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AREAL. GEOLOGY. OF THE LITTLE CONE QUADRANGLE,
COLORADO

"By A. L. Busy, O. T. MARSH, and R. B. TayLor

ABSTRACT

" The Little Cone qﬁadrangle includes an area of about 59 square miles in
eastern San Miguel Courty in southwestern Colorado. The quadrangle con-
tains features characteristic of both the Colorado Plateaus physiographic
province and the San Juan Mountains, and it has been affected by geologic
events and processes of two different geologic environments.

‘”_ The continental sedimentary rocks of the Cutler formation of Permian age
are the oldest rocks exposed in the quadrangle. Deposition of the Cutler
was followed by a long period of erosion and peneplanation. There is no
marked angular discordance between the Cutler and the overlying Dolores
formation in the Little Cone quadrangle, but there is in areas some tens of
miles east and west of the quadrangle where some crustal warping took place.
" The continental sedimentary rocks of the Dolores formation of Late Triassic
age are red beds that are similar in gross lithology to those of the Cutler.
The Dolores formation is subdivided into five general units that persist
throughout the quadranf’le and for some tens of miles to the north, south,
and east. A second long penod of erosion followed deposition of the Dolores.

* The Bntrada sandstone of Late Jurassic age overlies the Dolores forma-

tion, and is in turn overlam by the Wanakah formation, also of Late Jurassic
age. The Wanakah consists of the Pony Express limestone member at the
base, the B11k Creek sandstone ‘member near the center, and a “marl” member
at the top. The Morrison formatxon which overlies the Wauakall, consists
of the Salt Wash sandstone member in the lower part and the Brushy Basin
shale member in the upper part A period of erosion, probably of relatively
short duratlon followed deposition of the Brushy Basin member.
" The Burro Canyon formation of Early Cretaceous age occurs as discontinu-
ous bodies that fill channels cut in the top of the Morrison formation. Deposi-
tion of the Burro Canyon formation was followed by another period of
erosion, which in turn ended with depos1t10n of the Dakota sandstone of Late
Cretaceous age. The Dakota sandstone grades upward mto the Mancos shale,
also of Late Cretaceous age.

The Pdleozoic and Mesozoxc formations were broadly folded during Lara-
inide time as part of an’ orogeny of regional extent, and the San Juan Moun-
tams area was uplifted as a broad dome. Extensive erosion followed deforma-
tion, and the Cretaceous rocks in the area of the Little Cone quadrangle and
the Mesozoic and Paleozoic rocks eastward from the quadrangle were suc-
cessively bevelled. The Telluride conglomerate of Oligocene(?) age was laid
down on this surface. In the Little Cone quadrangle several hundred feet

423
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of the Telluride was deposited upon a considerable thickness (probably 3,000
feet or more) of the Mancos shale. At Telluride, about 12 miles east of the
quadrangle, the Telluride conglomerate lies upon the Dolores formation.
Volcanic rocks of Miocene(?) and Miocene age were deposited widely upon
the Telluride conglomerate; at one time they had a thickness of probably
1,000 feet or more in the quadrangle. They have been eroded completely from
the quadrangle, but are present in the San Miguel Mountains a few miles to
the south and southeast.

During the middie Tertiary, probably during the Miocene, the sedimentary
rocks were cut by many igneous bodies. Four major rock types are repre-
sented; in decreasing order of abundance. they are granogabbro, granodiorite,
rhyolite(?), and microgabbro. The granogabbro is by far the most abundant,
and it forms the Flat Top Peak plug, the Little Cone laccolith, several sills in
the Dakota sandstone and the Mancos shale, and a few dikes. The grano-
diorite forms sills in the Dakota sandstone and the Mancos shale, and the
rhyolite(?) forms a single major sill in the Dakota. The miecrogabbro forms
dikes that cut rocks as young as the Mancos shale. Metamorphic effects
adjacent to the intrusive bodies generally are restricted to baking that extends
only a few feet out into the enclosing rocks; in many places no metamorphic
effects are evident.

The rocks in the Little Cone quadrangle were displaced along numerous
faults in middle Tertiary time, probably after the igneous rocks were injected.
All of the faults are normal, and have vertical or very steep dips. In part,
the faults form two long and narrow northward- and northwestward-trending
grabens that extend into the adjoining Placerville quadrangle to the north.
The graben faults form two systems, one trending northward to northwest-
ward, and the other trending northwestward, that are probably contemporane-
ous. Other faults trend eastward to northeastward; some of these appear to
be related to the intrusion of the igneous rocks.

At the end of the Tertiary, probably in the early Pleistocene, the general
area was again uplifted and subjected to extensive erosion. The Mancos
shale was stripped from the northern part -of the Little Cone .quadrangle, .and
in this part of the area, the upland surfaces formed on top of the Dakota
sandstone were largely controlled by the geologic structure.

During the Quaternary a basalt flow was erupted on Specie Mesa on a
surface that cuts both the Mancos and the Dakota. The surface preserved
beneath the flow has virtually the same position and slope as the adjacent
present-day surfaces. Pleistocene deposits consist of (a) high-level or older
drift that is unrelated to the present drainage systems and is correlated with
the Cerro glacial stage of early Pleistocene age, and (b) younger drift and
valley fill within the valleys of the present drainage systems that are cor-
related with the Durango or Wisconsin glacial stages and may represent both.
Recent surficial, landslide, and spring deposits are also present.

Within the Little Cone quadrangle and in the Placerville quadrangle to
the north and the Gray Head quadrangle to the east, the Entrada sandstone
of Late Jurassic age contains vanadium deposits with which are associated
large but low-grade amounts of uranium. These deposits form a practically
continuous layer about 10 miles long and 1 to 132 miles wide, and possibly
a second layer of smaller dimensions. Placer gold deposits in terrace gravel
and valley fill of Pleistocene age and in alluvium of Recent age contain the
only other ores.
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INTRODUCTION
LOCATION, ACCESSIBILITY, AND CULTURE

The Little Cone quadrangle is one of five adjoining 7%-minute
quadrangles in eastern Miguel County, Colo. (fig. 42) studied in

10830

0 "109’_-_ _____ 102

3830 'c—) r DENVER ' T
(o} | + Grand Junction \
§ : .Proienaru :
0 o il

INDEX MAP OF
COLORADO

»

B

2,

EXPLANATION
%\

38°00' | -té LITTLE RAY HEAD % i
m

DOLORES )~ Telluride Area of this report

10 20 MILES

Monte Vista®
37°30' |

PROVINCES

FI6URE 42.—Index map showing the Little Cone and adjolning quadrangles, southwest-
ern Colorado.

connection with their vanadium-uranium deposits. The quadrangle
includes an area of about 59 square miles within and near the border
of the Colorado Plateaus physiographic province. It is bounded on
the south by the San Miguel Mountains, a westward extension of
the San Juan Mountains, and shares geologic characteristics of both
the plateau and mountain country.

State Highway 145 crosses the northeast corner of the quadrangle
and connects the town of Saw Pit with Placerville to the west and
Telluride to the east. A network of dirt roads gives access to the
mesa tops and the valleys of Fall Creek and Elk Creek; these roads
are not passable in winter.

About 100 persons live year round in the quadrangle; most of
them are at Saw Pit, which is in the northeast corner of the quad-
rangle and is the only settlement. Sheep and cattle raising, lum-
bering, and intermittent vanadium mining are the productive in-
dustries.
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TOPOGRAPHY, CLIMATE, AND VEGETATION

The Little Cone quadrangle contains three major topographic di-
visions: mesas make up about 25 percent of the area; steep-walled
canyons, incised below the mesas, constitute about 15 percent of the
area; and mountain slopes, rising above the mesas, cover about 60
percent of the area. Altitudes range from 7,400.feet in the San
Miguel River canyon to 11,981 feet at the summit of Little Cone.

The mesa surfaces generally reflect the top of the nearly flat lying
resistant Dakota sandstone. The mesas are concentrated chiefly in
the north half of the quadrangle where their average altitude is
about 9,200 feet. East of Fall Creek the upland surface is called
Wilson Mesa; west of Fall Creek it is known as Specie Mesa.
Frazier Flats, the mesa northeast of Woods Lake, is capped by a
sill and has a nearly level surface at an altitude of 10,000 feet.

Fall Creek, the quadrangle’s main drainage, flows northward
across the quadrangle and empties into the San Miguel River in the
northeast corner. Most of its course is in a steep-walled canyon
that is incised as much as 2,100 feet below the mesa tops. West of
Fall Creek Little Cone rises almost 3,000 feet above Specie Mesa
and occupies fully one-quarter of the quadrancrle

The mean annual rainfall at the lowest altitudes in the quadrangle
is less than 10 inches; although no records are available for the
mesa - tops- within the quadrangle, the mean annual precipitation
recorded at comparable altitudes nearby is about 15 to 20 inches.
The heaviest rainfall occurs on the higher mountain slopes. Thun-
derstorms are most frequent in July and early August, although
sporadic showers may come at any time durlng the summer. Hail
or sleet may also be expected during the rainy reason. The first
snowfall is usually in late September or early October; generally
snow remains on the higher slopes until the middle of J uly, although
commonly a few patches last through the summer. Mean summer
temperature in thé northeast corner of the quadrangle is about
65° F, and mean winter temperature is 25°-30° F. On the mesas
the average temperatures are about 10° lower.

" Vegetation in the Little Cone quadrangle is closely linked to the
contrasting climatic zones that are controlled by altitude differences.
Cottonwood, willow, and alder are found along the canyon bottoms.
Dense thickets of scrub oak and serviceberry interspersed with
stands of mountain juniper, pinyon pine, aspen, and Engelmann
spruce cover the canyon walls. The relatively protected north-
facing slopes are usually the more densely wooded. Aspen, scrub
oak, black sage, and various grasses flourish on the mesa tops. The
shrublike vegetation of the mesa tops gives way on the mountain
slopes to forests of aspen, ponderosa pine, and Engelmann spruce,
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with evergreens predominating. Timberline on Little Cone is at
about 11,400 feet, but the top of Flat Top Peak, at about 11,600
feet, 1s covered with dwarfed timber.

SCOPE AND PURPOSE OF THE WORK

The Entrada sandstone of Late Jurassic age contains large tabular
deposits of vanadium and subordinate amounts of uranium in sev-
eral areas along the west flank of the San Juan Mountain region
in southwestern Colorado. These deposits are practically continuous,
and they form several elongate belts whose horizontal dimensions
are measurable in miles. The belts are known in the Placerville die-
trict of San Miguel County, the Barlow-Hermosa Creek district of
Dolores and San Juan Counties, and the Lightner Creek district
of La Plata County. The Placerville district is the most important
in terms of known reserves, size of deposits, and past production.

The study was undertaken to determine the origin and habits of
the vanadium-uranium deposits, their resources, and their relations
to the igneous rocks and metalliferous deposits of the San Juan
igneous province. In addition, the work included the areal geologic
mapping of about 300 square miles—five 7l%-minute quadrangles
(fig. 42)—which cover the vanadium belts of the Placerville district
and the igneous rocks and ore deposits of the San Miguel Mountaing
(a western segment of the San Juan Mountains). The present re-
port describes the areal geology of one of these quadrangles. ,

This program of study was done on behalf of the Division of
Raw Materials of the U.S. Atomic Energy Commission.

PREVIOUS WORK

Cross (1899) described the geology of the 15-minute Telluride
quadrangle, which adjoins the Little Cone quadrangle to the east.
Bush and others (1959) have described the physical and historical
geology of the Placerville quadrangle, which adjoins to the north.

Hess (1911, 1933), Fischer (1937, 1942), and Fischer and others
(1947) have described the geology and petrology of the vanadium-
uranium deposits and have presented maps showing their distribu-
tion in the northeast corner of the Little Cone quadrangle.

FIELDWORK AND ACKNOWLEDGMENTS

A small strip along the north border of the Little Cone quadrangle
was mapped by A. L. Bush, C. T. Pierson, and W. F. Weeks in
1953 and 1954 in connection with the mapping of the Placerville
quadrangle. The remainder of the quadrangle was mapped during

543343—80——2 '
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parts of the 1955 and 1956 field seasons by O. T. Marsh, C. S. Brom-
field, R. B. Taylor, Bush, and Pierson.

Geologic mapping was done at a scale of 1:20,000 on topographic
maps; some mapping was also done on aerial photographs at scales
of 1:18,700 and 1:37,400, then transferred to the topographic base.
Location was by inspection and resection, aided by corrected baro-
metric readings.

The authors gratefully acknowledge the assistance of the resi-
dents of the quadrangle, in particular Mr. Easton S. Bray and Mrs.
Delphane B. Bray of Woods Lake, and Mr. Clarence E. Ross.

REGIONAL GEOLOGY

The rocks exposed in the Little Cone quadrangle and in the coun-
try for many miles to the north and west consist of relatively flat
lying sedimentary rocks that range in age from Permian to Creta-
ceous. Generally the mesa tops are capped by the Dakota sand-
stone or Mancos shale, both of Cretaceous age; the older rocks are
exposed in the walls of steep-sided youthful canyons. A few miles
north of the quadrangle the sedimentary rocks rise over the Pre-
cambrian core of the Uncompahgre Plateau. North and west of
the quadrangle these rocks have been warped into a series of broad
folds that plunge gently northwestward and merge with the “salt
anticlines” of southwestern Colorado and southeastern Utah (the
Paradox fold and fault belt of Kelley, 1955). The southeastern
extensions of some of these warps are present in the Little Cone
quadrangle.

The sedimentary rocks are overlain by a great pile of Tertiary
voleanic rocks and are cut by many Tertiary intrusive rocks in the
San Juan Mountains, a few miles to the east and south of the quad-
rangle. Most of the igneous rocks in the Little Cone quadrangle
are concentrated in the south half, where they form intrusive bodies
within the sedimentary rocks. These bodies include a cupola on a
stock, a laccolith, and numerous sills and dikes. The igneous
rocks are more numerous in the San Miguel Mountains to the south,
where the intrusive rocks cut both sedimentary and volcanic rocks.

A few miles east of the Little Cone quadrangle the pre-Tertiary
sedimentary rocks are warped into a broad dome whose apex lies a
few tens of miles farther east. The dome is bevelled by a smooth
erosion surface upon which lies the oldest Tertiary formation, the
Telluride conglomerate. Eastward from the Little Cone quadrangle
the Telluride conglomerate progressively overlies older formations,
which range from the Mancos shale of Late Cretaceous age to the
Precambrian basement complex (Burbank, 1930, p. 184).

Hundreds of feet of volcanic rock of Miocene(?) or Miocene age
overlies the Telluride conglomerate in the region. These rocks in-
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clude, in ascending order, the San Juan tuff, the Silverton volcanic
series, and the Potosi volcanic series. Erosion during the late Ter-
tiary and the Quaternary removed the Telluride conglomerate and
the thick volcanic sequence that once covered the Little Cone quad-
rangle.

Vertical or steeply dipping normal faults are numerous in the
Little Cone quadrangle and adjacent areas to the east, north, and
west. Many of these faults bound long narrow grabens, which trend
north or northwest, and which characteristically swing eastward at
their south or southeast ends. Vertical offsets on the faults are
commonly a few hundred feet, and in a few cases are as much as
700 feet. The narrow grabens are the most striking structural
feature of the plateau country north and northwest of the San
Miguel Mountains.

SEDIMENTARY AND IGNEOUS ROCKS

RELATIONS OF THE SEDIMENTARY ROCKS

About 4,400 feet of upper Paleozoic and Mesozoic sedimentary rocks
are exposed in the Little Cone quadrangle. The oldest rocks crop
out in the northeast corner where Fall Creek and the San Miguel
River have cut down into the Cutler formation of Permian age.
The base of the Cutler is not exposed within the quadrangle; it is
exposed a few miles south of the area mnear Rico. The Dolores
formation of Late Triassic age rests disconformably upon the Cutler,
and, in turn, is overlain disconformably by the Entrada sandstone
of Late Jurassic age. Above the Entrada is the Wanakah forma-
tion of Late Jurassic age, which consists of the Pony Express lime-
stone member at the base, the Bilk Creek sandstone member in the
middle, and the “marl” member at the top. . The Pony Express lime-
stone member is present only in the northeast corner of the quad-
rangle; it was not deposited elsewhere in the quadrangle. The
Morrison formation, the uppermost Jurassic formation in the area,
conformably overlies the Wanakah and consists of the Salt Wash
sandstone member at the base and the Brushy Basin shale member
at the top. At the base of the Salt Wash is a distinctive sandstone
unit that is probably the equivalent of the Junction Creek sandstone
of southwestern Colorado. The oldest Lower Cretaceous unit is the
Burro Canyon formation, which apparently is present only as local
fillings in channels cut into the top of the Brushy Basin shale mem-
ber. Where the Burro Canyon is absent, the Dakota sandstone rests
on an erosion surface formed on the Brushy Basin. Some miles west
of the qumdmnfrle the contact between the Burro Canyon and the
Dakota 1s disconformable, but evidence is insufficient to determine
whether the two formations are disconformable within the Little
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Cone quadrangle. The youngest sedimentary rock in the area is the
marine Mancos shale of Late Cretaceous age which in places has a
transitional contact with the Dakota sandstone.

The sedimentary formations exposed in the Little Cone quadrangle
are summarized in a generalized columnar section (pl. 18). They
are described in somewhat greater detail in the report on the Placer-
ville quadrangle (Bush and others, 1959). ,

Quaternary stream gravel and Recent alluvium are found alonfr
the canyon bottoms. Glacial drift is sparsely distributed on the
upland surface.

Probably at least 3,000 feet of older Paleozoic rocks underlies
the formations exposed in the Little Cone quadrangle. This estimate
is based on data from oil wells to the northwest and exposures near
Rico and Ouray, to the south and east (fig. 42). These unexposed
beds probably include the Elbert formation and the Ouray limestone
of Devonian age, the Leadville limestone of Mississippian age, the
Molas and Hermosa formations of Pennsylvanian age, and the Rico
formation of Pennsylvanian and Permian(?) age.

PERMIAN SYSTEM
CUTLER FORMATION

In the Little Cone quadrangle the Cutler formation crops out
only in the northeast corner, along lower Fall Creek and the San
Miguel River (pl. 19). Both the Cutler and the overlying Dolores
formation are red beds; they are grossly similar lithologically, but
the Cutler can be dlstmcrulshed at a distance by its distinctly pur-
plish cast.

A striking feature of the Cutler formation is the abundance of
concrlomerate beds, which make up 25 to 40 percent of the exposed
thlckness of the formation. These beds average 5 to 10 feet in thick-
ness, but some are as thick as 20 feet.. Pebble- and cobble-conglom-
erate beds are most common, though fragments range in size from
granules to boulders. Most of the fragments are well rounded; they
consist chiefly of granitic rocks, greenstone, and quartzite. Diorite
and metasedimentary rocks such as schist are less common. Green-
stone conglomerate beds are rare in the upper 350 feet of the Cutler,
but lower in the formation they are quite abundant. The con-
glomerate matrix consists of medium to coarse grains of quartz and
feldspar.

Perhaps 60 percent of the Cutler formation consists of arkosic
sandstone that is cemented by calcite and stained red by hematite.
Most of the grains are medium to coarse and subrounded to sub-
angulwr although generally poorly sorted, they tend to be better
sorted in the uppermost 150 to 200 feet of the formatlon Mlca is
commonly abundant.

~r
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Limy siltstone and thin mudstone beds are present in minor
amount. In many places they have been bleached from their usual
red color to gray green. Thin lenticular gray limestone beds are
sparsely distributed throughout the formation.

Beds in the Cutler formation are not persistent over long dis-
tances. Lenses of conglomerate, sandstone, and siltstone range in
length along the outcrop from a few tens of feet to a few thousand
feet and commonly the conglomerate beds occupy channels cut in
the underlying rock. Many of the beds of the Cutler display either
planar or festoon cross-stratification.

The total thickness of the Cutler formation is not known, as the
base is concealed below present erosion levels. About 800 feet of the
Cutler is exposed in the Little Cone quadrangle, and a maximum
of about 1,100 feet is exposed in the Placerville quadrangle half a
mile to the north. Exposures near Rico and Quray, and data from
deep oil wells to the west and northwest, suggest that the total thick-
ness of the Cutler in the Little Cone and Placerville quadrangles is
on the order of 4,000 feet. This figure is very approximate, how-
ever, for in other areas the Cutler is known to range widely in thick-
ness within short distances.

Section of the Cutler formation 1 mile 3outheast of Placerville (half a mile
north of the Little Cone quadrangle) on the north side of the San Miguel

River canyon

Triassic: Dolores formation: Maroon sandstone and siltstone overlying Feet
basal quartz-pebble conglomerate _— _ 54

Erosional unconformity.
Permian:
Cutler formation:
Sandstone and conglomeratic sandstone, grayish- and purplish-
red, medium-fine-grained; arkosic granitic conglomerate in

lower 10 feet; micaceous conglomerate at top - _____ (63
Sandstone and sandy mudstone, arkosic, very thinly bedded and
laminated _— 42

Sandstone, conglomeratic sandstone, and conglomerate, pale-
red, grayish-red, and purplish-red, arkosic, fine- to medium-

fine-grained, thinly bedded and laminated _________________ 131
Sandstone and conglomerate, pale-red and grayish-red, arkosie,
micaceous, very fine to medium fine grained, thinly bedded... 115

Sandstone, conglomeratic sandstone, and conglomerate, pale-red
grayish-orange-pink, purplish-red, grayish-red; pebbles to
boulders of quartzite, granite, slate, and greenstone; irregu-

larly bedded 104
Sandstone, pale-red and pale reddish-brown, arkosic, very thinly
bedded and laminated 64

Sandstone, conglomeratic sandstone, and conglomerate, reddish-
brown and various shades of red; pebbles to boulders of
greenstone and granite; very thinly bedded and laminated_.. 131

Sandstone, pale-reddish-brown, some grayish-red, arkosic, mica-
ceous, very fine to medium grained, very thinly bedded ._____. 68
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Section of the Cutler formation 1 mile southeast of Placerville (half a mile
north of the Little Cone quadrangle) on the nmorth side of the San Miguel
River canyon—Continued

Permian—Continued
Cutler formation—Continued Feet
Arkose and conglomeratic arkose, pale-red and grayish-orange-
pink, medium to very coarse grained, massive to thinly
bedded ; grades laterally into coarse conglomerate lentils____ 112
Greenstone conglomerate, abundantly arkosic, many granite and
slate fragments of pebble to small boulder size; lenticular and

channel filling . ______ _______________ - 11
Sandstone, conglomeratic arkose, and conglomerate, pale-red,
grayish-red, pale-reddish-brown, grayish-orange-pink; con-
glomerate pebbles to cobbles of quartz, quartzite, and slate;
very fine to coarse grained, thinly bedded sandstone, massive
in middle part ._._._ - - 82
Covered interval to base of section (river level) _____________ 50
Base of Cutler formation not exposed.
Total thickness of Cutler formation above river level____ 985

In the Little Cone quadrangle the Cutler formation is separated
from the Dolores formation of Late Triassic age by a disconformity
that marks a long period of erosion. The erosion surface has only
minor relief, which indicates that it was formed at or near base
level under stable conditions. The two formations appear to be
conformable where viewed at close range, but there is a suggestion
of slight angular discordance where several thousand feet of the
contact are viewed from a distance. Near Ouray there is a marked
angular unconformity between the formations; east of Ouray the
Cutler has been eroded and the Dolores rests on rocks of Pennsyl-
vanian age (Cross and Howe, 1905; Burbank, 1930). In the Little
Cone and Placerville quadrangles the contact between the beds of
the Cutler and Dolores formations is marked by a quartz-pebble
conglomerate that is the basal unit of the Dolores.

Although the Cutler formation is generally unfossiliferous, ver-
tebrate remains have been discovered in the upper part of the for-
mation in the southern part of the adjoining Placerville quadrangle.
These specimens have been identified by A. S. Romer and G. E.
Lewis (written communications, May 17 and June 23, 1955) as two
amphibians, Eryops sp. and ?Platyhyatriz, and several small rep-
tiles, including a primitive diadectid, Ophiacodon sp., a small
sphenacodontoid comparable to Aerosaurus, Sphenacodon sp., and a
small pelycosaur comparable to Nitosaurus. Romer and Lewis
(written communication, June 28, 1955) conclude that the fauna in
the Cutler from the Placerville area may correlate with a similar
fauna from the Abo sandstone in the El Cobre Canyon area, New
Mexico. They add that this correlation “is reasonable, but there is
little positive evidence * * *. We conclude tentatively that the
Cutler formation of the Placerville, Colorado, area is of pre-Wichita
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age, and may be either very low Permian or uppermost Pennsyl-
vanian.”
TRIASSIC SYSTEM

UPPER TRIASSIC SERIES
DOLORES FORMATION

The Dolores formation crops out along the San Miguel River and
along the bottom and lower slopes of Fall Creek canyon from Elk
Creek northward (pl. 19). The red beds typically form sheer cliffs
and steep rubbly slopes.

The Dolores consists of 70 to 75 percent interbedded sandstone
and siltstone and 25 to 30 percent conglomerate and minor amounts
of mudstone and thin limestone. The rock types intergrade and
interfinger extensively, and crossbedding and channeling are com-
mon. No single stratum can be traced any great distance laterally.
The formation is divisible into five parts, which in ascending order
are: unit A, a basal quartz-pebble conglomerate; unit B, interbedded
sandstone, siltstone, and limestone-pebble conglomerate; unit C, in-
terbedded siltstone, sandstone, and a minor amount of mudstone;
unit D, interbedded siltstone, sandstone, and limestone-pebble con-
glomerate; and unit E, sandstone and a minor amount of siltstone.

Unit A is a distinctive white or light-gray quartz-pebble con-
glomerate throughout most of the Little Cone and Placerville quad-
rangles. Bedding is generally irregular, although locally rude cross-
stratification can be seen. In general the unit thins irregularly
across the quadrangle, from about 65 feet in the central part to about
20 feet in the eastern part. Throughout most of the quadrangle the
unit is about 40 feet thick. Subangular to subrounded pebbles and
granules of vein quartz and quartzite make up from 60 to 80 percent
of unit A; the remainder is predominantly coarse-grained quartz
sand with scattered granules of limy siltstone and metamorphic
rocks, and coarse grains of feldspar. Locally the conglomerate
facies gives way to a coarse-grained sandstone facies without appar-
ent change in composition. 4

Unit B is 120 to 140 feet thick and consists dominantly of sand-
stone and siltstone. The most distinctive feature of this unit, how-
ever, is the abundance of limestone-pebble conglomerate which in
places constitute 35 or 40 percent of the unit. The conglomerate
beds are light reddish brown or shades of gray, brown, and purple.
Most of the beds are quite lenticular; they fill channels cut in the
underlying rock and are irregularly bedded to rudely cross-stratified.
They are composed of granules and pebbles of siltstone and lime-
stone embedded in a matrix of limy siltstone. Near the base of the
unit the conglomerate contains abundant granules and pebbles of
quartz and quartzite.
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- The sandstone and siltstone beds are grayish red to light reddish
brown. Stratification ranges from thin even lamination to thick
irregular bedding. Most of the sandstone is very fine grained and
in places micaceous. Both the sandstone and siltstone beds are
cemented with calcite.

Unit C is about 180 to 250 feet thick and characteristically has few
if any limestone-pebble conglomerate beds. Sandstone and siltstone
similar to that of unit B constitute 75 to 90 percent of the section.
Reddish-brown limy mudstone is present in places. The upper and
lower parts of the unit are composed of cross-stratified irregularly
bedded sandstone, siltstone, and mudstone; the middle part is evenly
bedded rather than cross-stratified and contains very few thin mud-
stone beds. Each of these three subzones ranges widely in thickness,
and in many places the upper subzone is missing.

Unit D ranges in thickness from 90 to 125 feet, and is similar in
lithology and sedimentary structures to unit B. Limestone-pebble
conglomerate and thin limestone beds are characteristic but less
abundant than in unit B. In unit D cross-stratification is more
prevalent than even bedding.

Unit E, the uppermost part of the Dolores formation, consists of
a sequence of well-sorted light-reddish-brown siltstone and very fine
grained sandstone. The thickness of unit E ranges from 20 to 55
feet at most places, although locally it may be as much as 70 feet;
generally the unit is exposed in cliffs. Although devoid of lime-
stone-pebble conglomerate beds, in places it contains thin limestone
lenses. Beds are thick and irregularly stratified or crossbedded.
Characteristically, this unit contains little mica. Unit E is similar
in lithology and stratigraphic position to the Wingate sandstone of
Late Triassic age and is tentatively correlated with it (Bush and
others, 1959). The nearest exposure of the Wingate is in the valley
of Tabegauche Creek about 32 miles northwest of the Little Cone
quadrangle.

In the northeast corner of the Little Cone quadrangle the thick-
ness of the Dolores formation ranges from about 460 to about 490
feet. The formation thins eastward; at Telluride 12 miles to the
east the Dolores is 300 feet thick, and 5 miles northwest of its ex-
posures in the Little Cone quadrangle it is 580 feet thick.

The Dolores formation is separated from the overlying Entrada
sandstone by a disconformity that represents a long period of ero-
sion. Relief on the erosion surface does not exceed 15 feet. In
places the contact is sharp; elsewhere it is gradational, where the
uppermost sediments of the Dolores apparently have been reworked
into the basal part of the Entrada.
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Section of the Dolores formation on the west side of Fall Creek, about 1.7
. miles south-southwest of the junction of Fall Creek and the San Miguel
River
Upper Jurassic: Entrada sandstone at top: Crossbedded, mixed grain
sandstone at base, overlain by well-sorted sandstone.
Erosional unconformity.
Upper Triassie:
Dolores formation:
Unit B (Wingate sandstone equivalent) : Feet
Sandstone and siltstone, interbedded, ‘dominantly pale-red-
dish-brown; sandstone, very fine' grained, well-sorted;
bedding ranges from regular to irregular, very thinly
laminated to structureless, crossbedded in places; forms
steep broken cliff 111

Thickness of unit E 111

Unit D:
Siltstone (40 percent) and sandstone (60 percent) inter-
bedded, grayish-red and pale-reddish-brown; purplish cast
is very common in this unit; sandstone, very fine grained,
some fine-grained; abundantly crossbedded, bedding
ranges from dominantly very thin bedded to thick bedded;
few thin mudstone units; forms steep slope below cliff
of unit E 63
Sandstone and limestone-granule conglomerate, interbedded,
light-brown and reddish-brown; sandstone, fine-grained,
limy ; limestone conglomerate ranges from 5 to 40 percent
of unit along outcrop, unit very lenticular, forms short
steep cliff 11
Mudstone and silty mudstone, pale-reddish-brown; very fine
grained sandstone (2 feet thick) near middle; unit grades
to muddy sandstone at top, weathers to small poly-
gonal fragments - 32
Siltstone, pale-reddish-brown, very thinly laminated to very
thinly bedded, ranges from irregularly bedded to cross-
bedded; forms slope 17
Limestone-granule conglomerate, reddish-brown . . _-__ 1
Sandstone and siltstone, interbedded, pale-reddish-brown;
sandstone, very fine grained, thin-bedded; siltstone very
thinly and irregularly bedded; forms steep, rounded cliff

Total thickness of unit D 132

Unit C:
Siltstone and muddy siltstone, pale-reddish-brown, very
irregularly bedded; weathers to typical polygonal angu-
lar fragments; forms characteristic slope and short
ledge profile 48

543343—60——3 . ) E
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Section- of the Dolores formation on the west side of Fall Creek, about 1.7
miles south-southwest of the junction of Fall Creek and the San Miguel
River—Continued

Upper Triassic—Continued )
Dolores formation—Continued
Unit C—Continued Feet
Siltstone, grayish-red and pale-reddish-brown; very thinly
laminated, almost fissile in parting; large-scale cross-
bedding; few thin very fine grained sandstone beds;
sandstone (4 feet thick) at base; mudstone very scarce;
forms cliff ___ 48

Total thickness of unit C 96

Unit B:

Muddy siltstone and siltstone, pale-reddish-brown and gray-
ish-red; very thinly and irregularly bedded; numerous
gray-green spots; a few beds 1 to 2 feet thick of very
fine grained sandstone; numerous stringers of limestone-
granule conglomerate, as much as 1 foot thick; reworked
mudstone at top (4 feet thick) contains pebbles and cob-
bles of limestone-granule conglomerate; forms long slope_. 45

Sandstone and siltstone, moderate orange-pink to moderate
reddish-orange in lower 15 feet, pale-reddish-brown and
grayish-red above; numerous gray-green spots; mica-
ceous; very thinly and irregularly laminated, a few thin
to thick beds; some crossbedding; limestone-granule con-
glomerate at middle; forms alternate ledges and slopes..— 49

Section offset 1,100 to 1,200 feet northeast, along west side
of Fall Creek.

Covered interval 13

Siltstone and very fine grained sandstone, moderate reddish-
orange; thinly and irregularly bedded; nodular weather-
ing 8

Covered interval . 14

Siltstone, moderate reddish-orange; nodular weathering;
interbedded limestone-granule conglomerate and fine-
grained sandstone, both pale red at middle —____________

Total thickness of unit B 134
Unit A: —"
Conglomeratic sandstone and sandstone, grayish-orange-
pink; intermixture of quartz (25 to 40 percent) and lime-
stone (60 to 75 percent) granules, thickly and irregularly
bedded; contains a few muddy siltstone interbeds (1 to
2 feet thick) ; this unit appears to represent the quartz-
pebble conglomerate 18
Thickness of unit A 18
Total thickness of Dolores formation ____________ Zs_ﬁ

Erosional unconformity.
Permian: Cutler formation at base: Interbedded arkosic sandstone, conglom-
erate, siltstone, and muddy siltstone.
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The Dolores formation as originally defined by Cross (1899) in-
cluded the entire red-bed sequence in the Telluride area. In 1905,
Cross and Howe separated the Cutler formation from the Dolores,
but no attempt has been made since to divide the Dolores into mem-
bers. According to Baker and others (1936, p. 2, 22) most of the
Dolores formation is equivalent to the Chinle formation and the
Shinarump conglomerate of former usage (now known as the
Shinarump member of the Chinle formation of the Colorado Pla-
teau—Stewart, 1957). Baker and others (1936) consider that a
thin equivalent of the Wingate sandstone is present at the top of
the Dolores and that the Kayenta, Navajo, and Carmel formations
are not represented. The authors concur with these conclusions.

The basal quartz-pebble conglomerate (unit A) resembles the
Shinarump and Moss Back members of the Chinle formation of
southeastern Utah (Stewart, 1957), both in lithology and deposi-
tional environment, and may correlate with either of these members.
Unit E at the top of the Dolores is lithologically quite similar to
the Wingate sandstone and is tentatively correlated with it. Units
B, G, and D are correlated with the middle and upper parts of the
Chinle formation, although for the present they are not correlated
with specific members.

Previously the age of the Dolores formation was regarded as Late
Triassic and Jurassic(?). However, the Wingate is now considered
to be Late Triassic, rather than Jurassic(?) (Harshbarger and
others, 1957, p. 8) ; and the age of the Dolores formation, therefore,
also has been revised to Late Triassic (Bush and others, 1959).

" The Dolores formation is sparsely fossiliferous. Most of the fos-
sils have been found in limy sandstone and in limestone-pebble
"conglomerate, but phytosaurian teeth have been found in the basal
quartz-pebble conglomerate. No fossils have been reported from the
equivalent of the Wingate sandstone, unit E. According to Cross
(1899), fossils from the Dolores formation include crocodile and
phytosaurian teeth, ganoid fish remains, a species of megalosauroid
dinosaur, a variety of Unio, a gastropod, and a conifer, Brachyphyl-
lum munsteri. The leaves of a primitive palm or palmlike mono-
cotyledon, Sanmiguelia lewisi (Brown, 1956, p. 205), were discovered
in 1953 near the top of unit B. According to Brown, if these leaves
are actually remains of primitive palms, “this is the earliest known
angiospermous flowering plant.”

JURASSIC SYSTEM
UPPER JURASSIC SERIES

In the Little Cone quadrangle Upper Jurassic rocks form steep
slopes and cliffs along the canyons of Specie Creek, Fall Creek and
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its tributaries, and the San Miguel River (pl. 19). This series
includes in ascending order, the Entrada sandstone, the Wanakah
formation, and the Morrison formation. The maximum thickness of
these formations totals about 1,000 feet; a probable average thick-
ness for the Upper Jurassic series is about 860 feet.

ENTRADA SANDSTONE

The Entrada sandstone is the thinnest, yet one of the most dis-
tinctive formations in the western San Juan Mountains. In the
Little Cone quadrangle its thickness ranges from 30 to 65 feet and
it averages about 50 feet. The grayish-yellow color of the massive
smoothly rounded cliffs contrasts strikingly with the darker hues
of the underlying red beds.

The Entrada consists of two distinet lithologic units, separated by
a diastem. The lower unit, which makes up 75 to 90 percent of the
formation, is a massive sweepingly crossbedded sandstone. It is
composed principally of fine to medium, rounded to subrounded,
highly spherical quartz grains. The lower 5 to 10 feet are charac-
terized by thin lenticles of coarse to very coarse frosted quartz
grains, but in places the frosted quartz grains occur throughout the
unit. Where the contact of the Dolores and Entrada is gradational
the formations are divided at the lowest occurrence of these large
frosted grains. The upper part of this massive unit is generally well
sorted. The upper unit of the Entrada is very thinly to thickly
bedded, and more evenly stratified than the lower unit. Generally
it is somewhat finer grained and more limy than the lower unit.
Feldspar is commonly absent, and heavy minerals are scarce.

The Entrada sandstone is conformably overlain by the Pony Ex-
press limestone member of the Wanakah formation in the northeast
corner of the quadrangle, and elsewhere by the Bilk Creek sandstone
member of the Wanakah.

Bection of the Entrada sandstone on the morth side of Aspen Draw, about 0.6
mile southeast of the junction of Fall Creek and the San Miguel River

Upper Jurassic:
Wanakah formation at top: Basal unit, black dense fetid limestone
(Pony Express limestone member),
Entrada sandstone: Feet
Sandstone, pale-yellow-orange and yellow-gray, very fine
grained; thinly and irregularly bedded, contact with over-
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