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INTRODUCTION

The Gulnare, Cuchara Pass, and Stonewall area comprises a small part of the eastern slopes
of the Sangre de Cristo Mountains and the east-central part of the Trinidad coal field of Colo-
rado. The Trinidad coal field in Colorado and the Raton coal field, which lies to the south in
New Mexico, compose the Raton Mesa region (see index map).

High-volatile bituminous coking and domestic coal of Late Cretaceous and early Tertiary
ages has been mined extensively in the eastern, northern, and southern parts of the region but
has only been prospected within the area of this report. Mining by slope methods is possible
within the area in a narrow belt along the western margin of the Trinidad coal field. This belt
of possible mining will be limited by the outcrop of the Vermejo formation on the west and
probably by 3,000 feet of overburden on the east.

Sedimentary rocks of late Paleozoic and Mesozoic ages crop out along the eastern slopes of

vanian system are as thin as reported by Brill (1952, p. 859-864), pre-Cambrian rocks may be
within several thousand feet of the surface along the axis of the Whiskey Creek anticline and
may be buried beneath 20,000 to 30,000 feet of strata near the axis of the La Veta syncline.

PENNSYLVANIAN ROCKS

Strata of Pennsylvanian age are not exposed in the mapped area, but they crop out along the
crest of the Sangre de Cristo Mountains to the west and along La Veta Pass in Huerfano Park
to the northwest. These strata have not been formally named by the U. S. Geological Survey.
They are of Lampasas (Cheney, 1940) and Des Moines age, which makes them equivalent to
the Hermosa formation of western Colorado and correlative with the lower part of the Magdalena
group of central New Mexico.

Between 8,000 and 10,000 feet of Pennsylvanian rocks exposed in the vicinity of Tres Ritos,
N. Mex. (Read, C. B., 1949, oral communication), consist of conglomerate, conglomeratic sand-
stone, arkose, graywacke, quartzose sandstone, dark shale, limestone, and arkosic limestone.
An intensely deformed and apparently thinner sequence of Pennsylvanian strata is poorly ex-
posed along the crest of the Sangre de Cristo Mountains west of the mapped area. It is diffi-
cult to determine the thickness of these strata because of cover and complex structure, but
estimated thicknesses range from 2,000 to 4,000 feet. Brill (1952, p. 859-864) measured
3,213 feet at Whiskey Creek Pass. It is possible that Brill’s section does not include all of
the Pennsylvanian sequence because the rocks are complexly deformed and are cut by numer-
ous thrust faults in the pass area. At least 4,000 feet of strata of Pennsylvanian age are re-
ported to crop out in a complexly deformed section at Huerfano Park (Burbank and Goddard,
1937, p. 937-944).

The Pennsylvanian sequence is similar in lithology all the way from Tres Ritos, N. Mex.,
northward to Huerfano Park, Colo. This suggests that the Pennsylvanian rocks between these
localities may be of about the same thickness as at Tres Ritos. An alternate possibility is
that even though the Pennsylvanian sequence has a similar lithology, it gradually thins north-
ward from Tres Ritos to the 2,000~ to 4,000-foot estimated thickness to the west of the area.

No strata of Pennsylvanian age have been recognized in wells drilled on the Sierra Grande
arch in eastern Colfax County, N. Mex., and eastern Las Animas County, Colo. The thick
Pennsylvanian sequence in the Sangre de Cristo Mountains, therefore, must wedge out east-
ward toward the Sierra Grande arch. Much of the thinning may take place beneath the mapped
area. The Pennsylvanian strata may range in thickness from a few thousand feet beneath the
eastern part of the area to about 10,000 feet beneath the western part. The lithology probably
is similar to that in the Sangre de Cristo Mountains.

PENNSYL VANIAN AND PERMIAN(?) ROCKS

The Sangre de Cristo formation of late: Pennsylvanian and early Permian(?) age crops out
in the area mainly west of the Sangre de Cristo and Whiskey Creek thrust faults. The basal
beds of the formation, however, are not exposed in the area, and their relations with the upper
beds of the underlying unnamed Pennsylvanian sequence are unknown. The exposed part of
the Sangre de Cristo formation in the mapped area is considered to be of early Permian(?) age.
The Sangre de Cristo strata consist of red, gray, and brown conglomerate, arkose, and quartz-
ose sandstone; red siltstone and shale; and gray to dark-gray nonmarine limestone. The for-
mation is about 5,000 feet thick near Eagle Nest, N. Mex., and about 10,000 feet thick where
the Colorado-New Mexico boundary crosses the eastern front of the Sangre de Cristo Mountains
(Read, C. B., 1949, oral communication). It is reported to be 9,549 feet thick at Whiskey Creek
in the western part of the area (Brill, 1952, p. 859) and about 13,000 feet thick near Crestone,
Colo., northwest of the mapped area (Melton, 1925, p. 805-815). A few hundred feet of strata
that rest on pre-Cambrian rocks on the Sierra Grande arch is correlated with the Sangre de
Cristo formation. The thick sequence of Sangre de Cristo strata in the mountains must thin
eastward toward the Sierra Grande arch. These strata probably range in thickness from about
2,000 to 5,000 feet beneath the eastern and central parts of the area and are as much as
10,000 feet beneath the western part. Their lithology probably is similar to that of the strata
exposed in the mountains.

The Jurassic rocks in this area are, in ascending order, the Ocate sandstone, the Wanakah
formation, and the Morrison formation. These rocks form the hogback immediately east of the
Sangre de Cristo and Whiskey Creek thrust faults.

Ocate sandstone.~The Ocate sandstone, which is thought to be disconformable on the Sangre
de Cristo formation, is light-gray to white, thick- to massive-bedded, and fine- to medium-grain-
ed sandstone. Bedding is chiefly parallel, and cross-stratification is uncommon. Quartz is
the principal mineral constituent, but weathered feldspar and chert occur in substantial quan-
tities. Many of the larger grains of quartz and chert are well rounded and frosted.

The sandstone is about 30 to 40 feet thick near Monument Lake and gradually thickens
northward to about 60 feet near Cuchara Pass. In the subsurface of the central and eastern
parts of the area the Ocate is probably similar in thickness to that at Monument Lake and
Cuchara Pass.

Wanakah formation.—~The Wanakah formation, which conformably overlies the Ocate sand-
stone, consists of interbedded gray and red shale and siltstone; gray arenaceous limestone,

Dakota sandstone, an undifferentiated sequence of rocks, Trinidad sandstone, Vermejo forma-
tion, and the basal part of the lower member of the Raton formation. The Purgatoire formation
and the Dakota sandstone are of Early Cretaceous age and the Graneros shale equivalent is of
Early and Late Cretaceous age. The other formations are of Late Cretaceous age. The un-
differentiated formations contain strata equivalent to the Graneros shale, Greenhorn limestone,
Carlile shale, Niobrara formation, and Pierre shale. These formations were not differentiated
because of their general lithologic similarity in an area of complex structure and poor discon-
tinuous exposures.

Purgatoire formation.—The Purgatoire formation rests disconformably on the Morrison forma-
tion. It consists of 50 to 90 feet of buff to white cross-stratified fine- to coarse-grained quartz-
itic and conglomeratic sandstone that is overlain by 10 to 30 feet of dark-gray bituminous
shale. The thick basal sandstone splits locally into several thinner beds separated by gray,
gray-green, and dark-gray silty shale. The sandstone is composed chiefly of frosted quartz
grains cemented principally by silica.

Wells east of the area penetrated 75 to 135 feet of strata that are similar in lithology to the
Purgatoire formation at outcrop. Beneath the central and eastern parts of the area the Purga-
toire probably is 60 to 135 feet thick and probably is similar in lithology to the Purgatoire
at the outcrop.

Dakota sandstone.—The Dakota sandstone, basal formation of the Lower Cretaceous series,
rests disconformably on the Purgatoire formation. It crops out as a vertical or nearly vertical
wall 75 to 200 feet thick. It consists of several massive parallel- to lenticular-bedded and
parallel- to cross-stratified beds of buff sandstone that locally alternate with thin layers of
dark-gray to black shale. The sandstone is fine to medium grained and contains a few pebbles
locally. It is well cemented by silica and calcium carbonate, and in some places it is quartzitic.

In the subsurface near Trinidad and Walsenburg east and northeast of the area the Dakota is
100 to 125 feet thick and consists either of a thick sandstone bed or of several beds of sand-
stone alternating with thin beds of dark-gray shale.

The Dakota sandstone beneath the central and eastern parts of the area probably is between
50 and 200 feet thick and is similar in lithology to the Dakota in outcrop.

Undifferentiated formations.—In the order of decreasing age, the undifferentiated Upper Creta-
ceous rocks consist of strata equivalent to the Graneros shale, Greenhorn limestone, Carlile
shale, Niobrara formation, and Pierre shale. The outcrop belt of these formations underlies a
strike valley between hogbacks held up by the Purgatoire formation and the Dakota sandstone
on one side and by the Trinidad sandstone and the Vermejo and Raton formations on the other.
Except for a few incomplete exposures in the strike valley, the belt of outcrop is generally
covered by landslide debris, alluvium, soil, upland cover, stream terrace gravel, and piedmont
deposits. Because of poor exposures and complex structure these Upper Cretaceous formations
are not differentiated on the geologic: map.

The undifferentiated sequence probably is about 3,200 feet thick as determined from struc-
tural reconstructions within the belt of outcrop and from stratigraphic measurements that have
been projected into the belt of outcrop from adjacent areas. The thicknesses of i_ndividual
formations in the sequence may be as follows: Graneros shale, 185 feet; Greenhorn limestone,
25 feet; Carlile shale, 210 feet; Fort Hayes limestone member of the Niobrara formation,
40 feet; Smoky Hill marl member of the Niobrara formation, 650 feet; and Pierre shale, 2,150
to 2,200 feet.

Beneath the central and eastern parts of the area the thickness of the undifferentiated se-
quence may be about the same as the thickness in the outcrop belt, but the thicknesses of
the individual formations may vary.

Details of lithology of these formations within the area are unknown but may be generally
similar to those in adjacent areas described by Wood, Johnson, and associates (Wood et al.,
1953; Johnson and Stephens, 1954a; 1954b; 1954c).

Trinidad sandstone.~The Trinidad sandstone grades into and intertongues with the sub-
jacent Pierre shale. It consists of beds of buff and light-gray, locally arkosic sandstone inter-
calated with occasional thin beds of light-tan, light-gray, and gray silty shale. The bedding
is usually tabular but locally is irregular and lenticular. Bedding varies from medium to mas-
sive. Many beds are parallel stratified and others are cross stratified with banks of concave

medium and are cemented by clay, calcium carbonate, and silica.

The Trinidad sandstone ranges in thickness from slightly less than 100 feet at Coal Creek
to about 195 feet at Cuchara Pass. Beneath the central and eastern parts of the area the for-
mation probably is intermediate in thickness between that at Coal Creek and that at Cuchara
Pass, and the lithology probably is similar to that described above.

Vermejo formation.—The Vermejo formation, which conformably overlies the Trinidad sand-
stone, is composed of buff, gray-green, and gray locally arkosic sandstone; buff, gray, and dark-
gray siltstone; gray, dark-gray, and black carbonaceous, coaly, and silty shale; and coal beds.
Most of the thinner sandstone beds are parallel stratified and parallel laminated, whereas the
thicker beds are lenticularly and irregularly stratified and predominantly cross-stratified. The
sand grains are principally quartz with lesser quantities of weathered feldspar, mica, and ferro-
magnesium minerals. The grains range in size from very fine to medium. Clay and calcium car-
bonate are the chief cementing materials. The beds of siltstone and shale range from a
few inches to many feet in thickness. Thin to thick coal beds occur at many localities.

green, and reddish-brown very fine to coarse-grained arkose, graywacke, and quartzose sand-
stone; medium-gray, dark-gray, and olive-green siltstone; medium-gray, dark-gray, olive-green,
and black carbonaceous and noncarbonaceous silty and arenaceous shale; and thin to thick
lenticular beds of coal. Many beds of arkose, graywacke, and quartzose sandstone form ledges
and cliffs, whereas the beds of coal, siltstone, and shale form slopes.

The Raton formation ranges in thickness from about 1,480 feet at Coal Creek to about
1,610 feet at the Middle Fork of Purgatoire River. Beneath the north-central and northeastern
parts of the area the thickness is probably less than 1,500 feet, and the lithology probably is
similar to that in the outcrop except that the basal conglomerate thins eastward and becomes
somewhat finer grained.

TERTIARY ROCKS

Poison Canyon formation.—The Poison Canyon formation of Paleocene age rests conform-
ably on and locally intertongues with the Raton formation. However, in the La Veta atea
(Johnson and Stephens, 1954a) north of the map area the Poison Canyon is unconformable on
the Raton and older formations, and the erosion surface at its base bevels the Pierre shale
and the Niobrara formation. The Poison Canyon crops out over much of the central, eastern,
and northern parts of the area, where it consists of 2,100 to 2,500 feet of buff, gray, olive-
green, and light-red clififforming massive-bedded, parallel- and cross-stratified, medium to
very coarse grained arkosic sandstone, granule, pebble, cobble, and boulder conglomerate;
and thin- to thick-bedded buff, light-gray, tan, and yellow shale. Most of the feldspar grains
and granules are fresh. The pebbles, cobbles, and boulders were derived from pre-Cambrian
granite, gneiss, quartzite, pegmatite, and schist and from Pennsylvanian limestone.

Cuchara formation.—Strata of the Cuchara formation of Eocene age are poorly exposed in the
north-central part of the area. The basal beds of the Cuchara and the upper beds of the Poison
Canyon formation are separated by an angular unconformity, which is well exposed in the vicin-
ity of Sheep Canyon, where persistent sandstone beds in the Poison Canyon formation are
truncated by the base of the Cuchara formation (geologic map).

The Cuchara formation is composed of pink, light-red, gray-brown, and gray arkosic sand-
stone and conglomerate and red and tan shale. The sandstone and conglomerate is thin to
massive bedded, parallel to cross-stratified, fine to very coarse grained and granular. The
outcrop of the formation, however, is almost entirely covered by pediment gravels and detritus
from the overlying Huerfano(?) formation. The thickness of the Cuchara formation is uncertain
because of this cover but may be between 3,000 to 5,000 feet.

Huerfano(?) formation.—Strata that are here tentatively correlated with the Huerfano formation
of Eocene age of Huerfano Park unconformably overlie the Cuchara formation in the northwest-
ern part of the area. Their outcrop is mostly covered by veneers of pediment gravel,and their
lithology is known only from isolated small localities. In the La Veta area (Johnson and
Stephens, 1954) the lower member of the formation consists of red and tan fine- to coarse-
grained semiconsolidated sandstone and red, green, tan, and gray shale; and the upper member
is a rust-colored granule to pebble conglomerate. Much of the area underlain by Huerfano(?)
strata in the vicinity of the West Spanish Peak, to the north of the mapped area, is covered by
numerous boulders, as much as 10 feet in diameter, derived from pre-Cambrian granite, gneiss,
pegmatite, and schist. A similar boulder sequence crops out at the north end of Huerfano Park.
Whether the boulder sequence in Huerfano Park is a part of the Huerfano formation is uncertain,
but because it has not been separately designated it is here tentatively considered to be such.
Similarly, the boulder sequence on the West Spanish Peak is here tentatively classified as an
upper unit of the Huerfano(?) formation. Hills (1901) also considered the sequence on the West
Spanish Peak to be a part of the Huerfano. The thickness of the formation is uncertain but
probably is between 3,000 to 5,000 feet.

QUATERNARY DEPOSITS

Alluvium, soil mantle, and upland cover, which occur as isolated patches throughout the
area, are not shown on the geologic map except where they cover large areas of bedrock.

Stream terrace deposits are prominent in the strike valley east of the Dakota sandstone hog
back and .north of Stonewall. These deposits contain poorly sorted sand, gravel, pebbles,
cobbles, and boulders eroded from the older rocks in the Sangre de Cristo Mountains. They
commonly are less than 25 feet thick, but in some places they are as much as 50 feet thick.

Several high-level erosion surfaces that slope away from the Spanish Peaks and the Sangre

-'{'h‘e oldest intrusive bodies are a group of north-trending folded early Tertiary basic and
silicic sills with associated dikes and irregular bodies that were emplaced before the later
episodes of folding in the Laramide revolution and probably after the Huerfano formation was de-
posited. Most of these early intrusive bodies occur in the strike valley that is underlain by
tl}e undifferentiated Upper Cretaceous shale sequence. Most of the sills are multiple intru-
sions. Many are anastomosing stringers rather than single thick sheets. Some are parallel
to the bedding and others are discordant. They range in thicknesses from a few inches to
more than 300 feet. Megascopically the sill rock consists of aphanitic to phaneric andesite,
dacite, diabase, and rhyolite and porphyritic dacite and andesite.

DIKES FROM THE SPANISH PEAKS

Dikes that radiate from the Spanish Peaks are basic to silicic and were emplaced in early
Tertiary time after one of the later orogenic episodes of the Laramide revolution. These dikes
cross folded structures and faults without deviation. They radiate into the north-central part
of the area from major igneous plexuses that are centered in the East and West Spanish Peaks.
As described by Hills (1901, p. 3-4) the plexuses of the Spanish Peaks had a long and com-
plicated intrusive history. He believed that many types of igneous rocks apparently differen-
tiated from the parent magma, and he recognized the more common types to be lamprophyre,
monzonite porphyry, diorite, and granite porphyry.

The dikes are 2 to 40 feet wide, and many of them stand above the surrounding country as
relatively straight vertical walls. Polygonal jointing normal to the walls of the dikes is com-
mon in the igneous rocks. The country rock adjacent to dikes is indurated and bleached at
many localities.

EASTWARD-TRENDING BASIC DIKES

The eastward-trending early Tertiary basic dikes appear to be younger t i i
EOdfes of the Spanish Peaks plexuses. They are intruded into theyeastgern ll::i ?fetlllit?:g:
dasm normal to the struc}:ur,al trough. They may have been emplaced in tension joints that

?veloped during the fol.dmg of the basin or along the planes of a preexisting set of joints
H.llls (1901, p. 4) classified the rocks in these dikes as basalts, but he intimated that sof :
mlbg,{ht be ;no;e groperly classified as lamprophyres. ) L

any of the basic dikes are many miles long. Some are only a few feet thi
as much.as 100 feet thick. In some places they stand as vertiZal walls, but elc:év:’l:lett:t?lf:; :rt:
less resistant than the country rock and have been eroded into trenches. Polygonal jointing in

the dik k : S
e opi ; ;i’:c esz'mtmal to the walls is common, and the country rock is indurated and bleached

STRUCTURE

The area lies across the structural boundary of the Sangre de Cristo Mountain i i
the .Southem. Rocky Mf)untain physiographic province, and tghe Raton basin, whichsi’sv;l:tcl?ez:e::
Plains province. :I'h_xs structural boundary is a belt of thrust faults near the eastern base of
the mountains. Within the mapped area the structural boundary is the Whiskey Creek thrust
fault south of Coal Creek and the Sangre de Cristo thrust fault farther to the north. Approxi-

mately one-third of the area lies in the i
) mountains west of the thrust faults i i
the basin east of the thrusts. i

SANGRE DE CRISTO MOUNTAINS

'I:he Sangre de Cristo Mountains in New Mexico and west of Huerf; i
an intensely thrust faulted and folded mountain range (Read, C. B: 1891209 P:rt:l 1:011(1::1{1‘.:&1%::
Burba.nk and qudard, 1937, p. 932). The part of the range in the mapi)ed area was studied’
?nly in reconnaissance and therefore is shown on the geologic map as a belt of intense fold-
ing and faulting. The region between the Sangre de Cristo and Whiskey Creek thrust faults

and the western margin of the coal field is also structurally complex, almost completely con-
cealed by surficial deposits, and it also is included on the map in the belt of intense folding
and faulting.

cline extends from about the mouth of Wet Canyon northwestward across the central part of the
map area to the headwaters of Jarosa Canyon. The syncline is asymmetrical; the western limb
is much steeper than the eastern and may have a total structural relief of several thousand feet.
Structural relief of the eastern limb appears to be generally less than 1,000 feet.

Whiskey Creek anticline.—The whiskey Creek anticline lies between the Sangre de Cristo
thrust fault on the west and the Whiskey Creek thrust fault on the east. The anticline extends
from a point about a mile north of the North Fork of Purgatoire River southward to a point near
the South Fork of Purgatoire River 8 to 10 miles south of the mapped area. The axial plane
is steeply inclined to the west and the limbs are almost isoclinal. The eastern limb dips east-
ward at a high angle, and locally it is overturned. The western limb dips steeply to the west.

The structural relief ofthe anticline is unknown but probably is several thousand feet. About
3,000 feet of Sangre de Cristo strata that lie east of the axis of the fold probably also appears
to the west between the axis and the trace of the Sangre de Cristo thrust fault.

Strata in the anticlinal block presumably are older than strata that crop out west and east of

the bounding thrust faults. This relationship strongly indicates that the Whiskey Creek anti-
clinal block was thrust eastward between an overlying western block and an underlying east-

em block.

THRUST FAULTS

Sangre de Cristo thrust fault.~The Sangre de Cristo thrust fault, which is largely concealed
by surficial material, has beentraced bythe authors from Cuervo Peak, Colfax County, N. Mex.,
to La Veta Pass, Las Animas County, Colo. It may extend even farther south almost to Eagle
Nest in Colfax Co., and it possibly is continuous northward with one of the major thrust faults
that have been mapped north of La Veta Pass in Huerfano Park (Burbank and Goddard, 1937,
pls. 4-7). Although the stratigraphic displacement and the net slip of the Sangre de Cristo
thrust fault are unknown, this thrust appears to be one of the main longitudinal faults between
Cuervo Peak and La Veta Pass.

South of Coal Creek the trace of this thrust fault is largely concealed, but it is locally ex-
posed immediately west of the Whiskey Creek anticline. The trace is largely covered north
of Coal Creek. The fault strikes generally northward and dips westward usually at a high angle.

Whiskey Creek thrust fault.—The Whiskey Creek thrust separates the Whiskey Creek anti-
cline from the Raton basin. It extends northward from the South Fork of Purgatoire River, which
is about 8 miles south of the area, to Coal Creek. The fault is everywhere concealed and at
many localities the evidences for its existence are indirect. Regional evidences for its exist-
ence are strong, however, inasmuch as Sangre de Cristo strata on the eastern flank of the Whis-
key Creek anticline are cut out one after another as they meet the trace of the fault. The strati-
graphic displacement and the net slip are unknown. The trace of the fault indicates that the
fault plane dips westward at a high angle.

Cuchara Pass thrust fault. —The Cuchara Pass thrust fault offsets the Dakota sandstone hog-
back about a mile north of the junction of the Sangre de Cristo and Whiskey Creek thrust faults.
From this point the Cuchara fault extends northward to the vicinity of the White Peaks about
2 miles north of the mapped area. The fault is largely concealed and lies wholly in the belt
of outcrop of the undifferentiated Upper Cretaceous formations. The fault plane probably dips
westward at a high angle. The stratigraphic displacement and net slip along the fault appear
to be small.

Coal Creek thrust fault.—The Coal Creek thrust fault extends from the North Fork of Purga-
toire River northward and northwestward to a point beyond Bear Creek. The fault is concealed,
but it probably dips eastward at a high angle. The sole of the fault is intensely folded westof
the trace, and the plate to the east is broken by two tear faults that trend southeastward along
Coal Creek and the North Fork of Purgatoire River. The thrust fault, the associated tear faults
in the plate, and the folding in the sole probably developed during one of the later episodes of
the Laramide revolution. During this episode incompetent strata in the Upper Cretaceous shale
sequence were thrust eastward a short distance and folded beneath the overlying more compe=
tent beds of later Cretaceous and early Tertiary sandstone and shale. This eastward thrust-
ing and folding of the incompetent strata in the sole lifted various parts of the thrust plate dif-

ferentially as shown by the apparent upward displacement of the blocks on the northern sides
of the tear faults along Coal Creek and North Fork of Purgatoire River.

NORMAL FAULTS

Coal beds occur throughout the Vermejo formation. The outcrop belt of the formation is
largely covered, however, and the coal beds are generally concealed by alluvium and collu-
vium. The coal beds are lenticular and irregular in thickness but may extend for several miles
?long the outcrop (see coal sections 1-12). Their vertical relations and lateral extent are
incompletely known because of the cover. The thicker and more continuous coal beds are
numbers 2, 4, and 5. Tonnages on these and other coal beds were individually computed and
tabulated.

.R.oof rock for most of the beds is carbonaceous shale and siltstone, and the floors are of
similar rock but with numerous imperfectly preserved root impressions. Most of the coal is
moderately clean, but some varies from fairly clean to dirty. It is brittle and friable; has a
bright luster, platy cleavage, cubic or prismatic cleat; and some breaks with a conchoidal frac-
ture. The coal appears to be composed of vitrain with lesser amounts of durain and fusain.
Pamng§ in the coal beds consist of bony coal, coaly or carbonaceous shale, siltstone, and
fine-grained sandstone. Impurities in the coal are pyrite, quartz grains, melanterite, limonite,
and sulfur. Spheroidal coal similar to that in the Stonewall-Tercio area (Wood et al., 1951)
occurs at many places.

RATON COAL BEDS

All members of the Raton formation contain several coal beds, but inasmuch as the outcrops
are generally covered, the number of coal beds, their thickness, and lateral extent are not
fully known. Where exposed, the Raton coal beds appear to be more lenticular in shape and
more irregular in thickness than the underlying Vermejo coal beds. Sufficient information is
available on only two of the thicker beds to warrant separate names and separate tonnage com-
putation and tabulation (see coal sections 13 to 44).

The roofs and usually the floors of the Raton coal beds are carbonaceous and coaly shale,
siltstone, and in a few places sandstone. Root impressions in the floor rocks are common. The
coal varies from clean to dirty; is brittle and friable; and has dull to bright luster, platy cleav-
age, cubic and prismatic cleat, and poorly developed conchoidal fracture. Partings are coaly
and carbonaceous shale, siltstone, fine-grained sandstone, and bony coal. Megascopically much
of the coal appears to be composed largely of vitrain, but some coal is composed of about equal
amounts of vitrain and durain with smaller amounts of fusain. Impurities are pyrite, quartz
grains, melanterite, limonite, and sulfur. Spheroidal coal is present but is not as common as
in the Vermejo coal beds.

POISON CANYON COAL BEDS

In the Stonewall-Tercio area (Wood et al., 1951) and in the area southeast of the mapped
area the basal beds of the Poison Canyon formation contain several thin discontinuous beds of
dirty coal. These coal beds do not crop out in the area of this report, but they may be pres-
ent in the subsurface or concealed.

COAL RESERVES

The estimates of original reserves of coal in the Gulnare, Cuchara Pass, and Stonewall area
are calculated on a bed-by-bed basis and a coal-zone basis to have been 2,280,070,000 short
tons. Practically all of these reserves are still in the ground. This reserve estimate is based
on measured thicknesses of coal beds at outcrops within the area and additional sections of
these coal beds measured outside the area. All measurements were obtained during the course
of field work in and around the area. The measurements of coal beds within the area are shown
graphically in the accompanying coal sections. The locations of all sections measured in the
area are shown also on the geologic map.

In order to give the estimate of original reserves additional significance, the accompanying
tables have been prepared to show the coal reserves of the area in categories according to
township, geologic formation and member, thickness of bed, reliability of information, and
thickness of overburden.

GRAPHIC SECTIONS OF UPPER CRETACEOUS AND
TERTIARY STRATA BETWEEN CUCHARA PASS AND STONEWALL, COLORADO

(NUMBERS INDICATE LOCATIONS OF SECTIONS ON GEOLOGIC MAP)

The reserves as shown in the tables are classified according to the thickness of the coal
into three categories: 14 to 28 inches, 28 to 42 inches, and more than 42 inches. The ton-
nage estimates for each of these categories were calculated from isopachous maps constructed
with isopach intervals that correspond to the range of thickness in these three categories. An
isopachous map was constructed for each coal bed. The areal extent and average thickness of

Little coal has been mined in the mapped area. Several small wagon mines or prospects are
shown on the map; although they have produced a few thousand tons, the exact tonnage of coal
that has been mined is unknown. These mines and prospects are located on coal beds 2, 4, and
5 of the Vermejo formation. '

RECOVERABLE RESERVES

No data are available to the writers concerning the proportions of coal recovered and lost in
mining in the area of this report. Elsewhere in the western United States the coal recovered in
mining operations has averaged about one-half of the coal originally present in the ground. If
this ratio should hold in the mapped-area for beds more than 28 inches thick the remaining re-
serves are about 357,240,000 short tons and the recoverable reserves are about 178,620,000 short
tons. On the basis of the bed-by-bed and the coal-zone estimates the total remaining reserves
a;le about 2,280,070,000 short tons and the total recoverable reserves are about 1,140,035,000
short tons.

FUTURE DEVELOPMENT

Large-scale mining of coal beds in the Vermejo formation is possible in the area. The avail-
able data indicate that the reserves of coal in the Raton formation may not be large enough
for long-continued mining operations; however, calculations based on outcrop data indicate
that the reserves of coal in the Vermejo formation are sufficient to permit large-scale mining
for a long time. Before a large-scale mining operation is inaugurated the areal extent of indi-
vidual coal beds should be outlined by drilling. Along the western margin of the Trinidad coal
field, the thicker beds of coal in the Vermejo formation could be mined by deep slopes. The
area of mining would be limited on the west by the outcrops of the coal beds and on the east
perhaps by excessive overburden. The Vermejo coal beds in the central and eastern parts of
the area may be too deeply buried to be mined economically by shafts.

OIL AND GAS

Deposits of oil and gas may underlie the area. The location of these deposits may be con-
trolled by faulting and folding, by lateral variations in strata, and by a combination of these.
According to our interpretations if such deposits exist they are most likely to be in strata of
Penasylvanian and Cretaceous age.

Deposits of oil and gas, if present, are most likely to be in the central and eastern parts of
the area, inasmuch as Pennsylvanian strata are intensely fractured and deformed and are partly
exposed by erosion in the Sangre de Cristo Mountains to the west of the area. Therefore, fu-
ture exploratory drilling may be focused on the region east of the Whiskey Creek and Sangre de
Cristo thrust faults in the central and eastern parts of the area and on the Whiskey Creek anti-
cline in the west-central part of the area.

The accompanying structure contour map is drawn on a datum many hundreds or perhaps thou-
sands of feet above the potential oil and gas reservoirs. It probably does not correspond to
the contours of deeply buried potential oil horizons. As a matter of fact, the validity of the
structure contours is believed to decrease with depth owing to local angularities, to the con-
vergence within the lower member of the Raton formation and the Vermejo formation, and to
disconformities at the bases of the Purgatoire formation and the Ocate sandstone.

The structural relief of the irregular domal uplift between Wet and Sarcillo Canyons may in-
crease with depth. If so, the Trinidad sandstone, Pierre shale, Dakota sandstone, Purgatoire
formation, and the unnamed Pennsylvanian sequence, all of which contain porous beds, may
afford attractive targets for exploratory drilling. Oil and gas trapped in the Trinidad sandstone
on this dome may be controlled by folding or, at least in part, by eastward intertonguing of the
basal beds of the Trinidad sandstone with the Pierre shale. Oil and gas accumulations in the
Pierre shale would probably be controlled by fracturing associated with the doming. Oil and
gas accumulations in the Dakota and Purgatoire formations would probably be controlled chiefly

TOTAL ESTIMATED ORIGINAL COAL RESERVES IN THE GULNARE, CUCHARA PASS,
AND STONEWALL AREA, HUERFANO AND LAS ANIMAS COUNTIES, COLORADO

(All coal is of bituminous rank, in thousands of short tons)
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beneath the western part of the area and may thin to about 10,000 feet beneath the eastern consists of thick interbeds of gray-green, gray, red, brown, and variegated claystone and sile- . wfwes‘tem l’ll‘nll,b of the :y:ahclme 1sl?tes;rvnedd enaos:t lc:w; : e :l:s seyt i e; % :n en::agﬁe peara;lselo s 2 eastern sides. Most of the faults are nearly vertical and have displacements of less than in :)r:u;non upon w lcntts ‘;::uicrztl:‘:l :l;'i t:es:cl;es :Z“;ein::vo:':i ;c:te T;xeeseziisw:;eobc::r- in. thick | in. thick | 42in.thick Co:f::n:l;::sis
part. The thickness of all sedimentary rocks deposited before erosion during the late Tertiary stonc anfitliinnes mtcrbeds OF grdyy bill, Bod Tightred hne ra nec sancscac. The p:ﬁp(;:t;on The Raton formation crops out over much of the area. Several hundred feet at the base of IGNEOUS ROCKS t;u tst.f 1e axzis l? in :sxfm tl:'llfc :all: between the thrusts and tlfe westzm margin of the e s e measu!emeth il 5 t, and th 1 was assumed kg> ‘asolo !;c inference, to
is inferred to have been about 30,000 feet beneath the western part of the area and about of claystox_xe ax!d s}ltstone exceeds tha't o.f sand.stone. Ths -beddmg B paraf Td, o die, fomuaeian &= 0F L8je it cRons B4 and- the remainder i of Paleocene age (B.[ oWy 1943, Tr'us'd : y tslag ldles’l‘:ln L f t; yl' is not shown on the geologic ma beciusc it is vauo::i :r:ri <3 mor; hpH airlm femapa: ,t ’ Iifc:’t:d Yeserves er’ b};ssed larg ely on a knc;w- T.31S., R. 66 W 117,260 60
20,000 feet beneath the eastern part. cross-stratification is common. The principal mineral constituents are ‘}J“a"z and feldspar, p. 83). The basal strata of the Raton formation probably are concordant with and, in fact, may _The igneous intrusive features in the area surrounding the Spanish Peaks have been con- Hal ?l coa ed < g e axis l‘f tedsgm; x:tl::is: Ay f(ﬁdin u: fh:ustg faultilt)lg. The axial COAL exten ck as much as a mile irom outcrop. e e gely ’ " T. - 3 S., R. pe W' ——————————————————————————————————————————————— 17,2 117,2
Details of the stratigraphy and geologic history of the upper Paleozoic, Mesozoic, and Ter- and the cementing materials are clay, silica, and calcium. carbonate. The formation ranges intertongue with the upper strata of the Vermejo formation. sidered for many years ao clacsic. The mapped area lies just south of the Spanish Peaks, Sf“e‘a y eovele da,“ :s C‘l’mp ‘c‘: ear dY The sasfts Tiah ofgthe heih or svnt i widnsist Tho sessenss o hiad wolasite. & asd B Bl . . . : oo ledge of the ch.aract.et of the coal beds and on an assumed continuity of coal beds for which . <> R. R e e 23,600 23,600
tiary rocks in the Raton Mesa region have been described by the authors and others (Wood from 250 to 300 feet in thickness. Fin - Valsenb The Raton formation is divided into three members (Wood et al., 1951). The strata of one and it too has numerous dikes, sills, and irregular intrusive bodies of igneous rock of early ‘Ph““e aPPfa"s dt° ipESteEl ¥ "f’ils‘ l ix. Thin Bk wes diftiaed b compressive foroes that dad coal field is well lfnown R Tl “f°“hs co “llgb and noncoking coal in the Trini- there is geologic evidence. All coal in inferred reserves is more than a mile from the outcrop. T.318S., R. 68 W. 1,080 660 1,450 atop i 3,190
et al., 1951; 1953; Johnson and Stephens, 1954a; 1954b; 1954c). The lithology of the Morrison formation in the subsurface near Trinidad and Walsenburg to member are not individually or collectively distinguishable except by stratigraphic position Tertiary age. These bodies intrude all of the sedimentary formations from the Sangre de the central and eastern parts of the area. i % y : a1 l p g fs ratigraphy of the coal- eaﬂns_formatlon.s and the occur- The reserve estimates are further classified according to the thickness of overburden. Much T.31S.,R. 69 W. 6,070 5,150 8,140 19360 Jrceme el 19,360
the east of the area is similar to the lithology of the Morrison at the outcrop except for the from strata of other members. The bases of zones of sandstone that have considerable lateral Cristo formation to the Huerfano(?) formation. They commonly are more resistant to erosion thrust the mountains eastward and folded the syncliae. ence and lateral extent of some of the coal beds have been described by Richardson (1910, of the coal in the area lies beneath as much as 3,000 feet of overburden. Most of the coal in T. 32 S., R. 66 W. 2,560 840 | 3,400 323,900 327.300
presence of several limestone beds, which probably wedge out westward in the subsurface. extent are shown on the geologic map, and the recognition of the three members is based pri- than the adjacent sedimentary rocks and usually hold up high ridges or form steeply inclined p. _87'124): lies and Knowlton (1917, p. 66-161), and Wood and others (1951). Few analyses the Raton formation, however, lies under less than 1,000 feet of overburden whereas much of T.325. R, 67 V. e BT e \d 124756 b
PO e il nt Walneulitte e foroesitn sebues in thickauss: foim 155 t 500 Seee, The Chilie o thore. Sixitne shn Istont sones; The huils of witerus of the usinrs wa o e roiginlec B s - exist o choa ;ln tht;k ma?ped area. Available data from this area and the surrounding region the Vermejo coal is at considerably greater depth. The bed-by-bed calculation of reserves T.32S., R. 68 W. 51,230 31,430 93,600 176,260 99,710 275’970
PRE-CAMBRIAN ROCKS thickness probably is similar beneath the area. sa;mdstone zones ha“{ been .traced _and correlated throug}lout the area. The lower member .'I_‘hff ‘igneous rock_s are classi_ﬁed on the basis of megascopic field examinations as basic or ; . f th . " Sist, of dhie Poron ls)‘;gtge::etn‘:t J :‘ irla bl i thte cl(:allls hlfh Vslatllg Al and B bxtumxn'ous coking and dome§tic. %ndicates thz'zt 195,2§0,000 short tons, or a_ppr'oximately 38 percent of the total reserve of coal T.32S., R. 69 W. ,580 : 60 1,600 2’240 fooali =Tl 2’2 40
differs from the others in that it contains a conglom;rate at its base. The conglomerate is buff, silicic rocks. The igneous bodies assigned to these compositional classes are further divided La Veta syncline. —The northern extension of the troug dos:t E eas (f:m4 mb ooy : ; da. a : e as ;) the atetla and vertical extent of coking coal. No large mines in the area is classified as measured and indicated reserves. Of these reserves, 154,160,000 T.33 S.. R. 66 W 12.250 4690 45v700 62’640 e 238,890
In the Sangre de Cristo Mountains west, northwest, and southwest of the area, pre-Cambrian light gray, gray, rusty, red, and red brown and consists of pebbles of granite, gneiss, quartzite, on the basis of time of intrusion and direction of trend. basin has been named the La Veta sl’f“dme b’é ]dolfmsonhan ;E’ ents (1191_33“‘2 ftthee Laa V::: w:-‘;: :ll’(::de . ol:etv :r a;:at’h !:: sevita wﬁaglgn mines and prospects have been worked. All short tons are in beds at least 28 inches thick, and 85,470,000 short tons are in beds more T. 33 S., R. 67 W. 65,990 50’420 16' 110 132’520 404,620 537,140
granite, gneiss, pegmatite, quartzite, and schist are exposed. Depth te pre-Cambrian rocks CRETACEOUS ROCKS pegmatite, and limestone in a matrix composed of fine grains of quartz, feldspar, chert, and area. As originally defined this sync ine extended from the south-central marg e / » s e time of our field examination in 1950 and 1951. than 42 inches thick. . oy Re . ’ ’ ’ ’ s ’
beneath the area of the present map is unknown but may be inferred from thicknesses of the X 2 ferromagnesium minerals. Cementing materials are silica and clay. The bedding is chiefly SILL COMP area into Huerfano Park. As tedeﬁned_m this report it extends 'from the vicinity o eston into T.33S., R. 68 W. 27,120 63,310 34,080 [124,510 185,850 310,360
overlying upper Paleozoic, Mesozoic, and Cenozoic strata. If strata assigned to the Pennsyl- Cretaceous rocks crop out in the hogbacks and strike valley that parallel the Sangre de parallel and is cross-stratified with banks of continuous-incline and concave-incline laminae. LEX FROM STONEWALL TO CUCHARA PASS Huerfano Park. South of Weston the simple troughlike or synclinal structure of the fold disap- VERMEJO COAL BEDS Total all townships 166,890 156,560 | 200,680 |524,130 1,755,940 | 2,280,070
Cristo and Whiskey Creek thrust faults. These rocks are divided into the Purgatoire formation, Above the basal conglomerate are interbedded buff, light-gray, medium-gray, dark-gray, olive, pears and the trough is folded into a number of minor anticlines and synclines. The La Veta syn- PAST COAL MINING

by structure. Accumulations within the Pennsylvanian sequence may be controlled by struc~
ture, by lateral facies changes, or by eastward lensing and wedging of strata.

Pennsylvanian strata may be within a short distance of the surface along the axis of the
Whiskey Creek anticline. Where exposed farther west these strata contain numerous beds that
are potential reservoirs and other beds that are potential sources of oil and gas. If the Whiskey
Creek thrust is as steep as is believed, Pennsylvanian strata in the subsurface may lie in an
undisturbed normal relationship beneath the strata of the Sangre de Cristo formation. Accu-
mulations of oil and gas may therefore occur along the axis of the anticline. If so, they may
be controlled by folding, by folding combined with facies changes, or by eastward lensing or
wedging of the porous strata.

Beneath the central and eastern parts of the area Pennsylvanian strata offer the best pros-
pects for commercial quantities of oil and gas. These strata probably thin eastward across
the area by lensing of strata, by overlap, and perhaps locally by unconformable relations. De-
posits of oil and gas in Pennsylvanian rocks beneath this part of the area may be controlled
!)y facies changes, by eastward lensing or wedging of strata, and to a slight degree by fold-
ing.

The Trinidad sandstone is believed to be the homogenetic equivalent of the gas-producing
Pictured Cliffs sandstone of the San Juan basin. It may, therefore, contain considerable quan-
tities of gas trapped either by suitable structure or by stratigraphic conditions.
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