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The Colorado Department of Natural Resources is
pleased to present the Colorado Geological
Survey Map Series 41, Geologic Map of the Mount
Sopris Quadrangle, Garfield and Pitkin Counties,
Colorado. Its purpose is to describe the geologic
setting of this 7.5-minute quadrangle, which
includes parts of the valleys of the Roaring
Fork River and Crystal River.

This mapping project was funded jointly by
the U.S. Geological Survey (USGS) and the
Colorado Geological Survey (CGS). USGS funds
are competitively awarded through the

STATEMAP component of the National Coopera-
tive Geologic Mapping Program (agreement
numbers 9SHQAG2081 and 01HQAGO0094). The
CGS matching funds come from the Severance Tax
Operational Account that is funded by taxes paid
on the production of natural gas, oil, coal, and
metals.

Vince Matthews,
State Geologist and Director,
Colorado Geological Survey
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OVERVIEW

Between 1993 and 2001 the Colorado Geological
Survey (CGS) mapped the geology of twelve 7.5-
minute quadrangles in the Glenwood Springs area
in west-central Colorado (Figure 1). These maps
were released to the public in varying formats,
but many were "old-fashioned", hard-to-read,
black-and-white diazo prints of hand-drafted,
non-digital maps. During this same time period,
map production involving computer-aided draft-
ing and geographic information systems evolved
rapidly.

This publication includes the digitally produced,
full-color geologic map of the Mount Sopris 7.5-
minute quadrangle. The digital map and accom-
panying booklet are slightly modified from an
earlier publication released by the CGS as Open-
File Report 99-7 (Streufert, 1999). The digital

update was undertaken as part of the STATEMAP
component of the National Cooperative Geologic
Mapping Program, which is administered by the
United States Geological Survey (USGS). In addi-
tion to the Mount Sopris quadrangle, six other
quadrangles in the Glenwood Springs area are
being digitally updated. They include the Glen-
wood Springs, Shoshone, Carbondale, Cottonwood
Pass, Basalt, and Leon quadrangles (Fig. 1).

Most of the modifications to this updated digi-
tal geologic map of the Mount Sopris quadrangle
relate to the discovery of widespread late Ceno-
zoic evaporite collapse in the region (e.g.
Kirkham, Streufert, and others, 2001; Kirkham,
Scott, and Judkins, 2002) and to a collaborative
investigation of that phenomenon by the CGS and
USGS subsequent to the release of the CGS Open-
File Report 99-7. The initial discovery of regional
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Figure 1. Geologic maps of 7.5-minute quadrangles in the vicinity of the Mount Sopris quadrangle.



evaporite collapse was made early during the
mapping program, and new evidence of the
collapse was found as additional quadrangles
were mapped and as the data from the collabora-
tive CGS-USGS investigation were interpreted.
The conceptual model of the collapse process also
evolved considerably during this time, which
caused us to re-evaluate some of the structures
and mapped units within the quadrang]le.

Most other modifications to the map and
booklet are a result of (1) edge matching the geol-
ogy shown on the Mount Sopris quadrangle with
adjacent quadrangles; (2) interpretation of the
geology of the mapped area with respect to the
regional knowledge acquired by mapping
contiguous quadrangles; (3) expansion of the
booklet to develop a consistent format for all digi-
tally updated maps; and (4) editorial corrections.
In addition to producing a block of full-color
geologic maps in uniform digital format, the
seven edge-matched quadrangles have compatible
stratigraphic nomenclature and consistently use
formation colors, patterns, and symbols.

Geologic maps produced by the CGS through
the STATEMAP program are useful for many
purposes, including land-use planning, geotechni-
cal engineering, geologic-hazards assessment,
analysis and mitigation of environmental prob-
lems, and mineral-resource and ground-water
exploration and development. The maps describe
the geology of the quadrangle at a scale of
1:24,000 and serve as a good basis for more
detailed research and for regional and broad-scale
studies.

The Mount Sopris quadrangle covers about 58
square miles in Garfield and Pitkin Counties,
which are in west-central Colorado. The Crystal
River flows from south to north across the quad-
rangle. The twin summits of Mount Sopris, both
at altitude of 12,953 feet above mean sea level,
form the highest parts of the quadrangle. Most
land in the south half of the quadrangle is public
land administered by the White River National
Forest. Most land along the stream valleys and
public roads in the north half is private, with the
balance being public land managed by the Bureau
of Land Management. The 1:24,000-scale topo-
graphic base map of the quadrangle was first
published in 1961 and later updated in 1987 using
aerial photographs taken in 1983.

R.K. Streufert prepared the original map and
text published as open-file report 99-7 (Streufert,
1999). Robert M. Kirkham is responsible for the
modifications in this updated digital product.

PRIOR GEOLOGIC MAPS

Previously published small-scale geologic maps of
the Mount Sopris quadrangle include 1:500,000-
scale maps by Burbank and others (1935) and
Tweto (1979), the 1:250,000-scale map of Tweto
and others (1978), and the 1:100,000-scale map of
Ellis and Freeman (1984). EM. Fox and Associates
(1974) mapped the western and northern parts of
the quadrangle at a scale of 1:48,000. CGS origi-
nally mapped the Mount Sopris quadrangle at a
scale of 1:24,000 and released it as Open-File
Report 99-7 (Streufert, 1999).



MAPPING METHODS AND

Era| Period Epoch Age (Ma)
TERMINOLOGY Holocene 00115
, , [ UL s
Field work in the Basalt quadrangle was o, | Quaternary IPleisto-fyr 3 o 0-126
conducted during the 1997 field season. Traverses 5 cene L/E 0.781
. - 1.81+£0.005
were made along all public roads and many of the N Pliocene
. . o Neogene , 5.33+0.005
private roads in the quadrangle. Numerous foot z|> Miocene 3.0+ 005
traverses were needed to access remote parts of ol2 Oligocene 33'9:0'1
the quadrangle. Aerial photography was used 2 |Paleogene| Eocene s 5' - 0'2
extensively during the project. Geologic informa- Paleocene B
. . . +
tion collected in the field was plotted on 1:24,000- Upper/Late 655+0.3
. Cretaceous 99.6+0.9
scale or larger-scale photography using a pocket Lower/Barly | ..., .0
stereoscope. Geologic information drawn on the : Upper/Late | ...5, 49
aerial photographs was transferred to a mylar JURESE Middle 175.6+2.0
base map using a Kern PG-2 plotter at the U.S. LowerBarly | 1596+ 0.6
Geological Survey’s photogrammetric facility in 2280+20
Denver. 2450+15
Grain-size terminology used herein for the 251.0+£04
. 0 08y . dpperate | 5504+07
sedimentary deposits follows the modified Went- Permian Middle 270.6;0.7
worth scale (Ingram, 1989). This classification Lower/Early 299'01 0'8
system describes pebbles, cobbles, and boulders 3065+ 1.0
as differing sizes of gravel. Terms used for sorting 3117 £1.1
are those of Folk and Ward (1957). Sedimentary 3180+ 13
clasts are defined in this study as rock fragments 3264+16
larger than 2 mm in diameter, whereas matrix 3453 +2.1
refers to surrounding material that is 2 mm or less 359.2£25
in diameter (sand, silt, and clay). In clast-supported 385.3+26
deposits, the majority of the material consists of 3975+27
clasts that are in point-to-point contact. In matrix- 416028
. 4229+25
supported deposits most clasts are separated by 4437515
or embedded in matrix. Upperilate | , "o 1 ¢
The divisions of geologic time and the age esti- Ordovician|  Middle 4718+ 16
mates of their boundaries are shown in Figure 2. Lower/Barly | 005,17
Upperitate | ;1.0
Cambrian Middle £13.04 2.0
Lower/Early DO
542.0+1.0
Neoproterozoic 1.000
Proterozoic [Mesoproterozoic 1I6OO
Paleoproterozoic 2'500
Neoarchean 2,800
Archean [Mesoarchean 3,200
Paleoarchean 3600
Eoarchean 4,000 _

U.S. Geological Survey Geologic Names Committee, 2007,
Divisions of geologic time - major chronostratigraphic and
geochronologic units: U. S. Geological Survey Fact 2007-3015,

March 2007.

Pleistocene internal ages from International Commision on
Stratigraphy, 2007, International stratigraphic chart: down-
loaded December 2007 from www.stratigraphy.org/cheu.pdf

Figure 2. Geologic time chart.



DESCRIPTION OF MAP UNITS

SURFICIAL DEPOSITS

The surficial map units are classified by genesis
and relative age. Surficial units shown on the map
are generally more than about 5 ft thick, although
some surficial deposits associated with distinct
landforms may locally be thinner than 5 ft.
Residuum and artificial fills of limited extent were
not mapped. Contacts between many surficial
units may be gradational and therefore should be
considered as approximate boundaries. Age
assignments for surficial deposits are based
primarily upon the degree of erosional modifica-
tion of original surface morphology, height above
modern streams, stratigraphy, and the relative
degree of clast weathering and soil development.
Correlation of some terraces and interpretations of
their ages are hindered by deformation related to
underlying evaporitic bedrock and surficial
deposits, altering their relative heights above
modern streams.

HUMAN-MADE DEPOSITS—Materials placed
by humans

Artificial fill (latest Holocene)—Composed
mostly of unsorted silt, sand, and rock frag-
ments deposited during construction projects.
Maximum thickness is 40 ft.

af

ALLUVIAL DEPOSITS—Composed mostly of
silt, sand, and gravel deposited in stream chan-
nels, flood plains, glacial outwash terraces and
sheetwash areas along the Crystal River and its
tributaries.

Stream-channel, flood-plain, and low-terrace
deposits (Holocene and late Pleistocene)—
Includes modern stream channel deposits of
the Crystal River, adjacent flood-plain
deposits, and low terrace alluvium that is as
much as 10 ft above modern stream level.
Mostly clast-supported, silty, sandy, occasion-
ally bouldery, pebble and cobble gravel in a
sandy silt matrix locally interbedded with
and commonly overlain by sandy silt and

Qa

Qsw

Qty

silty sand. Unit Qa is poorly to moderately
well sorted and is moderately well to well
bedded. Clasts are well rounded to subangu-
lar. Deposits in the Crystal River Valley
contain clasts of Tertiary hypabyssal rocks
and Paleozoic and Mesozoic sedimentary
rocks. Unit may locally include organic-rich
deposits. It may interfinger with younger
debris-flow deposits (unit Qdfy) where the
distal ends of fans extend into modern river
channels. Maximum thickness is difficult to
estimate owing to active sinkhole develop-
ment in the area caused by dissolution and
flowage of evaporitic bedrock below the Crys-
tal River Valley.

Sheetwash deposits (Holocene and late
Pleistocene)—Includes deposits locally
derived from weathered bedrock and surficial
materials which are transported predomi-
nantly by sheetwash and deposited in valleys
of ephemeral and intermittent streams, on
gentle slopes, or in basinal areas. Sheetwash
deposits typically consist of pebbly, silty sand
and sandy and clayey silt. Maximum thick-
ness is about 25 ft.

Younger terrace alluvium (late Pleistocene)—
Chiefly stream alluvium underlying terraces
in the Crystal River Valley that range from 10
to 45 ft above modern stream level. Unit is
mostly poorly sorted, clast-supported, occa-
sionally bouldery, pebble and cobble gravel in
a sand and silt matrix, but unit may include
fine-grained overbank deposits. Clasts are
mainly subrounded to rounded and are
comprised chiefly of several types of middle
Tertiary and younger hypabyssal rocks and
Paleozoic and Mesozoic rocks, some of which
are metamorphosed. These clasts are repre-
sentative of rock types found in the drainage
basin of the Crystal River. Clasts are generally
unweathered or only slightly weathered. Unit
correlates with younger terrace alluvium (unit
Qty) of Kirkham and Widmann (2008) and
may correlate with terrace T7 of Piety (1981),
with terrace A of Bryant (1979), or with
terrace gravel “a” (unit Qga) of Freeman
(1972). Younger terrace alluvium was proba-



Qtm

Qto

bly deposited late during the late Pleistocene
Pinedale glaciation. Thickness averages 30 to
40 ft, although thicknesses may be greater in
areas affected by salt-related subsidence.

Intermediate terrace alluvium (late Pleis-
tocene)—Composed of stream alluvium in
terraces 80 to 120 ft above the Crystal River.
The unit consists of poorly sorted, clast-
supported, occasionally bouldery, pebble and
cobble gravel in a sand and silt matrix. Fine-
grained overbank deposits may be locally
present. Clasts are mainly subrounded to
rounded and are comprised chiefly of several
types of middle Tertiary and younger
hypabyssal rocks and Paleozoic and Mesozoic
rocks, some of which are metamorphosed.
These clasts are representative of rock types
found in the drainage basin of the Crystal
River. Clasts generally are only slightly
weathered at shallow depths. These terraces
are frequently deformed by diapirism related
to upwelling of evaporitic rocks. Intermediate
terrace alluvium at the mouth of Avalanche
Creek directly overlies evaporitic bedrock and
is most likely deformed by diapiric move-
ment of evaporite. A terrace on the east side
of the Crystal River, south of the boundary
between Garfield and Pitkin Counties, has
been deformed and its surface now dips a few
degrees to the east and away from the river.
Thickness averages 80 ft. Thickness of unit
may have been affected by salt-related subsi-
dence. Unit Qtm correlates with intermediate
terrace alluvium (unit Qtm) of Kirkham and
Widmann (2008) and may correlate with
terrace T6 of Piety (1981), with terrace B of
Bryant (1979), or with terrace gravel “b” (unit
Qbg) of Freeman (1972). Intermediate terrace
alluvium was probably deposited early during
the late Pleistocene Pinedale glaciation.

Older terrace alluvium (late middle Pleis-
tocene)—Includes deposits of stream allu-
vium underlying terrace remnants that are
about 120 to 200 ft above the Crystal River.
The unit is generally a clast-supported cobble
or pebble gravel in a sand and silt matrix, but
may range to a matrix-supported gravelly
sand or silt. Locally it may contain fine-
grained overbank deposits. The unit consists
of poorly sorted, clast-supported, occasionally
bouldery, pebble and cobble gravel in a sand
and silt matrix. Clasts are mainly subrounded
to rounded and are comprised chiefly of
several types of middle Tertiary and younger

Qtt

hypabyssal rocks and Paleozoic and Mesozoic
rocks, some of which are metamorphosed.
These clasts are representative of rock types
found in the drainage basin of the Crystal
River. Clasts are slightly to moderately weath-
ered at shallow depths. Thickness of most
deposits ranges from 30 to 80 ft. The unit is
correlative with older terrace alluvium (unit
Qto) in the Carbondale quadrangle (Kirkham
and Widmann, 2008) and in the Basalt quad-
rangle (Streufert, Widmann, and Kirkham,
2008), and it may correlate with terrace C in
the Aspen area (Bryant, 1979) or with terrace
gravel “c” (unit Qgc) in the Woody Creek
quadrangle (Freeman, 1972). These sediments
probably were deposited during the late
middle Pleistocene Bull Lake glaciation (Fig.
2). A dot pattern is used on the geologic map
to depict areas where thin veneers of gravel
that probably are age equivalent to unit Qto
mantle Tertiary sediments (unit Ts). These
veneers are widespread near Prince Creek. In
the original CGS geologic map of the quad-
rangle (Streufert, 1999), both the mantle of
middle Pleistocene deposits and underlying
Tertiary sediments were mapped as unit Qto.
In this publication these areas are mapped as
unit Ts with a pattern to indicate the thin
veneer of younger alluvium.

Oldest terrace alluvium (middle and early?
Pleistocene)—Consists of stream alluvium
underlying terraces that are about 400 to 600
ft above and on the west side of the Crystal
River. The unit underlies two terrace
remnants in sections 28, 33, and 34, T. 8 S., R.
88 W., south of the mouth of Thompson
Creek. The deposit consists of poorly sorted
to moderately well-sorted, clast-supported,
slightly bouldery, cobble and pebble gravel
with a sand matrix that locally contains lenses
and beds of sandy silt and silty sand. Clasts
are moderately to strongly weathered even at
moderate depths. Clast lithologies are
predominantly Tertiary hypabyssal rocks,
including material from the Mount Sopris
pluton and from various other Tertiary
plutons, laccoliths, and stocks in the Elk and
West Elk Mountains, with minor Paleozoic
and Mesozoic sedimentary clasts, most of
which are metamorphosed. These deposits
typically are 20 to 50 ft thick. Thin veneers of
gravel that probably are age equivalent to
unit Qtt mantle Tertiary sediments (unit Ts) in
a large part of the northwest corner of the
quadrangle. In the original CGS geologic map



of the quadrangle (Streufert, 1999), both the
mantle of middle and early? Pleistocene
deposits and underlying Tertiary sediments
were mapped as unit Qtt. In this publication
these areas are mapped as unit Ts but have a
pattern that indicates the thin veneer of
younger alluvium.

TERRACE ALLUVIUM OF THOMPSON CREEK

Qot,

Qot,

Younger terrace alluvium of Capital Creek
(Iate Pleistocene)—Chiefly stream alluvium
underlying terraces from about 80 to 160 ft
above Thompson Creek. The unit consists
mostly of poorly sorted, clast-supported,
bouldery, pebble and cobble gravel with a
sand and silty sand matrix. Fine-grained over-
bank deposits are locally present. Clasts are
well rounded to subangular and are
comprised predominantly of basalt and Meso-
zoic sedimentary rocks. In places these
deposits consist of over 50 percent rounded to
well rounded, cobble- and boulder-sized
clasts of vesicular basalt. These clasts likely
were derived from basalt-rich surficial
deposits or from Miocene lava flows that
formerly existed west of the quadrangle.
Clasts are slightly to moderately weathered.
Maximum thickness is about 50 ft. The unit
may correlate in part with older terrace allu-
vium (unit Qto) mapped along the Crystal
River and its tributaries but is in part some-
what older.

Older terrace alluvium of Thompson Creek
(middle Pleistocene)—Composed of stream
alluvium underlying terraces about 320 to 400
ft above Thompson Creek. Similar in texture,
sorting, lithology, and genesis to younger
terrace alluvium of Thompson Creek (unit
Qgty), except clasts are moderately weath-
ered. Maximum thickness is about 40 ft. Unit
may be similar in age to the gravel of Nettle
Creek (unit Qgn) and other older debris-flow
deposits (unit Qdfo) in the quadrangle.

MASS-WASTING DEPOSITS—Sediments on
valley sides, valley floors, and hillslopes that
were mobilized, transported, and deposited

primarily by gravity.
Q Colluvium (Holocene and late Pleistocene)—
c
Ranges from unsorted, clast-supported,

pebble to boulder gravel in a sandy silt matrix
to matrix-supported gravelly, clayey, sandy
silt. Colluvium is derived from weathered

Qt

Qls

bedrock and surficial deposits and is trans-
ported downslope primarily by gravity but
aided by sheetwash. Locally it grades to
sheetwash deposits on flatter slopes and to
debris-flow deposits in some drainages.
Deposits are usually coarser grained in upper
reaches of a colluvial slope and finer grained
in distal areas where sheetwash processes are
more prevalent. Clasts typically are angular to
subangular, except in those colluvial deposits
that are derived from fluvial gravel deposits,
in which case the clasts are rounded to
subrounded. Colluvium commonly is unsorted
or poorly sorted with weak or no stratifica-
tion. Clast lithology is variable and dependent
upon types of bedrock or surficial deposits
occurring on slopes beneath and above the
deposit. Locally the unit includes talus, land-
slides, sheetwash, and debris flows that are
too small or too indistinct on aerial photogra-
phy to be mapped separately. Unit Qc grades
to and interfingers with alluvium and collu-
vium (unit Qac), colluvium and sheetwash
(unit Qcs), younger debris-flow deposits (unit
Qdfy), and sheetwash deposits (unit Qsw)
along some tributary drainages and hillslopes.
Maximum thickness is about 40 to 60 ft.

Talus (Holocene and late Pleistocene)—
Angular, cobbly, and bouldery rubble derived
from outcrops of granodiorite of Mount
Sopris and metamorphosed sediments of the
Eagle Valley Formation that was transported
downslope principally by gravity as rockfalls,
rockslides, and rock topples. Unit commonly
lacks matrix material. Talus deposition is
active and widespread on the north and
northwest sides of Mount Sopris, especially in
the steep glacial cirques. Talus deposits may
also accumulate at the toe of younger rock
glaciers, such as those 7,000 to 7,500 ft north-
northwest of the west summit of Mount
Sopris. Thickness of unit generally increases
downslope from source areas and typically is
a maximum of about 50 ft thick. Talus
deposits in the cirques of Mount Sopris may
be somewhat thicker in low-relief areas adja-
cent to transverse ridges of younger rock
glaciers. Talus deposits locally contain
periglacial features that may be transitional
into younger rock glaciers (unit Qrg,).

Landslide deposits (Holocene and Pleis-
tocene)—Highly variable deposits consisting
of unsorted, unstratified rock debris, gravel,
sand, silt, and clay. They range in age from



Qco

recently active landslides to long-inactive
middle or early Pleistocene landslides. Unit
includes rotational and translational land-
slides, complex slump-earthflows, earthflows,
and extensive slope-failure complexes. Land-
slides are common and of considerable areal
extent in the northeast part of the quadrangle
in areas where relatively thick and mostly
unconsolidated deposits of glacial till (unit
Qti), and Tertiary sedimentary deposits (unit
Ts), underlie the ground surface. Some of the
isolated hills mapped as Tertiary sediments
(unit Ts) in this area may be eroded remnants
of landslide deposits. Landslide deposits also
exist on the south face of Mount Sopris. These
landslides occur in older colluvium (unit Qco),
talus (unit Qt), and felsenmeer (unit Qf).
Maximum thickness of landslide deposits is
about 200 ft, but usually it is less than 100 ft
thick.

Older colluvium (Pleistocene)—Occurs on
drainage divides, ridge lines, and dissected
hillslopes as erosional remnants of formerly
more extensive deposits that were transported
by gravity and aided by sheetwash. Unit
occurs in a north-south-trending zone below
the steep exposed west and northwest
margins of the Mount Sopris stock. In this
area the Crystal River Valley has a vertical
relief of over 6,300 ft in about 2.6 miles,
including steep slopes (30 to 45 degrees) of
exposed granodiorite that often have over
4,000 ft of relief from base to top. Unit
consists predominantly of material derived
from the Pennsylvanian Eagle Valley Forma-
tion, with lesser amounts of granodiorite of
Mount Sopris. Genesis, texture and bedding
are somewhat similiar to colluvium (unit Qc),
although these deposits most likely include
significant rock-topple events and are very
clast-rich. Unit locally contains relatively large
blocks of intact rock, some of which are as
much as 12 ft in length. These deposits are
interpreted as resulting from large-scale shed-
ding of metamorphosed clastic rocks from the
steep-walled margin of the Mount Sopris
pluton, possibly in response to subsidence
and/or collapse related to dissolution of
evaporitic bedrock. Maximum thickness may
exceed 100 ft

ALLUVIAL AND MASS-WASTING DEPOSITS—
These deposits include alluvial and mass-wasting
material that is mapped as a single unit because

(1) they are juxtaposed and are too small to show
individually, or (2) they have contacts that are not
clearly defined. Fan deposits are classified as
mixed alluvial and mass-wasting deposits
because in addition to alluvium, they also include
significant volumes of debris-flow deposits,
which are generally considered to be a form of
mass wasting (e.g. Cruden and Varnes, 1996;
Hungr and others, 2001).

Qdfy

Qac

Younger debris-flow deposits (Holocene)—
Sediments deposited by debris flows, hyper-
concentrated flows, streams, and sheetwash
on active fans and in stream channels. The
unit ranges from poorly sorted to moderately
well-sorted, matrix-supported, gravelly,
sandy, clayey silt to clast-supported, pebble
and cobble gravel in a sandy, clayey silt or
silty sand matrix. It may be bouldery, particu-
larly near fan heads. Distal parts of some fans
are characterized by mudflow and sheetwash
and tend to be finer grained. Younger debris-
flow deposits are locally interfingered or
interbedded with modern alluvium (unit Qa)
adjacent to stream channels. Younger debris-
fan deposits derived from redbeds and evap-
oritic clastic sequences of the Pennsylvanian
Maroon and Eagle Valley Formations occur at
most tributary mouths along the Crystal River
in the southern half of the quadrangle. In the
northern half of the quadrangle deposits of
younger debris flows commonly are derived
from thick unconsolidated deposits, including
Tertiary sediments (unit Ts), Pleistocene
terrace deposits (units Qtm, Qto, Qtt), and
landslide deposits (unit QIs). On the west side
of the Crystal River large, coalescing debris
fans extend well out from the valley wall and
cover large areas of younger terrace alluvium
(unit Qty). These large debris-fan complexes
are derived from thick deposits of oldest
terrace alluvium (unit Qtt). The original depo-
sitional surfaces formed on the unit are
usually preserved, except where they are
disturbed by human activities. Debris-flow
bridges were built in numerous drainage
gullies along the Sweet Jessup water ditch in
sections 15 and 22, T. 8 S., R 88 W. to carry the
frequently occurring debris-flow events over
and beyond this irrigation ditch. Maximum
thickness of unit is about 75 ft.

Alluvium and colluvium, undivided
(Holocene and late Pleistocene)—Unit Qac
consists chiefly of stream-channel, low-
terrace, and flood-plain deposits along the
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Qdfm

Qdfo

valley floors of ephemeral, intermittent, and
small perennial streams, colluvium and sheet-
wash on valley sides, and outwash in valleys
that were glaciated. Deposits of alluvium and
colluvium probably interfinger along valley
margins. Locally unit Qac includes younger
debris-flow deposits, or it may grade to
debris-flow deposits in some drainages. The
alluvial and outwash components typically

Qaco

are composed of poorly sorted to well-sorted,

stratified, interbedded, pebbly sand, sandy
cobble gravel, and sandy silt, whereas the
colluvial component usually is unsorted,
unstratified or poorly stratified, clayey, silty
sand, bouldery sand, and sandy silt. Clast
lithologies are dependent upon type of
bedrock and surficial deposits in source areas.
Thickness of unit Qac is commonly 5 to 20 ft,

and its maximum thickness is about 40 ft. Qgn

Colluvium and sheetwash deposits, undi-
vided (Holocene and late Pleistocene)—Unit
Qcs is composed of colluvium on steeper
slopes and sheetwash deposits on flatter
slopes. This undivided unit is mapped where
contacts between the two types of deposits
are very gradational and difficult to locate.
Refer to unit descriptions for colluvium (unit
Qc) and sheetwash deposits (unit Qsw) for
genetic, textural, and lithologic characteristics.

Intermediate debris-flow deposits
(Holocene? and late Pleistocene)—Similiar in
texture, lithology, and depositional environ-
ment to younger debris-flow deposits (unit
Qdfy). The geomorphic features of the original
depositional surfaces are commonly recogniz-
able, but ative channels are incised 10 ft or
more into intermediate debris-flow deposits.
Maximum thickness of unit Qdfm is about 60
to 80 ft.

Older debris-flow deposits (late and
middle? Pleistocene)—Three disconnected
remnants of older debris-flow deposits were
once part of large debris fan north of Mount
Sopris. Modern Prince Creek and Thomas
Creek have incised 40 to 120 ft into these
deposits. Where exposed, the unit is a dark-
gray to black, gravelly, sandy, clayey silt with
scattered cobbles, occasional boulders of
Mount Sopris granodiorite and minor pebble-
sized sandstone fragments of Mancos Shale.
These large fan remnants are frequently
covered with a thin veneer of sheetwash
rendering inspection difficult in most places.
These deposits are located between morainal

deposits (unit Qm) of probable Pinedale age
to the south and Tertiary sedimentary
deposits to the north. Unit Qdfo may in part
correlate with the gravel of Nettle Creek (unit
Qgn), which occurs in a somewhat similar
geomorphic setting. Clasts are moderately to
highly weathered. Thickness exceeds 200 ft in
places.

Older alluvium and colluvium, undivided
(late and middle? Pleistocene)—Includes
deposits of alluvium and colluvium ranging
from about 10 to 100 ft above and adjacent to
perennial, intermittent, and ephemeral
streams. Texture, bedding, clast lithology,
sorting, and genesis are similiar to alluvium
and colluvium (unit Qac). Unit Qaco locally
includes debris-flow and sheetwash deposits.

Gravel of Nettle Creek (middle ? Pleis-
tocene)—Consists of a single deposit south of
Nettle Creek. The unit is poorly sorted, matrix-
supported, occasionally bouldery, pebble and
cobble gravel in a sandy, clayey silt, or silty
sand matrix. It locally includes lenses of
moderately well-sorted, gravelly, sandy, clayey
silt that is both matrix- and clast-supported.
Clasts are angular to subangular and consist of
granodiorite of Mount Sopris, with subordi-
nate amounts of Paleozoic and Mesozoic sedi-
mentary rocks. Clasts are moderately to very
highly weathered. Unit Qgn overlies Pennsyl-
vanian and Permian redbeds of the Maroon
Formation and is partially overlain at the
eastern edge of its exposure by morainal
deposits (unit Qm) and older rock glacier
deposits (unit Qrgs). The unit forms a bench-
like, gently sloping surface that is covered with
up to 4 ft of sheetwash. Nettle Creek is incised
as much as 50 ft into this deposit. Maximum
thickness of the deposit in the westernmost
exposure is about 80 ft. The unit is well
exposed along the private road above the
Carbondale water-intake and chlorination
plant. In this area the deposits resemble debris-
flow sediments. Unit Qgn may be genetically
similar to older debris- flow deposits (unit
Qdfo) in the large, dissected debris-fan
remnant north of Mount Sopris in upper
Thomas and Prince Creek drainages.

PERIGLACIAL DEPOSITS—Coarse rock debris
and minor sand, silt, and clay formed in cold
environments by the processes of freeze-thaw
action, nivation, and solifluction.
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Felsenmeer (Holocene and late Pleis-
tocene)—Felsenmeer extensively mantles
bedrock on the upper south slopes of Mount
Sopris above 9,000 ft. It consists of angular to
subangular boulders, cobbles, and pebbles in
a sandy matrix. Clasts are composed of the
immediately underlying rock units: the gran-
odiorite of Mount Sopris and quartzite and
hornfels of the Pennsylvanian Eagle Valley
Formation. Unit locally is deformed by down-
hill flowage (solifluction). Deposits are proba-
bly similar to concentrations of coarse rock
debris occurring on gently sloping surfaces on
the summit of the Park Range (Madole, 1991).
These deposits were interpreted as felsen-
meer, which is chiefly the product of congeli-
turbation (the mechanical weathering, and
differential mass-movement of rock debris by
frost action), and, in places, transport by
solifluction. The unit may locally include
nivation deposits consisting of sediments
derived from beneath and around the fluctu-
ating margins of snowbanks, chiefly by frost
action, melt-water transport, and solifluction.
These deposits may be similar to nivation
deposits found on gentle, high-level slopes
along the summit of the Park Range that were
not reoccupied by small glaciers during latest
Pleistocene and Holocene time (Madole,
1991).

ROCK-GLACIER DEPOSITS—Very coarse rock
debris and minor sand and silt transported and
deposited by active and inactive rock glaciers.

Qrg;

Younger rock-glacier deposits (Holocene and
late Pleistocene?)—Deposits of unit Qrg,
most likely consist of two layers of material.
The cores of these deposits probably are
mixtures of rock rubble and interstitial fine-
grained sediments in a matrix of ice or
permafrost. The outer layer consists of clast-
supported, matrix-free, angular to subangular,
predominantly boulder-sized rock fragments
of granodiorite of Mount Sopris and meta-
morphosed sediments of the Pennsylvanian
Eagle Valley Formation. Younger rock-glaciers
occur as lobate, tongue-like deposits emanat-
ing from the steep cirques on the north and
northwest sides of Mount Sopris. In some
cases the cores of these rock glaciers may
contain ice that is older than the rock material
transported on the surface (B. Bryant, written
commun., 1999). The coarse rock debris and
other sediments in younger rock glaciers

Qrg,

likely originated as talus and colluvium that
was mostly deposited by rockfall and rock-
topple events. Unit Qrgs may locally include
sediments derived from landslide and snow
avalanche events. In the heads of steep-
walled cirques on Mount Sopris, talus grades
into younger rock-glacier deposits. Younger
rock glaciers are currently active and down-
valley limits coincide with steep active fronts.
Younger rock glaciers have a ropy, lobate
surface morphology and have encroached on
or overridden older landforms. Talus cones
are locally developed along the active fronts.
The unit is very sparsely vegetated to unvege-
tated. The presence of interstitial ice gives
active rock glaciers an “inflated” appearance.
Unit Qrgy includes material mapped as both
latest Pleistocene (Pinedale) and Holocene
(Neoglacial) rock-glacier deposits (Birkeland,
1973; Meierding and Birkeland, 1980).

Absolute ages of Colorado rock glaciers
are problematic; however, a few radiocarbon
dates used in conjunction with relative dating
methods (Birkeland, 1973; Benedict, 1968,
1973; Miller, 1973; Carrara and Andrews,
1973) aid their age classification. Late Pleis-
tocene and early Holocene rock- glacier
deposits are recognized throughout the high
mountains of Colorado (Meierding and Birke-
land, 1980). Relative dating and stratigraphic
studies suggest that material in the lower half
of the rock glacier in the head of Thomas
Creek is Pinedale (late Pleistocene) in age
(Birkeland, 1973). This lower portion may also
contain rock-glacier deposits of early
Holocene age. In contrast, the upper half of
this rock glacier, including active source areas
in the upper cirque, contains material of
suspected Neoglacial age (Birkeland, 1973).
All of this material is actively moving down-
valley out of these steep cirques. Documented
rates of movement of active rock glaciers in
Colorado are scarce, but include 3.9 inches/yr
in the Front Range (White, 1971), 4.9 inches/yr
in the Sawatch Range (Miller, 1973), and as
much as 23.6 inches/yr in the Elk Mountains
(Bryant, 1971)

Older rock-glacier deposits (Holocene
and/or late Pleistocene)—Consists of angular
to subangular boulders and cobbles of gran-
odiorite of Mount Sopris and Pennsylvanian
Eagle Valley Formation in a matrix of
unsorted rock fragments, sand, silt, and clay.
Unit Qrgp is mostly clast-supported but may



locally be matrix-supported. Deposits are
genetically similar to younger rock glacier
deposits (unit Qrg1) but are inactive. The unit
displays a similar morphology to that of
younger rock glaciers (unit Qrg1), except that
their profiles appear more subdued. This may
be due to the absence of interstitial ice and/or
permafrost, which creates a “deflated”
appearance. Older rock-glacier deposits are
frequently covered with mature coniferous
vegetation where there is a matrix. They
underlie and generally extend outward past
the current terminus of younger rock glacier
deposits (unit Qrg1). Unit Qrgo appears to
overlie morainal deposits (unit Qm) in many
places; however, this contact is very poorly
exposed. The older rock-glacier deposit in the
SWofsec.7,T.9S., R. 87 W. overlies
morainal deposits (unit Qm) that are of
suspected Pinedale age. It is overlain by the
terminus of a younger rock glacier (unit
Qrg1), which is of proposed Pinedale age on
the basis of relative-dating and stratigraphic
criteria (Birkeland, 1973). This suggests that
the older, now inactive, rock-glacier deposit
(unit Qrgp) in this area represents a separate
and distinct episode of rock-glacier formation
subsequent to the Pinedale glaciation. Alter-
natively, the formation of rock glaciers may
have been continuous since the end of
Pinedale glaciation and that the older (unit
Qrgp) and younger (unit Qrg1) rock-glacier
deposits in this locality are gradational.

GLACIER DEPOSITS—Gravel, sand, silt, and
clay deposited in moraines by, adjacent to, or
beneath ice.

Qm

Morainal deposits, undivided (late and late
middle? Pleistocene)—Heterogeneous
deposits of gravel, sand, silt, and clay
deposited as ground, lateral, and end
moraines on the north and northeast sides of
Mount Sopris. Morainal deposits are domi-
nantly till, which consists of poorly sorted,
unstratified or poorly stratified, matrix-
supported, bouldery, pebble and cobble
gravel with a matrix of silty sand, but may
locally include glaciofluvial, debris-flow, and
landslide deposits. Clasts are typically angu-
lar to subrounded pieces of granodiorite of
Mount Sopris, with subordinate amounts of
Paleozoic sedimentary rocks. The large apron
of till that extends from the southeast corner
of the quadrangle to Thomas Lakes is charac-

terized by very hummocky knob and kettle
topography. On the surface of these deposits
boulders of Mount Sopris granodiorite are
numerous and are unweathered to slightly
weathered. Morphology and degree of weath-
ering of clasts suggests that most of unit Qm
was deposited during the late Pleistocene
Pinedale glaciation. The morainal deposits
were most likely deposited as disintegration
moraine (ablation till) as the Pinedale glacier
on the north-northeast side of Mount Sopris
wasted in place (R. Madole, oral commun.,
1998). The very hummocky landforms on
these deposits make them difficult to differen-
tiate from landslide deposits, particularly
since morainal deposits are prone to landslid-
ing. Deposits in section 11, the SE % of section
10, and the E ¥ of section 15, T. 9 S., R. 88 W.
underlie lateral moraines. In places these
deposits are steep sided, and have sharp
moraine crests. In other places the moraine
crests and slope profile is more subdued, or
less well developed, and clasts are unweath-
ered to moderately weathered. In these areas
the morainal deposits may include both late
middle Pleistocene Bull Lake till and late
Pleistocene Pinedale till. Maximum thickness
is estimated at 250 ft.

UNDIFFERENTIATED SURFICIAL DEPOSITS—

Q

Ts
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Surficial deposits, undifferentiated (Quater-
nary)—Shown only on cross sections. May
include any of the preceding surficial
deposits.

BEDROCK

Sedimentary deposits (Miocene)—Consists
of very weakly indurated to unconsolidated
deposits of interbedded fluvial gravel, sand,
and silt. Unit Ts includes pebble, cobble, and
locally bouldery, clast-supported, unsorted to
well- bedded, sandy gravel. Clasts are sub-
rounded to well rounded and are composed
of various rock types depending on location.
Near Mount Sopris the deposits contain high
percentages of clasts of middle Tertiary
hypabyssal rock, whereas deposits located
closer to the Roaring Fork River Valley are
rich in Proterozoic plutonic clasts. This
suggests that the Crystal River, Roaring Fork
River, and ancestral Thomas and Prince
Creeks all contributed sediment to this unit.
All deposits contain minor amounts of basalt
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clasts. Unit Ts occurs in northeast portion of
quadrangle where it underlies topographic
highs. In outcrop these fluvial deposits are a
minimum of about 1,500 ft thick. Perry and
others (2002) reported a thickness of 3,700 ft
on the basis of an interpreted seismic line.
The Tertiary sediments apparently were
deposited in and adjacent to a large and
steadily subsiding topographic depression
called Sopris Bowl that probably was related
to dissolution or flowage of evaporitic
bedrock. Apparently no evaporite still
remains beneath the Tertiary sediments (Perry
and others, 2002). This unusually thick
deposit of Tertiary sediment now underlies
topographically elevated ground and is an
example of inverse topography. This unit and
the large subsidence depression in which
much of it was deposited are related to the
Carbondale Collapse Center described by
Kirkham and others (2002). Tertiary sedi-
ments in the Mount Sopris quadrangle are
continuous with deposits mapped to the east
in the Basalt quadrangle (Streufert, Widmann,
and Kirkham, 2008) that overlie, and hence
are younger than, ash-flow tuff that has an
40Ar/39Ar age of 35.21 + 0.03 Ma (Kunk and
others, 2002). A basalt flow that is interbed-
ded with these sediments in the Basalt quad-
rangle yielded an 40Ar/37Ar age of 13.57 +
0.05 Ma (Kunk and others, 2002).

Granodiorite of Mount Sopris (Eocene)—
The main body of the Mount Sopris stock is
predominantly granodiorite, but the composi-
tion may range locally from monzodiorite to
tonalite. Accessory minerals in the stock are
biotite, magnetite, zircon, apatite, and sphene.
The granitoid body (Bulldog stock) located
beneath and south of Avalanche Creek, is
mineralogically similar but has been affected
by argillic, and possibly localized propylitic
alteration. Texturally the Mount Sopris stock
lacks distinct flow foliation, ranges from
equigranular to prophyritic, and is medium to
fine grained.

The granodiorite of Mount Sopris
contains subhedral to anhedral phenocrysts of
plagioclase and quartz in a fine-grained to
cryptocrystalline, hypidiomorphic ground-
mass of plagioclase, quartz, and minor potas-
sium feldspar. Plagioclase phenocrysts are
both continuously and discontinuously
zoned. Some plagioclase phenocrysts have a
poikilitic texture enclosing quartz crystals,
and locally contain embayments of fine-
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grained and/or microcrystalline groundmass.
The lower and middle exposed portions of
the Mount Sopris stock range from
porphyritic to equigranular, and contain
medium-grained, euhedral to anhedral
phenocrysts of plagioclase, quartz, and biotite
in a fine-grained groundmass of plagioclase,
quartz, and subordinate potassium feldspar.
On the east ridge and on both the east and
west summits the granodiorite of Mount
Sopris is porphyritic, fine-grained, and
contains phenocrysts of zoned plagioclase
and quartz in a cryptocrystalline groundmass,
and locally contains spherulites. The
spherulites are composed of fine-grained
crystals of plagioclase and quartz in a micro-
crystalline groundmass.

The Bulldog stock, located along the
south edge of the quadrangle and to the south
of Avalanche Creek, is equigranular and
contains euhedral to subhedral crystals of
zoned plagioclase and quartz with accessory
biotite. These rocks have been subjected to a
fairly pervasive argillic alteration character-
ized by replacement of feldspar phenocrysts
by clay minerals and alteration of biotite to
chlorite. A thin section prepared from sample
MSR-25 contains interstitial carbonate and
possibly pyrite indicating that propylitic alter-
ation may have occurred locally. Pillmore
(1954) and Pilkington (1954) suggest that the
Bulldog stock, and other granitoids peripheral
to the main body of the Mount Sopris intru-
sive, may represent the first of two episodes of
emplacement. Early consolidation in the
Mount Sopris magma chamber may have
produced a tonalitic border zone that was later
intruded and cut by the main, further- differ-
entiated, granodioritic body of Mount Sopris.
In the NE % of section 28, T.9 S., R. 88 W.
sediments of Eagle Valley and Maroon
Formations have been deflected to the north-
west by the intrusion of the Bulldog stock,
and later partially cut by the intrusion of the
main Mount Sopris stock. This suggests that
the Bulldog stock is most likely older than the
main body of the Mount Sopris stock. The
Pennsylvanian/Permian sediments that are
cradled in the contact between the two intru-
sives are metamorphosed to alabaster, horn-
fels, and marble.

The Mount Sopris stock was intruded to
a high crustal level into a thick section of
Paleozoic and Mesozoic sedimentary rocks.
On its east and southeast sides it has concor-



dantly upwarped and metamorphosed sedi-
ments of the late Paleozoic Eagle Valley and
Maroon Formations. On the east ridge of

Mount Sopris a sequence of hornfels-grade Km

contact metamorphic rocks is well-exposed in
a large roof pendant. These rocks are locally
brecciated (intrusion breccia). The contact
metamorphic aureole on Mount Sopris dimin-
ishes rapidly outward from the stock and is
probably at a maximum 300 ft thick. Mineral-
ogy within the aureole is typical of that found
in medium- to high-grade (hornfels facies,
pyroxene hornfels subfacies) zones located
near the inner edge of contact metamorphism
caused by the intrusion of batholiths into
clayey carbonate sequences. The mineralogy,
texture of metamorphic rocks, and the narrow
width of the zone of contact metamorphism
indicate a relatively dry intrusive event with-
out appreciable exchange of volatile elements
between the stock and intruded country rock.
The thin zone of contact metamorphism is
probably also a function of the relatively shal-
low depth of emplacement and rapid cooling
of the Mount Sopris magma chamber (B.
Bryant, written commun., 1999). The stock is
discordant on its west side where it was

intruded into complexly folded redbeds of the Kdb
Pennsylvanian/Permian Maroon Formation

that were most likely previously deformed by
development of the Laramide Grand Hogback
Monocline. Structure associated with the
Mount Sopris stock on its north side may
have been modified by Neogene collapse
associated with formation of the Carbondale
collapse area.

Previously published ages of the Mount
Sopris stock include a K/Ar age of 34.2 + 0.8
Ma on biotite and a fission-track date of 34.3
+ 4.1 Ma on zircon (Cunningham and others,
1994). A sample of the stock (MSR-24) was
analyzed using the furnace incremental heat-
ing 40Ar/3Ar method (Esser and McIntosh,
1999). Biotite extracted from the sample
yielded a hump-shaped age spectrum that
failed to meet plateau requirements. The inte-
grated age for the biotite was 34.74 = 0.19 Ma,
which probably records the time of cooling of
the granodiorite through 350°C. Potassium
feldspar separated from the sample yielded a
plateau age of 31.14 + 0.22 Ma for heating
steps B-G, but the radiogenic yields did not

rise above 66 percent and averaged only Jm

about 30 percent. The unusually low radi-
ogenic yields and low K/Ca ratios from the
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feldspar probably indicate that significant
alteration affects that age.

Mancos Shale (Upper Cretaceous)—Predom-
inantly medium- to dark-gray, carbonaceous,
silty to sandy shale with minor bentonite
beds, dark-gray limestone, and medium-gray;,
grayish-yellow-weathering, clayey sandstone.
Unit Km may include the Fort Hays Lime-
stone Member (unit Kmf of Freeman, 1972), a
dark-gray, thickly bedded limestone that
occurs about 300 ft above the base, and upper
and lower sandstone members (units Kms &
Kmsl of Freeman, 1972) mapped in the
Woody Creek quadrangle to the east. The
main body of the Mancos Shale is medium- to
dark-gray, marine shale. Isolated outcrops of
the unit occur north and northeast of Mount
Sopris but are mostly covered by surficial
deposits. The formation is highly faulted and
broken and probably has been displaced
vertically or tilted north into the Carbondale
Collapse Center. Slopes underlain by Mancos
Shale are frequently mantled with landslides.
Total thickness of the Mancos Shale in the
Woody Creek quadrangle to the east is 5,200
ft (Freeman, 1972).

Dakota Sandstone and Burro Canyon Forma-
tion, undivided (Lower Cretaceous)—Dakota
Sandstone consists of light-gray to tan,
medium- to coarse-grained, moderately well-
sorted quartz sandstone and conglomeratic
sandstone in well-cemented, thick beds. The
formation also contains beds of shale,
carbonaceous shale, and coal. The underlying
Burro Canyon Formation consists of greenish-
gray claystone and yellowish-gray, medium-
grained sandstone with lenses of green and
red chert, and quartz pebbles. Sandstones of
unit are very well indurated and generally
form prominent outcrops. Freeman (1972)
reported thicknesses for the Dakota Sand-
stone and Burro Canyon Formation as 200 ft
and 225 ft, respectively, in the Woody Creek
quadrangle to the east. Thickness of the
combined unit in the Basalt quadrangle is 200
to 250 ft (Streufert, Widmann, and Kirkham,
2008). The best exposure of the unit is on the
ridge north of Potato Bill Creek in sections 34
and 35, T. 8 S., R. 88 W. The Dakota Sandstone
is conformable with the overlying Mancos
Shale.

Morrison Formation (Upper Jurassic)—The
Morrison Formation consists of pale-green,
greenish-gray, and maroon variegated silt-
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stone and claystone, buff to pale-yellowish-
gray sandstone, and gray limestone. Sand-
stones are common in the lower half of the
unit and may be equivalent to the Salt Wash
Member in nearby areas. Thickness is variable
but averages about 300 to 350 ft. The best
exposure of the Morrison Formation is on the
ridge north of Potato Bill Creek in sections 34
and 35, T. 8 S., R. 88 W. Contact with the over-
lying Dakota Sandstone and Burro Canyon
Formation is sharp and unconformable.

Entrada Sandstone (Upper Jurassic)—
Composed of tan to white, medium- to fine-
grained, well-sorted, poorly indurated, cross-
bedded sandstone. Sand grains are mostly
rounded to subrounded quartz grains. Thick-
ness is about 40 to 60 ft. Exposure is generally
poor due to the weakly cemented nature of
the unit; however, it is well exposed on the
ridge north of Potato Bill Creek in sections 34
and 35, T. 8 S., R. 88 W. Contact with overly-
ing Morrison Formation is sharp and
conformable.

Morrison Formation and Entrada Sandstone,
undivided (Upper Jurassic)—Includes the
Morrison Formation and Entrada Sandstone
where poor exposures preclude mapping the
formations separately.

Maroon Formation (Lower Permian and
Upper Pennsylvanian)—Pale-red to pinkish-
red, and grayish-red arkosic sandstone,
conglomerate, siltstone, and mudstone, with
shale and minor, thin beds of gray limestone
comprise the Maroon Formation. All clastic
rock types contain detrital mica. Sandstones
are coarse to fine grained, moderately to
poorly sorted, and contain sand grains that
are generally angular to subangular. The
formation crops out extensively in the western
portion of the quadrangle, both in the Crystal
River Valley and on ridges above Assignation
and Camp Foster Creeks. The upper portion
of the formation is well exposed on the ridge
north of Potato Bill Creek in sections 34 and
35,T.88S., R. 88 W. The Triassic Chinle Forma-
tion and Permian/ Triassic State Bridge
Formation are not identified in this exposure.
The contact with the Entrada Sandstone is
sharp and unconformable. Thickness of the
unit in adjacent quadrangles to the north is
3,000 to 5,000 ft (Kirkham and others, 1996).
Formation thickness in this quadrangle is
difficult to assess because of structural
complexities and limited exposure.
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Eagle Valley Formation (Middle Pennsylvan-
ian)—Consists of interbedded reddish-brown,
gray, reddish-gray, and tan siltstone, brown-
ish-tan, fine- to coarse-grained, gypsiferous
sandstone, gypsum, and carbonate rocks.
Immediately adjacent to the Mount Sopris
pluton these rocks have been contact meta-
morphosed to hornfels, quartzite, alabaster,
and marble. The Eagle Valley Formation
represents a stratigraphic interval in which
the redbeds of the Maroon Formation grade
into and intertongue with the predominantly
evaporitic rocks of the Eagle Valley Evaporite.
It includes rock types of both formations. The
formation ranges from 500 to 3,000 ft thick to
the north in the Carbondale quadrangle
(Kirkham and Widmann, 2008), and it is less
than 500 ft thick in the Basalt quadrangle
(Streufert, Widmann, and Kirkham, 2008).
Thickness of unit in the Mount Sopris quad-
rangle is variable but probably averages
about 1,000 ft. The Eagle Valley Formation is
conformable and intertongues with the over-
lying Maroon Formation and underlying
Eagle Valley Evaporite. The contact with the
Maroon Formation is placed at the top of the
uppermost evaporite bed or light-colored
clastic bed below the predominantly redbed
sequence of the Maroon Formation.

In the Crystal River Valley the Eagle
Valley Formation is frequently deformed by
diapirism and flowage of evaporite. This is
caused both by movement of intraformational
evaporite and by diapirism from underlying
beds of the Eagle Valley Evaporite. The
formation is highly deformed in the core of
the Elk Mountain Anticline on the south side
of Perham Creek in the N % SW % NE % of
section 20, T. 9 S., R. 88 W. This anticline may
have been modified by salt tectonism after its
formation.

The Eagle Valley Formation caps the
east slopes of Mount Sopris in the southeast
corner of the quadrangle. In this area the
strata were concordantly deformed and
contact metamorphosed by the intrusion of
the granodiorite of Mount Sopris. This thin
wedge of metamorphosed sedimentary rocks
caps the east summit of the peak where all
but the basal 40 ft of the formation have been
removed by erosion. These sediments form a
south-southeast dipping surface on the south-
east and south sides of Mount Sopris. The
contact zone between the Eagle Valley Forma-
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tion and the granodiorite of Mount Sopris is
well exposed on the east ridge of Mount
Sopris in the NW % of section 19, T.9 S., R. 87
W. In this 1-mile-long exposure, the contact
varies from sharp, with massive granodiorite
immediately overlain by hornfels, quartzite,
and marble, to a 10-ft-wide zone of breccia-
tion in which granodiorite and contact meta-
morphosed rocks are complexly intermixed.
Argillaceous beds in the Eagle Valley Forma-
tion have been metamorphosed to green to
greenish-gray and white, banded and lami-
nated to massive, diopside hornfels, all with a
granoblastic texture. The diopside hornfels
beds originally were probably dolomitic
shale, siltstone, and fine-grained sandstone.
Limestone beds in the contact metamorphic
aureole have been altered to reddish-brown,
dull-green, and white, massive, coarse- to
medium-grained marble. Sandstone beds
have been metamorphosed to granular,
coarse-grained quartzites that locally contain
blebs of magnetite. Brecciated zones are
mineralogically similar to unbrecciated zones.
A roof pendant of Eagle Valley Formation
occurring 1,700 ft north of the west summit of
Mount Sopris is a remnant of a magnetite
skarn deposit formed in the zone of contact
metamorphism (C. Pillmore, personal
commun., 1998). The presence of this remnant
magnetite skarn deposit, and magnetite-bear-
ing quartzites, indicates that the intrusion of
the granodiorite of Mount Sopris may have
locally involved the exchange of volatile
elements between the stock and the surround-
ing country rock.

Near the mouth of Avalanche Creek,
beds of quartzite, marble, and alabaster,
occurring in wedge of contact-metamor-
phosed Eagle Valley Formation, and Eagle
Valley Evaporite are included in the mineable
reserves of the Avalanche Creek Mine (see
Economic Geology section).

Eagle Valley Evaporite (Middle Pennsylvan-
ian)—The Eagle Valley Evaporite consists of a
sequence of evaporitic rocks composed of
massive to laminated gypsum, anhydrite,
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halite, and beds of light-colored mudstone
and fine-grained sandstone, thin limestone,
and black shale. Beds commonly are intensely
folded, faulted, and ductily deformed by
diapirism, flowage, dissolution-related subsi-
dence or collapse, load metamorphism,
hydration of anhydrite, and Laramide tecton-
ism.

Gypsum beds are exposed on the west
side of the Crystal River, across from the
mouth of Avalanche Creek, in the core of the
Elk Mountain Anticline. In this area thinly
bedded clastic sediments of the overlying
Eagle Valley Formation are intensely
deformed in the exposed section located in
the SE Y of section 20, T. 9 S., R. 88 W. This
intense deformation occurs near exposures of
the Eagle Valley Evaporite. Diaprism and/or
flowage of evaporite may have modified this
asymmetric anticline after its formation. Beds
of white to gray, mottled, locally brecciated
very fine-grained alabaster with veins of
selenite occur in a zone of contact metamor-
phism just north of Avalanche Creek.

The base of the formation is not exposed
in the quadrangle. To the north the thickness
of the Eagle Valley Evaporite is reported to
range from about 1,200 ft to perhaps 9,000 ft
where it is tectonically thickened along the
Grand Hogback (Mallory, 1971). A minimum
thickness of 2,700 ft is reported by Kirkham
and Widmann (2008) near Catherine, north of
the quadrangle. On a seismic line described
by Perry and others (2002) the formation
appears to be as much as 4,600 ft thick in the
Roaring Fork diapir, but no evaporite was
identified east of the diapir beneath the Terti-
ary sediments. The contact with overlying
Eagle Valley Formation is both conformable
and intertonguing and is defined as the base
of the lowest red bed. The Eagle Valley Evap-
orite may contain cavernous voids caused by
near-surface dissolution of halite and

gypsum.



The Mount Sopris quadrangle is located at the
northwest end of the Elk Mountains. The Mount

Sopris stock is at the northwestern end of a series
of mid-Tertiary plutons and associated intrusive
bodies in the Elk Mountains. The quadrangle is
located north of the Elk Range thrust fault and
includes a portion of the Grand Hogback Mono-
cline. Both of these features formed during the
Laramide orogeny. The quadrangle also includes
the Elk Mountain Anticline, an asymmetric fold
that is possibly related to Laramide compressional
tectonics, the emplacement of the granodiorite of
Mount Sopris in the late Eocene, or both. This
structure also was modified by salt tectonism. The
west side of the Mount Sopris stock is 1.5 miles
east of nearly vertical rocks in the Grand Hogback
Monocline. In this narrow area, Pennsylvanian and
Permian redbeds and evaporitic sequences are
tightly folded across the Elk Mountain Anticline.
Beds on the east limb of this structure dip to the
east and northeast and are locally folded into a
syncline adjacent to the Mount Sopris stock. The
core of the Elk Mountain Anticline is very well
exposed in Perham Creek in the NE % of section 20,
T.9S., R. 88 W. In this area highly deformed beds
of the Eagle Valley Formation are characterized by
thrusting and fault-bend-fold development within
beds in the formation (intraformational deforma-
tion). This deformation may be related to diapiric
movement of evaporite beneath the exposed core
of the anticline in this area.

Mount Sopris stock has a concordant contact
with bounding sediments on the east and south
sides. Structure relating to the intrusion of the
Mount Sopris stock on its northwest and north
sides has been largely modified by post-intrusion
deformation during the Neogene related to the
formation of the Carbondale Collapse Center
(Kirkham, Streufert, and others, 2002). The
Carbondale Collapse Center is a regional struc-
tural depression formed in response to dissolution
and flowage of evaporite in the Eagle Valley
Evaporite and Eagle Valley Formation.
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The southern margin of the Carbondale
Collapse Center is on the north side of Mount
Sopris. Thick sequences of Tertiary sediments
were deposited in a localized depocenter called
Sopris Bowl within the larger Carbondale
Collapse center (Kirkham, Streufert, and others,
2002). The southern extent of the thick Tertiary
sediments is interpreted as defining the margin of
the collapse center in the Mount Sopris quadran-
gle. Perhaps the best exposure of the collapse
margin is north and northeast of Potato Bill Creek
where the Tertiary sediments are faulted against
Mesozoic rocks. The impressive topographic relief
on the north side of Mount Sopris probably is in
part due to evaporite collapse.

Tertiary sediments within Sopris Bowl overlie
and therefore are younger than an ash-flow tuff in
the Basalt quadrangle (Streufert, Widmann, and
Kirkham, 2008). Since the tuff was dated at 35.21
+ 0.03 Ma (Kunk and others, 2002), Sopris Bowl
began to form after latest Eocene or early
Oligocene time. A basalt flow interbedded with
the Tertiary sediments in the Basalt quadrangle
yielded an age of 13.57 + 0.05 Ma, and basalt
flows that lie stratigraphically at or near the top of
the Tertiary sediments in Carbondale quadrangle
have an average age of about 13.3 Ma (Kunk and
others, 2002; Streufert, Widmann, and Kirkham,
2008; Kirkham and Widmann, 2008). The timing of
collapse in Sopris Bowl on the north flank of
Mount Sopris predates most deformation in other
parts of the Carbondale Collapse Center. This
evidence, along with the proximity of the Mount
Sopris stock to Sopris Bowl, led Kirkham,
Streufert, and others (2001, 2002) to speculate that
an increased geothermal gradient and other
hydrologic changes associated with the intrusion
may have triggered the early collapse on the north
flank of Mount Sopris. Clast lithologies in the
Tertiary sediments within Sopris Bowl suggest
that both the Crystal and Roaring Fork Rivers
flowed into the collapse area.



GEOLOGIC HAZARDS AND CONSTRAINTS

Geologic hazards and constraints in the Mount
Sopris quadrangle include debris flows, floods,
unstable slopes, problematic soils, earthquakes,
and subsidence. Areas mapped as younger debris-
flow deposits (unit Qdfy) are prone to future
debris flows, mud flows, and floods. Areas
mapped as intermediate debris-flow deposits
could be prone to these hazards in the event that
active channels plug with debris and flood depths
rise. Low-lying areas mapped as units Qa and
Qac are subject to stream flooding, and areas
mapped as units Qsw and Qcs may be affected by
sheet flooding.

Landslide deposits (unit QIs) are relatively
common in the quadrangle. They are especially
abundant in areas underlain by the Mancos Shale
and Tertiary sediments (unit Ts). Although no
recently active landslides were identified in the
quadrangle, areas mapped as landslide deposits
are prone to reactivation, particularly if disturbed
by human activities, and they are indicative of the
types of geologic environments that are favorable
for future slope failures. There is moderate to high
potential for future rockfall below cliffs of well-
indurated bedrock. Areas mapped as talus (unit Qt)
on the flanks of Mount Sopris are very prone to
rockfall. Some areas mapped as colluvium (unit
Qc) also may have rockfall hazards.

The Mancos Shale and surficial deposits
derived from it may pose swelling soil problems.
The Eagle Valley Evaporite and surficial deposits
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derived from it may be corrosive. White (2002)
developed a geologic hazard map that character-
ized collapsible soils in the northern part of the
quadrangle and in the Roaring Fork River Valley
further north. The derivative approach to collapsi-
ble soils used by White (2002) can be applied to
the units throughout the Mount Sopris quadran-
gle. The hydrocompaction potential of sheetwash
deposits (unit Qsw), fine-grained colluvium (unit
Qc) and alluvium and colluvium, undivided (unit
Qac) is moderate to high. These deposits, along
with the older debris-flow deposits (unit Qdfo),
also have moderate to high potential for settle-
ment and piping.

Historic earthquakes have shaken the region
on numerous occasions, most recently in 1984
when a swarm of small events occurred west of
the quadrangle (Goter and others, 1988). Future
earthquakes, some possibly strong enough to
cause damage, casualties, and trigger secondary
effects such as landslides and rockfall, may affect
the quadrangle in the future.

Sinkholes and subsidence related to evaporite
karst may affect areas underlain by the Eagle
Valley Evaporite (White, 2002; Mock, 2002).
Modern rates of ground movement related to
regional and local evaporite collapse and
diapirism are poorly constrained. If these rates are
sufficiently high to pose hazards, then these types
of deformation should be considered by geotech-
nical site investigations.



ECONOMIC GEOLOGY

The Pennsylvanian Eagle Valley Evaporite has
been metamorphosed to alabaster north of
Avalanche Creek in the S Y2 NW % of section 28, T.
9S., R. 88 W. The alabaster bed, together with
beds of marble and hornfels in the overlying
Pennsylvanian Eagle Valley Formation, comprise
the mineable reserves of Avalanche Creek Marble
and Alabaster Company, Carbondale, Colo. (R.
Congden, personal commun., 1998). The
Avalanche Creek Mine works a thick bed of
massive, locally selenite-veined, alabaster, mostly
for statuary blocks. The company also produces
tile in its cutting plant in Carbondale, Colo. In
addition, beds of marble and quartzite strati-
graphically above the alabaster beds are an identi-
fied resource at the mine (R. Congden, personal
commun., 1998). These contact metamorphosed
beds are part of a wedge of upper Paleozoic rock
that is cradled between the Mount Sopris stock
and the Bulldog stock, a satellite granitoid body
of similar composition to the south.
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An area of weakly developed lead-zinc-silver
mineralization (Bulldog district) is localized along
the contact of the Mount Sopris pluton with Penn-
sylvanian clastic rocks on the southeast side of
Mount Sopris in the Redstone quadrangle.
Schwartz and Park (1930) described galena with
stromeyerite, argentite, covellite, and bornite from
the Bulldog Mine. Foland (1967), Pilkington
(1954), and Pillmore (1954) studied the petrology
and petrography of Mount Sopris and all mention
this metal occurrence. These vein deposits are
small, occur only on the southeast side of the
Mount Sopris pluton, and are localized at the
intrusive contact. Similar veins were not observed
during this study near the much less altered
contacts in the Mount Sopris quadrangle. Many of
the thick gravel deposits in the north half of the
quadrangle are a source of sand and gravel. These
thick gravel deposits are probably the most valu-
able mineral resource in the quadrangle.



REFERENCES CITED IN BOOKLET AND MAP

Benedict, J.B., 1968, Recent glacial history of an alpine
area in the Colorado Front Range, U.S.A_; II,
Dating the glacial deposits: Journal of Glaciology,
v.7,p.77-87.

Benedict, J.B., 1973, Chronology of cirque glaciation,
Colorado Front Range: Quaternary Research,

v. 3, p. 584-599.

Birkeland, PW., 1973, Use of relative dating methods in
a stratigraphic study of rock glacier deposits, Mt.
Sopris, Colorado: Arctic and Alpine Research,

v. 5, p. 401-416.

Bryant, Bruce, 1971, Movement measurements on two
rock glaciers in the eastern Elk Mountains,
Colorado: U.S. Geological Survey Professional
Paper No. 750-B, p. B108-B116.

Bryant, Bruce, 1972, Geologic map of the Highland
Peak quadrangle, Pitkin County, Colorado: U.S.
Geological Survey Geologic Quadrangle Map
GQ-932, scale 1:24,000.

Bryant, Bruce, 1979, Geology of the Aspen 15-minute
quadrangle, Pitkin and Gunnison Counties,
Colorado: U.S. Geological Survey Professional
Paper 1073, 146 p.

Bryant, Bruce, Shroba, R.R., and Harding, A.E., 2002,
Geologic map of the Storm King Mountain quad-
rangle, Garfield County, Colorado: U.S. Geologi-
cal Survey Miscellaneous Field Studies Map MF-
2389, scale 1:24,000.

Burbank, W.S., Lovering, T.S., Goddard, E.N., and
Eckel, E.B., 1935, Geologic map of Colorado: U.S.
Geological Survey, in cooperation with Colorado
State Geological Survey Board and Colorado
Metal Mining Fund, scale 1:500,000.

Carrara, P.E., and Andrews, ].T., 1973, Problems and
application of lichenometry to geomorphic stud-
ies, San Juan Mountains, Colorado: Arctic and
Alpine Research, v. 5, p. 373-384.

Carroll, CJ., Kirkham, R.M., and Stelling, P.L., 1996,
Geologic map of the Center Mountain quadran-
gle, Garfield County, Colorado: Colorado
Geological Survey Open-File Report 96-2, scale
1:24,000.

Cruden, D.M,, and Varnes, D.J., 1996, Landslide types
and processes, in Turner, A.K., and Schuster,
R.L., eds., Landslides—Investigation and mitiga-
tion: National Research Council, Transportation
Research Board Special Report 247, p. 36-75.

18

Cunningham, C.G., Naeser, C.W., Marvin, R.F,, Luedke,
R.G., and Wallace, A.R., 1994, Ages of select
intrusive rocks and associated ore deposits in the
Colorado Mineral Belt: U.S. Geological Survey
Bulletin 2109.

Ellis, M.S., and Freeman, V.L., 1984, Geologic map and
cross sections of the Carbondale 30 x 60" quad-
rangle, west-central Colorado: U.S. Geological
Survey Coal Investigations Map C-97-A, scale
1:100,000.

Esser, R.P., and McIntosh, W.C., 1999, 40Ar/3%Ar
geochronology results from a Tertiary granodior-
ite-quartz monzonite: New Mexico Geochronol-
ogy Research Laboratory-Internal Report
NGMRL-IR-12, 8 p.

EM. Fox & Associates, 1974, Roaring Fork and Crystal
Valleys—An environmental and engineering
geology study, Eagle, Garfield, Gunnison, and
Pitkin Counties, Colorado: Colorado Geological
Survey Environmental Geology 8, 64 p.

Foland, K.A., 1967, Structure and petrology of the
Mount Sopris stock, Pitkin County, Colorado:
Geological Society of America Special Paper 115,
p. 419-420.

Folk, R.L., and Ward, W.C., 1957, Brazos River bar; A
study in the significance of grain size parame-
ters: Journal of Sedimentary Petrology, v. 27,

p- 3-26.

Freeman, V.L., 1972, Geologic map of the Woody Creek
quadrangle, Pitkin and Eagle Counties, Colo-
rado: U.S. Geological Survey Geological Quad-
rangle Map GQ-967, scale 1:24,000.

Goter, S.K., Presgrave, B.W., Henrisey, R.F,, and Langer,
C.J., 1988, The Carbondale, Colorado, earthquake
swarm of April-May, 1984: U.S Geological
Survey Open-File Report 88-417, 16 p

Hungr, O., Evans, S.G., Bovis, M.]., and Hutchinson,
J.N., 2001, A review of the classification of land-
slides of the flow type: Environmental & Engi-
neering Geoscience, v. 7, no. 3, p. 221-238.

Ingram, R.L., 1989, Grain-size scale used by American
geologists, in Dutro, J.T., Jr., Dietrich, R.V., and
Foose, R M., eds., AGI data sheets for geology in
the field, laboratory, and office: Alexandria,
Virginia, American Geological Institute, Data
Sheet 29.1.



Kirkham, R.M., Streufert, R.K., Budahn, J.R., Kunk,
M.]., and Perry, W.J., 2001, Late Cenozoic
regional collapse due to evaporite flow and
dissolution in the Carbondale Collapse Center,
west-central Colorado: The Mountain Geologist,
v. 38, no. 4, p. 193-210.

Kirkham, R.M., Streufert, R K., Cappa, J.A, Shaw, C.A.,
and Allen, J.L, and Jones, ].V., 2008, Geologic
map of the Glenwood Springs quadrang]le,
Garfield County, Colorado: Colorado Geological
Survey Map Series 38, scale 1:24,000.

Kirkham, R.M., Streufert, R.K., and Cappa, J.A, 2008,
Geologic map of the Shoshone quadrangle,
Garfield County, Colorado: Colorado Geological
Survey Map Series 35, scale 1:24,000.

Kirkham, R.M., Scott, R.B., and Judkins, T.W., eds.,
2002, Late Cenozoic evaporite tectonism and
volcanism in west-central Colorado: Geological
Society of America Special Paper 366, 234 p.

Kirkham, R.M., Streufert, R K., Hemborg, T.H., and
Stelling, P.L., 1996, Geologic map of the Cattle
Creek quadrangle, Garfield County, Colorado:
Colorado Geological Survey Open-File Report
96-1, scale 1:24,000.

Kirkham, R.M., Streufert, R K., Kunk, M.]., Budahn,
J.R., Hudson, M.R., and Perry, W.]., Jr., 2002,
Evaporite tectonism in the lower Roaring Fork
River Valley, west-central Colorado, in Kirkham,
R.M., Scott, R.B., and Judkins, T.W., eds., Late
Cenozoic evaporite tectonism and volcanism in
west-central Colorado: Geological Society of
America Special Paper 366, p. 73-99.

Kirkham, R.M., and Widmann, B.L., 2008, Geologic
map of the Carbondale quadrangle, Garfield
County, Colorado: Colorado Geological Survey
Map Series 36, scale 1:24,000.

Kirkham, R.M., Widmann, B.L., and Streufert, R.K.,
2008, Geologic map of the Leon quadrangle,
Eagle and Garfield Counties, Colorado: Colorado
Geological Survey Map Series 40, scale 1:24,000.

Kunk, M.J., Budahn, J.R., Unruh, D.M,, Stanley, J.O.,
Kirkham, R.M., Bryant, Bruce, Scott, R.B., Lidke,
D.J., and Streufert, R.K., 2002, °Ar/3°Ar ages of
late Cenozoic volcanic rocks within and around
the Carbondale and Eagle Collapse Centers,
Colorado: Constraints on the timing of evaporite
related collapse and incision of the Colorado
River, in Kirkham, R.M., Scott, R.B., and Judkins,
T.W., eds., Late Cenozoic evaporite tectonism and
volcanism in west-central Colorado: Geological
Society of America Special Paper 366, p. 213-234.

Madole, R.F,, 1991, Surficial geologic map of the
Walden 30” x 60” quadrangle, Jackson, Larimer,
and Routt Counties, Colorado: U.S. Geological
Survey Miscellaneous Investigation Series 1824,
scale 1:100,000.

19

Madole, R.E,, 1999, Geologic map of the Hunter Mesa
quadrangle, Garfield County, Colorado: Colo-
rado Geological Survey Open-File Report 99-5,
scale 1:24,000.

Madole, R.F., 2003, Geologic map of the Gibson Gulch
quadrangle, Garfield County, Colorado: Colo-
rado Geological Survey Open-File Report 01-2,
scale 1:24,000.

Mallory, W.W.,, 1971, The Eagle Valley Evaporite, north-
west Colorado—A regional synthesis: U.S. Geo-
logical Survey Bulletin 1311-E, 37 p.

Meierding, T.C., and Birkeland, P.W., 1980, Quaternary
glaciation of Colorado, in Kent, H.S., and Porter,
K. eds., Colorado geology: Rocky Mountain
Association of Geologists, p. 165-173.

Miller, C.D., 1973, Chronology of neoglacial deposits in
the northern Sawatch Range, Colorado: Arctic
and Alpine Research, v. 5, p. 385-400.

Mock, R.G., 2002, Geologic setting, character, and
potential hazards for evaporite-related sinkholes
in Eagle and Garfield Counties, northwestern
Colorado, in Kirkham, R.M., Scott, R.B., and
Judkins, TW., eds., Late Cenozoic evaporite
tectonism and volcanism in west-central
Colorado: Geological Society of America Special
Paper 366, p. 157-166.

Piety, L.A., 1981, Relative dating of terrace deposits and
tills in the Roaring Fork Valley, Colorado: Boulder,
Colo., University of Colorado, M.S. thesis, 128 p.

Pilkington, H.D., 1954, Petrography and petrology of a
part of the Mount Sopris stock, Pitkin County,
Colorado: Boulder, Colorado, University of
Colorado, M.S. thesis, 27 p.

Pillmore, C.L., 1954, Petrography and petrology of a
part of the Mount Sopris stock, Pitkin County,
Colorado: Boulder, Colorado, University of
Colorado, Boulder, M.S. thesis, 40 p.

Schwartz, G.M., and Park, C.F., 1930, Pseudo-eutectic
textures: Economic geology, v. 25, no. 6,

p. 658-663.

Scott, R.B., and Shroba, R.R., 1997, Revised preliminary
geologic map of the New Castle quadrangle,
Garfield County, Colorado: U.S. Geological
Survey Open-File Report 97-737, scale 1:24,000.

Scott, R.B., Shroba, R.R., and Egger, A.E., 2001, Geology
of the Rifle Falls quadrangle, Garfield County,
Colorado: U.S. Geological Survey Miscellaneous
Field Studies Map MF-2341, scale 1:24,000.

Shroba, R.R., and Scott, R.B., 2001, Geology of the Silt
quadrangle, Garfield County, Colorado: U.S.
Geological Survey Miscellaneous Field Studies
Map MF-2331, scale 1:24,000.

Streufert, R.K., 1999, Geologic map of the Mount Sopris
quadrangle, Garfield and Pitkin Counties,
Colorado: Colorado Geological Survey Open-File
Report 99-7, scale 1:24,000.



Streufert, R.K., Kirkham, R.M., Schroeder, T.]., and
Widmann, B.L., 1997, Geologic map of the
Dotsero quadrangle, Eagle and Garfield Coun-
ties, Colorado: Colorado Geological Survey
Open-File Report 97-2, scale 1:24,000.

Streufert, R.K., Kirkham, R.M., Widmann, B.L., and
Schroeder, T.S., 2008, Geologic map of the
Cottonwood Pass quadrangle, Eagle and
Garfield Counties, Colorado: Colorado Geologi-
cal Survey Map Series 37, scale 1:24,000.

Streufert, R.K., Widmann, B.L., and Kirkham, R.M.,
2008, Geologic map of the Basalt quadrangle,
Eagle, Garfield, and Pitkin Counties, Colorado:
Colorado Geological Survey Map Series 39, scale
1:24,000.symposium, p. 11-22.

Tweto, Ogden, 1979, Geologic map of Colorado: U.S.
Geological Survey, scale 1:500,000.

20

Tweto, Ogden, Moench, R.H., and Reed, J.C., Jr., 1978,
Geologic map of the Leadville 1° x 2° quadran-
gle, northwest Colorado: U.S. Geological Survey
Map 1-999, scale 1:250,000.

White, J.L., 2002, Collapsible soils and evaporite karst
hazards map of Roaring Fork River corridor,
Garfield, Eagle and Pitkin Counties, Colorado:
Colorado Geological Survey Map Series 34, scale
1:50,000.

White, S.E., 1971, Rock glacier studies in the Colorado
Front range, 1961 to 1968: Arctic and Alpine
Research, v. 3, p. 77-97.

Widmann, B.L., Bartos, P.J., Madole, R.F.,, Barba, K.E.,
and Moll, M.E., 2004, Geologic map of the Alma
quadrangle, Park and Summit Counties,
Colorado: Colorado Geological Survey Open-File
Report 04-3, scale 1:24,000.



APPENDIX A

Appendix A: Major and trace element, whole-rock XRF analyses of igneous rocks in Mount Sopris quad-
rangle. Sample locations are given in the lower table and are also shown on the accompanying geologic
map. All analyses by Chemex Labs Inc., Sparks, Nevada.

Major Elements Weight Percent
Sample ID SiO, AlLO; CaO Cr,0; Fe,O; K,0 MgO MnO Na,0O P,0; TiO, LOI* Total

MSR-1 68.64 15.80 1.61 <0.01 1.44 0.17 1.20 0.03 8.77 0.26 0.56 1.20  99.96
MSR-17 65.55 1548 3.05 <0.01 3.32 3.50 1.22 0.05 4.85 0.23 0.55 0.85  98.65
MSR-18 65.08 15.64 294 <0.01 4.13 4.41 1.12 0.04 3.71 0.24 0.53 0.70  98.54
MSR-24 65.34 1530 3.26 <0.01 4.24 3.65 1.29 0.05 3.99 0.24 0.55 1.08  98.99
MSR-25 63.02 15.76 3.71 <0.01 4.42 3.22 1.26 0.06 4.01 0.24 0.50 2.66 98.86
MSR-27 65.33 1558 4.02  <0.01 0.74 0.44 0.16 0.03 8.07 0.27 0.54 3.39 9857

*LOl=Loss On Ignition

Trace Elements Parts Per Million

Sample ID Ba Ca Hf La Nb Rb Sr Ta Y Zr
MSR-1 138 <1 6 54 13 5 143 <1 24 208
MSR-17 1365 <1 4 48 12 45 611 <1 26 184
MSR-18 1445 <1 5 38 12 79 600 <1 26 212
MSR-24 1215 <1 5 60 12 78 564 <1 25 200
MSR-25 1370 <1 4 43 7 57 664 <1 24 171
MSR-27 173 <1 5 41 11 19 170 <1 20 168

Sample Location (NAD27)

Sample ID  Map Unit Latitude Longitude

MSR-1 Tgs 39.2614° N 107.1641° W
MSR-17 Tgs 39.2572° N 107.1515° W
MSR-18 Tgs 39.2553° N 107.2029° W
MSR-24 Tgs 39.2694° N 107.2014° W
MSR-25 Tgs 39.2507° N 107.2155° W
MSR-27 Tgs 39.2614° N 107.1641° W
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< o1 e GLENWOOD SPRINGS 15 M. 4562 | NW o7 ubb\\g/
o)/ 15 CARBONDALE 19 mMi.°114 (CARBONDALE) RB3W. R 87W. 1 540 000 FeeT| 107°0730" T
39°2230" p ¥ AN ) 5972230 CONDENSED DESCRIPTION OF MAP UNITS -~ Qaco':| Older alluvium and colluvium, undivided (late and CORRELATION OF MAP UNITS
5 ' middle? Pleistocene)—Deposits of alluvium and
The complete description of map units and references is in the colluvium ranging from about 10 to 100 ft above and
i accompanying booklet. adjacent to perennial, intermittent, and ephemeral SURFICIAL DEPOSITS
= I streams. Texture, bedding, clast lithology, sorting, and ROCK-  UNDIFFERENTIATED
SURFICIAL DEPOSITS genesis are similiar to alluvium and colluvium (Qac). GLACIER SURFICIAL
s3gQpoon . Unit locally includes debris-flow and sheetwash ALLUVIAL & DEPOSITS DEPOSITS
HUMAN-MADE DEPOSITS deposits HUMAN-MADE ALLUVIAL MASS-WASTING MASS-WASTING PERIGLACIAL GLACIAL
DEPOSITS DEPOSITS DEPOSITS DEPOSITS DEPOSITS DEPOSITS
" Artificial fill (latest Holocene) Qgn Grav.el of Nettle.Creek (middle? Pleistocene).—Inclllldes a — ' | ' | ' —L— —— |
S single deposit south of Nettle Creek. Unit consists of
e i ¢2/’ ALLUVIAL DEPOSITS—Sediments deposited in stream channels, poorly sorted, ~matrix-supported, occasionally [ af | Z Qac | R Qrg I | Holocene
i) = \) % o S o flood plains, glacial outwash terraces, and sheetwash areas bouldery, pebble and cobble gravel in a sandy, clayey Qa /Qsw”l Qc Qt QCS\ LR CEIE I ON
| ) & B silt, or silty sand matrix. Locally includes lenses of L ﬁ;@ogfk ERDREE
¥ \ (‘ J N 59 Qa Stream-channel, flood-plain, and low-terrace deposits moderately well-sorted, matrix- to clast-supported, 7 Qls 1850 % 0% Bouis 5o PENVER
\J AN\ (Holocene and late Pleistocene)—Mostly poorly gravelly, sandy, clayey silt. Unit is probably of Qty TS
A . sorted, clast supported gravel in a sandy or silty debris-flow origin th Qm g
N matrix. Includes terraces up to about 10 ft above " oMY
modern river level PERIGLACIAL DEPOSITS—Coarse rock debris and sediments ato | Qgts S R L Q
i i i - A Qg - bBeme—Qgn | . L] | o1
%f/ Sheetwash deposits (Holocene and late Pleistocene)— detposﬂe(‘:l H:.COId egwrf.rfllmetr}ts by the processes of freeze-thaw L R ? Pleistocene
Pebbly silty sand, sandy silt, and clayey silt deposited a'C %O'n" nivation, and solitiuction YT e
in ephemeral and intermittent stream valleys, on »1:Qfi:| Felsenmeer (Holocene and late Pleistocene)—Consists of catt e
o gentle hillslopes, and in basinal areas angular to subangular boulders, cobbles, and pebbles '
435 . .
Lz = Qty Younger terrace alluvium (late Pleistocene)—Mostly H} &sandysmat'nxl’)chat r;l?)r(;éle;s t(}‘:lle upper south?op‘es
Ka sz poorly sorted, clast-supported, locally bouldery, of Mount Sopris above 9, t. Clasts are granodiorite
‘) ——F = ) . . . of Mount Sopris (Tgs) and quartzite and hornfels of
\\(\\\ %/\ pebble and cobble gravel in a sand and silt matrix. he P vanian Eaele Valley F ion (P
% % S = Underlies terraces about 10-45 ft above the Crystal the Pennsylvanian Eagle Valley Formation (Pe) Pm Eagle Valley Formation (Middle Pennsylvanian)—
== 7 \ River. May include fine-grained overbank deposits Interbedded reddish-brown, gray, reddish-gray, and
Z \ S Y & P ROCK-GLACIER DEPOSITS—Very coarse rock debris and tan siltstone, brownish-tan, fine. to coarse grained, BEDROCK
.Atm:.;  Intermediate terrace alluvium (late sediments originating as talus and colluvium that were gyp-siferous sandstone, gypsum, and carbonate rocks.
Pleistocene)—Deposits texturally and depositionally transported and deposited by rock glaciers Immediately adjacent to the Mount Sopris pluton these
similar to younger terrace alluvium (Qty). Underlies o ) ) rocks have been contact metamorphosed to hornfels, ~Miocene
N terraces about 80 to 120 ft above the Crystal River .Qrgy. | Younger rock-glacier deposits (Holocene and late quartzite, alabaster, and marble
_ _ . Pleistocene?)— Angular to subangular, predominantly ’ ’
Older ter‘race alluvium (late mlc.lc'lle PlelsFoc'ene)— boulder-sized rock fragments of granodiorite of Mount Pee Eagle Valley Evaporite (Middle Pennsylvanian)— UNCONFORMITY
Deposits  texturally apd depositionally 51.m1lar to Sopris (Tgs) and metamorphosed sediments of the Sequence of evaporitic rocks consisting of massive to
younger terrace alluvium (Qty). Clasts slightly to Pennsylvanian Eagle Valley Formation (Pe) mantling laminated gypsum, anhydrite, halite, and beds of Tgs ~ Eocene
moderately weathered. Upderhes terraces about 120 to ice-cored, lobate, tongue-like, rock glaciers emanating light-colored mudstone and fine-grained sandstone,
200 ft above the Crystal River and Prince Creek from steep cirques on the north and northwest sides of thin limestone, and black shale. Beds commonly are UNCONFORMITY
" Qit | Oldest terrace alluvium (middle and early? Pleistocene) Mount Sopris. Covering mantle is clast supported and intensely folded, faulted, and ductily deformed by ~
B o —Consists of poorly sorted to mo deratc}e’f well-sorted matrix free. Cores are a mixture of rock rubble and diapirism, flowage, dissolution-related subsidence or Km | Upper
clast-su orteI;l sliyhtl boulder CObbl}é and ebblé interstitial fine-grained sediments in a matrix of ice or collapse, load metamorphism, hydration of anhydrite, _| Cretaceous

\7356 gravel xI/)in)th a :’sanc% mZtrix Ma}y’contain lensez and permafrost. Younger rock glaciers are currently active and Laramide tectonism. Includes metamorphosed Kdb | Lower

: e beds of alabaster J Cretaceous
beds of sandy silt and silty sanfl. Clasts are moderately ,OOrQQ | Older rock-glacier deposits (Holocene and/or late UNCONEORUITY

20 to strongly weathered. Ur'lderhes terraces about 400 to Pleistocene)—Consists of angular to subrounded, .

= 600 ft above the Crystal River 1E)_?ul;flersd algld colibles of EMolun\t] ﬁoprli:s granodi(()ul;ite) MAP SYMBOLS U

. gs) and Pennsylvanian Eagle Valley Formation ([Pe L Upper.
Terrace Alluvium of Thompson Creek in a matrix of unsorted rock fragments, sand, silt, and Contact—Dashed where approximately located; Jurassic
Qgt; Younger terrace alluvium of Thompson Creek (late clay. Unit is mostly clast supported but may contain queried where uncertain
Pleistocene)—Chiefly poorly sorted, areas that are matrix supported. Deposits are ’ ) ) UNCONFORMITY
clast-supported, bouldery, pebble and cobble genetically similar to younger rock glacier deposits Fault—Dashed where approximately located; dotted L Lower Permian
. 4 . ! . . . where concealed; bar and ball on downthrown _

55 gravel in a sand and silty sand matrix. Clasts are (Qrgy) but are inactive side PPm - Upper
predominantly vesicular basalt and sedimentary "| Pennsylvanian
rocks. Unit underlies terraces that are about 80 to GLACIAL DEPOSITS—Gravel, sand, silt, and clay deposited 417 Anticline—Showing trace of axial surface; dashed Pe | Middle

S 160 ft above Thompson Creek by or adjacent to ice in moraines where approximately located; dotted where Pee Pennsylvanian

® o > * . < el

E ;89}2;:’ Older terrace alluvium of Thompson Creek (middle .@Qm | Morainal deposits, undivided (late and late middle? concealed

® Pleistocene)—Similar in texture, sorting, lithology, Pleistocene)—Heterogeneous deposits of gravel, sand, ' Syncline—Showing trace of axial surface; dashed

o and genesis to younger terrace alluvium of silt, and clay deposited by, adjacent to, or beneath ice T where approximately located; dotted where
Thompson Creek (Qgty), except clasts are as ground, lateral, and end moraine on the north and concealed
moderately to highly weathered. Unit underlies northeast sides of Mount Sopris. Locally includes . ) . )

- terraces that are about 320 to 400 ft above glacio-fluvial deposits. Dominantly poorly sorted, 1 Asymmetric Synchne—Shqwmg trace of e'1x1a1

o Thompson Creek unstratified or poorly stratified, matrix-supported, surface; shorter arrow indicates steeper limb;
bouldery, pebble and cobble gravel with a matrix of dashed where approximately located; dotted ACKNOWLEDGMENTS
MASS-WASTING DEPOSITS—Sediments transported and silty sand. Clasts are typically angular to subrounded where concealed This mapping project was funded jointly by the Colorado Geological
mg . deposited primarily by gravity on valley sides, valley floors, pieces of granodiorite of Mount Sopris (Tgs), with } Synclinal sag or subsidence trough—Showing trace Survey and the STATEMAP component of the National Cooperative
49 S8 and hillslopes !esser amounts of Pgleozmc sedi-mentary rocks. May f of axial surface of minor synclinal depression or Geolog}c Mapping Program, which is administered by the U.S.
5> ay include deposits of Pinedale and Bull Lake ages swale related to dissolution and/or flowage of Geological Survey.
§§ Q¥ Qc Colluvium (Holocene and late Pleistocene)—Ranges from ) .. ) &
S . underlying evaporitic bedrock; dashed where
@ unsorted, clast-supported, pebble to boulder gravel in approximately located
T.8S a sandy silt matrix to matrix-supported gravelly, UNDIFFERENTIATED SURFICIAL DEPOSITS PP y
- clayey, sandy silt. Usually coarser grained in upper . . . . L_1 1 Margin of late Cenozoic collapse center—Collapse
" , ” reaches of a colluvial slope and finer grained in distal < Surficial deposits, unf:hfferentlat.ed (Quaternary)—Shown caused by evaporite tectonism; black line and red
MT.8s. areas only on cross sections. May include any of the above tick K d wh ) neid ith faults:
surficial deposits ic n:iar s used where g\arg1n cc()ima es with faults;
T.95 ; i i
Qt Talus (Holocene and late Pleistocene)—Angular, cobbly dotted where concealed; queried where uncertain
— and bouldery rubble derived from outcrops of X Filled sinkhole—Created by dissolution of evaporite;
granodiorite ~of Mount Sopris (Tgs) and BEDROCK filled with collapse debris
metamorphosed sediments of the Eagle Valley . . . .
Formation (PPe) TS 3 Sedimentary dgposﬂs (Mloc.ene)—Moderately indurated 9 Strike and dip of beds—Angle of dip shown in degrees
S| Ts to unconsolidated deposits of sandy gravel that are
Qls Landslide deposits (Holocene and Pleistocene)—Highly ST locally bouldery, gravelly sand and silt deposited in a A A’ Alignment of cross sections
o 52 variable deposits consisting of unsorted, unstratified large subsidence depression. Pattern indicates an Sack feat Rideet ¢ h duced b
i rock debris, grave]l sand, silt, and Clay that was erosion surface is present on the unit. Thin mantle of S acdung eta ;reT( ldgetop  trenc produce y
deposited as rotational and translational landslides, younger sedin}en’Fs overlieg these erosion surfac'es. ceprseated rock creep
complex slump-earthflows, and extensive slope-failure Upper pattern mdlcat.es erosion surfac:e' and over!ymg MSR24  location and identification number of rock
Comp]exes. Range in age from recently active sedlmen'ts ?I'e late mlddle Pleistocene m.age; middle sample—with geochemical analysis (Table 1) and
landslides to long-inactive landslides pattern indicates middle and/or early Pleistocene age; 9Ar/9Ar age date (Kunk and others, 2002). See
. . _ lower pattern indicates early Pleistocene or late Table 1 and Appendix A in booklet.
“Qco. | Older colluvium (Pleistocene)—Found on drainage Tertiary age vShr
o divides, ridge lines, and dissected hillslopes in a . _ _ Location and identification number of rock sample
17'30 Al 1730 north-south-trending zone below the steep exposed Tgs Granodlo.rlte of Mpunt Sopris (]'Eoc.ene)—Mount SOpI‘l.S with geochemical analysis. See Table 1 and
o e| “51 west and northwest margins of the Mount Sopris stock is predqmmantly granodlorlte; however, thg umt Appendix A in booklet.
~ pluton. Locally contains large blocks and rock-topple locally contains tonalite and quartz monzodiorite
deposits' Generally not Subject to future deposition phases. Bulldog StOCk, located beneath and south of \< Mine portal
except where adjacent to eroding hillslopes Avalanche Creek, is mineralogically similar but has
been affected by argillic alteration. “°Ar/3Ar
ALLUVIAL AND MASS-WASTING DEPOSITS—Sediments integrated date of 34.74 + 0.19 Ma on biotite indicates
in debris fans, stream channels, flood plains, and hillslopes ;};%%g?EOf COOII;%/[ Of tthethgugr;t) Sopris stock through
. sser and MclIntosh,
along tributary valleys , ' SHADED-RELIEF MAP OF THE MOUNT SOPRIS QUADRANGLE
Qdfy Younger debris-flow deposits (Holocene)—Ranges from Km Mancos Shale (Upper Cretaceous)—‘Predommantly medmm-
Foeg poorly sorted to moderately well-sorted to dark-gray, carbonaceous, silty to sandy shale with WITH GEOLOGY OVERLAY, OBLIQUE VIEW LOOKING SOUTHEAST
matrix-supported, gravelly, sandy, clayey silt tc; minor bentonite beds, dark-gray limestone, and :
clast-supported, pebble and cobble gravel in a sandy, mec(lilutm—gragf/,[ g.ra}ilsg—yeﬁ:)wi:wetatI}_}ermg]:' Cliyey
clayey silt or silty sand matrix. Fan heads tend to be sandstone. viay inciudes the rort Liays himestone
bouldery, while distal fan areas are finer grained. Member, a dark-gray, thickly bedded limestone which
\ Includes debris-flow, hyperconcentrated-flow, fluvial, occurs about 300 ft above the base
530 000\ and sheetwash deposits on active fans and in some Kdb Dakota Sandstone and Burro Canyon Formation,
FEETI drainage channels undivided (Lower Cretaceous)—Dakota Sandstone
Qac Alluvium and colluvium, undivided (Holocene and late consists .Of light-gray to tan, medium- to
Pleistocene)—Ranges from poorly sorted to coarse-grained, ~moderately Well—sorted quartz
well-sorted, stratified, interbedded, pebbly sand, sandstone and . conglomeratic  sandstone  in
sandy silt, and sandy gravel to unsorted and well—(?emented, thick beds. Dakota Sandstone also
unstratified to poorly stratified, clayey, silty sand, contains shale, carbonfa ceous shale, and CO?I beds.
bouldery sand, and sandy silt Burro Canyon Formation consists of greenish-gray
’ claystone and yellowish-gray, medium-grained
Qcs Colluvium and sheetwash deposits, undivided sandstone with lenses of green and red chert, and
(Holocene and late Pleistocene)—Composed of quartz pebbles
SOHUV} um (Qc) on steeper slopes and sheetwash Jm Morrison  Formation (Upper Jurassic)—Pale-green,
) eposits (Qsw) on flatter slopes. Mapped where . ; .
g contact between the two types of deposits are very greenish-gray, and maroon variegated siltstone and
] 48 radational and difficult to locate claystone, buff to pale-yellowish-gray sandstone, and
N & gray limestone. Sandstones are common in the lower
- Qdfm’| Intermediate debris-flow deposits (Holocene? and late half of unit and may be equivalent to the Salt Wash
' Pleistocene)—Similiar in texture, lithology, and Member in nearby areas
depositional environment to younger debris-flow . . .
de-posits (Qdfy). Geomorphic character of original - Entrtada ?andstm.le ((lijpper ]llllrassic)d—Tan to ‘lNhlt(.e’ gledl?rg_
deposi-tional surfaces are commonly recognizable, but © 1lr)1e;1%r a(line ’ d“;e -sorse ;:l poorly indura il !
the surfaces are 10 ft or more above active debris-flow cross-bedded sandstone. oand grains are mostly
channels rounded to subrounded quartz
NV ~ Pee o g7, Qdfo' | Older debris-flow deposits (late and middle? MOI‘(I:ISOI’I Formatif)r; aIndIE(Iiltl‘aC;/éIl Se'lndstgne, utr'ldivi‘c}ed
\ ey g‘ra‘:’i Q — Pleistocene)—Occurs in three remnants of a large pper Jurassic)—Includes Morrison Formation (Jm)
- l / TS VR SN debris fan north of Mount Sopris near the heads of and Entrada Sandstone (Je) where contact between the
“47 3N ) N N N\Qe TR 7 . PTis two units is not mappable
, E ; A e e \Roe”) Prince and Thomas Creeks. Deposits are dark-gray to
. , /; Y T s F%’Q/?dm A ‘ = ‘ avili P black, gravelly, sapdy, clayey silt with scattere'd PPm Maroon Formation (Lower Permian and Upper
107°]I5' REDSTONE 5.1 MI/ 11510000 FEET | 308 311 (Rfsgzsz?le,f} [INTERIOR—GEOLOGICAL SURVEY. RESTON ‘\gnlng(;oré’\:gwaa 070750 CObbleS., and Occaslor}al boulders of Mount SOprlS Pennsylvanian)_l)ale-red to pinkish_red’ and
P Base from U.S. Geological S 1087 Geology map;pe din1998 @ granodiorite (Tgs). Unit may correlate with the gravel grayish-red arkosic sandstone, conglomerate, siltstone,
ase from U.S. Geological Survey, . . .
\,?‘(f:\\\ Polyconic projection, 19927 North );-\merican datum * Digital map prepared by Cheryl Brchan and Larry Scott ::?)’o of Nettle Creek (Qgn) and mudstone, with shale and minor, thin beds of gray
NG 10,000-foot grid based on Colorado coordinate system, central zone o My SCALE 1:24.000 ":://(,%\ limestone. All rock types contain detrital mica.
’ %y, Sandstones are coarse to fine grained, moderately to
1 05 1 MILE .
1 R — = — ———— poorly sorted. Sand grains are generally angular to
123
128 1| Teremis 0 ! ! : . : . . subangular
1 05 1 KILOMETER .
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