conglomerate.

In addition to the data just given, more recent information has
been acquired regarding the coal in Ox Canyon by the owner, the
St. Louis, Rocky Mountain & Pacific Co., which has furnished it
for this report. The outcrop was resurveyed in- 1907, and the
thickness of the main coal at the several localities where prospect

4’3{Lfoca/l'ty No.65
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56" .
- . Underlain by coal

Locallty (8
No.56 e 2
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Underlain by coal . "\r“'\
' 8
s I Locality
: 4\@%03

FIGURE|4.—~Outcrop line of the Raton coal bed between Ox Canyon and Crow Canyon. The thicknesses
of coal given are those measured in openings on this bed and represent only the main benches of coal.

openings were made is noted on the company’s map along the line of
outcrop. Apparently only the thickest bench of coal was measured,
and the engineer’s map shows nothing of the relation of this coal to
other benches or to the rocks above or below the coal bed. Tor this
reason these measurements were not included in the foregoing de-
scriptions, but they are given in figure 4.

The coal is not well exposed near the point of the mesa between
Crow Canyon and Ox Canyon, and it does not occur in some places
where the exposures were good, but a prospect opening was made at
locality 63 and the section of the bed as measured there by St. John
is given in Plate IV.

55393—24—DBull. 752——3
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No satisfactory exposures of the coal and associated rocks were found
for a considerable distance northwest of locality 63, although St.
John reports a thickness of 7 feet 10 inches for the bed at locality 6%.
He gives no details that indicate its character, but the writer found
the conglomerate resting on 8 inches of coal-in the north wall of the
gulch at locality 65 and in the south wall a bed of coal, only 2 feet of
which was visible, is separated from the conglomerate by 5 feet of
shale. On the map previously referred to (fig. 4), the engineers for
the coal company report 4 feet of coal at this locality. Several
places were examined along the outcrop farther to the northwest
without finding the coal. In some places this failure seems to be due
to the absence of the coal, but in other places its nonappearance at.
the surface is possibly due to the crushing effect of great masses of
the overlying conglomerate breaking from the cliff and gradually
working down the slope. -

However, a good exposure of the rocks at locality 66 proves that
at least in this place the upper or main coal bed is absent. A section
measured here follows:

Section of rocks at locality 66, in west wall of Crow Canyon.

[For graphic section see P1. 11, p. 12.]

Ft. in.
Conglomerate. . . . .....oiomiume e
Unconformity (upper coal absent).
Shale. . ... i e i 5
R0 116 1 70) o 1T 12
Shale and sandstone. . . ... . ooiiiiiii it i 10
Sandstone, gray, friable. ... . oot 3
Coal (lowerbed). ... .ovvuenreimiiii iy SO 2 3
1S3 1 1
Sandstone (Trinidad). —
’ 33 3

Half a mile farther north, in an equally good exposure, both coal
beds occur, although the lower one was not well enough exposed to be
measured in detail. The section of the upper bed is given as 67 in
Plate IV. The columnar section follows:

Section of rocks at locality 67, in Crow Canyon.

Conglomerate.

Unconformity. : Ft. in.

Shale..............: S 1
L0747 ) 4 8

Not @XPOSEA. « v oteieieiee e et e e e e et 5

Sandstone, gray, friable, shaly. ... .. ... . ... . ... ... 25

Coal and shale, not well exposed.
Sandstone (Trinidad).

35+

Near this locality St. John reports a thickness of 5 feet 3 inches
of coal in the upper bed, which is here separated from the conglom-
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erate by 2 feet 9 inches of shale, and farther northwest, at locality
68, he reports 4 feet 3 inches of coal in what is probably the same bed.

In the bottom of the canyon west of locality 68 both beds of coal
are exposed in the bed of the stream. The full thickness of the
lower bed is exposed, but the coal is shaly and shows signs of thinning
out toward the west. A thickness of 3 feet of coal in the upper bed
was seen at locality 69, but neither the top nor the bottom of the bed
is exposed. The lower coal is only 1 foot 8 inches thick.

About 2,000 feet upstream from the outcrop of the coal in the bed
of the stream a drill hole was put down to a depth of 129 feet 5%
inches. The base of the lowest coal was 96 feet 4 inches below the
surface. The lower 32 feet of the hole is in sandstone. The following
succession of rocks occurs near the horizon of the coal:

Rocks penetrated by the drill in Crow Canyon.

Ft. in
Sandstone. . ..ot 10
13 73 L 1 8
Coal, shaly. ... ... ..o il Oeeianna 1 3
Shale. o e et 2
Coal, Bhaly. ... iieaaaa 1 2
Shale with streaks of coal.............. eeereeeeeiaeaaeaaas 1 3
Sandstone, brown...... ...l 1 13
Sandstone, gray. . . oot iie e 32+
41+

In the same canyon, about a mile upstream from the outcrop of
the coal in the stream bed, a second drill hole was put down to a
depth of 186 feet. The following rocks were penetrated at a horizon
supposed to be that of the main coal:

Rocks penetrated by the drill in Crow Cangon.

Ft. in
Sandstone, shaly....... ..o 7
Shale. oo 2
Coalyshaly. ..o e 1 4
Shale. et e 1 8
Coal,shaly. ... ... il 1 4
Shale. e e i 1 13
Coal, shaly. .ouiuinni it 9
Shale. o eaee e e 2 2
3720 16 1) 1 PP 1 104
Total thicknessof beds............co..ociiiiiiiil.s 17 434
Coal. o i 3 5

The records of the drill holes when considered in connection with
the sections measured in the south wall of Crow Canyon, indicate that
the coal probably thins toward the west in this part of the field to
such an extent that it is of little commercial value under present
conditions. The 32 feet of sandstone at the bottom of the first hole
indicates that the drill entered the Trinidad sandstone, but there is

!



30 COAL RESOURCES OF RATON FIELD, N. MEX.

no indication here of the presence of two beds of coal which at locality
67 are 30 feet apart.

In the north wall of Crow Canyon farther east two beds of coal
were found like those that occur in the south wall of this canyon. In
the west wall of the north side tributary, at locality 70, the lower bed
contains a thickness of 1 foot 10 inches of coal and lies 2 feet above
the Trinidad sandstone. St. John reports a thickness of 4 feet 1 inch
of coal in the upper bed near this locality. The writer found a thick-
ness of 5 feet 10 inches of clean coal with shale above and below it in
the stream bed at locality 71." (See section on Pl. IV.) The con-
glomerate lies 8 feet above the upper coal in this gulch.

In the east wall of this guleh, a little farther south, at locality 72,
St. John reports a thlckness of 4 feet 3 inches of coal in the upper or
main bed, but the relation of the bed to neighboring rocks is not
indicated. Still farther southeast the conglomerate rests on the
coal and finally replaces the upper bed entirely. At locality 73 the
conglomerate rests on a bed of coal 2 feet 6 inches thick, which seems
to be the lower bed, althoucrh this is not certain, and at locality 74,
north of the junction of Antler and Crow canyons, 1t is close to the
lower bed, but the actual contact was not found.

The relations in the west wall of West Antler Canyon are similar to
those just described, but exposures were so poor that no details of
the coal bed were obtained. However, in this canyon, at locality 75,
the conglomerate rests unconformably on the upper bed of coal.
The bed here has essentially the same character and thickness that it
has at locality 76, a little farther south, where a more complete
section was measured. The rocks are well exposed in the east wall
of the canyon at locality 76, near an old mine entry, where the

following section was measured:

Section of rocks at locality 76, in West Antler Canyon.

[For graphic section see P1. II, p. 12.]

Conglomerate.

Unconformity. Ft. in.
L0 ) 1
173+ V- RN 1
(077 3 10
1 374) o 1= U 1
(077 9
Coal, bOnY . . ettt et 3
C0al. .« ot e eiiieceeiieeeeaaaaaaa 1

Shale. . viiiii i e ctieeeeeaiee e 4

N1 %s :170) 1 - TR 20
Coal (JTower bed)..eeeeeeeeiniiiiii i 2

N 07 L N 4

1150 %e 1) 11 AU U RN 4

1) 1 F:Y L TN 2

Sandstone (Trinidad).
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The rocks near the coal beds or between the Trinidad sandstone
and the overlying conglomerate are not well exposed in the east fork
of Antler Canyon nor in the north wall of Castle Canyon, and the
writer found no place where details of the coal bed could be satis-
factorily obtained. St. John reports a thickness of 4 feet 6 inches
of coal in the west wall of the east fork of Antler Canyon, at locality
77, and 6 feet 9 inches in Castle Canyon, at locality 78.

At the forks of Castle Canyon and also in its east wall the coal is
well exposed in many places. At locality 79, where the bed crosses
the west fork of the canyon, St. John reports the measurements
shown in section 79.

At the fork of the canyon, locality 80, the writer measured the
section shown as 80 in Plate IV.

Although the coal bed is here only 4 feet above the Trinidad sand-
stone, there are some reasons for believing that it is the upper one
of the two beds in Crow Canyon farther to the west which lies 30
feet or more above the Trinidad sandstone. However, the lower
bed, which farther west lies practically on the Trinidad, possibly
thickens toward the east and becomes the thick bed that here lies
close to the Trinidad, and the upper bed may not be represented.
Unfortunately, the beds between Castle Canyon and locality 76,
Antler Canyon, the last place described where both beds were found,
are not exposed well enough to determine this point.

In the east branch of Castle Canyon, at locality 81, a mine entry,
which later was connected with the workings of the Willow mine to
the north, was driven in on the coal bed for a considerable distance
at the time of the writer’s investigation. At the mouth of the mine
the conglomerate lies on the coal, which is 6 feet 1 inch thick at the
mouth of the opening. The character of the bed and its relations
to the rocks above and below it are shown in section 81 of Plate
IV, page 12.

In Castle Canyon, about 1,600 feet northeast of the last locality
described, a drill hole was put down to a depth of 130 feet 6 inches.
A heavy sandstone above the coal bed here doubtless represents the
conglomerate. Under this sandstone is a 7-inch bench of coal,
which is separated by 1 inch of shale from the main bench found at
locality 81. The rocks penetrated at the horizon of the coal are as
follows:
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Rocks penetrated by the drill near locality 81, in Castle Canyon.

Sandstone, massive: Ft. 1n.
(07 7
Shale . . et 1
L7 5 8
Coal, slaty . .. 1

Sandstone, shaly. ... ... ... o i 1
Sandstone, brown . .. ... ...ttt e 6
Total thickness of coal. . ......iiitiie it iiaie e 8 3

In the east wall of the canyon the coal bed is well exposed, and
several sections of it were measured. The results have been platted
as sections 82 to 86 inclusive on Plate IV (p. 12).

No measurements were made farther south in Castle Canyon, but
about three-fourths of a mile southwest of locality 86 St. John
reports a thickness of 12 feet 11 inches of coal, though he does not
indicate the relation of the bed to neighboring rocks. No details
of the coal bed were obtained in the north wall of Schomburg Canyon
because of poor exposures. The conglomerate overlying the coal in
this canyon is very resistant, and large masses of it cover the slopes
(see P1. III, B, p. 12) and effectively conceal the beds that would
naturally outcrop in the slopes. The boulders weather to a rough
craggy surface owing to the superior hardness of the chert and quart-
zite pebbles in it. The conglomerate forms a conspicuous shelf that
can generally be recognized in the canyon walls in this region.

A precipitous cliff has been formed in the east wall of the west
fork of Schomburg Canyon by a large landslide. The face of this
cliff exposes the Trinidad sandstone with the lowest coal bed of the
Vermejo formation a few feet above it. Resting uncomformably on
this coal is the basal conglomerate of the Raton formation. The
relations of the coal bed to the rocks below and above it are shown
in Plate V. '

St. John states that the coal in the canyon at locality 88, just
north of this cliff, is 6 feet 10 inches thick and that conglomerate
lies above and shale below it. The same bed was measured by the
writer at four localities rather close together in the face of the cliff.
These show a gradual thickening of the bed toward the south. The
coal occurs in two benches, separated by a few inches of bone that
can be traced continuously. In this way it was demonstrated that
the variations in thickness are due to variations in the upper surface
of the coal bed, presumably caused by erosion. The measurements
are as follows:
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B, C. CHARACTER OF OVERLYING CONGLOMERATIC SANDSTONE.

CLIFF IN SCHOMBURG CANYON, SHOWING THE RATON COAL BED LYING
UNCONFORMABLY BELOW THE CONGLOMERATE AT THE BASE OF THE
RATON FORMATION.
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Sections of coal in Schomburg Canyon.

[For graphic sections see PI. II, p. 12.]

Locality | Locality | Locality | Localit
89. v . y 91, v 92. v

Conglomerate: Ft. in.| Ft in.| Ft in.| Ft in.
L2 Y F 2 4 3 2 4 10 5 10
T T 7 3 5 2
[0 PN .9 1 1 1 1 3

Shale.
3 8 4 5 6 4 7 3

In the south fork of Schomburg Canyon the conglomerate cuts
down again into the coal, so that at locality 93 the coal is only 2
feet 2 inches thick and has conglomerate above it and shale below.
(See Pl. IV.) Farther south the exposures are poor, and the writer
found no place where the thickness of the coal could be measured
satisfactorily, but St. John reports the following section measured
in a prospect entry at locality 94. The sandstone of this section
doubtless represents the conglomerate.

Section of coal at locality 94, in north wall of the canyon south of Schomburg Canyon.

Sandstone. Ft. in.
(077 19
311 L 6
(077 5

Shale.

Total thicknessof bed ....... .. ... il 710
L0717 S 7 4

Farther east he found 5 feet 6 inches of coal at locality 95 and
4 feet in the bed of the canyon at locality 96. South of locality
96 the coal is irregular in thickness and in some places is absent.
St. John reports a thickness of 5 feet of coal in the west slope of the
ridge about half a mile south of the south boundary of the Brilliant
quadrangle, and still farther south the writer found 1 foot 6 inches
with the conglomerate resting on it. But at the southern end of
this ridge the coal is only a few inches thick, and it finally disappears,
allowing the conglomerate to rest on the carbonaceous shale that
normally underlies the coal, and beyond on the Trinidad sandstone.
At the southern end of this ridge, and for some distance in its eastern
slope, the rocks are well exposed and the contact of the conglomer-
ate and the Trinidad sandstone is plainly seen. No coal was found
in the eastern slope of this ridge for several miles farther north.

EOEHLER MINE. ,
The coal in the Koehler district has been developed in the northern

part of the Koehler quadrangle. The mines open in Prairie Crow
Canyon at the town of Koehler and the entries are driven in on the
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coal bed north and south of the canyon. The workings (see map,
Pl. I) extend nearly 3 miles from north to south and about 24 miles

from east to west.
ROOF AND FLOOR OF MINE.

The conglomerate at the base of the Raton formation lies uncon-
formably on the coal in some places and in others on beds that
normally underlie the coal bed. It ranges in thickness from a few
feet to 40 feet or more and is so resistant that it forms a strong roof
for the mine, but of far more important economic significance is the
fact that at certain localities it replaces the coal in whole or in part.
In other words, prior to its deposition the coal was eroded away
in some places. (See Pl. II.) In many places within the mine thin
coal is capped with conglomerate and thick coal with shale. This
is explained on the assumption that the erosion did not in all places
cut away all of the shale that originally covered the coal bed.

The rock in the roof of the Koehler mine differs greatly in kind
and in character from place to place. It consists of shale, bony
coal, sandstone, or conglomerate in different places. In some
places where thin shale forms the roof it is “brushed” down in the
process of mining but where it is thick enough to form a good roof
is left in place. There is no regular “draw slate’” and no bad falls
have occurred in the mine. A few “pots,” or slick-sided conical
masses of shale in the roof, have been encountered that fall readily
but they have caused no serious inconvenience. Props and cross-
bars are used in the main entries and props with caps'in the rooms
that need timbering. In places where the roof is sandstone or con-
glomerate no props are required.

The floor of the mineé consists of relatively thin shale, which
separates the coal from the massive Trinidad sandstone below.
It is regular in occurrence and forms an even floor from which the
coal separates readily. It shows a general tendency to move under
pressure, but there are few places in the mine where squeezing has
seriously interfered with mining operations.

COAL BED.

The coal bed is only slightly affected by faults in this mine, al-
though some have been encountered with a throw of a few feet.
In several places the fault lines can be traced through the coal and the
roof shale, but not into the overlying conglomerate. In these places
the displacements occurred previous to the deposition of the con-
glomerate. The coal bed has also been affected by the intrusion
of igneous rock. One large dike and several small ones have cut the
bed. Apparently the molten rock spread laterally, displacing the
coal so that the width of igneous rock as exposed in the mine is con-
siderably greater than the thickness of the dike where it appears at
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the surface. The coal is coked for a few feet on either side of the
igneous rock but otherwise seems to be unaffected by the intrusions.

A general summary of the character of the coal bed developed in
the Koehler mine shows that even though the sections were not all
measured from the same datum plane and therefore can not be
definitely correlated, and though some of the partings of shale and
bone are persistent throughout considerable areas, the bedded
impurities on the whole are-rregular in distribution. In few places
does the bone separate readily from the coal, and where it forms a
large percentage of the volume of the bed the coal can not be profit-
ably mined. The cleat faces are only moderately well developed
and little use is made of them in mining. Their general trend is
N. 75° W., the same as that of the dikes, several of which occur in
the vicinity of Koehler. At some places masses of sandstone known
as ‘“spars” extend into the coal and at others they cut entirely
across the bed. The “spars’ seem to be associated with the overlying
conglomerate and, so far as noted, occur only where the conglomerate
rests in contact with the coal or is very close to it. The “spars”
are not so prominent in the Koehler mine as they are in the Willow
mine, but are of the same nature. (See pp. 59-60.)

CHARACTER AND COMPOSITION OF THE COAL.

The coal is bituminous and will coke readily. It is compact and
tough and has relatively dull luster and irregular fracture. It varies
in character somewhat from place to place, but in general it is finely
laminated owing to the presence of layers having a vitreous luster
alternating with layers of dull porous material resembling charcoal.
Woody fragments also occur in which the fibrous structure is still
visible under a lens. The laminated structure is particularly con-
spicuous on exposed surfaces where the soft charcoal layers weather
out and the harder vitreous layers form ridges.

The composition of the coal is indicated by six analyses given in
the table of analyses (pp. 240-246). Its coking quality renders it less
desirable as a domestic fuel than some other coals in the Raton field,
but its high heating valuc renders it especially valuable for a smith-
ing and steaming fuel. It does not crumble readily on exposure to
the weather and stands shipping without notable deterioration.
The coal is separated at the tipple into lump (about 26 per cent),
nut (about 28 per cent), and slack. Some of the lump and nut coal
is used for smithing, but most of it is used on railway locomotives.
The slack is coked in beehive ovens at the mouth of the canyon east
of the town of Koehler.

Certain information regarding the character of the coal was
obtained before the mine was opened, and this is presented here
because of its historic interest and also because the analyses of the

[y
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weathered coal may be useful for comparison with those of the un-
weathered coal. The coal for analysis was collected in a prospect
opening in Prairie Crow Canyon from five horizons in the bed, num-
bered in order from base upward. The results of the analyses are as
follows:

Analyses of weathered coal from Prairie Crow Canyon.

[Reported by Orestes St. John.]

Sample 1. | Sample 2. | Sample 3. | Sample 4. | Sample 5.

Moisture........ e 1.70 2.68 6. 24 9.23 8.7
Volatile matter. .. 35.04 34.49 30.15 31.03 33.99
Fixed carbon... FN 5Q. 40 54,47 55.15 48.76 |. 51,12
ASD e e 12.16 7.86 7.94 10. 54 8.72
Sulphur.... ...l .70 .50 .52 .44 .46
British thermal units..................... 12,384 12,435 11,004 10,385 10, 450

Samples 1 and 2 yielded coke which was regarded as satisfactory
and which had the following composition:

Analyses of coke made from weathered coal in Prairie Crow Canyon. -

Sample 1. | Sample 2.

1.31 0.76
.94 1.54
76. 34 85.62
.46 .30
20. 90 12.78

The coal from the upper part of the bed did not coke. However,
when unweathered coal was obtained it was found that all parts of
the bed produced excellent coke.

The sections measured in the mine do not show the character of
the entire bed, for most of them indicate only the portions of coal
removed in mining. For one reason or another parts of the bed are
left. The mine measurements, however, serve to indicate the thick-
ness and character of the part of the bed actually mined, and are
more significant as showing commercial value than measurements
made in prospect openings along the outcrop of the bed where the
relation of the coal to neighboring rocks can be shown. For this
reason several of the measurements made in different parts of the
mine have been shown in the sections in Plate II (p. 12).

SECTIONS MEASURED IN THE MINE.

In mine No. 1, at the end of the main entry, locality 97. the coal
bed was measured as follows:
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Section of coal bed at locality 97, in main entry of Koehler mine No. 1.

Shale. Ft. in.
Coal, bony, not mined...........ciiiiiiniiiiaianiiann. 6
L0 7
12703 o= 5
Coal (sampled).. .. ccoeini it teaiatraeanans 19
Bome. . i e ieeeeeeera et 1
Coal (sampled).....coeimiii ittt ine e 6
C 703 0T P 2
Coal (Bampled).. ... oot 1
Bome. . et 13
Coal (Bampled)......cooniiniii ittt 1 8
6 7o) + - 3

Shale. —_—

Total thickness of bed...... ..o iiiiiiiiiiiiiiiiaaaen. 7 %

A sample of the coal representing four benches was collected for
analysis. The results of this test are given in analysis 33017 (p. 240).

The coal bed is relatively regular in thickness and character over
a considerable part of the area developed in the southern part of
mine No. 1. Itis 6 feet 11 inches thick at locality 98 and 7 feet 2
inches thick at locality 99. Farther north at locality 100 the coal
removed in mining was 5 feet 2 inches thick. A considerable part
of the bed may not have been removed at this locality, for the bed
is 8 feet thick at locality 40 in Waldron Canyon. At locality 44 also
a thickness of 5 feet 6 inches of coal in the lower bench of the bed,
separated from an upper bench by a shale parting, suggests that the
bed may be similarly divided at locality 100 and that only the lower
bench was mined.

The minable portion of the coal thickens to the north to 6 feet 6
inches at locality 101 but becomes bony at the bottom toward the
east and north, where 8 inches of bone is reported at locality 102.
The coal becomes bony also toward the northwest, but here the bone
occurs near the top of the lower bench instead of the bottom, as
shown in the section at locality 104.

At a point near locality 101 a sample of the coal for analysis was
collected by J. C. Roberts on May 28, 1911. The sample included
coal 6 feet 2 inches thick with poor coal below and bony coal above it.
The results of this test are given as analysis 12336 in the table of
analyses (p. 240).

The bed continues westward with little change in character to
locality 103, where it consists of a lower bench of clean coal 6 feet
3 inches thick and an upper bench of 2 feet of bony coal. The bony
layer persists toward the west, where at locality 105 the following
section was measured:
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Section measured at locality 105 in the Koehler mine.

Shale. Ft. in.
[0 9
B0 11 O N 11
L0 A 4

Shale.

A sample of this coal was collected for analysis by the writer on
September 27, 1912. It represents the entire thickness of the coal
below the bone. The results are given as analysis 14796 in the table
of analyses (p. 240).

Farther north the bone seems to disappear, and the coal is reported
to be 6 feet 6 inches thick at locality 106 and 7 feet thick at locality
107, but farther west it becomes bony again, there being 1 foot 6
inches of bony coal over 5 feet 6 inches of clean coal at locality 108.
Near the end of the entry, at locality 109, the coal was so impure
that development work in this part of the mine was stopped. The
character of the bed at the end of this entry is shown in section 109
(fig. 2). In this entry nearly 1,000 feet from the main entry two
samples of coal for analysis were collected by J. C. Roberts on May
28, 1911, at points 300 feet apart near locality 106. The first sample
(12335) represents 6 feet of clean coal which has 1 foot of poor coal
below it and 2 feet of bony coal above. The second sample (12337)
represents a thickness of 5 feet 9 inches of coal.

In the main entry of mine No. 1, north of the intrusive mass of
igneous rock, the coal is somewhat bony and the mined portion
ranges in thickness from 5 feet to 8 feet. At locality 110 it is 6 feet
10 inches thick but becomes bony toward the west, as seen in the
first entry south of the igneous rock. At locality 111 clean coal 5 feet
6 inches thick is underlain by 1 foot of bone, and at locality 112 the
coal is 5 feet 10 inches thick and the bone 8 inches thick. Several
measurements near this locality gave the same results. Near the
end of this entry, at locality 113, the coal is reported to be only
4 feet thick and the bone has increased in thickness to 3 feet 6 inches,
as shown in the platted sections. As these conditions were regarded
as too unfavorable for profitable mining the entry was not driven
farther west. In the next entry to the north the bone decreases
to 6 inches in thickness, although the coal is still thin, only 3 feet 6
inches being found at locality 119. The coal, however, thickens
toward the east and is 5 feet thick at locality 115.

As' the coal bed seemed to become thinner and to have a less
favorable character toward the west, the advisability of pushing
mining operations in that direction became doubtful, and a drill
hole was put down in Prairie Crow Canyon about a mile west of the
outcrop of the coal in this canyon to test the character of the bed
in advance of the mine workings. This prospect indicated condi-
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tions still less favorable for mining, for the bed is here separated into
three benches, as follows:

Section of coal bed penetrated by drill in Prairie Crow Canyon.

Ft. in.

Shale, 8anA Y. ce e e 7 2

Coal, ghaly. ... i 1 4

Shale, brown. .. ....oot it e e 1 8

Coal, shaly. . ..o 1 4
Shale, DrOWn. .ot e 1 13

Coal, shaly. ..o it 9

Shale, BrOWn. .ot e e eee e eeeeec e aeanaannn 2 2
Sandstone, gray. ...ceeeceiveiannss ettt 1 10%

Total thickness of beds.....coveeiiinaineiiaiiita.. 17 5

(77 3 5

In the cross entries between mine entries 1 and 2 the coal seems to
have been rather constant in thickness, although bone is reported in
some places. At locality 116 a thin stratum of bone was found near
the top of the coal (section 116, P1. IV), but it does not seem to have
been persistent. It is not reported from some of the localities
farther south and the coal bed removed in mining ranges in thickness
in the central part of the mine from 5 feet 4 inches to 5 feet 8 inches
and increases toward the east to 6 feet at locality 117.,

East of the main entry of mine No. 2 the coal maintains an even
thickness but appears somewhat bony in some places. At locality
118 it is reported to be 6 feet thick and at locality 119 to be 7 feet.
Still farther to the east a considerable amount of bone occurs in the
coal, as shown in the sections at localities 120 and 121. At the end
of the entry, at locality 122, the working reached practically to the
surface where, at locality 49, as previously described, the coal bed
is 9 feet thick. The two sections, 123 and 124, in the next entry to
the south indicate that the bed maintains relatively uniform character
in this direction.

Between main entries 1 and 2, south of the intrusive igneous rock,
the coal is uniform in thickness and notably free from bedded im-
purity, although it is bony in some places. At locality 125 it is
reported to be 6 feet 6 inches thick, and it is 7 feet 6 inches thick at
locality 43, at the outcrop a little farther south in Ashenfelder Can-
yon. At locality 126 it is 6 feet 9 inches thick and it has the same
thickness at locality 127, although still farther to the west, at locality
103, it becomes bony at the bottom.

Farther south, in mine No. 2, a thick bench of bony coal is developed
at locality 128, where a section was measured. Still farther south
and east, at locality 129, another section was measured.
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Sections measured at localities 128 and 129.

Locality 128.

Ft. in.
L0747 2 11
Bone. .. 7
L R 1 9
Locality 129.
Shale.
Coal (sampled) ..o e eneren i cae e 10
Bony coal...o e 1 4
Coal (sampled).....cnuineiin it 5 4
Shale. :

A sample of the coal above and below the bone was collected at
this locality for analysis and the results are given under analysis
33018 (p. 241).

North of Prairie Crow Canyon a mine entry was started in the
gulch where the coal at the outcrop is thick enough to indicate
favorable conditions for mining, although the conglomerate here
rests upon it. As the entry was driven toward the west the coal
became gradually thinner. At locality 130 it is 3 feet 6 inches thick
and a little farther west, where it is only 2 feet 6 inches thick, the
entry was abandoned. The variation in thickness is due to erosion
of the bed before the conglomerate was deposited upon it.

Another entry, now known as mine No. 3, was driven from the
outcrop in the same gulch and more favorable conditions were found.
In this entry the conglomerate rests on the coal, but at locality 131
the coal has increased in thickness to 4 feet 6 inches. (See Pl. IV.)
It increases slightly in thickness still farther northeast, where it is
5 feet thick at locality 132, but becomes somewhat bony still farther
in the same direction. At the end of the main entry, locality 133,
a considerable thickness of bone was found at the base of the coal
(see section 133), but a little farther south the bone decreases in
thickness (see section 134).

Still farther south, in the main gangway of this part of the mine,
at locality 135, the coal is reported to be 4 feet 7 inches thick, but the
bone at the bottom is not noted on the mine map. It appears, how-
ever, farther east at locality 136, where 4 feet of coal is underlain by
1 foot 6 inches of bone. However, the occurrence of the bone seems
to be irregular, for it is not reported in several of the measured sec-
tions in this part of the mine and apparently only the more con-
spicuous bony layers were recorded by the engineers on the mine map.
It is noteworthy also that the coal exclusive of bone in sections 133
to 136 inclusive is regular in thickness, and the variations shown in
the sections are probably due to differences of opinion as to what
should be included in the measured sections rather than to any real
variation in the character of the coal bed.
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The writer measured a section in detail at locality 137, where he
collected a sample of the coal for analysis. This locality is in room
No. 71, off the second gangway east of the main entry of mine No. 3.
It is as follows:

Section of coal bed at locality 187, in Koehler mine.

Shale. Ft. i
Coal (8ampled)...ocnuien e 10
Coal, bony, not separable in mining (sampled) e 4
Coal (sampled)...... ..o 6
Bome. ..o 1
Coal (8ampled). . cvovnree it et 1 5
Bome. .o 3
Coal (sampled). ..o 1 1
Coal, bony (about 20 per cent coal). ...................... 1 4
Coal (sampled)..ceovinrnin ittt 9
Bone. ... s 1
Coal (sampled)...coovnieiini it 3 2

Shale.

9 73

The sample for analysis, which includes the parts of the bed indi-
cated in the foregoing section, was collected by the writer on Sep-
tember 25, 1913. The results are given as analysm 17781 in the table
of analyses (p. 240).

Near the eastern extremity of the mine, at locality 138, the coal
is reported to be 6 feet thick, but east of this locality ash and other
evidences of burning were encountered. Doubtless the fire that
destroyed the coal near the surface in the point of the mesa north
of the town of Koehler extended into the rocks to this locality.

DEVELOPMENT OF MINING,

The Koehler mine was opened in 1905 and during the following
year was equipped with an electric power plant of large capacity.
This plant, however, was abandoned in 1914, and the power for all
mining operations is obtained by electric transmission from a plant
at Trinidad, Colo. In order that the fine coal screened at the tipple
might be used to the best advantage a coal washer of the Stewart
type was built, and 210 coke ovens of the beehive type were con-
structed for coking the fine coal. Electrically driven fans were
installed for ventilation, and the air is distributed through carefully
constructed airways and cement overcasts. Pipes in the mine
workings furnish water under pressure for sprinkling the mine. No
gas of any consequence has been encountered, and the mine is
sprinkled once a week to keep it free from dust explosions. Electric
lights are used.

The mine is developed by a double drift entry run in from the out- .
crops of the bed, which lies so nearly horizontal that the workings
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can be extended in any direction without inconvenience. The coal
is mined by the ordinary room and pillar system. The little water
that has been encountered in the mine is pumped out with ease,
owing to the nearly horizontal position of the coal bed.

Years ago the mining was done by hand, but during the summer
of 1913 Goodman short-wall chain machines were installed and have
been in operation ever since. These machines are electrically driven
undercutters adapted for use in rooms of any size. After under-
cutting the coal is shot off the solid. The powder used is Monabell
No. 5, and it is handled entirely by shot firers, who do all loading of
holes and firing of shots. They also have authority of inspection in
order to insure the proper preparation of the holes for shooting.
Their work is done entirely at night, when the mine is nearly free of
other laborers.

Mules are used in the mine for distributing the empties and for
hauling the loaded cars to the main entries, where they are handled
by electric motor. At the tipple the coal passes over a shaking
screen directly to the cars where it is weighed. The slack is sent to
the coke ovens, but the lump and nut coal is shipped, principally for
railway use. At the time of investigation the mine had an estimated
capacity of 3,000 tons a day but was actually producing only 1,800
tons a day. '

WILLOW DISTRICT.

LOCATION.

The Willow district, which includes localities 140 to 180, lies north-
east of the Koehler district, from which it is separated at the outcrop
by the divide between Crow Canyon and Willow Canyon. Althongh
the Raton coal bed is continuous through this divide, where its
occurrence has been proved by the development of the Willow mine,
the district is separated from other parts of the field to the north and
to the south by an area in which coal is absent. The coal of this dis-
trict has been developed in the Willow mine, which opens at the
town of Van Houten, in the South Fork of Willow Canyon.

STRATIGRAPHIC POSITION OF COAL BED.

The coal bed of the Willow district is the same as that described
in the northern part of the Koehlér district and is believed to be the
same as that developed in the Koehler mine. It is one of the main
bodies of coal of the Raton field that are generally grouped together
as the Raton coal and is the only bed of coal in this district that
occurs in the Vermejo formation. In order to determine its strati-
graphic relations to the rocks above and below it the rocks at the
outcrop were examined in detail at several critical points, and several



RATON COAL BED, 43

columnar sections were measured. These sections are shown
graphically in Plate IT (p. 12).

The coal and the accompanying rocks of the Vermejo formation
thin out in the southern end of the ridge east of Crow Canyon. They
were not found in the eastern slope of this ridge although the Trinidad
sandstone and the basal conglomerate of the Raton formation are-
readily recognized. At the point where these formations cross Falls
Canyon, a few feet of carbonaceous shale separates the Trinidad
sandstone from the overlying conglomerate. The rocks near this
horizon are not well exposed in the walls of the canyon, and as the
coal occurs a short distance to the west, in the wall of Schomburg
Canyon, it may yet be found in some places in Falls Canyon. How-
ever, in the eastward-facing cliffs on the point of the mesa between
Crow Creek Canyon and Willow Creek Canyon the rocks are perfectly
exposed for & long distance, and the Vermejo formation is absent,
the basal conglomerate of the Raton formation resting unconformably
on the Trinidad sandstone. A good exposure showing this relation
occurs where the rocks are cut by a dike in the steep face of the cliff
east of Falls Canyon.

The Pierre shale forms long barren slopes at the foot of the cliffs,
and the Trinidad sandstone is normally developed and appears as a
white band in the side of the mesa. The conglomerate is resistant
- and cliff making and when viewed from a distance is not readily dis-
tinguishable from the Trinidad sandstone, but on close examination
the two are clearly separable at the contact, which appears in Plate
VII, A (p. 48) as a more or less irregular line.

The unconformity may not appear conspicuous to one unfamiliar
with the rocks themselves, for they are not strikingly different in
appearance and the line of unconformity is not very irregular, but
when the lithologic character of the two formations is clearly under-
stood there is no difficulty in determining the line of separation, and
when the rocks are traced laterally along the outcrop the Vermejo
formation is seen to lie normally between them. The conglomerate
is harder than the underlying sandstone and in some places juts out
as an overhanging cliff. Near the localities where the photographs
were taken the following section was measured:

Section of rocks in the eastward-facing cliff 2 miles southeast of Van Houten, at locality 139.

[For graphicsection of lower part see PI. II, p. 12.]

Raton formation: ¥t. n
Sandstone, massive, chiff-making. ... . ... 70
Shale, soft, with thin beds of sandstone.................... 50
IS5 0T 1701 V- 6
Shale. ... e 8
Sandstone, thin-bedded. ....... ... . o o iiiiai.. 12
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Raton formation—Continued. Ft, in.

Shale. ... 12
07 Y 2 6
Shale........oooeiiiiiiiii... e e 8
Sandstone, thin-bedded near the top, massive below........ 30
Shale, carbonaceous, with thin bedsof coal................. 24
Sandstone........co.iiiiiiiiiiii i e 10
Shale, dark....... et e ee et aaaaaaaas 15
Sandstone, coarse-grained, massive, cliff-making, locally
CONGIOMETAEIC. .+ - e v e eeee e e aeeeiaeeeieeaenaaannn. 40

Shale. .ot 20
Sandstone, white, coarse-grained, friable. .. ............... 20
Shale, dark. . .occeiiiiiii e e il e e e i 3
Conglomerate and coarse-grained sandstone................. 50

Unconformity: «

Trinidad sandstone...... ..ot 71

Pierre shale.
451 6

The basal conglomerate of the Raton formation in this area is about
50 feet thick and consists of a matrix of coarse sand in which siliceous
pebbles occur in more or less irregular-shaped masses. So far as
observed the pebbles are more numerous near the base but are found
here and there through the entire thickness of the conglomerate.
Conglomeratic sandstone was also found 133 feet above the base of
the Raton formation.

The rocks that form the high bench shown in Plate III, B (p. 12),
are massive cliff-making sandstones that make an almost continuous
escarpment along the southeastern margin of the Raton coal field.
These rocks constitute the so-called ‘“barren series.” The softer
shaly beds which occur at many other localities between the con-
glomerate and the overlying cliff-making sandstones are character-
istically developed at this locality, and coal was found in them at two
horizons. At the lower horizon only thin beds occur, but at the
higher one there is a bed 2 feet 6 inches in thickness. This coal will
be referred to later in the description of the Sugarite coal bed.

The absence of the Raton coal and of the rocks referable to the
Vermejo formation in this region, when considered in connection with
their occurrence on either side and the unusual thickness of the con-
glomerate, suggests the probability that the conglomerate was de-
posited in a local hollow, perhaps a valley of erosion which had been
cut down through the coal bed. No indication of the coal was found
for a considerable distance north and west of this locality, but in a
south side branch of Willow Canyon, near locality 140, the conglom-
erate and Trinidad sandstone are separated by a wedge of theVermejo
formation, and thence northward and westward this wedge thickens
and includes the coal bed developed in the Willow mine.
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This coal bed will be described first as it appears at the outcrop and
afterward as it appears in the workings of the Willow mine. The
character of the bed is shown by the sections in Plate VI, and where
possible its relations to the rocks above and below it are also shown.

PROSPECTS AND SECTIONS MEASURED AT THE OUTCROP.

In the first branch canyon south of Van Houten, where the Vermejo
formation begins to appear between the Trinidad sandstone and the
overlying conglomerate, the coal is thin. At locality 140 1 foot 6
inches of coal was found with conglomerate above and shale below it,
as shown by the section in Plate VI. (See also fig. 5.) In the north
wall of the gulch, just north of this locality, St. John reports a thick-
ness of 5 feet 9% inches of coal with conglomerate above it and shale
below. A few hundred feet farther north the coal is 6 feet 2 inches
thick and is separated from the conglomerate by 1 foot of shale. The
conglomerate forms a cliff which is readily traceable in the side of
Willow Canyon and generally rests on the coal in this vicinity. The
coal south of this canyon has been mined out, and most of the sections

Base of Raton
formation

8 Raton coal bed

«—— 10 feet ——>

FIGURE 5.—Unconformity between the Vermejo and Raton formations near Van Houten (locality 140)
where the Raton coal bed waseroded. (Drawn from a photograph.)

measured at the outcrop are omitted. The general character of the
bed in this part of the district is indicated by the section measured in
the gulch east of the mouth of mine No. 4 (section 141). Waest of this
mine opening, where the coal crosses the bed of the canyon, the con-
glomerate at locality 142 is separated from the coal by 8 inches of
shale, as shown in the section. The bed here consists of two benches
of coal separated by shale. These benches will be considered in detail
later in the description of mine No. 1.

In the north wall of this canyon a little farther to the east the
writer examined a section at locality 143, where mine workings open
at the surface. (See Pl. VII, B.) Here the relations of the Ver-
mejo to neighboring formations are well shown. The upper part of
the Trinidad sandstone is somewhat fissile and grades upward into
the Vermejo through alternating layers of sandstone and shale, so
that the exact line of separation is not readily determined. How-
ever, at least 5 feet of shale is referable to the Vermejo, and this
together with the 13 feet of coal is all that constitutes the Vermejo
formation at this locality. The basal conglomerate of the Raton
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formation is 20 feet or more in thickness and rests directly on the
coal, as shown in Plate IT (p. 12). The shale parting in the middle
of the bed is not present at this locality. (See section 143 in P1. VI.)

The under side of the conglomerate is covered with the network
of wormlike bodies previously described. Farther north in Spring
Gulch, at locality 144, just west of the opening of mine No. 1, the
coal is 12 feet thick and is separated from the overlying conglomerate
by shale that is reported to be 20 feet thick. This report is con-
firmed in some measure by evidence gained from a drill hole put
down in the gulch near locality 174, where a sandstone 35 feet above
the coal bed may represent the conglomerate. Reports are some-
what conflicting as to the relation of the coal bed to other rocks in
the part of the district that lies still farther upstream.

Farther east the shale that separates the coal bed from the over-
lying conglomerate is reduced in thickness to 4 feet. Near the
point where the coal bed lies in the bed of the stream a narrow
gorge is worn out of the Trinidad sandstone, and good exposures of
. the upper part of the coal bed occur on either side only a few hundred
feet apart. The bed is somewhat disturbed by faults and slips, and
shrinkage fissures were observed which have been filled from the
overlying shale and sandstone. "The coal is separated by 1 foot 3
inches of shale into an upper bench 4 feet 11 inches thick and a lower
bench reported to be 5 feet thick. Still farther to the east the shale
parting disappears, and the shale between the coal bed and the
conglomerate becomes thinner. These relations are shown by a
section at locality 145 reported by St. John as follows:

Section of rocks measured at Van Houten.

[See section 145, PL. II, p. 12.]

Conglomerate. Ft. in.
3171 (- 4
1070 Y: Y R 8
13T L T RGN 2
C08l. - i iteee ittt e 5 5
5 7 U 3
(07 ) PN 7 2
Shale
’ 17 6

At the point where the coal bed crosses the stream in the canyon
still farther north, locally known as East Branch, the coal is reported
by St. John to be 11 feet 2 inches thick, and at locality 146, about
100 feet east of this point, the writer measured section 146 in Plate
VI. A short distance farther to the east St. John reports a section
similar to this one, except that shale intervenes between the coal
and the conglomerate. As this section was measured before the
topographic map was made, its exact location can not be shown on
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the map. Also at locality 147, near the point where the mouth
of mine No. 5 was afterward located, he reports a thickness of 14
feet 6 inches of coal with conglomeratic sandstone above and shale
below the bed. This sandstone is now known to be the conglom-
erate of the base of the Raton formation. Farther east, at locality
148, the coal thins to 8 feet 6 inches and becomes somewhat bony.
At the end of the ridge, near locality 149, St. John reports the two
sections that have been shown as 149. These sections show con-
siderable variation in the character of the bed. Similar variations
in character were found in the mine workings near this locality.
The coal is burned in some places along the outcrop farther north
and in other places has been destroyed by intrusions of igneous rock.
At the point where the mine opens to the surface the conglomerate
rests on the coal, as it does also farther north at localities 150 and
151. At locality 151 a thick shale parting develops in the lower
part of the bed. (See section 151.) This shale contains thin beds
of ash that probably represent burned coal. In many places.in this
vicinity the coal is coked, obviously by the heat of the igneous rock
~that lies either in contact with it or close to it. In the gulch west
of this locality the igneous rock does not appear at the outcrop of
the coal bed, but 60 feet farther north it is 2 feet 6 inches thick and
the coal is changed to coke.

Still farther north, at locality 152, the coal is graphitic. It is 7
feet 7 inches thick and has conglomerate above and sandstone below
it. The graphitic coal is represented as ordinary coalin the section
in Plate VI. The igneous rock was not found here, but it is 2 feet
3 inches thick a few feet to the north, and it occurs northward along
the outcrop for about one-eighth of a mile. Fragments of coke and
graphite were found in many places at the surface, presumably
derived from the bed in the immediate vicinity. The igneous rock
increases in thickness toward the west and becomes a continuous
sheet at or near the horizon of the coal bed in the north wall of North
Willow Canyon, so that the commercial value of the coal is prac-
tically destroyed, although in a few places where the igneous intru-
sions follow other horizons the coal escaped destruction. In the
north side gulch of this canyon, half a mile east of the point where
the coal crosses the stream, the bed is exposed, but the igneous rock
has destroyed the coal. A section which was measured in the
north wall of North Willow Canyon near locality 153 illustrates
this point. The section was measured before the topographic map
was made; hence the exact locality can not now be shown. The
section is as follows: '
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Section of rocks mear locality 153, in north wall of North Willow Canyon.

[For graphic section see Pl. I1, p. 12.]

Tgneous rock, basalt... ... .ooeieiii e 20
Conglomerate. .. ........... e eeeeeiieeeaaaaaaa 4
Unconformity.
Shale, black, carbonaceous. .......coooiiii it 10
Tgneous rock, basalt.... ... .. .. ... i 10
Bhade. e e et 2
Coal . e 7
Shale and intrusive igneous rock......... ... ... ... 20
Sandstone (Trinidad)........coooiiiiiiiiii i 100+

Shale (Pierre). ‘ _—

No good coal was found east of locality 154. On the prominent
spur west of this locality the Raton bed is 9 feet thick, but the coal
has been destroyed by intruded igneous rock. In the point of the
mesa near locality 181 coal and igneous rock were also observed
together. Some of the shale of the Vermejo formation was recog-
nized in several places for about 14 miles east of this locality; but in
the south slope of Red River Peak and for a considerable distance
west of this peak the basal conglomerate of the Raton formation rests
directly upon Trinidad sandstone.

WILLOW MINE.

GENERAL FEATURES.

In the Willow district the coal is commercially developed only in
South Willow Canyon, near the town of Van Houten. The bed lies
at an altitude of a little less than 7,000 feet above sea level and slopes
westward about 50 feet to the mile. The first openings were made in
the south wall of Willow Canyon and in Spring Gulech. The mine
became commercially productive in 1902 and has since been in opera-
tion. The main openings are located in the sides of the canyon and
the entries have been driven on the bed back into the hills on either

side.
CHARACTER OF THE COAL BED.

In No. 6 entry the coal bed thins toward the southeast and work
was stopped where the coal became too thin for profitable mining.
The bed is more uniform in thickness in entry No. 4, but toward
the west the coal contains a considerable amount of shale and bone.

Mine entry No. 1 was started on a thick body of good coal, but
back from the outcrop the bed is split into two benches by a shale
parting, which thickens toward the northwest. It is reported that
the upper bench becomes too thin for mining and the coal in the
lower one becomes poor toward the west owing to an increase in the
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A. VIEW AND DIAGRAMMATIC SECTION OF OUTCROP OF RATON COAL
BED AT VAN HOUTEN.
Showing its position between the Trinidad sandstone (T) and the conglomerate (R’) at the

base of the Raton formation. V, Vermejo formation; U, coal in Vermejo formation;
U, unconformity between Vermejo and Raton formations; R, Raton formation.

B. NEAR VIEW OF COAL BED AT LOCALITY 143.

Conglomerate (R’) rests unconformably (at U) on 13 feet of coal.



U. S. GEOLOGICAL SURVEY BULLETIN 752 PLATE VIII

A. NATURAL COKE FROM WILLOW B. GRAPHITE FROM COTTONWOOD.
MINE.

The coal is coked in many places near the The Willow coal has been metamorphosed

masses of intrusive igneous rock. by the intrusive igneous rock. About

one-third natural size.

C. COAL FROM APEX OF A “POT” IN OLD WAGON MINE, ON SUGARITE
COAL BED AT LOCALITY 339, NORTHEAST OF RATON.
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A. COAL AND COKE OVENS AT GARDINER.

Coal-bearing rocks in the background.

B. JOHNSON MESA AS SEEN FROM RATON.

The lower slope is Pierre shale, and the top is lava. Coal beds crop out in brushy slope below
the lava cap.
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content of bone and partings of shale, and this part of the mine had
been abandoned at the time of the writer’s investigation in 1913.

The coal bed in entries Nos. 5 and 7 is very irregular in thickness
and character, and in many places igneous rock has been injected
into it so that throughout considerable areas the coal is coked.
Some of the igneous rock is in the form of dikes and some in the form
of sheets that doubtless connect with a sheet which outcrops at the
surface at the horizon of the coal in the north fork of Willow Canyon.
However, this connection can not be demonstrated, for the igneous
rock was not intruded in all places into the coal, and it is traceable
underground-only where it has been exposed by the removal of the
coal. Where the coal is cut by dikes it is coked, the amount of the
coke varying with the thickness of the dike. The coke is columnar
next to the igneous rock and granular farther away, but the total
thickness of the coke on either side seldom exceeds the thickness of
the dike. The columnar coke from this part of the mine is illustrated
in Plate VIII, A (p. 48).

Joints are well developed in the coal of the Willow mine, there being
two to four major cleat faces to a foot and two to five minor faces to
the inch. The joints are nearly parallel with the dip, ranging from
N. 70° W. to N. 89° W. The major joints are traceable through
some of the thinner partings of shale but not through the thicker
ones, nor do they extend into the shale of the roof or of the floor.
In some places the joints of one bench of coal are independent of
those of other benches separated from it by thin partings of shale.
The cleat faces not only fail to extend through the shale partings but
they do not even correspond in number or position in the separate
benches.

ROOF AND FLOOR OF MINE.

The roof of the mine differs in character from place to place. It
consists of bony coal or shale in some places and conglomeratic sand-
stone in others. In the southeastern part of entry No. 6, where the
coal thins to a reported thickness of 2 feet 6 inches, the roof consists
of massive conglomeratic sandstone. Farther west in mine No. 4,
and in the mines north of the canyon, where the coal is much thicker,
the roof consists of bony coal or of shale which separates the coal from
the overlying conglomerate, but in the eastern part of mine No. 7 this
conglomerate again rests on the coal. In mine No. 1 the roof shale

. thickens to a reported maximum of 15 feet in the northwestern
part of the workings and 20 feet in Spring Gulch near locality 146.

The irregular surface at the base of the conglomerate represents
an ancient surface of erosion. When this surface was formed the
coal in the northern part of the area mined in the Willow district was
under thin cover, whereas that in the southern part was exposed to
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erosion and farther toward the southeast the coal had been eroded
away exposing the Trinidad sandstone at the surface. Thus the
basal conglomerate of the Raton formation was deposited across the
eroded edges of the Raton coal bed and its associated rocks as illus-
trated in figure 6 and Plate V (p. 32). The recognition of this uncon-
formity renders intelligible the great diversity of character in the
roof of the mine as well as the great differences in the thickness of
the coal bed.

In mine No. 1 there are two benches of coal. The shale parting
serves generally as the roof for the workings in the lower bench, but
in some places the top of this coal is left to support the roof, the coal
making a stronger roof than the shale. The entries are here timbered
with props and crossbars and the rooms with props and caps. In
some places the shale slacks and crumbles but in general the crumbling
causes little trouble in mining. Itisnot jointed and usually falls in the
form of plates, although occasionally it falls in irregular masses and
some “pots” have been encountered. In other parts of the mine
there are many horsebacks and rolls, and where the conglomerate

..| Baseof Raton
| formation
J(Vermejo

R formation
] Trinidad

2] sandstone

FiGURE 6.—Sketch section through Willow mine showing the full thickness of the coal bed to the right
in the northwestern part of the mine and its disappearance toward the southeast to the left.

rests on the coal the contact is very uneven owing to the erosion of
the bed prior to the deposition of the conglomerate. This condition
was noted particularly in No. 6 mine, where hollows 2 feet or more in
depth are filled with sand and pebbles as shown in figure 8. In this
mine the coal is cut by dikelike bodies of pebbly sandst<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>