
DESCRIPTION OF THE SPANISH PEAKS QUADRANGLE.
GEOGRAPHY.

The Spanish Peaks quadrangle is bounded by 
meridians 104° 30' and 105° and parallels 37° and 
37° 30'. It is 34.5 miles long north and south, 
27.5 miles wide east and west, and contains 950 
square miles. It lies mostly in Las Animas 
County, Colorado, but part of it   about 28 square 
miles in the northern portion ; is situated in 
Huerfano County, the divide separating the Pur 
gatory and Apishapa drainage from that of the 
Cuchara being the common boundary. Except 
in a comparatively small area lying to the 
northeastward, the surface is hilly and mountain 
ous. The chief topographic feature is the saddle- 
shaped mountain in the northwestern _ ..£ Topographic
portion generally known as the Spanish features - 
Peaks, though called by the Indians " Wahatoyas," 
in allusion to the fancied resemblance to a woman's 
breasts. (See fig. 5, on Special Illustration sheet.) 
The culminating points are about 3 miles apart, 
West Peak, which has an elevation of 13,623 
feet, being 915 feet higher than East Peak. The 
mountain rests upon a broad platform that falls 
gradually toward the east and terminates in a 
deeply indented, irregular line of steep bluffs that 
rise abruptly 500 feet above the gently rolling 
country at their base. The mean elevation of 
this platform is about 7500 feet, the western por 
tion being about 1000 feet higher than the eastern. 
It was originally an elevated plain or plateau, of 
gentle inclination, but has been deeply scored by 
erosion, and the present surface, rugged in the 
extreme, is a succession of mesa-like ridges and 
narrow valleys, the general character being 
emphasized by many perpendicular walls of rock 
(dikes) that occasionally rise to a height of 100 
feet above the surface and stretch for miles across 
the country. In the northern two-thirds of the 
quadrangle the ridges have a rude radial arrange 
ment conforming to the drainage from the peaks. 
In the southern third the principal ridges trend 
toward the northeast, conforming to the drainage 
of the Raton Mountains, which culminate a few 
miles south of the boundary.

The Purgatory River is the main drainage 
channel. It traverses the southern portion of the 
district from west to east and drains 
slightly more than one-half the quad 
rangle. The northern half is drained by a number 
of small streams, tributaries of the Cuchara and 
Apishapa, nearly all of which head in the Spanish 
Peaks. The two drainage systems are separated 
from each other by a low east-west ridge that 
extends from the base of East Peak about two- 
thirds across the district a little north of the 
center.

The whole of the upland portion of the area is 
still rather heavily timbered notwithstanding the 
fact that it has been largely drawn 
upon for lumber. The eastern margin 
of the plateau, as well as the slopes bordering the 
Purgatory Valley, supports a dense growth of 
pinon and juniper, with scattered pines and scrub 
oak. The more elevated central, western, and 
south-border portions of the area afford forests of 
pine timber, with more or less spruce, fir, and 
aspen around the base and on the lower slopes 
of the Spanish Peaks, the summits of the latter 
being from 1000 to 1500 feet above timber line. 
There are occasional park-like openings, one of 
considerable extent in the northern portion, on 
the Santa Clara, and another in the north-central 
portion, on the Apishapa. The low-lying portion 
to the northeast, except the pinon-clad Black 
Hills Mesa, is practically destitute of timber. 
There is always a fringe of cottonwood along the 
running streams. The country affords several 
varieties of upland and mountain grasses sufficient 
for pasturage, with stretches of meadow land 
along the bottoms.

The climate varies with the elevation. The low- 
lying northeastern portion is warm and arid, the 
eastern border of the plateau less so, 
while the more elevated upland portion 
is cool and relatively humid, and on the summits' 
of the Spanish Peaks snow is rarely absent for 
more than two months in the year. The whole of

Drainage.

Vegetation.

the plateau portion is subject to frequent summer 
showers, and in the neighborhood of the peaks 
thunderstorms accompanied by heavy rains are of 
frequent occurrence.

Along the narrow valleys of the Purgatory and 
Apishapa, cultivation is carried on by means of 
irrigation. But all the higher valleys

  -,   , Agriculture.
and mesas ol the central and western 
portions can generally be cultivated successfully 
without irrigation, and there is a belt several miles 
wide around the base of the peaks that is largely 
under fence, where wheat, oats, rye, maize, timothy, 
potatoes, and ordinary garden vegetables are sure 
crops with natural moisture only.

GENERAL GEOLOGY.

SEDIMENTARY ROCKS.

In the geology of the Spanish Peaks quadrangle 
the Archean and Paleozoic eras are not represented 
by any formations that reach the surface, though 
the former, if not the latter, may be assumed 
to underlie the whole of the area. The oldest 
exposed sedimentary rocks are probably part of 
the Morrison formation (Juratrias), but they are 
of very limited extent and are associated with a 
series of beds, altered by contact metamorphism, 
the members of which can not be differentiated. 
In a later paragraph these will be described col 
lectively under the heading " Metamorphosed 
Cretaceous." Of the unaltered sedimentary beds, 
part belong to the Mesozoic (Cretaceous) and part 
to the Cenozoic (Eocene and Neocene).

CBETACEOUS PERIOD.

The older Cretaceous formations of the region   
Dakota, Graneros, and Greenhorn   are not rep 
resented, but they outcrop extensively in the 
Elmoro quadrangle to the east and in the quad 
rangle to the west, and hence doubtless underlie 
the entire district. Previously there had been a 
long period of land conditions, which 
about the middle of the Cretaceous cretaceous 
was succeeded by a long-continued, pro 
found subsidence and an invasion by the ocean. 
The Dakota sandstone was deposited in the 
brackish-water front of the advancing sea. As 
the shore line passed onward marine conditions 
were inaugurated, and with continued subsidence 
the beds of the marine Cretaceous were succes 
sively deposited.

Carlile formation. The lower marine Creta 
ceous beds of the region, represented by the 
Graneros shale, resting upon the Dakota sand 
stone, the Greenhorn limestone, or middle subdi 
vision of the group, and the Carlile shale, or 
upper division, have been described as the Benton 
formation of other localities, and here constitute 
the Benton group. The first two outcrop eastward 
beyond the limits of the quadrangle.

The Carlile is the uppermost of the three 
divisions of the Benton, and the lowest of the 
unaltered Cretaceous rocks of the quad-

characterrangle, in which, however, not more than and extent of
, ' , .,,,.,  -, r* ,., the Carlile.

one-halt the lull thickness 01 tne Carlile 
is exposed. It consists of about 200 feet of dark- 
gray shale, almost black toward the middle, which 
grades near the top into about 10 feet of sandy 
shale and rotten yellowish sandstone Pugnellus 
sandstone with a layer of purplish bituminous 
limestone from 1 to 2 feet thick capping the for 
mation. East of the boundary the base is in 
contact with from 30 to 40 feet of dove-colored 
limestone strata representing the Greenhorn lime 
stone, or middle division of the Benton group. 
Concretionary nodules of impure limestone seamed 
with calcite are usually present in the middle and 
upper portions of the beds. The capping lime 
stone contains a great many marine fossils, the 
most numerous being the coiled ammonite Priori- 
ocyclus wyomingensis. Sharks' teeth are occasion 
ally present.. The shale portion of the formation 
is very soft and easily eroded, though owing to 
the protection afforded by the harder strata of the 
succeeding Niobrara the upper part of the beds 
generally appears as a steep slope. The outcrop 
is restricted to a small area in the northeast corner 
of the quadrangle.

Timpas formation. The Timpas and Apishapa 
formations, both of which are characterized by 
the presence of limestone strata, or of shale con 
taining a considerable proportion of lime, consti 
tute the Niobrara group and are elsewhere mapped 
undivided as the Niobrara formation. The Nio 
brara beds are distinguishable by their limy 
character from all other Cretaceous formations, 
except the Greenhorn limestone of the Benton 
group, from which, however, the limestone of the 
former is readily distinguished by its color and 
fracture.

The Timpas formation comprises about 200 
feet of strata, of which the lower 45 to 50 feet is 
limestone and the remaining 150 feet calcareo- 
argillaceous shale interrupted by thin limestone 
bands, which become prominent toward the top. 
The limestone at the base is made up of layers, 
usually less than 12 inches thick, which ..J ' Limestone in
are separated from one another by very the TiI"Pas- 
much thinner layers of calcareous shale. The 
fracture is conchoidal and rudely parallel with the 
bedding planes, and the grayish-white weathered 
surfaces break off naturally into thin conchoidal 
flakes. As the Greenhorn limestone is dove 
colored and has a cross fracture, the two are easily 
distinguished. The only fossil at all noticeable is 
the large oval, concentrically ridged shell, Ino- 
ceramus deformis, characterized by the excessive 
bulge of the ventral valve. The limestone itself,' 
however, consists largely of the skeletons of fora- 
miniferal organisms, readily seen in thin, transpar 
ent sections under the microscope. The middle 
and upper portions of the formation consist mainly 
of bluish or dove-colored shale, with thin bands 
of limestone at intervals. There are three of these 
bands from 1 to 3 feet thick in the _ . . ...Extent of the
upper 40 feet of the section, and one TimPas - 
of these marks the top of the formation. The 
resistance of the limestone to erosion renders the 
basal portion of the Timpas the most conspicuous 
of the marine Cretaceous beds, and its outcrop is, 
more often than otherwise, marked by a limestone 
cliff. The upper contact is usually masked by 
soil in the limited area in the northeastern part 
of the district where the exposures occur.

Apishapa formation. The total thickness of 
the Apishapa approaches 500 feet. The lower 
portion for about 40 feet consists of _. L Character
dark-gray to blue-gray shales, followed ofnthextent 
by rotten shales of paper-like lamina- Apishapa> 
tion about 90 feet thick, which grade through 
blue sandy shale into calcareo-arenaceous shales. 
The latter become coarser and flag-like toward the 
middle of the formation and constitute about one- 
third of it. The upper 100 feet resembles the 
basal portion, but includes two, and at times three, 
thin layers of limestone and usually lens-shaped 
concretions of similar but more impure material. 
The middle zone is always more or less bitumi 
nous, and fairly constant in character. The remain 
der of the formation varies considerably except 
in its general shaly features and the presence of 
limestone strata near the top. The fossil remains 
consist of fish scales, which are generally abundant 
in the shales and sometimes in the coarser flag-like 
layers. In the sandy shales at the base of the 
middle zone the tracks of what was probably a 
small crustacean are characteristic. These tracks 
appear as a double row of short, straight lines, 
those on one side inclined toward those on the 
other. The outcrop of the Apishapa is confined 
to the northeast corner of the quadrangle, where 
it occupies an area of about 10 square miles.

Pierre shale. The beds of the Pierre epoch 
consist of argillaceous shales throughout. The 
thickness is estimated at from 1300 feet

Characterat the southeast extremity of the out- an£rextent of
- the Pierre

crop to 1500 feet at the northwest 
extremity, the changing dip and small number of 
exposures making accurate measurement very 
difficult, if not impossible. The shales vary 
much in appearance. The basal and upper zones 
weather to a yellowish-green color; the middle 
zone is dark gray to lead-gray, occasionally almost 
black. The latter zone contains an abundance of 
lime-iron concretions that break up readily and 
impart a rusty tint to the surface. They are

always arranged parallel with the bedding. The 
entire formation is soft and easily eroded, and the 
resulting surface is gently undulating except 
where the protection afforded by intrusive sheets 
of lava has tended to form low mesas. The out 
crop extends about one-half the length of the 
quadrangle in the northeastern portion, with two 
small areas in the vicinity of Trinidad and another 
somewhat larger area near the southwest corner, 
the total area approximating 120 square miles.

Trinidad sandstone. The Trinidad sandstone 
represents some part, or possibly the whole, of 
the Fox Hills group, but on account of  on Character
its relation to the Laramie and the o?thextent 
thickening of the lower zone of the for- Tnnidad> 
mation northward it is presumably the upper 
portion only. In the Spanish Peaks quadrangle 
the total thickness is about 150 feet in the vicin 
ity of Trinidad, and 170 feet toward the north 
boundary. As elsewhere, the formation consists 
of a basal zone of thin-bedded, fine-grained, dark- 
gray sandstone layers, separated from one another 
by thinner partings of shale; and an upper zone 
of massive, light-gray sandstone, capped by a few 
feet of brown sandstone in contact with the over 
lying Laramie. In the Trinidad section the thin 
sandstone layers of the lower zone rarely exceed 
3 inches in thickness, except near the base, where 
there is a prominent bed of coarser sandstone 
from 3 to 5 feet thick. Toward the north bound 
ary the layers are appreciably thicker and the 
rock is of somewhat coarser texture. The 
increased development northward is due to the 
expansion of the lower zone, which is from 70 to 
75 feet thick at Trinidad but about 90 feet thick 
near the north line of the quadrangle. The upper 
zone is about 80 feet thick throughout. It is 
characterized by the presence of Halymenites, the 
pitted, cylindrical stems of which are abundant. 
.Baculites in an imperfect state of preservation 
are occasionally found in the lower zone. The 
outcrop appears as a narrow, irregular line of 
exposures extending in a southeast-northwest 
direction across the northeastern part of the dis 
trict.

Laramie formation. The marine Cretaceous 
ended with the Trinidad. The conditions of the 
succeeding Laramie epoch were shal- c dltlo 
low waters connected with the ocean. $SSngat 
Subsidence continued, but to a dimin- theLaramie- 
ishing extent, and the rates of subsidence and 
sedimentation varied with respect to each other. 
Thus, when the former exceeded the latter the 
water was probably deep enough to admit of the 
free action of tidal or other currents, and sandy 
sediments were deposited. When the reverse was 
the case the currents were obstructed and silt-like 
sediments were deposited. With continued shal 
lowing extensive swamps and marshes were 
formed, which supported a dense growth of semi- 
tropical vegetation and permitted the accumula 
tion of extensive peat-like deposits. This sequence 
of changes, many times repeated, the deposits 
meanwhile slowly consolidating, resulted in the 
alternating sandstone layers and coal-bearing shaly 
beds of the Laramie formation.

Owing partly to a certain amount of erosion 
preceding the deposition of the succeeding Eocene 
formation, though mostly to the general Thickness of 
thinning out of the measures toward the Laramie- 
the north, the thickness of the Laramie varies 
considerably. Thus, along the southwestern bor 
der of the district and in the Raton Mountains 
near the southern border, it is not less than 2000 
feet, and doubtless exceeds this amount near the 
crest of the high ridge immediately south of the 
line; while in the central and northern portions 
it does not exceed ] 700 feet, and is even less than 
this in the northeastern area near the north bound 
ary, where it is about 1500 feet.

The sections of the Laramie in different parts 
of the district vary but little in their general fea 
tures. There is always an alternation of Qeneral 
massive or thick-bedded gray sandstone features- 
beds with thick shaly beds. The latter predomi 
nate toward the base of the group, the former 
toward the top. The shaly beds of the upper 
half of the group are shale or clay shale, but in



the lower half, noticeably in the lower portion of 
it, they consist of sand shale   that is, thin layers 
of greenish-gray fine-grained sandstone with part 
ings of shale of the same color. The lower shaly 
beds are occasionally interrupted by bands of 
sandstone a few feet in thickness and by beds of 
clay shale associated with seams of coal, which. 
may occur toward the center of the shale bed or 
entirely above it and may equal the latter in 
thickness. Some of the upper sandstone beds are 
disposed to weather into cavernous forms, and 
some of the alternating beds associated with them 
consist of fine-grained, greenish-gray, fissile sand 
stone instead of shale. But aside from the general 
features the sections possess little in common. It 
is only the lower, main sandstone bed and the 
shaly beds above and below it that are really per 
sistent throughout the district. Beds 10 feet or 
more in thickness that appear at one Variable 
point may be absent at another point features - 
only a few miles away; or the roof of a seam of 
coal may change from sandstone to argillaceous 
shale in a distance of one-half mile. This varia 
tion in the details of the formation extends in a 
marked degree to the coal beds. The lower 
workable bed, though not always of workable 
thickness, can indeed be traced with certainty 
along the northern half of the outcrop, but above 
this bed there is less certainty as to the identity 
of a workable seam, and in respect to the upper 
seams identification is practically impossible.

The Laramie is the most important formation 
in the district and the exposures cover about one- 
half the area of the quadrangle. The _ , . ...J- O Extent of the
greater portion lies in the southern Laramie- 
part, though a broad belt parallel with the out 
crop extends northward to and beyond the 
boundary of the quadrangle. Without doubt it 
underlies the succeeding formations in the north 
western part of the area, since it appears at no 
great distance beyond the west boundary in a 
nearly continuous outcrop, and is probably pres 
ent in the metamorphosed beds bordering the 
eruptive core of East Spanish Peak.

The group is characterized by a rich semi- 
tropical flora, very similar to what is found in 
the Gulf States to-day, and leaf imprints Laramie 
of certain species of oak, fan palm, fig, flora - 
poplar, willow, and tulip tree are of common 
occurrence in the thin-bedded sandstone and lower 
shaly beds.

Metamorphosed Cretaceous.   The sediments 
bordering the eruptive cores of the Spanish 
Peaks have undergone a certain amount _. , ,O ^ Character o.f
of alteration or contact metamorphisrn therocks - 
in the vicinity of the eruptive bodies. Around 
West Peak it is the Eocene beds that are thus 
altered, but around East Peak it is the Meso- 
zoic sediments that have undergone alteration. 
All the sediments of Mesozoic age uplifted on 
the south and west flanks of the East Peak mass 
consist mostly of slates, quartzites, and partly 
altered sandstones representing part of the Creta 
ceous series. The oldest exposed formation occurs 
on the west flank in contact with and resting 
upon the eruptive core at an inclination of about 
40°. It consists of reddish, indurated marly 
material, thought to represent a portion of the 
Morrison formation. The apparent thickness 
does not exceed 50 feet, though the conditions 
are such as to render accurate measurement out 
of the question. In the uppermost beds of the 
series, a short distance east of the point where a 
fault plane is shown to cross the head of the 
South Fork of the Trujillo, a single specimen of 
fan palm was found in one of the slaty layers, 
and it is probable, though by no means certain, 
that part of the Laramie is there represented. 
On the saddle between the two peaks, however, 
this group can not be present to an important 
extent, as a considerable thickness of slate, prob 
ably altered Pierre shale, is apparently at once 
succeeded by slightly altered Eocene yellow clays 
and sandstones. The Timpas formation is clearly 
not present in the series, nor is it certain that the 
Dakota is represented. All of the Cretaceous 
formations were undoubtedly present originally, 
and the breaks in the strati graphic sequence indi 
cate that the uplifting and upturning at this point 
was accompanied by a great deal of dislocation 
and disturbance of the sedimentary beds. That 
this was undoubtedly the ease is shown elsewhere

in the text. On the south and southeast flanks of ! 
East Peak the eruptive mass dragged up portions 
of the altered beds with it, and the altered rocks 
thus appear in places on both sides of the fault 
plane which is represented by the east and south 
base of the great porphyry core. Even at the 
northern extremity of the zone of alteration, where 
the eruptive body is conformable with the bed 
ding of the sedimentaries, the metamorphosed 
strata appear to have been in part dragged upward 
during the last stages of eruption. The width of 
the bordering; zone of altered rocks _. . + ...O Extent of thevaries from a few hundred feet at the altered rocks - 

northern and eastern extremities to fully a mile 
in places along the western exposures. The 
aggregate thickness of the strata on the outcrop is 
about 1800 feet.

EOCENE AND NEOCENE PERIODS.

Mountain growth. At the close of the coal- 
bearing Laramie important changes occurred 
throughout the Rocky Mountains. The 
general elevation of the region that events - 
then took place was accompanied by pronounced 
flexing and mountain making, whereby pre-existing 
lines of uplift were greatly augmented and new 
ones were initiated. At various points in the 
mountain provinces broad depressions were formed 
and became the basins of extensive fresh-water 
lakes. Along the plains border, subsidiary swells 
and flexures, accompanied by faulting, induced by 
the disturbances in the adjacent mountain area, 
favored the formation- of less extensive depres 
sions, which likewise became the basins of fresh 
water lakes. It was this period of elevation and 
mountain growth that witnessed the initial stages 
of upheaval of the Sangre de Cristo Range, west 
of the district. At about the same time the pre 
existing Greenhorn Mountains, to the north, were 
also uplifted, the strata of the plains border to the 
east were arched up, and a synclinal depression 
that was formed between this arch and the Green 
horn Mountains on the one hand and the Sangre 
de Cristo Range on the other became the basin 
of the Huerfano Eocene lake. This lake stretched 
from the Purgatory Valley in a general north 
westerly direction to a point several miles north 
of the Huerfano River. During early Eocene 
time the depression continued 'to deepen and to 
receive sediments from the neighboring high 
lands. In some places these sediments consisted 
wholly of granitic debris, in others of Cretaceous 
or Carboniferous material, and in consequence the 
resulting deposits vary greatly in character from 
place to place.

Poison Canyon formation. The assignment 
of this formation to the Eocene is entirely pro 
visional and is based on its structural relation to 
the Cretaceous, organic remains other than petri 
fied wood being altogether absent. It is possible, 
however, that it may correspond, wholly or in 
part, to the Arapahoe, or lower member of the 
post-Laramie of the Denver Basin, though its 
angular unconformity with the Cretaceous tends 
to render this doubtful. The correlation of the 
formation in the Spanish Peaks quadrangle with 
that at the type locality in the Huerfano Park 
quadrangle is based on the stratigraphic succes 
sion, the similarity of the sediments, and the fact 
that the exposures form a nearly continuous out 
crop to a point about 4 miles south of the Huer 
fano River on the eastern border of the lake, where 
the Poison Canyon beds would naturally reappear 
from beneath the later Eocene deposits to the 
west.

The formation as it exists in the district con 
sists of coarse-grained sandstone and conglomerate 
beds alternating with thinner beds of Characterof 
yellow clay. The lower beds of sand- the rocks - 
stone are of a pale-yellow color on the weathered 
surface, with blended patches of a reddish tint. 
The thickness of the individual beds varies from 
10 to 50 feet. As a rule the rock is massive and 
entirely without bedding, and the exposed sur 
faces are rounded and cavernous. They maintain 
these characters throughout the district. The 
middle zone is usually conglomeratic and often 
loosely aggregated, as in the exposures on the 
Santa Clara and on the saddle between the two 
peaks. The upper sandstone beds are of a light- 
gray color, softer and in places finer grained than 
the lower, and often distinctly bedded. Occa

sionally, purplish concretions of impure limestone 
are present and the uppermost bed may appear 
of a pinkish tint. The beds of yellow clay do 
not differ materially from top to bottom. Their 
aggregate thickness is probably about one-third 
that of the sandstones and conglomerates, though 
owing to the prominence of the last two the first 
appear more subordinate than they really are.

The maximum thickness of the Poison Canyon 
beds is from 1700 to 1800 feet, though, owing to 
erosion it is only in the vicinity of the _..,

 I  > Thickness and
Spanish Peaks that the full thickness |SSSncS-e 
is shown. Next to the Laramie it is yon ' 
the most extensive formation in the district and 
covers an area of about 250 square miles.

Cuchara formation. The Cuchara beds consist 
of massive sandstone of yellowish, reddish, and 
brownish shades of color, with 50 feet _. . .' Character of
or more of red and brown marl, shale, the Cuchara- 
and soft sand at the base and separating it from 
the Poison Canyon beds below. The sandstone is 
coarse grained, sometimes conglomeratic, often 
loosely aggregated, and weathers into rounded 
and cavernous forms. The composition shows 
the debris to have been mostly Archean and upper 
Carboniferous. The maximum thickness is about 
500 feet. The exposures within the limits of the 
district are not extensive-and are confined to the 
neighborhood of the Spanish Peaks. The princi 
pal area lies in the northwest corner of the quad 
rangle and is prolonged southward by a narrow 
outcrop that extends across the saddle between 
the peaks and passes the west boundary a few 
miles south of the West Peak mass.

Thus far, organic remains have not been found 
in these beds and their age is still a matter of 
uncertainty. They are conformable with the 
beds above, and apparently with those below, and 
stratigraphically considered are probably part of 
the lower Eocene. Provisionally they are so 
regarded.

Huerfano formation. The Huerfano beds of 
this district consist of a basal zone of red and 
brownish-red marl, the thickness of _. . .7 Character ofwhich can not be determined with any the Huerfano - 

approach to accuracy owing to the limited amount 
of exposure, but which is apparently not less than 
500 feet. It is succeeded by massive sandstone 
and conglomerate the latter very coarse toward 
the top having a prevailing brownish-red color, 
and an estimated maximum thickness of 2500 
feet. From the eastern extremity of the West 
Peak mass the entire formation, at first dipping 
abruptly westward, rapidly approaches a hori 
zontal position opposite the culminating point of 
the mountain, where it extends from the base to 
within 1000 feet of the summit. (See fig. 4 on 
Special Illustration sheet.) Just west of the 
boundary of the quadrangle the beds rise in the 
opposite direction, conformable with the fold 
of the Sangre de Cristo Range. The Huerfano 
sediments, pierced by the long and rela- Extent of th 
tively narrow east-west eruptive core, Huerfano- 
constitute the principal mass of the mountain. 
Northward they do not extend beyond its base. 
Southward the outcrop extends in a southwest 
erly direction about 4 miles, to where it crosses 
the west boundary. A few miles west of the 
district there are extensive exposures of reddish- 
brown, coarse conglomerate (Sangre de Cristo 
formation) which attains an enormous thickness 
and is regarded as of upper Carboniferous age. 
It was the erosion of this conglomerate that fur 
nished the bulk of the material composing the 
Huerfano beds of the Spanish Peaks area.

The correlation of the West Peak sediments 
with the Huerfano formation, from which it is 
separated by a broad area of erosion,
. r 1.1   i     Correlation.
is based entirely on stratigraphic evi 
dence. Lithologically, only the basal zone is 
comparable with the typical beds on the Huerfano 
River, which, however, is accounted for by the 
difference in the character of the local debris at 
the time of deposition. In both localities the 
beds rest upon the Cuchara formation, which out 
crops continuously between them, and thus places 
the fact of their identity almost beyond question. 

The Huerfano formation on the Huerfano River 
has afforded remains of a mammalian fauna rich 
in species. According to Professor Mampiallan 
Osborn, the fauna of the basal zone remains- 
corresponds mainly with that of the Wind River

beds of Wyoming, or the upper portion of the 
lower Eocene, while the fauna of the principal 
body of the formation corresponds to that of the 
Bridger beds of Wyoming, or middle Eocene. 
The most abundant remains are those of Tillothe- 
riu/m, an animal about the size of the modern 
black bear, but possessing enormous incisor teeth, 
very much larger and more powerful than those 
of the beaver. These are associated with remains 
of carnivores, rodents, and the primitive Bridger 
horse Pliolophus.

Metamorphosed Eocene. As the Eocene beds 
rise to the eastward successively lower beds appear 
in contact with the eruptive core along the slopes 
of West Peak ridge, and there is a bordering 
zone, 1000 to 5000 feet or more in width, where 
the rocks have undergone more or less alteration. 
Near the eastern extremity of the mass it is the 
Poison Canyon formation that is thus _. , _

 > t t Character of
altered, the resulting coarse-grained therocks- 
and conglomeratic greenish-gray quartzites being 
especially prominent. The same formation is also 
exposed by erosion in the gorges on the north 
side of the main ridge. On the south, or opposite 
side, these beds do not appear west of the Trujillo 
drainage. The alteration of the lower Eocene 
beds to quartzitic conglomerates with occasional 
slaty layers is complete wherever they are seen 
bordering the West Peak mass. The succeeding 
Huerfano formation is not altered to the same 
degree in fact, the change is in the nature of 
consolidation rather than alteration. On both 
flanks of the mountain and around its western 
extremity the coarse, brown conglomerate in the 
vicinity of the eruptive body is as completely con 
solidated as the neighboring Sangre de Cristo 
conglomerate, from which it was derived and 
which it closely resembles.

Late Eocene and early Neocene events. At the 
close of the Bridger (Eocene) epoch the Huerfano 
lake disappeared, the strata along its west border 
were steeply upturned, and the swell to the east 
ward was probably augmented. Whether or not 
the change was accompanied by erup 
tions of molten rock is uncertain, though activity- 
it is clear that the initiation of igneous activity was 
entirely subsequent to the deposition of the Huer 
fano sediments, since the latter are either inter 
sected or displaced by the eruptive bodies. It is 
likewise evident that, within the limits of the 
district, the principal eruptions occurred between 
the close of the Bridger and the latter part of 
the Neocene   that is, in late Eocene and early 
Neocene times.

Throughout the latter part of the Eocene and 
nearly to the close of the Neocene the area was 
subjected to erosion and to intermittent disturb 
ances connected with the eruptions. At a later 
date, presumably toward the end of the Neocene 
period, additional flexing occurred, though not of 
a pronounced character.

Nussbaum formation (late Neocene). -To what 
extent the movement just referred to may have 
affected the neighboring ranges is not , <. .,o o o Late Neocene
manifest, but the swell on the eastern movement- 
side of the district was evidently so far uplifted 
that shallow lakes of limited extent were formed 
by the breaking up or ponding of the water 
courses. These small lakes received the torrential 
drift brought down by the steep gulches heading 
in the plateau to the westward, and in this way 
deposits were formed that subsequently consoli 
dated into conglomerate and sandstone, largely 
through the cementing action of lime carbonate. 
Since then the greater part of these deposits have 
been eroded, only a few remnants capping small 
mesas remaining. The exposures are confined to 
the northeastern part of the quadrangle, and the 
deposits nowhere exceed 30 feet in thickness. 
The assignment of them to the latter part of the 
Neocene is strictly provisional, and it is possible 
that they belong to the early portion of the suc 
ceeding Pleistocene.

STRUCTURE.

The present structure of the rocks of the quad 
rangle is attributable to two equally prominent 
causes: (1) regular mountain growth, and (2) 
eruptions of lava.   The results are clearly distin 
guishable from each other and may therefore be 
considered independently.

Structure due to mountain growth. The district



may be said to occupy the southern half of a long 
synclinal trough which, south of the Huerfano 
Spanish Peaks, has a north-south axis, troush - 
but trends toward the northwest before passing 
the northern boundary. This trough is the south 
ern continuation of the Huerfano Eocene lake 
basin, as subsequently greatly modified by the 
upturning of the beds aiong its eastern and west 
ern borders.

The slight but recognizable general westerly 
inclination of the strata resulting from the swell 
in the plains region east of the district

1 .   ° 1 , . , _ Plains swell.
merges rather abruptly into a flexure 
whose axis is nearly parallel with the eastern 
Laramie outcrop and in a measure coincides with 
it. This flexure continues northward to the 
southern base of the Greenhorn Mountains. The 
greatest inclination is at Aguilar, where the west 
erly dip amounts to as much as 18°, but it is less 
than half this amount near the northern bound 
ary, and to the south decreases rapidly. West of 
the Laramie outcrop the rocks soon flatten out, 
and are practically in horizontal position over a 
large area in the middle of the district, but 
toward the northwest they again rise in the 
direction of the mass of the Spanish Peaks.

The uplifting of the Sangre de Cristo Range 
was accompanied by the formation of a great 
flexure along its eastern base a few 
miles west of the Spanish Peaks district. c?istoe«deex= 
The diminishing slopes of this flexure 
extend a sufficient distance across the boundary to 
impart a decidedly easterly inclination to the strata 
along the western border south of the Spanish 
Peaks, amounting in places to 20°. Thus the 
inclination of the beds on the western side of 
the trough is greater than on the eastern, except 
where they lie within the area affected by the 
massive eruptions of the peaks.

Displacements or faults that are attributable to 
regular mountain-making movement are not at all 
common in the southern portion of the 
area. Toward the northern boundary 
they are more numerous, but the amount of dis 
placement is usually so small as to pass unnoticed 
except in mine workings. The north-south fault 
on the Santa Clara is the only important one 
observed. The downthrow is to the west, or in 
the direction of the dip, indicating the near rela 
tion of the fault to the flexure already noted. The 
displacement of the coal measures is from 70 to 
80 feet, but there is no apparent displacement of 
the thick sheet of igneous rock in the immediate 
vicinity, so that the eruption was evidently a 
subsequent event.

Structure due to eruptions. The earlier igneous 
eruptions gave rise to sheets intruded con 
formably with the bedding of the Sillsand 
sedimentaries, and to dikes, traversing dikes- 
the beds more or less nearly vertically, which in 
some cases are seen to rise from sills and in others 
are presumably connected with similar bodies of 
lava that have not yet been exposed by erosion. 
The dikes are most numerous in the vicinity of 
the peaks, which were evidently the chief center 
of eruption, and from this center they radiate 
in all directions. Those radiating to the east 
and west are rather more numerous than those 
radiating to the north and south. West of the 
quadrangle this is seen to be due to the greater 
magnitude of the conformable intrusions there 
exposed in the upturned marine Cretaceous. 
East of the eruptive center fewer intrusions are 
revealed, but the existence of a decided swell 
in the sedimentaries where the dikes are most 
numerous strongly suggests their presence in the 
depths. The radial system of dikes is supple 
mented by a rudely parallel east-west Twodike 
system, really part of a larger system. systems- 
extending from the Greenhorn Mountains south 
ward to the Cirnarron River in New Mexico, a 
distance of over 100 miles, with an east-west range 
of as much as 60 miles.

Previous to the last upthrust of the eruptive 
mass the sedimentary rocks of West Peak were 
riven in an east-west direction and a mass of 
igneous rock half a mile wide was forced up into 
the rent. At the same time another portion of the 
igneous mass was intruded in laccolithic or lens- 
shaped form beneath the sedimentary strata of 
East Peak. At a later date the final eruption was 
initiated by the production of a U-shaped fracture

Spanish Peaks.

extending, as a prolongation of the rent just men 
tioned, around the present base of East Peak, and 

. thence westerly to the Wahatoya. The thrusting 
up of the eruptive mass constituting the basal and 
main portion of East Peak and of the ridge extend 
ing northwesterly from it, which then took place, 
was accompanied by enormous displacement of the 
strata along this fracture, amounting to as much 
as 5000 feet at East Peak, but diminishing rapidly 
toward the extremities of the U   the sediments 
included between the arms being upturned some 
what in the form of a spoon-shaped trough, the 
whole tilted westward. This fault has been 
removed in most places by the erosion of the 
beds to the west of the fracture, exposing the 
underlying laccolithic intrusive. The inclination 
of the beds at the head of the trough, where they 
rest on the eruptive mass of the mountain, is 
about 40°. The beds that originally rested on 
the ridge extending from it have for the most 
part been eroded, but the remaining portions are 
inclined toward the trough, with diminishing dip 
going northwestward. The effect of the East 
Peak displacement upon the West Peak mass 
extended nearly to the present culminating point, 
but as the upturning resulting from it was com 
pounded with a certain amount of inclination 
away from the line of the West Peak intrusion 
the beds on the north flank of the mountain dip 
toward the northwest, while those on the south 
flank dip toward the southwest.

Briefly, the effect of the eruptions on the pre 
viously formed trough was the production in the 
very bottom of it of a great upward bulge, rent 
and faulted at the summit, warped by the intru 
sion of huge masses of igneous rock, and ribbed 
by a magnificent system of dikes. Structurally 
considered, the eruptions produced results more 
striking than those occasioned by mountain 
growth.

TYPICAL EXPOSURES.

As a knowledge of the distinguishing character 
of the different formations will be most readily 
acquired by studying sections that are typical and 
well exposed, reference to the more easily accessi 
ble localities where such sections occur may be of 
service.

Carlile shale. This formation appears only in 
the northeast corner of the quadrangle, on Salado 
Creek, and even there the base of it is not 
revealed. But a short distance eastward on the 
same creek the full section is well shown in the 
flanking bluffs.

Tim/pas formation. The basal limestone of 
the Tirnpas is well exposed on Salado Creek not 
far from the east boundary of the quadrangle, 
and in places part of the upper shaly zone also, 
but the contact with the succeeding formation is 
masked by surface accumulations. No other local 
ity in the district affords Timpas exposures.

Apishapa formation. The Apishapa beds 
appear only in exposures of limited extent in the 
northeast corner of the district, and no locality 
can be cited where either the upper or the lower 
division line is shown. The former is exposed 
near the Black Hills a short distance beyond the 
east boundary, and the latter at a point a few 
miles beyond the north boundary, where the 
lower and middle zones appear in the first line of 
bluffs on the Rattlesnake Buttes road, the forma 
tion lying to the west of the road.

Pierre shale. The lower zone of the Pierre is 
well exposed in the broad ravine north of the 
Black Hills. The middle zone is nowhere fully 
exposed, but patches of it appear along the Den 
ver and Rio Grande Railroad between Chicosa and 
Elmoro. The upper zone affords excellent expos 
ures in the immediate vicinity of Trinidad.

Trinidad sandstone. This formation is fully 
exposed at Simpsons Rest, near Trinidad, the 
entire section outcropping about 1000 feet north 
of the monument. It is also well shown in the 
bare bluffs north of Powell Arroyo.

La/ramie formation. A very complete section 
of the Laramie, including the upper and lower 
workable coal beds, is exposed along the Apishapa 
between Aguilar and Gulnare post-office. Road 
Canyon, Canyon de Agua, Powell Arroyo, and 
Raton Creek also afford fairly good sections.

Poison Canyon formation. Nearly all the 
gulches radiating to the south and east from the

Spanish Peaks afford good exposures and more 
or less complete sections, though the rocks are 
usually more firmly consolidated than the corres* 
ponding beds in Poison Canyon. But typical, 
loosely aggregated conglomerates occur on the 
saddle between the peaks and in the broken, cen 
tral portion of Santa Clara Park west of Capp's 
ranch.

Cucliara formation. The basal portion, easily 
distinguished by its brownish-red color, appears 
on the hilltops west of Bear Creek near the north 
boundary, and there are numerous exposures in 
the direction of the peaks. But the most complete 
are on Wahatoya Creek, along the road extending 
from the creek to the mines in Monarch Basin 
near West Peak. The section exposed by the 
road is fairly good, including the upper and lower 
contacts.

Huerfano formation. Along the road just men 
tioned, near the base of West Peak, the brownish- 
red clays of the basal zone of the Huerfano 
formation are well exposed, and at the northern 
or lower end of the basin the overlying conglom 
erates appear. The conglomerates of the middle 
and upper zones can be seen to best advantage on 
the southwestern slope of West Peak.

Metamorphosed sediments. The most complete 
exposure of the altered Cretaceous beds occurs 
along the ridge running from the Trujillo- 
Wahatoya divide toward the summit of East 
Peak. Here the section is practically continuous 
from the Poison Canyon beds to the reddish- 
brown stratum supposed to represent part of the 
Morrison. The best exposures of altered Eocene 
rocks occur in Monarch Basin, near the end of the 
wagon road already mentioned. Next to these 
are others on the head of the most westerly branch 
of the Trujillo.

Nussbaum formation. This formation appears 
conspicuously as escarpments or low cliffs capping 
a group of mesa-like elevations on the south side 
of Salado Creek about half a mile east of the line 
of the Colorado and Southern Railway.

IGNEOUS EOCKS.

OCCURRENCE AND DISTRIBUTION.

The igneous rocks of the quadrangle belong 
mainly to the Spanish Peaks system, of which 
probably one-half the occurrences only ^

. . J The center of
lie within the quadrangle. They con- er«Ption - 
sist of stocks, dikes, and sheets, representing a 
long series of eruptions centering at the Spanish 
Peaks, the focus of all the earlier ones being situ 
ated somewhere in the area now occupied by the 
West Peak stock, with reference to which the 
dike system is arranged radially. The intrusion 
of this stock and of the East Peak mass was sub 
sequent to the dike eruptions, the late basalts 
excepted. In respect to form, these stock-like 
masses differ considerably. The West _.J The stock- 
Peak body, which is much the smaller, like bodies -
occupies a broad, nearly vertical fissure in the 
Eocene beds and presumably the Cretaceous also. 
It has a length east and west of about 3 miles and 
in the main portion a thickness of about one-half 
mile, with two apophyses extending to the north 
ward and a tail-like extension to the eastward. 
The flanking strata are inclined away from it at 
various angles, and its eastern portion together 
with the inclosing sedimentaries was tilted west 
ward by the intrusion of the East Peak body. 
The latter is nearly 5 miles long in a southeast- 
northwest direction, and about one-half mile 
broad near the northwest extremity, increasing 
to 2 miles at the center of the main portion of 
the mountain. Along the southeastern, eastern, 
and northeastern bases the mass emerges at 
angles of from 60° to 80°, the abutting sandstones 
curving upward near the contact. To the west 
and southwest the mass dips more or less con 
formably beneath the sedimentary beds, the incli 
nation at East Peak amounting to 40°, but 
diminishing with the thinning of the mass toward 
the northwest extremity. While it can not be 
demonstrated that this mass extends beneath the 
surface to a junction with the West Peak mass, 
it is extremely probable that such is the case, not 
only from the structural conditions, but from the 
fact that toward the east end of the West Peak 
stock some portions have practically the same 
mineralogic composition as the summit rock of 
East Peak.

The dikes are from 2 to 100 feet or more in 
thickness, though the majority are from 10 to 50 
feet. As a rule they dip slightly one

The dikes.
way or the other, but the direction 
changes from place to place in the same dike. 
Some are practically vertical and project from the 
surface as smooth, wall-like masses from 50 feet 
to occasionally over 100 feet in height. (See 
figs. 3, 4, 6, and 7, on Special Illustration sheet.) 
Their course is either straight or curved, though 
local sinuosities are common. The curvature is 
toward an axial line passing very nearly through 
the culminating points of the peaks and at right 
angles to the orographic axis of the region. East 
of the eruptive center the dikes are most numerous 
south of the axial line, while west of the center the 
reverse is the case, there being a zone of maximum 
fissuring extending through the peaks, though not 
coinciding with the axis of eruption. The latter 
is apparently related to a flat anticlinal swell 
having its apex between Mavricio Canyon and the 
Santa Clara, which may be due, though not neces 
sarily, to the presence of sheets of igneous rock in 
the underlying beds. The dikes range in length 
from a few hundred yards in the case of the most 
acid rocks to as much as 10 and 15 miles in the 
most basic. Intersections are comparatively com 
mon, but the point of intersection is often too much 
obscured to allow of the relative age being deter 
mined. As the dikes rise into the higher portion 
of the Eocene beds they become fewer in number 
and rarely penetrate the uppermost strata of the 
Huerfano formation, as may be seen near the sum 
mit of West Peak.

The sheets are generally from 5 to 50 feet in 
thickness, but thinner sheets occur. They are 
usually, though not always, conform- Conformable 
able with the bedding of the inclosing sheets- 
strata. In many cases they are associated, and 
sometimes directly connected, with dikes of the 
same kind of rock, and there are instances where 
a sheet terminates in a dike at one extremity. 
Except a few occurrences in the immediate vicin 
ity of the peaks, the sheets outcrop in the Creta 
ceous formations, mostly in the Laramie and the 
Pierre. Beyond the west boundary of the district 
the sheets in the upturned Cretaceous are more 
numerous than in the country east of the peaks, 
but out of the large number of dikes exposed only 
two traverse the continuous Dakota hogback just 
west of the line of sheets. It is therefore apparent 
that, while exceptions can be noted, the dikes of 
the Spanish Peaks system are connected with the 
sheets and presumably occupy the fissures formed 
in the strata overlying the sheets at the time the 
latter were injected into the beds.

A second system of dikes not directly connected 
with the Spanish Peaks system occurs in the dis 
trict. This system extends from the . _ ....J Second dike
Greenhorn Mountains to the Cimarron system- 
River in New Mexico. The dikes have a course 
approaching east and west and are rudely parallel 
with one another, though taking the system as a 
whole a tendency toward radial arrangement is 
apparent, as though the focus of eruption was at 
some distant point to the westward. In mapping 
the dikes and sheets of the two systems it was 
found necessary to generalize only in the case of 
the group of sheets outcropping on the saddle or 
divide between the two peaks, where, on account 
of the small scale of the map, nearly one-half the 
occurrences had to be omitted. In a few instances, 
notably in Mavricio Canyon and at the head of 
the Apishapa near the west boundary, there is 
some doubt as to the relations having been cor 
rectly interpreted; but in nearjy all cases the 
location of the occurrences and the order of erup 
tion as indicated by the intersection may be 
accepted with considerable confidence.

DESCRIPTION OF THE IGNEOUS ROCKS.

Early monzonite-porpkyry.   This term is 
applied to certain related rocks representing at 
least four eruptions. They are of various shades 
of gray, often yellowish-gray owing to decomposi 
tion. The texture is nearly always porphyritic, 
though some varieties show only an occasional 
large crystal of brown hornblende. Among the 
feldspar phenocrysts basic plagioclase predomi 
nates, but alkali feldspars are usually present in 
considerable quantities. The dark silicates are 
represented by augite and brown hornblende,
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phenocrysts of the former being present invariably. 
In a large number of the occurrences hornblende 
is of equal importance with the augite, but in the 
majority of cases appears merely as an occasional 
large crystal in the rather fine-grained ground- 
mass. Such large crystals, or more often aggre 
gations of poorly crystallized individuals, increase 
in number with the amount of the minerals 
present and are frequently prominent on exposed 
surfaces. The groundmass is usually granular 
and the feldspars are generally much kaolinized. 
In thin sections of the fresher examples augite 
microliths are abundant, often accompanied by 
shreds of biotite, and serpentine is present in 
nearly all cases. Magnetite is usually present 
as a fine dust, but in only moderate quantity. 
Where these rocks penetrate the zone of contact 
nietamorphism epidote is a common product of 
decomposition, and crystals several millimeters in 
length sometimes appear in the cavities.

Early lamprophyre. Under this head are 
included several varieties of rock which vary 
considerably in mineralogic constitution but pos 
sess very much the same habit throughout and 
represent a distinct series of eruptions. The 
coarser varieties are distinguishable by their 
granular appearance and the abundance of needle- 
like, brown hornblende crystals, or, in the rarer 
micaceous variety, of large plates of biotite. The 
fresh rock is of a characteristic iron-gray color, 
becoming yellowish gray by decomposition, and 
is easily recognized in the field. In some occur 
rences the alkali feldspars predominate, though 
generally the reverse is the case. In the majority 
of instances hornblende exceeds the other dark 
silicates in amount, but augite is nearly always 
present, and as the rock becomes more basic and 
a porphyritic texture is developed the hornblende 
is mostly confined to the microlithic forms of the 
groundmass. A still more basic variety, contain 
ing but little hornblende, shows an abundance of 
biotite, with more or less augite and olivine as 
phenocrysts, and magnetite in the groundmass. 
In some cases apatite is exceptionally abundant. 
Thus the series is one in which alkali feldspars 
appear in varying proportions throughout, but 
which ranges from a near approach to the syenites 
at one extremity, through the hornblende, voges- 
ites, and monzonites, to the camptonite varieties 
at the other.

Late monzonite-porpliyry. rY}ii& rock is related 
to the early monzonite-porphyries, but differs 
from them considerably in mineralogic composi 
tion and belongs to a later epoch of eruption. The 
color is light gray when not much decomposed, 
the texture porphyritic, and the abundant white 
feldspar crystals often appear conspicuously on 
exposed surfaces. Among the phenocrysts the 
alkali feldspars, mostly orthoclase, are less abun 
dant than the lime feldspars, though in the 
groundmass the proportion is uncertain, owing to 
the very general prevalence of kaolinization. 
Biotite is generally present to a notable extent, 
brown hornblende and common augite sparingly, 
and all are more or less altered to chlorite and 
epidote. The thin sections usually show a Itttle 
quartz and magnetite.

Late lamprophyre. Tliis includes a group of 
rocks that at one extremity is related to the 
camptonite section of the early larnprophyres and 
at the other to the early monzonite-porphyries, 
but belonging to a later epoch of eruption. The 
larger number of the occurrences consist of dark- 
colored fine-grained rocks, rarely of porphyritic 
texture. As seen in thin sections the mass is made 
up of lath-shaped feldspars with the intervening 
spaces occupied by microlithic augites, shreds 
of biotite, and grains of magnetite. Generally 
speaking, these minerals are decomposed and the 
space is occupied by a chloritic product, the tex 
ture then simulating the ophitic. As the rock 
grades into the early monzonite-porphyries this 
texture disappears. - The phenocrysts of the por 
phyritic variety are mostly altered augite in 
some cases altered olivine. While the feldspars 
are mainly basic plagioclases, it is by no means 
certain that the alkali feldspars are not present 
to some extent throughout the series, a question 
that, owing to decomposition, could not be set 
tled by the sections available forc examination. 
Included with the late lamprophyres is a porphy 
ritic variety, the occurrence of which is restricted

mainly to the Santa Clara drainage. This rock
V\

probably represents the latest phase in the erup^ 
tion of the series. Among the prominent felcj 
spar phenocrysts orthoclase is present in subordi 
nate quantities, is less noticeable in the feldspars 
of the second generation, and can not be identified 
in the granular material of the groundmass. 
Augite is the most common dark silicate present.

Augite-diorite. This is used as a comprehen 
sive term for the rocks of the West Peak stock, 
which vary considerably in mineral composition, 
though the bulk of the material may be regarded 
as belonging to this group. The color is usually 
gray, weathering to yellowish gray. The texture 
is granitic to occasionally porphyritic. Orthoclase 
and quartz are present subordinately. Augite 
and biotite are the principal dark silicates, with 
occasionally some hypersthene. At the eastern 
end of the main body of the stock, much of the 
material is porphyritic and is closely related, both 
in appearance and in mineral composition, to the 
augite-granite-porphyry of the East Peak mass. 
These bodies of more acid rock were apparently 
intruded conjointly with the main mass of the 
stock.

Augite-granite-porphyry. Tfo^ rock is repre 
sented by several dike occurrences and by the 
body occupying the summit and western face of 
East Peak. It is a distinctly porphyritic rock 
with a coarsely granular, or granitic, groundmass. 
The color is light gray, mottled with white. The 
predominant feldspar is orthoclase, and consider 
able quartz is present, though mostly confined to 
the groundmass. Augite and biotite occur rather 
sparingly in all the thin sections examined. This 
rock grades downward somewhat abruptly into 
the more acid material of the main mass, and is 
clearly related on the other hand to the augite- 
diorite of West Peak.

Granite-felsophyre. In the Spanish Peaks 
quadrangle this rock occurs only as conformable 
sheets and small dikes in the immediate vicinity 
of the peaks, though in the Huerfano Park area it 
forms bodies of mountain dimensions. It is a 
fine-grained granular rock of a grayish-white color. 
The feldspar microliths appear to be largely 
orthoclase, and small grains of quartz are scat 
tered through the mass, in which the dark sili 
cates are wholly wanting.

Granite-porphyry.- This rock is represented 
by the main mass of East Peak and the ridge 
extending northwesterly from it, as well as by 
several dike-like bodies in the vicinity, and by a 
thick lens-shaped body that is sandwiched in 
between the augite-granite-porphyry and the 
metamorphosed Cretaceous on the west side of 
the peak. It is a coarsely crystalline, grayish- 
white rock, with large phenocrysts of orthoclase 
and quartz, and some plagioclase. There is an 
abundance of quartz in the groundmass, which in 
the finer-grained portions is distinctly micro- 
graphic. This rock grades upward into the 
augite-granite-porphyry, the change from one to 
the other taking place through a very narrow 
zone. There is also a noticeable difference 
between the base and summit of the main mass 
itself, the material at the base being much richer 
in quartz than the material near the top. Along 
the ridge running northwest from East Peak 
there are two dikes cutting this rock. They are 
not very well defined and are considerably dis 
torted, the presumption being that the dikes were 
formed before the mass was forced into its pres 
ent position.

Basalt.-^-Qi the occurrences referred to this 
group, all are not typical basalts; indeed, further 
study may suggest the propriety of transferring 
several of them to the nearly related sections of 
the lamprophyres. This is most probable in those 
rocks containing hornblende or biotite, as at pr.es- 
ent it is possible to exclude only the normal 
basalts from vthe general statement that alkali 
feldspars in varying proportions range through 
the Spanish Peaks rocks from one end to the 
other. However, the majority of the occurrences 
here included in the basalt group are really nor 
mal basalts representing at least two phases in 
the eruption of the magma. The earlier of these 
is distinguished by a coarsely crystalline texture 
and the abundance of augite, both as phenocrysts 
and as microliths. The later variety has a fine 
grained and more or less glassy groundmass and

but few' augite phenocrysts. Included with the 
basalts as a matter of convenience is an olivine- 
augite-haiiyne rock with little or no feldspar but 
with an abundant glassy base. The haliyne is 
in small pale-blue crystals with the characteristic 
inclusions and dark borders.

RELATIVE AGE OF THE ROOKS.

Observations on more than forty dike intersec 
tions demonstrate that the rocks were erupted in 
the order in which they are described, _ . ,J ' Order of
with the possible exception of the eruPtion - 
granite-felsophyre, in respect to which it can only 
be said with certainty that its eruption preceded 
that of the granite-porphyry. However, in the 
country northwest of the district, where it is the 
most abundant of eruptive rocks, no other igneous 
rock has been found penetrating it. Hence there 
is good reason to believe that its eruption was 
subsequent to all the dike rocks except the gran 
ite-porphyry and basalt. The occurrence of dikes 
of the earlier types cutting igneous masses of 
later age is explained in the paragraph on rock 
differentiation. The number of groups that enter 
into the foregoing classification do not -. . .

° . ° . Number of
by any means indicate the number of eruPtions - 
eruptions at the common center, which were 
doubtless more numerous than the varieties into 
which these groups can be divided. For instance, 
the intersections show that there were not fewer 
than four independent eruptions of early mon- 
zonite-porphyry, each distinctly more basic in 
respect to the dark silicates and magnetite than 
the preceding. Nevertheless, from a petrographic 
standpoint there are but two varieties into which 
the group can conveniently be divided. In respect 
to the other groups it is not so easy to demonstrate 
that there was more than one eruption of the 
same variety of rock; but assuming that there 
was not, as many as fifteen distinct dike eruptions, 
including the granite-felsophyre, must have taken 
place from the Spanish Peaks center.

The earliest of these eruptions must have been 
subsequent to the close of the Bridger (Eocene), 
most probably during the progress of E ochof 
the mountain-making disturbances that eruPtion - 
immediately followed. The eruptions continued 
intermittently nearly to the present time, with 
wide though varying intervals between the mani 
festations.

The relation to one another of the products of 
the eruptions, as well as the order in which they 
were erupted, tends to support the cur 
rent theory of the differentiation of

  , . , , , .
igneous rocks. According to this 
theory, the related rocks of a region, 
or those that emanate from one center of eruption, 
are the complementary products of the gradual 
differentiation of a more or less deep-seated molten 
magma, primarily of medium composition   that 
is, intermediate between the acid and basic 
extremes of known igneous rocks. It is conceiv 
able that if, at -any time during the early stages 
of the process, disturbances supervened and an 
eruption took place the product would be either^ 
more acid or more basic than the original magma. 
As differentiation advanced the material erupted 
at any stage would be more acid or more basic 
than the material of the previous eruption, accord 
ing as the nature or intensity of the associated 
disturbance influenced the character or violence 
of the igneous manifestation.

The sequence of events at the Spanish Peaks 
center of eruption is substantially in accord with 
this theory. If the earliest rocks of 
the series   the early monzonite-por-

, , IT 7".pnyry   be regarded as approximating Peaks erup= 
the composition of the original mass, 
the succeeding late monzonite-porphyry and early 
lamprophyre are, respectively, more acid and more 
basic than the mother magma. Subsequently, 
advancing differentiation gave rise to late lampro 
phyre and finally basalt, with granite-porphyry and 
granite-felsophyre as the opposite or complement 
ary extreme. The stock-like bodies of the peaks 
are themselves an exemplification of

tiation of

Spanish

The stock*the correctness of the theory. These like bodies 
bodies, which doubtless are connected cation of the

7 theory.
with one another at no great depth, 
were apparently segregated from the residual 
mass arid forced into their present position in a 
thick, viscous condition without undergoing any

considerable amount of deformation, especially as 
regards the granite-porphyry, since older dikes 
that had previously penetrated the mass are still 
plainly visible, though distorted and poorly 
defined. From the eastern base of East Peak to 
the culminating point of West Peak the composi 
tion becomes more and more basic, so that while 
at one extremity the rock is exceedingly rich in 
quartz and almost wanting in dark silicates, it is 
rich in ferromagnesian constituents at the other.

CONTACT METAMORPHISM.

The alteration or metamorphism of the Creta 
ceous and Eocene beds bordering the eruptive 
masses of the Spanish Peaks, while not the result 
of actual contact alone, is directly attributable to 
causes incident to the eruption of these masses. 
The whole of the exposed Cretaceous has been 
altered to such an extent that the units can not 
be individualized. The greatest amount of alter 
ation of Eocene beds took place in the vicinity of 
the eruptive body of West Peak, really in the 
sediments in direct contact with the body, or in 
the parts adjacent to the fault plane at the east 
end of the mountain. The transition from the 
more completely altered rocks to the unaltered, 
loosely aggregated material of the same horizon 
is marked by a peripheral zone in which the 
alteration*is in the nature of more perfect consoli 
dation rather than metamorphism. That the 
alteration is not altogether the result of the con 
tact with the eruptive masses is evident from the 
fact that the Eocene beds around the eastern and 
northeastern base of East Peak have suffered no 
apparent change, while in the vicinity of the 
eastern, tongue-like extension of the West Peak 
body and along the fault line still farther east 
the metamorphism is very pronounced, especially 
on the north side of the fault.

The evidence of more or less kaolinization in 
the material immediately adjacent to the fault 
plane suggests solfataric action as probably one 
of the factors in the process of alteration. The 
more deeply buried Mesozoic beds, which from 
the condition of things must have been more fully 
exposed to such action, are found to have been 
metamorphosed even where the overlying Eocene 
beds were not affected, possibly owing to the 
impermeable nature of the protecting clay beds 
of the Poison Canyon formation. The fragment 
ary bodies of the Mesozoic that were dragged up 
by the East Peak mass show that beneath the 
unaltered Eocene on the east side of the mountain 
there is a bordering zone of completely altered 
Mesozoic beds.

The changes effected were the transformation 
of shales, sandstones, and conglomerates into 
slates, quartzites, and quartzitic conglomerates. 
Beyond the occasional presence of epidote, crys 
talline substances directly attributable to meta- 
morphic action are extremely rare in the thin 
sections examined. The earlier eruptives cutting 
these rocks in the form of dikes show consider 
able evidence of alteration, and in them epidote 
is a common and often abundant secondary 
product.

ECONOMIC GEOLOGY.

Available miner al_ substances.   The most 
important mineral product of the district is coal, 
the annual tonnage exceeding that from 
any other district in the State. Sand- fmp1or?a!n1t 0i?t 
stone, of which there are several varie 
ties, has been extensively employed for local 
structures. Other mineral substances that are 
available but have not yet been utilized, or even 
experimented with to ascertain their adaptability 
for certain purposes^ are limestone, cement rock, 
and refractory clay. The existence of petroleum 
and natural gas in economic quantities is conjec 
tural, though not altogether out of the question, 
as both these substances have been detected at 
several points in the vicinity of Trinidad; but 
bare mention of the fact is sufficient. Producing 
mines of precious and other metals have not yet 
been developed, though shipments of valuable 
ore have been made, and the desultory exploita 
tion work going on may, sooner or later, result jn 
profitable discoveries. Artesian water occurs at 
two horizons in the quadrangle, and a map has 
been prepared graphically presenting the artesian 
problems. \ ' r,



COAL.

Manner of occurrence. The coal beds of work 
able thickness are confined to the coal-bearing 
portion of the Lararnie formation, and 
those from which the present output is coxaiemeal- he

Uf*6S*
derived lie within 150 feet of the base 
of the measures; but important seams at higher 
levels may at any time be made available by rail 
way extension. The total area of Laramie outcrop 
in the Spanish Peaks quadrangle is 495 square 
miles; but the measures undoubtedly underlie all 
that portion of the district occupied by Eocene 
beds. The eastern border of the Laramie termi 
nates in a bold, irregular line of bluffs which, 
within the limits of the quadrangle, extends from 
the Purgatory to the north boundary, but south of 
the river passes into the Elmoro quadrangle. The 
western border lies several miles beyond the west 
boundary, except on the South Fork of the Pur 
gatory, where a deep indentation, due to erosion, 
brings a portion of this border within the limits 
of the district. The area thus included consti 
tutes an important part of the Colorado portion 
of the Raton coal field, which extends south to 
the Cimarron River in New Mexico and north 
nearly to the Huerfano.

Diamond-drill borings near Sopris, at several 
points higher up the Purgatory Valley, and in the 
vicinity of Berwind and Hastings, M . .

J . Number of
demonstrate that the full section of the coal beds- 
measures contains not fewer than thirty beds of 
coal. But the majority of these beds or seams 
are from 3 to 12 inches thick only, lack continuity, 
and rarely afford workable bodies of coal. The 
remainder, or those that exceed a foot in thickness, 
usually afford workable coal at one or more points 
in the district, either by thickening of the bed 
itself or, less frequently, by its coalescence with 
a neighboring bed. It thus happens that there 
are numerous areas of workable coal, _. .' Workable
of from 500 to 2000 acres in extent, areas - 
distributed laterally and vertically throughout 
the measures and often overlapping one another. 
Such overlapping areas may occur near together 
and the workable beds belong to the same group, 
or they may be situated far apart and belong to 
independent groups separated by a considerable 
vertical interval of barren or worthless measures. 
These groups, the lowest excepted, are not con 
tinuous throughout the district. Of the four 
groups recognized, the upper two prac- Grou s of 
tically disappear or pass into barren seams - 
ground before reaching the north line of the quad 
rangle. Owing to the thinning out and splitting 
up of the workable coal, want of continuity 
becomes a characteristic feature. Not only do 
the seams vary much in size from place to place, 
but the number of seams in a group varies; though 
it is generally the case that at least one seam of 
a group will afford workable coal 3 feet or more 
in thickness, which, however, may not contain 
workable coal in a locality near by.

13 er wind-Aguilar group. This is the lowest of 
the four groups and at present the most important, 
since all the mines of the quadrangle    *.J- o Most import*
except that at Sopris are in operation ant gro"p- 
on one or the other of the seams. It corre 
sponds to the Engle group of the Elmoro quad 
rangle and to the Rouse-Walsenburg group of the 
Walsenburg quadrangle, and includes all seams 
within 100 feet of the base of the formation. 
A large number of diamond-drill borings near 
Sopris show from three to five seams 
12 inches thick and upward in this seamsTn0 
group, and two shafts from the Sopris 
mine workings expose the same number. Of seven 
similar borings made south of the Purgatory River 
and about 6 miles west of Sopris, one showed only 
three seams, two showed seven, and four showed 
five. Borings in Stock Canyon and Canyon de 
Agua showed from two to five seams 12 inches 
thick and upward. In nearly all cases there are 
present several seams a few inches thick. At 
Aguilar the mine workings and outcrop excava 
tions expose three seams in this group, and the 
same number are known to be present where the 
outcrop crosses the Santa Clara near the north 
boundary. Of the value of this group in the 
central and western portions of the Thewestern 
quadrangle nothing is known, though outcr°p- 
inferentially the presence of two or more seams

Spanish Peaks.

along the western border of the measures, one of 
which shows a workable thickness of coal for a 
distance of fully 10 miles, suggests continuity 
over the greater part of the area. In like manner 
the workings at Blossburg, New Mexico, south of 
Sopris, suggest continuity between the Purgatory 
and the southern boundary.

At Sopris the shafts sunk below the present 
mine workings indicate the existence of a work 
able area on each of two seams, the _.; The produo
lower apparently the most extensive, tivebeds - 
the coal being from 4 to 6 feet thick. In 
Powell Arroyo, outcrop excavations indicate the 
presence of an area of considerable extent on 
what is apparently the same bed; but it thins 
down northward, and is too small to be workable 
in Tingley and Chicosa canyons. At the head of 
Timber Canyon, north of Chicosa Canyon, it again 
expands to 5 and 6 feet in thickness, and so con 
tinues to Road Canyon and beyond, the Berwind 
workings being on this seam. In Canyon de 
Agua, however, it affords only "low coal" that 
is, less than 4 feet in thickness and soon ceases 
to be workable. It is present at Aguilar and at 
Salado Canyon, though still of small size, but 
near the north boundary it again expands to 5 
feet in the Santa Clara mine. Presumably the 
seam outcropping near San Francisco on the 
South Fork of the Purgatory is identical with 
the Berwind seam, as it is the lowest in the meas 
ures. Occasional excavations indicate from 6 to 
11 feet of coal continuous for a distance of at 
least 10 miles. Whether or not the second work 
able bed at Sopris corresponds to a productive 
seam elsewhere is uncertain; the Elmoro seam, on 
which the Starkville workings are located, is most 
nearly identical with it. The workings of the 
Forbes mine in Tingley Canyon are on a seam 
from 5 to 6 feet thick, situated about 60 feet 
higher in the measures than the Berwind seam. 
This bed was once continuous from Powell 
Arroyo to Canyon de Agua, but has been 
destroyed by an intrusion of igneous rock between 
Tingley and Stock canyons. The workings of the 
Victor mine at Hastings are on this seam, which 
is in places 7 feet thick; also the workings at 
Aguilar, where it is 5J feet thick; but there is a 
large area between the two localities where, if the 
coal was ever of much thickness, it has been 
destroyed by igneous intrusions. The upper work 
ings at Santa Clara are on a 7-foot seam about 
40 feet above the Berwind seam. It is uncertain 
whether or not it corresponds to the Victor bed 
at Hastings and Aguilar. The other seams of the 
group show occasional areas of "low coal," but 
not to an important extent.

In the southeastern portion of the district the 
coal is noted for the perfection of the "faces," 
especially that from the Elmoro seam, ph sjcal 
but to the northward this feature characters - 

ceases to be characteristic. Thin, bony streaks 
that adhere strongly to the coal are rarely absent, 
and the different layers vary much in respect to 
the amount of impurities and ash percentage. 
South of the Apishapa the coal usually makes a 
very dense coke in beehive ovens. From this 
point north to Santa Clara the coal cakes strongly, 
but will not afford coke of commercial value by 
the same process.

Sopris group. So far as known, this group 
contains workable coal in the Purgatory Valley 
only, though there is a possibility that Extent of the 
an area near the south line of the group - 
Walsenburg quadrangle may really extend a 
short distance into the Spanish Peaks quadrangle. 
Along the intervening portions of the outcrop the 
group is always represented by two or more 
seams, which are either interlaced with thin bands 
of shale or have been destroyed by eruptives. Of 
six borings made in Stock Canyon and Canyon de 
Agua, only one showed " low coal" in this group, 
and the area was evidently not sufficient to war 
rant exploitation. The base of the group lies 
from 135 to 140 feet above the lowest coal bed of 
the Engle group, which is usually within a few 
feet of the top of the Trinidad sandstone. Between 
the two groups there is a zone of barren ground 
30 to 40 feet thick, composed almost wholly of 
massive sandstone which throughout the district 
outcrops prominently between this group and the 
preceding one.

In the neighborhood of Sopris and in the Pur

gatory Valley there are usually from three to four 
seams from 12 inches to 7 feet in thick- ._ . . .Number of
ness. Sometimes two of these are work- seams- 
able, and occasionally three, though with the 
exception of the Sopris-mine bed they afford 
only "low coal" and the areas are of limited 
extent. The workings of the old Thompson mine, 
near the mouth of Long Canyon, are on one of 
the seams of this group, which at a short distance 
from the outcrop was found to have been trans 
formed into natural coke by an igneous intrusion. 

As a rule the seams contain from two to three 
thin streaks of bone. Some of the coal is clean, 
soft, and of brilliant luster; some is _. . ,

1 ' Physical
impure, shows a coarse-granular surface characters- 
of fracture, and is known as " coarse coal" by the 
miners. But the bulk of it breaks out in large 
rectangular blocks with smooth faces and is above 
the average in hardness for coking coal.

Morley-Smiths Canyon group.   This group 
lies between 700 and 850 feet above the base of 
the measures. It includes the workable _

Extent of the
seams at Smiths Canyon and Wet Can- group- 
yon in the west-central portion, and at Stock Can 
yon, Canyon de Agua, and on the Apishapa in 
the east-central portion. There are usually not 
fewer than three seams present, upward of 12 
inches in thickness. In the localities named, one 
of the beds affords "high coal"   that is, 4 feet 
in thickness or over   and as the district has not 
been thoroughly explored other areas of "high 
coal" may exist in the intervening territory; 
while of the existence of numerous areas of " low 
coal" there can be little doubt, as the absence of 
a second seam about 3 feet thick at the points 
mentioned is exceptional. Hence, in all the terri 
tory back of the outcrop this group is more 
promising than the one just described.

The seam exploited at Morley is 6 feet thick 
and, as far as exposed, nearly clean. At Smiths 
and Zarcillo canyons the workable bed, 
5 to 7 feet in thickness, has been shown ?2fte of the 
by numerous outcrop excavations to 
contain an area of " high coal" about 3 miles long 
in its outcrop diameter, with other smaller seams 
below and above it. There are a few streaks of 
bony coal in the seam, and in places about one- 
half inch of clay, but the coal on the whole is 
rather superior to that obtained from the Berwind- 
Aguilar and Sopris groups. The Wet Canyon 
bed apparently corresponds to the upper bed 
at Smiths Canyon, though this is not certain. 
It contains about 6|- feet of coal, including an 
occasional bony streak. The same seam is also 
exposed to the south on the Purgatory. Between 
Wet Canyon and Smiths Canyon there are other 
exposures of workable coal, but of less value. 
In Burro and Reilly canyons, to the east, only 
" low coal" has thus far been exposed. In Chicosa 
Canyon there are four seams exposed. The small 
est is 20 inches thick; the other three, separated 
by intervals of from 40 to 45 feet, each contain 
from 3 to 4-J- feet of coal, though two of them are 
not workable owing to interbedded bands of shale. 
In Road and Stock canyons, Canyon de Agua, and 
on the Apishapa the group affords two workable 
beds, one of which expands to 6^ feet in thickness 
in the two last-named localities, where it is known 
locally as the Rock Island seam. Elsewhere the 
seams are from 3^ to 4 feet respectively, and are 
from 55 to 60 feet apart.

All the coal of this group has the joint planes 
well developed and breaks out readily in large 
rectangular blocks. Occasionally, how- ph sjcaf 
ever, concentric cleavage is pronounced, characters - 
and the lumps are small and rounded. Such 
occurrences are associated with evidence of pinch 
ing. (See fig. 1.) The kneading effect of such 
movement evidently affected the structure of the 
coal and doubtless increased its density. By the 
majority of consumers this kind of fuel is thought 
to be of a distinct and superior grade. In places 
along the Smiths Canyon seam, part of the coal 
has been crushed and reconsolidated by pressure 
so that no trace of the original cleavage remains. 
Thin, bony streaks are generally present in the 
thick portions of the seams, but not quite to the 
same extent as in the seams of the lower groups. 
At Canyon de Agua, however, stony nodules are 
common in places in the high coal. On the Pur 
gatory drainage the coal is all of the coking kind. 
Elsewhere it does not coke unless in the vicinity

Impurities.

of an igneous intrusion. At present there are no 
producing mines in operation on this group.

Wootton group. The Wootton group lies from 
1000 to 1100 feet above the base of the measures. 
In no part of the district does this group contain 
" high coal" that is not interbedded with shale, 
and only in a few places does it contain " low 
coal," or seams^fronf 3]to 4f]feet in" thickness. It 
is true that the two or three beds repre- _ .. , t Possible
senting it have been but little explored, resources- 
and as most of the outcrop is masked by soil much 
may remain to be discovered. The localities at 
present known to afford workable coal are the 
South Fork of the Purgatory, Wet Canyon, 
Canyon de Agua, and the Apishapa near Abeyton. 
North of the Apishapa Valley the group soon 
thins out, and there is no trace of it on the Santa 
Clara drainage. There are no mines in operation 
on any of the seams.

Variable features. The coal usually rests on a 
varying thickness of shale or clay shale, which is 
often more or less refractory owing to _,

 / o Floor and
the removal of the iron in the layers roof> 
immediately under the seam. But it frequently 
happens that sandstone with a mere scale of shale 
upon it forms the floor. Where a seam is thickest 
the roof is generally shale, but the sudden thin 
ning or contraction of a seam is often associated 
with an equally sudden change in the character 
of the roof material from shale to sandstone. 
Bony coal is always present, and often what is 
called " coarse coal," which is simply an 
impure variety; but the position of 
these impurities, as well as the shale or clay part 
ings that may be present, will vary considerably 
within short distances. If there are bony layers 
near the top the coal may not part readily from 
the roof; if near the bottom, it may be " frozen " 
to the floor and will be hard to "undermine." 
Natural coke, the result of contact with intrusive 
bodies, is of common occurrence. It will be 
encountered wherever a dike intersects a seam or 
wherever a sheet of igneous rock has been injected 
horizontally into it.

Structural features. The eastern border of the 
measures from Chicosa Canyon northward is 
affected by the flexure previously men 
tioned in connection with the structural 
geology of the district. The result is that along 
this border the maximum dip of the seams occurs 
at or near the outcrop, and the tendency is to 
flatten out rapidly in a southwesterly direction, 
or toward the main body of the field. In the 
vicinity of Stock Canyon and Canyon de Agua 
the inclination varies from 7° to 9°. On the 
Apishapa the axis of the flexure passes a short 
distance east of the Peerless mine and the maxi 
mum inclination is about 16°, though this is 
reduced to 4° one mile up the river, while above 
the junction of the Trujillo the beds are nearly 
horizontal. At Salado Canyon the dip varies 
from 7° to 10°, according to the distance of the 
outcrop from the eastern border. On the Santa 
Clara immediately west of the canyon the forma 
tion rapidly assumes a horizontal position. Along 
the western border of the field, on the South 
Fork of the Purgatory, where the dip is mainly 
eastward, there is substantially the same inclina 
tion at the outcrop and the same tendency to flat 
ten out toward the body of the field.

Wherever sheets of igneous rock have been 
intruded into the measures the coal seams are often 
affected by rolling, " troubled " ground, Pinchin out 
due to movement, causing the pinching of seam - 
out of the seam. As a result of such movement the 
resistant sandstones have been buckled and forced

FIG. 1. Diagram showing pinching of coal bed.
Movement of the heavy sandstone bed aa in'the direction indicated would 

cause the thinner and less rigid sandstonejx; lying'.between the soft shale beds 
ee and ff to buckle down and pinchTout the coaljbed.dd^at theipoint s.

either upward or downward, as the case may be, 
through the less resistant shale and coal. A sudden 
change in the character of the roof or floor material
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from shale to sandstone is a reliable indication that 
the workings are approaching a " pinch," if nothing 
worse. While displacements of this nature have 
been encountered in nearly every mine Normal 
in the district, they are less numerous faults - 
than normal faults, or such as cause vertical dis 
placement along a plane of shearing movement. 
Such faults, usually amounting to a few feet only, 
are of small geologic importance, but in coal-mine 
operations they entail considerable additional 
expense in the matter of grading the roadways 
through ground affected by them.

Composition of the coal. The appended table 
of analyses is intended to illustrate the general 
composition of the coal. The difference in char 
acter between the coking coal of the Truecoking 
southern portion of the district and the coals> 
semi-coking variety of the northern portion is 
indicated by the difference in composition shown 
by the analyses. Aside from the percentage of 
ash, which is on the average less in the product 
from the northern part of the field, the coking 
coal of the southern part is lower in moisture and 
oxygen and higher in total carbon. The moisture 
rarely exceeds 2 per cent, the oxygen is usually 
below 7 per cent, while the carbon generally 
exceeds 75 per cent. On the other hand, the semi- 
coking or domestic coals of the northern _O Domestic
area rarely contain less than 2 per cent coals - 
of moisture, or 7 per cent of oxygen, and usually 
contain less than 75 per cent of total carbon. 
This difference in composition between the bitu 
minous or coking coals and the semi-bituminous, 
semi-coking, or domestic coals is in no wise peculiar 
to the Raton coal field; and it may be stated as a 
general proposition that, other things being equal, 
the greater the divergence in respect to the coking 
behavior of two coals the greater the divergence 
in composition in respect to the constituents noted. 
As compared with the products of other Colorado 
fields, the Raton field coals are rather low in 
nitrogen, the constituent that is depended upon 
to form ammonia in by-product coke ovens. The 
richness of the gaseous products in carbon ren 
ders the coking variety a very desirable coal for 
the manufacture of illuminating gas.

Changes produced by eruptions. -In the West 
ern Cretaceous coal fields the alteration of lignite 
into the more bituminous varieties can be traced 
to two causes: (1) subsequent accumulation of 
sediments, and (2) eruptions of igneous material. 
In the absence of these causes Laramie coal 
usually remains in the condition of lignite, con 
tains a high percentage of moisture, and is 
altogether wanting in the property of coking. 
Earth movement has also performed an important 
part in promoting alteration, for even where the 
measures have been deeply buried under thou 
sands of feet of later formations it is apparent that 
the coal in the upturned portion is more decidedly 
bituminous than that elsewhere. But the com 
bined effects of depth of sediments and earth move 
ment have rarely sufficed to change completely 
Cretaceous lignite into true coking coal. The 
latter variety is usually associated with eruptive 
bodies of greater or less magnitude, the degree of 
alteration being roughly proportional to their 
size. But the position of an eruptive mass is also 
important. Thus, lavas that have been

Position ofpoured out over the surface appear to eruptive'
have exercised very little influence, important
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while a comparatively thin sheet of mol 
ten magma injected into the measures may have 
sufficed to produce coking coal in any seam that is 
not more than 100 feet above it; though unless 
within 20 to 30 feet it will have produced but 
little change in a seam lying beneath it. This is 
very generally the case in the coal fields of the 
Rocky Mountains, and there is one remarkable 
instance of it in this district. In the southern 
half of the quadrangle, where the alteration has 
been complete from the base to the summit of the 
measures, an instance of this kind could not very 
well occur; but north of Road Canyon, where 
with one exception the seams of the upper groups 
do not afford coking coal, there is enough evidence 
to show that the numerous sheets of eruptive rock 
in the upper part of the Pierre shales are respon 
sible for the presence of coking coal only in the 
lower or Berwind-Aguilar group. The exception 
noted is in Stock Canyon. Here for a distance of 
about one-half mile (there is an outcrop of coking

coal in one of the beds of the Morley-Srniths 
Canyon group. This outcrop is associated with a 
thin sheet of igneous rock situated about 50 feet 
below it. At the southern extremity the sheet 
rises above the seam, which then ceases to contain 
coking coal, while at the northern extremity the 
sheet passes suddenly to a lower horizon, and 
again the seam ceases to contain coking coal.

The passage of a dike through the measures 
has invariably produced natural coke wherever a 
seam of coal is intersected. If the 
dike is but a few feet thick the coal Forraationof natural 

coke.
will not be affected to a serious extent, 
but where the dike is 50 feet thick or more the 
coal will be found transformed into coke for a 
distance of at least 40 feet away from it. But 
a sheet of igneous rock that has been injected 
into and along a seam of coal is an occurrence 
most to be dreaded, since it may mean the early 
abandonment of any mine in which it is encount 
ered. One mine in the district was dismantled and 
abandoned a few years ago solely for this reason. 
The extent to which some of the most import 
ant stretches of the outcrop have suffered from 
these injections along one or /more of the coal 
seams is considerable. On the^ north side of the 
Purgatory above Trinidad there is a continuous 
outcrop of natural coke over a mile in length. 
This outcrop corresponds to another one on the

.. 2. Section of a natural exposure of coke and an intru 
sive sheet on the north side of the Purgatory River oppo 
site Sopris. 

The structure of the coke is approximately normal to the surface of the intrusive.

south side of the river at Sopris, and is apparently 
connected with the same sheet that was encoun 
tered in the Thompson mine opposite the mouth 
of Long Canyon. At Chicosa and Road canyons 
there is a less extensive occurrence of powdery 
coke. Where the sheet that formed it is seen to 
terminate at the mouth of Stock Canyon the coal 
for some distance beyond has been transformed 
into anthracite. North of Canyon de Agua there 
is a similar sheet, which in places, notably at 
Graphite Canyon, has destroyed one of the beds 
of coal. The lower group of seams has suffered 
more than the upper ones from the destructive 
effects of igneous intrusions, though in Stock 
Canyon and on the upper Purgatory the Smiths 
Canyon group has been more or less affected by 
these intrusions. It is doubtless to this cause that 
the excellent coking quality of Smiths Canyon 
coal is largely due.

Area of workable coal. The total area of meas 
ures outcropping within the quadrangle is approx 
imately 495 square miles, of which 290 
square miles constitutes the outcrop of of°outcrop-
i 11   ,  i rv/^r- pingproduc=the coal-bearing portion and 205 square ujrve* meas= 

miles the outcrop that does not contain 
coal of economic value. It should be stated, how 
ever, that the area of productive measures outlined 
on the Economic Geology sheet does not include 
all the accessible coal of the district. The coal- 
bearing formation extends under the later sedi 
mentary beds, and as the coal most readily won 
becomes exhausted it will be quite practicable by 
means of deep shafts, such as those of South 
Wales, to mine out much of the coal contained in 
the measure underlying the Poison Canyon sand 
stone. However, the dike occurrences of the 
northwestern part of the quadrangle tend to limit 
the ground that can ever be profitably mined to 
an area of about 600 square miles.

The greater part of the productive measures 
contains coking coal, though owing to the fact 
that the process of alteration was more effective 
toward the base of the formation, the semi-coking 
or domestic coal of the upper portion considera 
bly overlaps the coking-coal area. Thus, the cok 
ing coal of the Berwind-Aguilar group Area 
is continuous throughout the southern cokin£ coal - 
and central portions of the district up to a line 
about midway between Hastings and Aguilar, 
where the change from one kind of coal to the 
other takes place within a very short distance. 
In respect to the Sopris group, the northern 
boundary of the coking-Coal area does not extend 
beyond Chicosa Canyon; while in respect to the 
two upper groups the coking coal is confined to

the Purgatory drainage. The area of the lower 
group that may be regarded as containing coking 
coal within the boundaries of the productive coal- 
measure outcrop is approximately 260 square 
miles, which includes also the whole of the same 
kind of coal contained in the middle and upper 
groups and part of the domestic coal area of these 
groups. The remainder of the productive out 
crop, amounting to 30 square miles, con 
tains domestic coal only, or coal that is domestic

coal.
adapted to the requirements of the 
domestic trade and steaming, but is not suitable 
for the manufacture of coke. In this connection 
it is well to recall the fact that the productive 
outcrop is less than one-half the area that can be 
rendered productive by contemporary methods, 
and, as before stated, the total area is about 600 
square miles.

DEPENDENT INDUSTRIES.

The region tributary to Trinidad produces the 
greater part of the coke supplied to the metal- 
lurgic establishments of Colorado, New Mexico, 
and Arizona, and of the total output about two- 
thirds may be credited to the mines and coking 
plants of the Spansh Peaks quadrangle.

Coal mining. The principal mines are located 
at Sopris, Starkville, Forbes, Berwind, Hastings, 
Aguilar, and Santa Clara. The capacity of the 
respective mines ranges from 500 to 1500 tons 
daily. The output varies with the season, though 
to a less extent than in districts where the coal 
is entirely of the domestic kind. Most of the 
mines are worked by the ordinary ......

J J Method of
"room-and-pillar"system; though occa- minln»- 
sionally, where the coal is low and the conditions 
are favorable, the "long-wall" system has been 
found advantageous. Most of the underground 
haulage between the rooms and the engine roads 
is done by mules. In the neighborhood of Trini 
dad the inclination of the beds is comparatively 
slight and it is practicable for mules to haul the 
loaded pit cars along the "dip" as well as the 
empty cars to the " rise;" but in the northern part 
of the district, where the inclination at the out 
crop is often considerable, the rooms are turned 
off from the cross entries in only one direction   
that is, to the "rise." Up to the present time 
the mines have not been troubled by 
explosive gases and open lights are in e^iosfve0* 
use in all of them. The product of the 
coking-coal mines may be loaded and shipped as 
"run-of-inine" or the "slack" may be screened 
from the "lump" and sent to the coke ovens, 
according to requirements. At the mines pro 
ducing domestic coal the slack is subjected to 
additional screening for the purpose of separating 
the "nut."

CoJce making. Much of the " slack," or smaller 
sizes of coal, made into coke is first washed in 
order to remove a certain amount of the associ 
ated slate and bony material. The washing is 
done either by jigging, as at Sopris, or on bump 
ing tables, as at Hastings. The washed coal, with 
or without further reduction in size, is charged 
into ovens of the beehive type, leveled off, the 
the oven door bricked up, and the charge allowed 
to coke for either forty-eight or seventy-two hours, 
according to the weight of the charge. This 
depends on the day of the week, the ovens charged 
on Friday and Saturday, having to burn over 
Sunday, receive seventy-two-hour charges which 
range from 4|- tons for an oven having a floor 10 
feet in diameter to 6J tons for one having a 13- 
foot floor. The corresponding forty-eight-hour 
charges range from 3|- to 5^ tons. In the case of 
unwashed slack, the respective charges are of 
about the same weight. The air required to pro 
duce a certain amount of combustion, and thus 
develop the heat requisite for coking the charge, 
is admitted either through small openings left in 
the brickwork of the door or through numerous 
perforations connected with an annular space 
around the dome. When the coking is finished 
the charge is quenched with water and withdrawn, 
the heat remaining in the brickwork being suf 
ficient to ignite the succeeding charge. It has 
lately been found advantageous to conduct the 
products of combustion through flues beneath 
the oven floor and thus hasten the completion of 
the coking process. The coke made from ordinary 
slack usually contains 18 per cent and upward of

ash, and the presence of flakes of bone and slate 
increases the tendency to break up readily in 
handling. The coke made from washed coal con 
tains about 15 per cent of ash, is homogeneous in 
texture, and does not break up to the same extent 
as the ordinary product. In both cases the coke 
is dense, of silvery luster, and thickly glazed with 
dissociated, graphitic carbon. Repeated exhaus 
tion under water to one-half-inch barometric pres 
sure shows the ordinary coke to contain from 30 
to 31 per cent of cell space, though in the coke 
made from washed and more finely crushed coal 
the percentage is somewhat higher.

SANDSTONE.

Trinidad sandstone. This rock, which forms 
the upper half of the Trinidad formation, is a 
medium-grained grayish or greenish-gray sand 
stone, about 75 to 80 feet thick, outcropping 
prominently from Trinidad northward immedi 
ately beneath the coal-bearing beds of the Laramie, 
and extending up to within a few feet of the low 
est coal seam. The homogeneity of this rock in 
color and texture and its accessibility render it 
the most important stone for structural purposes 
in the district, though where the branching Haly- 
menites are most abundant the evenness of the 
texture is to some extent impaired. Trinidad 
sandstone has been largely used as a building 
stone in the city of Trinidad, where many sub 
stantial structures testify to its excellent qualities. 
There are no regular quarries of the stone, it 
being the custom to procure it from the nearest 
of the many accessible outcrops in the vicinity of 
the city.

Laramie sandstone. The entire section of the 
Laramie affords beds of sandstone suitable for 
structural purposes. The texture and gray color 
are more variable than in the Trinidad sandstone, 
and as a rule the Laramie is more porous. Never 
theless, it has been largely used for foundations, 
and for retaining walls of coke ovens at Stark 
ville and Sopris. The exposures of this rock are 
practically coextensive with the Laramie forma 
tion, and the accessible supply is unlimited.

Eocene sandstone. The Eocene sandstones of 
the Poison Canyon and Cuchara formations are, 
as a rule, too soft, porous, or conglomeratic to be 
of service in structural work. But there are 
several beds in the Cuchara formation that locally 
afford sandstone of medium grain and hardness 
and are of a desirable color, such as pale pink or 
greenish gray. The tint varies in different beds, 
though constant in the same bed. These sand 
stones occur only in the vicinity of the Spanish 
Peaks and in the northwest corner of the district.

LIMESTONE.

Timpas limestone. This limestone is exposed 
in the northeast corner of the quadrangle in a 
bed about 40 feet thick made up of layers from 
6 to 12 inches thick, separated from one another 
by shaly partings. The limestone layers are well 
suited for burning into lime, and the northern 
extension of the same bed furnishes the limestone 
used as flux by the smelting establishments at 
Pueblo.

Cement limestone. The cement works at Trini 
dad, when in operation, depended upon the con 
cretions in the Pierre shale as the chief source of 
cement rock. Such a source could hardly be 
expected to meet the demands of a steady output, 
at least to an economic extent. Prospectively, the 
Apishapa formation may be regarded as the most 
promising source of cheap raw material for the 
manufacture of cement. The central portion of 
this formation abounds in calcareo-arenaceous, 
coarse shaly layers that locally may furnish rock 
suitable for the production of cement clinker. 
The Apishapa formation ^outcrops in the north 
east corner of the district, extends northward 
through the Walsenburg quadrangle, and south 
eastward into the Elmoro quadrangle.

METALLIFEROUS DEPOSITS.

With the exception of the iron-ore concretions 
toward the base of the Laramie, there are no 
known deposits of this ore within the boundaries 
of the district. Nor are the conditions such as to 
warrant a belief in the probable existence of 
deposits of economic value. The same is true of 
copper ores for copper alone. Moreover, where
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it is possible for-deposits of these metals to occur 
tlie formations are so fully exposed that ores in 
paying quantity could not very well escape detec 
tion. The precious metals   more especially 
gold unless associated with base metals or con 
tained in the matrix of well-defined veins, are not 
so easily detected, and it frequently happens that 
the most unpromising-looking rock of a district is 
really the most valuable.

The occurrence of ores containing precious and 
other metals is confined to West Spanish Peak. 
Nearly all the gulches draining into the Wahatoya 
and Apishapa contain more or less placer gold, 
and close to the base of the mountain the gravel 
near the "bed rock" generally yields . ., O J J Auriferous
" colors," or small specks of gold, on sravels - 
panning. But, so far as known, it is doubtful if 
any of the gravel can be profitably washed. 
Beyond the fact that this gold must have been 
derived from auriferous material occurring some 
where within the boundaries of the West Peak 
mass, its source has not been definitely ascertained. 

Most of the lodes discovered contain silver, 
usually associated with galena, gray copper, chal- 
copyrite, sphalerite, and siderite.- The Ar entjfer 
matrix is generally quartz, though cal- ous ores - 
cite is of common occurrence and barite is some 
times present. While ore-bearing veinlets have 
been found in the eruptive mass of the mountain, 
the most promising deposits are confined to the 
surrounding zone of metamorphosed sediments, 
where there are small vertical veins containing 
comparatively rich ore cutting the formation. 
Ore shipments made from Monarch Basin, on the 
Wahatoya side of the mountain, are reported to 
have yielded over $100 per ton in silver and lead.

Judging from its appearance, the ore is rich 
enough to ship when once extracted, but the 
sniallness of the veins and pay streaks does not 
encourage the working of the deposits under
existing conditions.

ARTESIAN WATEE.

Water that exists beneath the surface of the 
earth and which, owing to the greater elevation 
of its source or point of inflow, is capable of rising 
to a higher level, though not necessarily to the 
surface, is termed artesian water. Such water is 
usually contained in a coarse-textured porous rock 
that is overlain by a rock of fine texture through 
which the water can not percolate, or through 
which it can pass only with great difficulty. The 
height to which it is capable of rising   termed 
its plane of head   is a plane, conforming to the 
curvature of the earth, that connects the source 
with the more or less distant point of outflow. 
Theoretically considered, if the water-bearing bed 
should coincide with this plane and the resistance 
to the passage of water be uniform throughout, 
the head, or hydrostatic pressure, would be zero 
and artesian conditions would not exist. If, how 
ever, the structure should be such that'

portions of the bed would lie below 
the plane of head, the water would condltions- 

then be artesian and capable, when tapped by 
boring, of rising to this plane, or if the surface 
were also below the plane of head, of affording a 

| flowing well. But the actual conditions rarely 
approximate the theoretic. The resistance is 
never uniform throughout, while the presence of 
dikes or faults between a well and the point of 
inflow may seriously obstruct the circulation of

_ . .
What consti-

the water or cut it off entirely. It is only where 
artesian conditions are emphasized, and not threat 
ened by obstructing causes, that the result of 
boring operations can be predicted with any 
degree of certainty.

In the Spanish Peaks quadrangle the formations 
that contain artesian water are the Dakota sand 
stone and the lower Eocene sandstones, chiefly 
the Poison Canyon formation; though it is worthy 
of remark that the Laramie will also afford water 
to a limited extent. The Dakota sandstone does 
not outcrop anywhere within the boundaries of 
the district, but its position in depth is known 
from its outcroppings east and west. It consists 
of 350 to 400 feet of sandstone the upper 100 
to 150 feet being separated from the lower 200 to 
250 feet by a layer of refractory material called 
fire clay. The water-bearing portion of the for 
mation lies below this layer. The sand- Dakota 
stone is porous, coarse-textured, and w*ter< 
well adapted for the storage of artesian water. 
Along its eastern outcrop a strong spring of water 
usually appears at each gulch crossing, and it is 
the source of the flowing wells at Pueblo, La 
Junta, and other points. Throughout the Spanish 
Peaks district the Dakota lies at too great a depth 
to be available for ordinary purposes and only a 
small area in the vicinity of Trinidad can be 
depended upon to furnish flowing wells. The 
artesian contours, shown in the northeastern 
corner of the Artesian Water sheet simply 
indicate the approximate depth to the water 
bearing zone. It is not to be expected that the 
area covered by these contours will afford flow 
ing wells, except in a small tract in the Purgatory 
Valley, indicated on the map. In the Apishapa

Valley, however, the water will rise close to the 
surface.

On the western border of the quadrangle the 
depth of the Dakota is uncertain, owing to the 
variation in thickness of the intruded bodies of 
lava that outcrop in the Pierre west of the bound 
ary and probably extend eastward some distance 
beneath the surface. For this reason that portion 
of the area is not contoured.

The Poison Canyon formation, which consists 
of beds of coarse, porous sandstone alternating 
with beds of clay, is quite capable of ,

. * Lower Eocene
affording artesian water under favor- water- 
able structural conditions, but in this quadrangle 
the inflow occurs in gulches heading in the Span 
ish Peaks, and as the dikes in the vicinity of the 
peaks are numerous they will doubtless seriously 
obstruct the free circulation of the water in the 
area affected by them. Bordering this area the 
beds are still slightly upturned and are in a posi 
tion to receive much of the water draining from 
the peaks. There is thus a considerable portion 
of the Poison Canyon formation that will afford 
pumping wells. As there is no formation over 
lying the Eocene, contours are not necessary to 
indicate the depth at which water will be obtained. 
In nearly all cases it will be found below the 
first bed of clay passed through, and as each suc 
ceeding bed of sandstone will augment the amount 
of water the requirements will determine the 
depth of the bore.

E. C. HILLS,
Geologist.

April, 1900.

Analyses of coals.

Group and seam.

Berwind- Aguilar : 
Forbes mine, middle seam .......................
Berwind mine, lower seam .......................

A o*lTll Q V T-^£mi*loC!C TYTlTm TTlirll^lA GOSITV1

Santa Clara mine, lower seam ...................
Sopris :

Morley-Smiths Canyon :

Wet Canyon. ....................................
Stock Canyon ....................................

Canyon de Agua. ................................

Carbon.

Fixed.

57.87 

54.81 

50.66 

54.55

54.34 

57.51 

54.18 

51.45 

49.98

58.40 

57.80

59.19 

58.61

50.38

50.39 

56.10

48.83

Com 
bined.

16.08 

24.41 

21.50

20.94 

18.31 

22.18

22.74 

17.38

20.45 

16.74

17.55

24.57

21.01

Hydrogen.

Dispos 
able.

3.39 

4.53 

4.41

4.28 

3.99

4.37 

3.98 

4.60

4.87 

4.05

4.21

4.55

3.62

With 
oxygen.

1.19 

0.91 

0.79

0.90 
1.21 
1.00 
1.08 
1.07

0.59 
0.89

0.77

1.03 .

1.36

Oxygen.

9.51 
7.30 
6.80

7.21 
9.67 
8.01 
8.64 
8.58

4.68 
7.11

6.21

10.14

10.84

Nitro 
gen.

1.28 

1.46 

1.31

1.84 

1.32 

1.16 

0.84 

1.21

0.99 

0.92

1.06

1.29

1.25

Sulphur.

0.42 

0.59 

0.63

0.69 
0.77 
0.64 
0.64 
0.40

0.60 
0.59

0.61

0.67

0.47

Moist 
ure.

1.21 
1.24 
2.05 
1.68 
1.95 
1.89 
2.86 
1.68 
1.08

0.52 
0.40

1.63 
0.69 
5.59 
1.44
2.75 
1.49

Ash.

9.05 
4.75 

12.35 
8.00 
8.40 
5.33 
6.10 
8.95 

15.70

8.90 
11.50

8.77 
12.18 
11.33 
5.82 
9.08 

11.13

Volatile 
combus 
tibles.

31.82 
39.20 
34.94 
35.82 
35.31 
35.00 
37.36 
37.92 
33.24

32.18 
30.30

30.41 
28.52 
32.70 
42.35 
32.07 
38.53

Net calo 
ries.*

69.16 
76.92 
70.88

72.82 
72.40 
74.04 
71.12 
67.48

77.83 
71.77

74.02

73.47

66.42

Specific 
gravity.

1.320 

1.274 

1.320

1.315 
1.298 
1.309 
1.316 
1.360

1.318 
1.314

1.358

1.382 
1.288

1.282

* The " net calories " represents the heat due to perfect combustion of the carbon and disposable hydrogen, less that absorbed by the total amount of water given oft by the coal.

Spanish Peaks.

Analyses of coal ash.

Source.

Morley ..................................................
Sopris* ..................................... .............

A rm~i ilsi T*

Santa Clara, middle seam, lower group. ..................

Silica.

68.60

60.18

65.02

58.40

65.65

Ferric 
oxide.

6.42

9.12

7.56

7.32

5.30

Alu 
mina.

19.94

25.14

24.73

27.80

21.63

Lime.

1.30

1 72

0.16

3.52

3.06

Magne 
sia.

Tr.
Tr.
0.30
Tr.

<

Soda.

1.46
2 12
2.22
0.80
2.59

Potash.

1.32
0.78
0.52
0.62
0.88

Sulphu 
ric acid.

0.34

0.76

0.35

1.76

1.04

Phosphoric 
acid.

\ Included )
( with. iron. J 

0.659
0.095
0.120
0.32

Total.

99.38

100.479

100.955
100.34
100.47

* A combined sample from 100 railway cars of coke, made from washed Sopris coal, afforded 14.43 per cent ash having the composition above given. 

NOTE. All the above analyses were made in the laboratory of the Colorado Fuel and Iron Company at Denver.


