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ABSTRACT

The report includes a geologic map and description of 
the general geology of eastern La Veta Pass, situated in the 
Sangre de Cristo .Mountains, Huerfano County, Colorado.

Sedimentary rocks of from Permian (?) to Quaternary 
age, and intrusive rocks of Tertiary age compose the out
crops within the area mapped.

Diastrophism associated with the later phases of the 
Lar amide revolution has resulted in folding, faulting, and 
inrusion of sedimentary beds as young as Paleocene in age. 
A late stage of low-angle thrust faulting is represented by 
klippen of conglomerate beds of Tertiary age.

Coal, petroleum, natural gas, and uranium-vanadium- 
copper deposits are potential economic resources of the 
area
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INTRODUCTION

Location of the Area

The location of the area described in the present report 
is shown in Plate 1.

Extending from Mestas Peak on the north to Indian Creek 
on the south, it comprises an area of thirty square miles. 
The northern portion of the area is accessible from U. S. 
Highway 160 which passes through it. The southern portion 
is accessible by farm roads and forest trails.

Climate and Vegetation

The eastern La Veta Pass area possesses a mild, relative
ly humid climate. The major part of the yearly precipitation 
occurs between the months of January and June. Farming oper
ations require the aid of irrigation and water storage facili
ties.

Yellow pine, plnon pine, aspen and oak brush, with rarer 
blue spruce, red spruce, balsaam, and honey locust are found 
on the higher mountain slopes, while cottonwood and willow 
flourish along the stream bottoms leading away from the 
mountains.

White and black grama grasses are native to the high 
meadows, making them excellent grazing tracts for cattle and 
sheep as well as for the numerous white-tail and mule deer 
which inhabit the area.
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Purpose and Scope of the Investigation

%e area was selected and mapped for the purpose of study
ing some of the geological features associated with the later 
phases of the Lar amide revolution.

The field work was carried out by the writer during the 
months of April and May, 1952.

Aerial photographs procured from the U. S. Forest Service 
were used as base maps during the field work. The data plotted 
upon these were transferred daily to an integrated base map 
prepared from a photomosaic of the same photographs on a scale 
of approximately one inch to three miles.

The stratigraphic thicknesses were measured in the field 
by means of Brunton and tape traverses.
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PREVIOUS PUBLICATIONS

The geology of the coal resources of the La Veta District 
has been described by C. B. Richardson (1908, pp. 417-420)» 
Later, W» T* Lee (1917, pp. 158*161) described the coal 
measures of the sama a red with special emphasis upon their 
correlation and age*

W* Se LevIngs (1951, pp. 85*87) has described the pedi
ments of the area in relation to his excellent study of the 
late Cenozoic erbsional history of the Raton Mesa region*



GEOMORPHOLOGY

The area described in the present report occupies the 
eastern portion of La Veta Pass, a low broad pass separating 
the northern Sierra Blanca and southern Culebra ranges of 
the Sangre de Cristo Mountains, Here, glacial and fluvial 
processes have reduced the altitudes of the divides from an 
average of about 12,000 feet to about 9,500 feet,

The principal streams which flow throu^i the area are 
South Veta Creek, Middle Creek, Oak Creek, and Indian Creek, 
These streams head at La Veta Pass, and are tributaries of 
the Cucharas River, Their drainage pattern and relation to 
the bedrock structure demonstrates that they have been super
posed from a pediplain which has left remnant pediments repre
senting three well-defined stages of downcutting (Figure 1), 
W, 3, Lovings (1951, pp, 83-87) has correlated these pediments 
with other pediments preserved In the Raton Mesa region, show
ing them to be of Pleistocene age and resulting from the (Jown- 
cutting of a widespread erosional surface of la te Miocene or 
early Pliocene age.

Other prominent geomorph1c features of the La Veta Pass 
area are the many erosional remnants of igneous intrusions, 
Mestas Peak, an eroded laccolith composed of microgranite, 
rises to an elevation of 11,000 feet at the northern boundary 
of the area (Figure 1), Another micro granite intrusive oc
curring In the vicinity of Oak Creek in the southern portion 
of the area forms a conspicuous hogback ridge (Plate 5),
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Figure 1.
Looking north. Pediment surfaces sloping eastward 
from La Veta Pass. Three levels of downcutting are 
indicated by the reference marks on the rigfrt hand 
corner of the photograph.
Note the truncation of upturned strata by the pedi
ment surface in the central middle-ground. The 
gravel veneers of the upper two pediments consist of 
igneous debris from Mestas Peak and Silver Mountain 
in the background. The gravels of the lower fore
ground surface consist of sedimentary and igneous 
rocks derived from the Sangre de Cristo Mountains 
to the left of the photograph.
(HB, sec. 23, T. 29 S., R. 69 W)



Numerous other northwesterly trending hogback ridges, "walls 
and cuestas have formed upon the dike and sill intrusions of 
the area (Figures 6a and 6c)•
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STRATIGRAPHY

General Statement

A generalized columnar stratigraphic section of the 
sedimentary rooks of the area appears In Plate 3, A total 
thickness exceeding 6,000 feet of sedimentary rocks ranging 

from Permian (?) to Paleocene age Is represented in the area.
Unconformities separate all of the major stratigraphic 

units with the exception of the formations of Upper Cretaceous 
age, which are separated by either disconformable or transi
tional contacts» A possible marine unconformity separates 
the Purgatoire formation of Lower Cretaceous age from the 
overlying Dakota sandstone of Upper Cretaceous age. All of 
the other unconformities appearing in the stratigraphic section 
are of non-marine origin.

Paleozoic

Permian (?)

Upper Sangre de Cristo Formation

History and Hame.—Hills (1901) first applied the name 
"Sangre de Cristo formation11 to the thick Permo-Pennsylvanian 
beds outcropping on the eastern flanks of the Sangre de Cristo 
Mountains. Later, Melton (1925) and Johnson (1929, p. 6;

1945, p. 83) subdivided these beds into the Upper and Lower 
Sangre de Cristo formations, which are separated in places
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if not everywhere, by an unconformity.

Thickness, «—The thickness of this formation was not 
measured in the area studied by the writer, Johnson (1945, 
Plate 2) gives a thickness of 7,300 feet for the Upper Sangre 
de Cristo formation ip a section measured along the Middle 
Fork of the Cucharas River near La Veta.

Lithology, —The uppermost portion of the Upper Sangre 

de Cristo formation in the Eastern La Veta Pass area consists 

of about 1,000 feet of red micaceous shales and greenish* 
white marly, siltstones with resistant lenticular beds of 
conglomeratic sandstone that characteristically outcrop as a 

series of parallel walls or benches, depending on their at

titudes, Subjacent to this interval the lithology changes 
to red, maroon-mottled micaceous sandstones with layers of 
gray-green carbonaceous chloritlc shales, gray fresh-water 
limestones, and varved sandstones composed of alternating red 

arkosic and black carbonaceous laminae.
The carbonaceous beds frequently contain urano-vanadium 

minerals. Fragments of Calamites and other unidentified 
plants were collected from these beds (fossil locality F-2, 
Plate 2) and presented to the museum at the Colorado School 
of Mines,

Age and Correlation,--Johnson (op, cit,) on the basis of 
a regional study regards the Upper Sangre de Cristo formation 
as Upper Pennsylvanian to Permian age and, probably, largely 
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of Permian age.
Tforth of the present area in Huerfano Park, Burbank and 

Goddard (1937, pp. 939*946) have recognized a large thickness 
of “Permian conglomeratic red beds" which are probably equiva
lent to the uppermost red beds interval of the Upper Sangre 
de Cristo formation of La Veta Pass.

A correlation to the south of the present area has been 
made by Heaton (1933, p. 144) who believes the red beds of 
the Permian Yeso formation of Hew Mexico are equivalent with 
the red beds of the Upper Sangre de Cristo formation at La 
Veta Pass.

Environment, of Deposition.—The presence of Carboniferous 
land plants, the red coloration, and the unaltered feldspar 
found in the conglomerates indicate that the red beds accumu
lated rapidly under warm humid climatic conditions. The sites 
of their deposition were probably alluvial plains, lakes, and 
streams adjacent to a rising source area.

Mesozoic

Upper Jurassic

Morrison Formation

Name and History. —The Morrison formation was first de
scribed by G. H. Eldridge (1889, p. 60) and named after the 
town of Morrison, Colorado, near its type locality.
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Thickness. —The Morrison formation varies in thickness 
along the eastern slopes of the Sangre de Cristo Mountains. 
In Huerfano Park, north of La Veta Pass, it ranges from 100 
to 240 feet in thickness (Burbank and Goddard, 1937). At 
Indian Creek,in the writer* s area, it is about 325 feet thick. 
At an exposure along the Cucharaa Camp road five miles south 
of Indian Creek, it measured about 430 feet In thickness.

Lithology.—The basal portion of the formation in the 
present area consists of about 50 feet of white, fine-grained, 
friable sandstones and shaly sandstones with some hard, light
gray lenticular limestones containing vermlIlion-colored 
chert. The upper portion of the formation consists of gray
green and red varicolored shales.

Nature of Contacts.--Tie basal white sandstones of the 
Morrison formation rest disconformably upon a tan to buff con
glomeratic sandstone of five to ten feet thickness, which over
lies the conglomeratic red beds of the upper Sangre de Cristo 
formation. The contact between this unit and the underlying 
red beds is conformable in both dip and strike.

Distribution.—The Morrison formation outcrops on the 
western slopes of the hogback ridges formed by the Purgatoire 
formation and Dakota sandstone.

Age and Correlation.-^Heaton (1950, p. 1691) regards the 
Morrison as being of late Upper Jurassic age.
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Environment of Deposition.— According to Heaton (1950, 
P* 1687) the Morrison formation was deposited in a fluvial 

and lacustrine environment possessing a warm, moist climate.

Lower Cretaceous

Purgatoire Formation

Marne and History. — The Purgatoire formation was named 
and defined by & W. Stose (1912) after Its occurence In the 
Apishape quadrangle, Colorado, where it is of marine origin.

Thickness.-- The Purgatoire formation is 80 feet thick 
Int the area mapped.

Lithology.--The upper portion of the formation consists 
of several feet of gray sandstones and shales which are under
lain by massive, porous, quarts pebble conglomerate beds which 
weather to a yellowish-gray.

Distribution.— The Purgatoire formation together with 
the Dakota sandstone forms a conspicuous hogback often ex
hibiting a vertical wall to the west.

Age and Correlation.--Stanton (1905» P* 32 ) has shown 
that the shales of the Purgatoire formation of southeastern 
Colorado contain marine fossils of Lower Cretaceous 

(Comanchean) age.
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Environment of Deposition.—The formation is of marine 

origin.

Upper Cretaceous

Dakota Sandstone 
IITIT—HHII.IM— WMHIIM II II «Il I—II III ... I T ~IT I* HUffl —Ml

Name and History»—Lee (1917, p. 44) has applied the 
term "Dakota sandstone" to the upper sandstone of the promt-t 
nent hogback flanking the northwestern Trinidad basin*

Thickness♦—The thickness of the Dakota sandstone was 
measured at Oak Creek where it is 110 feet thick*

Lithology*—The Dakota sandstone of this area is a 
massive, white to buff, medium to fine-grained impermeable, 
quartzitic sandstone* The lower portion of the sandstone is 
light gray in color and contains carbonized plant remains*

A silica cement serves to bind the sandstone* In some 
places it has become an extremely tough, dense quartzite* An 
oil-well test near Cimarron, New Mexico, during an eight-hour 
shift penetrated only six inches of such a quartsite zone 
(Griggs, 1948, p* 22)• Large blocks of quartzitic Dakota 
sandstone are found scattered throughout the area and have ap
parently resisted erosion for an extremely long period of time. 
The writer was interested to note that several of the arrow
heads collected in this area by Mr. Gene Wilson of Huerfano 
County had been fashioned from Dakota quartzite by former in
habitants of the Spanish Peaks region*
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Distribution*—The Dakota sandstone is prominently ex
posed along the eastern slopes of the mountains where it forms 
a conspicuous hogback.

Age and Correlation*—Following Lee (1917), the Dakota 
sandstone of this area is regarded as being of Upper Ore- ' 
taceous age*

Environment of Deposition.—The lithologic nature of the 
Dakota sandstone indicates that it was deposited under both 
non-marine and marine conditions. The presence of carbonized 
plant remains in the basal sandstones suggests a near-shore 
continental environment, while the well-rounded and well- 
sorted nature of the sand grains in the upper portion of the 
Dakota sandstone suggests the existance of near-shore shallow 
marine conditions during its deposition.

Nature of the Contacts .—The contact of the Dakota sand
stone with the underlying Purgatoire formation is disconform- 
able* The contact with the overlying Benton formation is 
gradational.

Benton Formation

Name and History*—The Benton formation was first named 
and described by Meek and Hayden in 1862* In the Spanish 
Peaks and Walsenburg quadrangles, Hills (1901) has subdivided 
the formation in^to three members. From older to younger they 
are as follows: Graneros shale, Greenhorn limestone, and
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Carlile shale. In the La Veta Pass area the nature of the 
outcrops and the scale of the map has prevented map representa
tion of the distribution of these members; however, the three
fold division of the Benton exists within the area and is in
cluded in the following lithologic description.

Lithology.—The basal portion of the Graneros shale 
member consists of black shales containing iron concretions. 
The upper portion consists of gray to yellow-gray shales con
taining three to four inch bands of gypsiferous limonltic 
bentonite. Stain analysis of the bentonite beds showed them 
to be composed of nearly pure montmorilltonite-type clays. 
These beds weather to a soft adobe soil studded with selenite 
crystals.

The Greenhorn limestone member occurs as a narrow out
crop of thin, non-persistent, hard, fine-grained, crystal
line limestone beds which are recognized by their numerous 
Inoceramus labiatus shells.

The Carlile shales are not well-exposed in the area. In 
this area, as in the Spanish Peaks and Walsenburg Quadrangles 
to the east, the Carlile is identified by its capping lime
stone, which is a hard, dark-gray, highly fosslliferous lime
stone that weathers to a light yellow-brown. Fossil shells 
of the ammonite, Prionocyclus wyomingensis, and of Inoceramus 
sp. were collected from this limestone (fossil locality F-2, 
Plate 2). Underlying this limestone is a bituminous limestone 
displaying cone-in-cone structures of apical angles as small
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as fifteen degrees.

Thickness.—The thickness of the Benton formation in the 
La Veta Pass area is about 460 feet. Of this the Graneros 
shale composes about 220 feet; the Greenhorn limestone, 30 
feet; and the Carlile shale about 210 feet.

Age.- -The Benton formation is of Upper Cretaceous age.

Environment of Deposition.—The fossils found in the 
formation indicate that it was deposited under marine condi
tions.

Nature of the Contacts.—The contact of the Banton with 
the underlying Dakota sandstone is gradational. Its contact 
with the overlying basal limestones of Niobrara formation is 
conformable.

Distribution.—The formation outcrops along the eastern 
slopes of the prominent Dakota hogback ridges.

Niobrara Formation

Name and History.—The Niobrara formation has received 
its name from the work of Meek and Hayden (1862, pp. 419-422) 
who used it to designate the upper member of the Colorado 
group. The formation was later subdivided by Gilbert (1896, 
pp. 551-601) into the lower nTimpasn limestone member and the 
upper nApishapatt shale member.
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Thickness.—-The thickness of the Niobrara formation in 
this area is about 675 feet.

Lithology.--The Timpas limestone member consists of a 
basal limestone that is typically hard, fine-grained, fossil
ifère us, gray upon the fresh surface, but weathering to a 
chalky white. Dark black soils and relatively dense vegeta
tion tend to form over the low hogback ridges created by its 
outcrop. Inoceramus deform!s shells also serve to identify 
this unit. The upper portion of the member consists of dark 
gray, thin, fissle, calcareous shales containing sharks teeth 
and Foramlnlfera.

The Apishapa shale member is made up of yellow-gray 
arenaceous shales, and is recognized in the field by the 
yellow-brown sandy soils that form upon its outcrop.

Distribution.—The Niobrara formation occupies the valleys 
to the west of the Dakota hogback.

Age and Correlation.—Marine fossils identify the Nio
brara formation as being of Upper Cretaceous age. To the 
east the Timpas limestone member is the equivalent of the 
Ft. Hays limestone of Kansas.

Nature of the Contacts.—The Niobrara formation is con
formable with both the underlying Benton formation and the 
overlying Pierre shale. The upper contact is not well-exposed 
and the change in soil color has been used in mapping it.
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Pierre Shale

The Montana group, which includes the Pierre shale, and 
the Trinidad sandstone of the present area, was originally 
defined by Whitman Cross (1894). G. K. Gilbert (1896) named 
the lower member of the group the "Pierre shale"; and R. C. 
Hills (1899) defined the Trinidad sandstone from its outcrop 
in the Elmoro quadrangle, Richardson (1908, p, 385) and Lee 
(1917, pp, 44-50) have recognized this subdivision of the 
Montana group within the La Veta Coal District of the present 
area.

Thickness.—The thickness of the Pierre shale ranges 
from 1700 to 1900 feet within the area mapped. While numerous 
igneous intrusions prevent an accurate field measurement of 
the thickness of the formation, a well drilled in the area 
(Oakview No. 1, Plates 2 and 4), (also see: Barb, 1948, p. 121) 
penetrated at least 1800 feet of Pierre shale.

Lithology.—The Pierre shale is for the most part a drab, 
gray, shale containing thin lenses of impure limestone and 
lime-iron concretions. The upper portion of the formation is 
transitional with the overlying Trinidad sandstone and con
sists of a hundred foot zone of alternating shales, sandy 
shales and thin bedded sandstones (Figure 2).

The incompetent shale has served as a locus for the igneous 
intrusions of the area. Contact metamorphism at the borders of 
the dikes, sills and plutons has locally converted the shale
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Figure 2.
Pierre - Trinidad transitional zone exposed In rail
road cut. (NE, SW, Sec. 15, T. 29 S., R. 69 W.)
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into a brittle blue hornstone.

Nature of the Contacts.—It is doubtful as to whether 
■ - — - —— " ■" ■ I1 ' :

upper transitional zone of the Pierre with the Trinidad sand
stone should be included in the Trinidad or not. Following 
Hills (1917, p. 48), the transitional zone is included within 
the top of the Pierre and the boundary is placed at the base 
of the massive Trinidad sandstone.

Distribution.—The Pierre shale forms the valleys west 
of the Trinidad sandstone cuestas.

Trinidad Sandstone

Name and History.--The name and history of the Trinidad 
sandstone has been given above in connection with the dis
cussion of the Montana group. Within the present area its 
outcrops have been studied by Richardson (1908) and Lee 
(1917).

Lithology.—The Trinidad sandstone is a massive, feld- 
spathic, light-gray sandstone which weathers to a yellow
brown upon exposure.

Thickness.--The Trinidad sandstone along Middle Creek 
is 165 feet thick.

Distribution.—The Trinidad sandstone is a cliff-former 
throughout the present area, forming a cuesta parallel to 
the eastern front of the mountains, and overlooking a valley 
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formed in the soft Pierre shale.

Age and Correlation.—Lee (1917, p. 51) regards the 
Trinidad sandstone as corresponding In age to the lower 
portion of the Fox Hills sandstone, if not somewhat lower.

Nature of the Contacts.—The contact of the Trinidad 
with the overlying Ver me jo formation is gradational. In the 
present report the boundary has been drawn at the top of the 
massive sandstone units.

Environment of Deposition.—Worm burrows, and fragments 
of the supposed seaweed Halymentites suggest that the Trinidad 
sandstone was deposited under near-shore marine conditions.

Vermejo Formation

Name and History.—The name *Vermejo formation* was ap
plied by Lee (1917, p. 51) to the lower coal measures of the 
Baton Mesa region, which immediately overlie the Trinidad 
sandstone in order to distinguish them from the upper coal 
measures of the same region, which are of Tertiary age. The 
name was adopted from their type locality at Vermejo Park* 
New Mexico.

Thickness.—The Vermejo formation in the La Veta Pass 
area varies from 30 to about 150 feet in thickness.

Lithology.—The Vermejo formation consists of alternat
ing beds of sandstone, shale and coal. The coal occurs In 
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beds of about two to ten feet in thickness, which tend to 
pinch out laterally. The sandstones are yellow brown upon 
the weather surface, and ash-gray to white upon the fresh 
surface, a property which has caused the coal miners to apt
ly name them the "sugarloaf sands.” They are feldspath!c in 
composition, containing grains of feldspar and quarts with a 
matrix of biotite and muscovite, and a calcitic cement. The 
texture is fine- to mediurn-grained, Knopf (1936, p, 1732) has 
reported finding volcanic microlites within these sandstones*

Distribution* J-The Vermejo formation occupies the valleys 

between the cuestas formed by the Trinidad sandstone and the 
Poison Canyon formation.

Nature of the Contacts*—The lower contact with the 
Trinidad sandstone is transitional. An erostonal and angular 
unconformity separates the Vermejo formation from the overly
ing Polson Canyon formation. A photo of the unconformity 
surface is shown in Figure 3, where a partially eroded coal 
seam is in contact with t he basal quartz-pebble conglomerate 
beds of the overlying Poison Canyon formation*

Environment of Deposition*—The formation is of paludal 
origin and contains a swamp flora of 108 species (Knowlton 
and Lee, 1917, p* 50),

Age and Correlation*—The Vermejo formation is of late 
Upper Cretaceous age (Knowlton and Lee, 1917, p* 50)*
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Figure 3.
Coal resting upon the Vennejo-Polson Canyon unconformity 
surface. (NW, NW, Sec. 14, T. 29 S., R. 69 W.)
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Cenozoic

Paleocene

Poison Canyon Formation

Name and History.—The Poison Canyon formation was named 
and defined by R. C. Hills after its exposure in Poison 
Canyon near the town of Gardener, Huerfano County, Colorado.

Thickness.—A complete exposure of the Poison Canyon 
formation was found along Middle Creek where it attains a 
thickness of about 5,200 feet.

Lithology.—The formation is made up of massive* quartz
pebble conglomerate and coarse friable arkosic sandstone beds 
with some marly shale and clay breaks. The conglomerates 
weather light gray, while the sandstones are pale-yellow upon 
the weathered surface. These beds vary from ten to fifty 
feet in thickness, and are distinguished by the rounded surfaces 
displayed by their outcrops (Figure 4).

At the base of the formation a quartz-pebble conglomerate 
bed about 50 feet in thickness rests unconformably upon the 
shaly sandstones and coals of the Vermejo formation. About 
one foot of poorly bedded coal containing quartz pebbles as 
large as one inch in diameter rests upon an undulatory, iron- 
stained surface (see Figure 5). Under the microscope the basal 
conglomerate consists of grains and granules of quartz with a 
matrix of biotite and magnetite. The cementing material con-
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Figure 4.
Looking southeast» An outcrop of Poison Canyon con
glomeratic sandstone. (NE, NE, Sec. 11, T. 29 S., 
R. 69 W.)
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sists mainly of calcite with some silica and hematite. The 
majority of the quartz granules and grains are clear and sub- 
angular, however, some of them are frosted and well-rounded, 
a fact that suggests that during this period marine sandstones 
and conglomerates of the underlying Cretaceous formations were 
being stripped from the rising Sangre de Cristo mountains.

Nature of the Contacts.--The Poison Canyon formation is 
unconformable with both the underlying Vermejo formation of 
Lower Cretaceous age and the overlying Cuchara formation of 
Eocene (?) age. The upper contact with the Cuchara sandstone 
falls west of the area mapped, and is recognized by a marked 
change in lithology from the pale yellow arkosic conglomeratic 
sandstones of the Poison Canyon formation to the red and 
maroon basal siltstones and marly shales of the Cuchara forma
tion.

Age and Correlation.—Roland W. Brown (19^9) on the basis 
of a study of the correlations of Paleocene flora and fauna 
throughout the Rooky Mountain region has shown that the Poison 
Canyon formation Is of Paleocene age.

Tertiary

Coarse Conglomerate Beds

Steeply dipping conglomerate beds were found resting up

on overturned beds of Jurassic and Cretaceous age (Cross
section C-C, Plates 2 and 1|)». The .texture of these beds is 
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very coarse, exhibiting well-rounded boulders as large as 
five or six feet in diameter (Figures 5a, 5b, and 5c). A 
matrix of coarse arkosic sand with a calcitic cement serves 
to bind the boulders, and in places forms thin layers of 
coarse-grained sandstone.

With the exception of the Poison Canyon formation and 
the Pierre, Aplshapa and Graneros shales, boulders of every 
formation described above were identified within the con
glomerate. In addition to these it contains many large 
boulders of granite, gneiss, schist, fossilifèreus Paleozoic 
limestones, and a few boulders of basic igneous rock*

The conglomerate is of indefinite Tertiary age» Its 
structural relation to the underlying overturned beds indi
cates that its deposition,was previous to or contemporaneous 
with early Tertiary folding and eastward thrusting of the 
Sangre de Cristo mountains. The presence of boulders of basic 
igneous rocks in the conglomerate Indicates that it Was de
posited subsequent to an early stage of Igneous activity.

The conglomerate beds bear a strong physical resemblance 
to the Eocene (?) Cuéhara formation which overlies and locally 
overlaps the Polson Canyon formation of the Raton basin. Two 
lines of evidence seem to justify a comparison between these 
beds and the Cuchara formation: First, is the litholpgy. Re
garding the lithology of the Cuchara formation, Burbank and 
Goddard (1937, p. 958) have said:
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Figure 5a.
Looking south.

v 

t

Figure 5b.
Looking south.

Figure 5c.
Three views of coarse conglomerate beds dipping steeply 
to the east and resting on overturned beds of the Nio
brara formation, dipping 50° to 65° to the west. Loca
tion: SE, SW, Sec* 34, T. 29 3., R. 69 W.
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"The Cuchara compared with the other formations 
is characterized by the more heterogeneous composi
tion of its debris» The beds not only contain a 
greater variety of pre-Cambrian fragments but also 
some conglomeratic volcanic material. Inthe con
glomerates are fragments of Paleozoic limestones 
that are indicative of a comparatively close source 
of debris."

A second comparison is the degree to which the beds have been 
involved in structural deformation. In Huerfano Park the 
Cuchara beds, which overlap the Poison Canyon beds onto the

. Pierre shale, have been turned up to angles of 90 degrees 
within the belt of deformation along the Sangre de Cristo 
mountain front while the overlying Eocene Huerfano formation 
shows little involvment in the deformation (Burbank and

• (■ ■'

Goddard, 1937, Plate 7)» ,
It seems likely from the above evidence that these coarse 

conglomerate beds are a near-source facies of the Cuchara 
formation, however, the Cuchara formation itself is of question
able Eocene age.
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IGNEOUS ROCKS

Tertiary

Silver Mountain Monzonite Porphyry

Two prominent dikes in the northeastern portion of the 
area are composed of Silver Mountain monzonite porphyry 
(Figure 6a)• Both dikes project northward on strike towards 
the Silver Mountain center of intrusion; at which the rock 
has been given this name 'by Hills ( 1901), In the hand speci
men it is a gray-colored porphyritic phanerite containing 
prominent phenocrysts of hornblende• According to Hills 
(1901) the Silver Mountain monzonite orphyry intrusion was 
earlier than that of the Mestas Peak micrograni te•

Micro granite

This rock composes the Mestas Peak pluton, partially 
shown In the northern portion of the area, and a smaller 
pluton, which is well exposed at Oak Creek in the central 
portion of the area (Plate 5). The rock is also found as a 
dike intruding the fault zone south of Mestas Peak.

In the hand specimen the rock is white, felsitic and 
breaks into rough slabs which form extensive talus slopes. 
Under the microscope the texture of the rock is somewhat por
phyritic, being made up of sparse phenocrysts of quartz and 
feldspar with a groundmass of micro lithic feldspar. The ac
cessory minerals are biotite, magnetite and hornblende» The 
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term n micro grant te” has been applied to this rock by Knopf 
(1936, p. 1738) from its occurrence at North, Middle and South 
Peaks about eight miles south of the present area.

At the Oak Creek pluton and at the dike south of Mestaa 
Peak, the rock possesses wo 11-developed linear and planar 
flowage clots. In the thin section the clots are outlined 
by euhedral quartz and sanidine crystals, and an obscure mafic 
mineral possessing serpentine reaction rims. The Interior of 
the clots is filled with a dark aphanitic calcareous material, 
which upon weathering forms crystals of secondary calcite. 
In size the clots range from microscopic dimensions to about 
a foot in length by one or two inches in width. In shape they 
appear as elongated flat ellipsoids, the linear flow element 
being better developed than the planar flow element.

Lamprophyric Sills and Dikes

Lamprophyr 1 c sill and dike Intrusions occur throughout 
the area. The terms "sill* and "dike* are only used in the 
particular sense here, since single intrusion may possess 
both concordant and disconcordant relations with the adjacent 
strata as it is followed along its outcrop. There is a marked 
tendency for the sills to outcrop as multiple or composite 
layers (Figure 6c), and for the dikes to occur as single bodies.

The majority of the sills and dikes are from five to 
fifteen feet in thickness, and outcrop as low hogback ridges. 
The contacts with the adjacent sediments are sharp and the
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Figure 6b.Figure 6a.
Looking south. (SW, NW, sec.
34, T. 28 S., R. 69 W.)

Figure 6c.
Looking south, (SW, SW, sec, 
15, T» 29 S., R. 69 W.)

»

«r ■1-
Figure 6d.

(NE, NE, Sec. 15, T. 29

Looking south, (NW, NW, 
sec. 5, T. 29 S., R. 69 W.)

S., R. 69 W.)
Four views of dike and sill intrusions: a) Silver 
Mountain monzonite porphyry dike ; b) microgranite dike ; 
c) multiple lamprophyric sills ; d) close view of the out
crop of a lamprophyric dike, showing tension joints 

; 1 centers of spheroidal weathering.



width of the zone of contact metamorphism is usually about 
equal to the width of the dike• Their outcrops display well* 
developed tension joints and centers of spheroidal weathering.

In the hand specimen the dike rocks are heavy, dark-^een 
to black, aphanitic to porphyritic rocks often containing 
amygdules filled with calcite or analcite* Hie phenocrysts 
consist of biotite, plagioclase, augite and hornblende.
Petrologically, they belong to the lamprophyric types of late 
basic differentiates» A spectrographic analysis of one of 
the dike rocks (Table I) indicates that some if not all of 
them are genetically related to the lamprophyres of the near
by Spanish Peaks, in that the rock is usually high in titanium, 
barium and strontium — a geochemical peculiarity of the 
Spanish Peaks intrusions (Knopf, 1936, pp* 1779-1781)»
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TABLE I

Spectrographic Analysis of A Sample of Lamprophyric Dike Rock 
(central dike of sec. 9, T. 29 S», R. 69 W., Plate 2)

Si _ Al__ Fe__ Tl__ gh__ Ca__ Me_ Na__ K__ . Ba__
XX. X. XX. X. .X XX. X. x. X. • X

Be _ Co__ Cr Cu Ca La__ go__ Ni__ Pb . Sc.
Tr. .oox .ox •oox .oox .oox •ooox .ox •ox •ooox

Sr _ V___ Y Zr
•x e OX .oox .ox

Looked for but not found: P, A^» Asi, Au, B, Bi , Cd, Ce, Qe,

In, Ir, Hf, Hg, Li , Nb, Nd, Os , Pd, Pt, Re , Hh, Ru, Sb, £ta.

Ta, Th, Tl, Te, U, W, and Zn.

Analyst: P. J. Dunton, XT. S. Geological Survey. June, 1952.



GEOLOGIC HISTORY"

Paleozoic

Previous to Pennsylvanian time the area described in this 
report was a portion of a positive landmass which apparently 
remained emergent during the most of early Paleozoic time* Ho 
evidence of pre-Pennsylvanian sedimentation has been found in 
the surrounding region.

During early Pennsylvanian time a narrow depositional 
trough, axial to the trend of the present Sangre de Cristo 
range, came into existence with deposition of the marine 
sands and limestones of the Lower Sangre de Cristo formation* 
The western shore of the trough faced a bordering highland 
which occupied the site of the present San Luis Valley, The 
eastern shore faced another highland occupying the site-' of 
the present Wet Mountains. During late Pennsylvanian or 
early Permian time, the "San Luis highland" was uplifted, A 
large thickness (8,000 to 10,000 feet) of coarse clasties ac
cumulated along the borders of the uplift, and constitute the 
present Upper Sangre de Cristo formation,

Mesozoic

There is little evidence concerning the early Mesozoic 
history of the region. The uppermost red beds of the Sangre 
de Cristo formation are of questionable Permian age, and 
therefore the time interval between their deposition and that 
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of the Upper Jurassic Morrison formation is indefinite* 
W. T. Lee (1917, p* 62) believes that the red bed accumula

tion continued through Permian and into Triassic time#
During Upper Jurassic time the continental deposits of 

the Morrison formation were laid down* Fresh-water lakes, 
swamps and a moist warm climate prevailed*

In early Cretaceous time the land areas began to subside 
a develop ent of the extensive Rocky Mountain Geosyncline* A 
marine invasion of southeastern Colorado occurred at this time 
with deposition of the Purgatoire formation. By Upper Cre
taceous time the sea covered nearly all of Colorado* Gradual 
recession of the sea began during 3s te Upper Cretaceous time, 
and Is recorded in the present area by the transition from 
shallow-sea to near-shore to swamp deposits that are shown by 
the Pierre, Trinidad, and Verms jo formations, respectively* 
The broad and continuous uplifting which occurred during the 
deposition of these formations culminated in the Laramide 
revolution*

Cenozoic

The initial stage of Laramide deformation is recorded 
by the angular and eroslonal unconformity between the Verma jo 
formation of late Upper Cretaceous time and the Poison Canyon 
formation of Paleocene age*

The La Veta Pass area was probably gently warped during 
this interval* Evidence for the warping exists in the 
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erosional unconformity surface itiich exhibits about 120 feet 
of relief in cross-section A-A’ of Plate 4» The Verna* jo forma
tion, which is about 150 feet thick on the western limb of the 
anticline reaches a thickness of only 30 feet on the eastern 
limb* Both it and the Trinidad are overlapped by the Polson 
Canyon formation a few miles to the north of the present area* 

The lithologic content of the Poison Canyon formation 
suggests that renewed uplift of the Paleozoic highlands was 
the predominant feature of the Paleocene stage of deformation 
(Burbank and Goddard, 1937, pp* 968). The Poison Canyon forma
tion contains large quantities of granitic debris apparently 
derived from uplift and erosion of the ”San Luis” highland to 
the. west* An angular unconformity, averaging of at least 20 
degrees, separates the Polson Canyon and Vermejo formations 
of eastern La Veta Pass* The angularity may be due in large 
part to the initial dip of the beds; and points to a nearby 
western source from which they were spread out as alluvial 
plains deposits*

Paleocene mountain building is known to have been succeed
ed by a tens tonal phase marked by volcanism* This is shorn by 
the presence of volcanic rocks in the Cuchara formation of 
Eocene (?) age*

A great unconformity separates the Cuchara formation 
from the underlying Polson Canyon formation and marks the be
ginning of an Intense stage of folding and eastward thrust
ing of the Sangre de Cristo Mountains which continued active 
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into Huorfano (Wasatch) time (Burbank and Goddard, 1937, p. 
973).

It was during this stage of deformation that the beds of 

the northern portion of the present area were folded and 
faulted in conjunction with building of the Sangre de Cristo 
mountains to the west, and the formation of the Raton Basin 
to the east. During the later phases of the deformation the 
Huerfano lake and swamp deposits were laid down in the Raton 
Basin area. .

Following deposition of the Huerfano formation the 
igneous intrusions of the Spanish Peaks region occurred. In 
the present area intrusion of silicic plutons was followed by 
intrusion of lamprophyric sills and dikes. Both types of 
rock are found as intrusions along the faults in the northern 
portion of the area.

According to C. B. Read (see Wood, 1951), intrusion of 
the silicic plutons of the Raton Basin occurred prior to a 
stage of eastward thrusting and overturning along the western 
margin of the Raton basin. Two lines of evidence indicate that 
the southern portion of the present area was affected by this 
stage of deformation. First, the sedimentary beds west of the 
Oak Creek microgranite pluton have been overturned to a greater 
degree than they are either to the north or the south; indicate 
Ing the presence of a resistent body during the deformation. 
Secondly, a lamprophyric sill swarm, some sills of which cut 
the pluton-, has apparently been involved in the overturning.
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This is well shown by the dips of the sills exposed along 
Indian Creek in Plate 2. This stage of deformation occurred 
between late Eocene and late Ollgiocene time and may have 
taken place concurrently with uplifting of the pre-Cambrian 
massifs of the Sangre de Cristo mountains to the west, and 
of the Greenhorn mountains to the east of the present area 
(Burbank and Goddard, 1937, p. 974).

During late Miocene or early Pliocene time, a widespread 
eroslonal surface, the nRaton surface*, extended over the 
present area and according to LevIngs (1951, p. 86) Is partial* 
ly preserved at Apishapa Paas about ten miles to the southeast 
of the present area.

Pleistocene glaciation was accompanied by downcutting of 
the Raton surface. Three stages of downcutting are indicated 
In the pediments of the present area (Lovings, 1951, pp. 85* 
87).
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STRUCTURAL GEOLOGY

Regional Structures

Hie area mapped in Plate 2 comprises a portion of a com
pressed foothills belt lying at the boundary of two major re

lated regional structures: the Sangre de Cristo range, and 
the Raton Basin*

The Sangre de Cristo range is an unusually narrow, long, 
arcuate mountain range, convex to the east, and extending 
from the Arkansas River of central Colorado to the Pecos River 
of east central New Mexico, a distance of about 240 miles* 
Composing the length of its western flank are two massifs, the 
Sierra Blanca massif to the north of La Veta Pass, and the 
Culebra massif to the south. In the vicinity of La Veta Pass 
they overlap one another en echelon, being separated by a 
trough of tightly compressed Pennsylvanian sediments, two miles' 
in width.

The two massifs are composed of pre-Cambrian gneisses» 
schists, and granites, and are defined by high-angle, recti
linear fault planes extending along the scarps and thesummitS 
of the range and dipping steeply to the west* %ey re#NWent 
segments of the basement complex upthrust during the crustal 
movements responsible for the building of the Sangre de Cristo 
mountains; and have experienced an estimated 2 to 5 miles of 
vertical uplift with respect to the base level of Pennsylvanian 
sedimentation (Burbank and Goddard, 1937, pp* 963-974)* To 



the west they are bordered by the down-faulted San Luis 
valley.

Hie eastern slopes of the Sangre de Cristo mountains 
are made up of folded and faulted outcrops of Pennsylvan
ian and Permian strata. In Hew Mexico at the southern 
extension of the mountains these sediments are in normal 
contact with the crystallines and the structure of the 
range Is that of a broad anticlinorium, plunging to the 
south and modified along Its western border by high angle 
thrusting to the west (Horthrupi, 1946). Further north, in 
the Stonewall-Tercio area of Coloradp, the range is more 
compressed and consists of an overturned eroded anticline, 
and an associated overturned syncline, which constitutes 
the Raton Basin (Wood, I9I1I4.).. Twenty miles north of this 
area at La Veta Pass the overturned folds have been broken 

' iby high-angle faulting, and in Huerfano Park, north of La 
Veta Pass, overthrusting has, occurred.

Local Structures

Faults

Hl gh-Angle J?aul ting

A major higfc-angle fault zone, labeled f^ in Plates 2 
and 4> extends along the western margin of the areao The 
structural relationships along this zone are complex, in 
that it has been affected by both overturning and Igneous
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intrusion*
At its northern extension the fault zone consists of a 

normal fault striking N* 35° W*, and possessing a vertical 
dip; as is indicated by Its linear scarp, and the vertical 
dips of the dikes which intrude it, Hie estimated strati
graphic throw along this fault is at least 3,500 feet 
(Section A-A1, Plate 4)*

Southwest of Mestas Peak the fault has been intruded by 
a micro granite dike, (Figure 6b)* The dike possesses planar 
flow structure striking H* 35° W* and dipping 80° to the 

north* Along the slopes of Mestas Peak, beds of the Sangre 
de Cristo formation have been turned up steeply and in the 
vicinity of the fault zone possess bedding plane faults con
taining a breccia composed of fragments of microgranite and 
of sandstones and shales from the Sangre de Cristo formation. 
These faults may represent readjustments associated with the 
intrusion of the Mestas Peak pluton*

At the point where U. S* Highway 160 crosses the micro
granite dike, an outcrop of Dakota sandstone is surrounded 
by microgranite and Is Interpreted as being a horse that has 
been faulted into its présent position by the differential 
movement along the fault plane « To the southeast of this out- 

'X -crop the fault zone is flànked on the east by an outcrop of 
rocks labeled as questionable Quaternary pediment gravels*

This area Is covered by debris from the Sangre de Cristo 
formation and contains several outcrops of the Sangre de Cristo
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beds which correspond in attitudes with the attitudes of the 
Sangre de Cristo beds exposed upon the western side of the 
fault» These outcrops may constitute a remnant of the Sangre 
de Cristo formation representing a previous stage of fault
ing, or may be slide blocks from the adjacent scarp* Further 
evidence of a possible earlier state of faulting is found 
along the fault zone south of this outcrop where the fault 
truncates an anticlinal fold in the Sangre de Cristo formation 
to the west of the fault*

At Middle Creek the fault sone changes its direction and 
trends in a north-south direction to the southern boundary! of 
the area* Between Middle Creek and the point at which the 
Denver and Rio Grande Railroad crosses the fault zone, the 
dips of the faults vary between 65 to 75 degrees to the east, 
as inferred by the dips of the dikes which intrude them. Out
crops of the Morrison and Benton formation occur in the fault 
zone and are Interpreted as being horses that have been dis
placed along bedding plane faults which developed with the in
competent shales of these formations, (Section B-B*, Platas 
2 and 4).

At the point where the Denver and Rio Grande Railroad 
crosses the fault zone an inferred transverse fault has been 
drawn* Evidence for the existence of this fault is presence 
of a prominent Purga to ire-Dako ta hogback exposed to the south 
of the railroad*

South of the railroad, outcrops of the Morrison formation 
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are missing until one encounters the overturned section north 
of Oak Creek* At this point the fault enters the Sangre de 
Cristo formation and is marked by a linear north-south trend
ing scarp.

Folds

Anticlinal and Synclinal Folding

A syncline and adjacent anticline lie to the west of 
the fault zone, in the .northern portion of the area*

The syncline is about three miles long by about a mile 
in width* It is assymetrlcal with its western limb dipping 
vertically while the eastern limb dips at about 16 degrees to 
the southeast* At its northern end the syncline Is cut off 
by the intrusion of the Mestas Peak, a micro granite pluton*

To the east of thé syncline, the folding passes into a 
small, apparently symmetrical anticline*

An anticlinal fold appears in the Sangre de Cristo forma
tion to the west of the fault zone, f&. ïhe fold is assymetri
cal with increasingly steeper dips to the east of its axis, and 
more gentle dips to the west* It trends in a north-south di
rection and plunges to the south* At Its northern limit the 
fold is truncated by a normal fault*

Overturning

Overturning has occurred in the southern portion of the 
area (Section C-C*, Plates 2 told 4) * Along a zone about three 



miles in length the resistant Purgatoire and Dakota beds have 
been overturned about degrees from the point of overturn. 
The extent to which the overturning has affected the Benton, 
Niobrara and Pierre shales is difficult to determine from their 
outcrops; however, the dips of a series of sills exposed along 
Indian Creek at the south of the area suggests that the axial 
pla&e of the overturning intersects the ground surface near the 
contact of the Niobrara and Pierre shales.

Several remnants of coarse conglomerate beds were found 
resting upon the overturned beds (Section C-C’). These beds 
dip steeply to the east, and have apparently been turned up and 
thrust into their present position by the crustal movements 
responsible for the overturning of the underlying beds. *

Structures in Igneous Intrusions

Flow Structures of the Oak Creek Pluton

A photogeologic cross-section of the Oak Creek microgranite 
pluton has been prepared in Plate 5, showing the dip and Inferred 
direction of planar flow. The direction of linear flow is 
approximately normal to the cross-section.

The outcrop pf the pluton is about 7,000 feet in length by 
1,000 feet in width. The contacts with the surrounding sediments 
are sharp rather than gradational, and the zone of contact meta
morphism does not progress more than twenty or thirty feet into 
the adjacent sedimentary rocks. Remnants of metamorphosed Pierre 
shale occur in contact with the microgranite on the east flank of 
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the pluton dip at about 35° to the east, conforming in dip and 

strike with the adjacent sediments»
The outcrop pattern, the nature of the contacts, and the 

orientations of the flow structures Indicate that the pluton 
is concordant with the flanking strata, and has been intruded 
into its present position by means of lamellar flow of the 
original magma» With regard to the origin of this magma the 
writer favors an interpretation given by Hills (1889, p. 86, 
pp, 224-227) who believed the northern portion of the Baton 
Basin to be partially underlain by a sheet of silicic igneous 

rock intruded in the shales of the Colorado and Montana groups* 
Lateral expansion of this magma gave rise to a series of lacco
liths and sills exposed along the western and eastern borders 
of the basin»
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ECONOMIC .GEOLOOT

Coal

The present area lies within the La Veta District of the 
Trinidad Coal Field* Tn the past coal has been mined com
mercially in this area from the coal-bearing Venae jo forma
tion. At the present time it is only mined sporadically for 
local consumption. High labor costs and water pumping ex
penses have forced the mines of the area to shut down.

Excellent accounts of the geology of the coal resources 
of the La Veta District have been given by Richardson (1908) 
and Lee (1917).

Vanadium-Uranium- Copp er Prospects 
*ew**B**e**e*w**™ÉWw**e***-*e**i*i****w*JL*ebe***e*eww^w*™**w**wewiW*e**i*

Several vanadium-uranium-copper prospects and claims 
have been opened in the outcrops of the Sangre de Cristo forma
tion in the eastern portion of the present area.

The mineralization occurs in a zone of copper-stained 
carbonaceous sandstones and shales, which are somewhat shear
ed and fractured. The minerals carnotite and calcovolborthite 
were identified.

Petroleum and Natural Gas

Since 1926, 15 or more wildcat wells have been drilled 
on or about the anticline passing through sections 3 and 10, 
T* 29 S. , R* 69 W. (Barb, I9I4.6, pp. 120-122). Several of 



these wells encountered shows of oil and gas, but none of 
them obtained commercial production*
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