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DESCRIPTION OF MAP UNITS

SURFICIAL DEPOSITS

Surficial deposits shown on the map are generally
more than about 5 ft thick. Residuum and artifi-
cial fills of limited extent were not mapped.
Contacts between surficial units may be grada-
tional, and mapped units occasionally include
deposits of another type. Divisions of the
Pleistocene correspond to those of Richmond and
Fullerton (1986). Age assignments for surficial
deposits are based primarily upon the degree of
erosional modification of original surface mor-
phology, height above modern streams, and rela-
tive degree of soil development. Many of the sur-
ficial deposits are calcareous and contain varying
amounts of both primary and secondary calcium
carbonate.

HUMAN-MADE DEPOSITS—Materials placed
by humans

Artificial fill (latest Holocene)—Fill placed
by humans during the construction of small
dams. Composed mostly of unsorted silt,
sand, and rock fragments. Maximum thick-
ness about 25 ft. May be subject to settle-
ment when loaded if not adequately
compacted.
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ALLUVIAL DEPOSITS—Silt, sand, and gravel
deposited in stream channels, flood plains, ter-
races, and sheetwash areas along the Colorado
River and in tributaries. Includes minor lacustrine
deposits.

Stream-channel, flood-plain, and low-ter-
race deposits (Holocene and late Pleisto-
cene)—Includes modern alluvium and other
deposits underlying the Colorado River,
adjacent flood-plain deposits, and low-ter-
race alluvium that is as much as about 15 ft
above modern stream level. Mostly clast-
supported, silty, sandy, occasionally boul-
dery, pebble and cobble gravel sometimes
interbedded with and often overlain by
sandy silt and silty sand. Unit is poorly to
moderately well sorted and moderately well
to well bedded. Clasts are subangular to
well rounded, and their varied lithology
reflects the diverse types of bedrock in their
provenance. Unit includes a thick sequence
of organic-rich, gray, silty clay of probable
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lacustrine origin. This sequence was encoun-
tered in test holes drilled by the Colorado
Department of Transportation for Interstate
Highway 70 in Glenwood Canyon. It was
probably deposited in a lake formed behind
a rockfall dam near the west end of Hanging
Lake tunnel (Bowen, 1988; J. White and R.
Pihl, 1996, oral commun.). Radiocarbon
dates on wood debris contained within the
sequence range from 9,800 + 130 years B.P.
to 3,890 + 120 years B.P. (J.B. Gilmore, 1996,
oral commun.). The lacustrine deposits are
well sorted and well bedded. Maximum
thickness of entire unit may be as much as
154 ft (Bowen, 1988). Flood-plain and terrace
deposits included in this unit correlate with
deposits in terrace T8 of the Carbondale-
Glenwood Springs area of Piety (1981). Low-
lying areas are subject to flooding. Unit fre-
quently is a good source of sand and gravel.

Sheetwash deposits (Holocene and late
Pleistocene)—Includes deposits locally
derived from weathered bedrock and surfi-
cial materials which are transported pre-
dominantly by sheetwash and accumulate in
ephemeral stream valleys, on gentle hill-
slopes, or in basinal areas. Unit is common
on gentle to moderate slopes underlain by
shale, basalt, red beds, and landslide
deposits. Sheetwash deposits frequently fill
the floor of sinkholes. They typically consist
of pebbly, silty sand and sandy silt. Locally
the deposits are gradational and interfin-
gered with colluvium on steeper hillslopes
and with lacustrine or slackwater deposits in
closed depressions. Maximum thickness is
probably about 30 ft. Area is subject to
future sheetwash deposition. Unit may be
susceptible to hydrocompaction, settlement,
and piping where fine grained and low in
density.

Younger terrace alluvium (late Pleisto-
cene)—Chiefly stream alluvium in a terrace
about 45 ft above the Colorado River.
Consists of poorly sorted, clast-supported,
silty, sandy, occasionally bouldery, cobble
and pebble gravel that is overlain by 3 to 5 ft
of fine-grained overbank deposits. Clasts are
subround to round and are composed main-
ly of coarse-grained plutonic rocks, red
sandstone, and basalt with lesser amounts of
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other lithologies, such as hypabyssal rocks.
Clasts generally unweathered or only very
slightly weathered. Exposed thickness about
35 ft, but likely is thicker.

West of the quadrangle at the rest area
on Highway I-70 in West Glenwood Springs,
peat interbedded with tufa that overlies a
terrace deposit only 19 ft above the Colorado
River yielded a ¥C date of 12,410 + 60 years
B.P. (Kirkham and others, 1995a; 1996). This
dated terrace may in part correlate with or
be slightly younger than younger terrace
alluvium (Qty) in the Cottonwood Pass
quadrangle. Unit may also correlate in part
with younger terrace alluvium of Fairer and
others (1993) in the Storm King Mountain
quadrangle. Unit is probably in part equiva-
lent to outwash of the Pinedale glaciation,
which Richmond (1986) estimated to be
about 12 to 35 ka. Unit frequently is a good
source of sand and gravel.

Older gravel deposits (Pleistocene)—
Stream alluvium that caps the eastern end of
the ridge between Spring Gulch and
Cottonwood Pass road along the eastern
edge of the map area. It ranges from 160 to
280 ft above adjacent drainages. Unit is very
poorly exposed. Texture varies from poorly
sorted, clast-supported, silty, pebble and
cobble gravel to poorly sorted, matrix-sup-
ported, sandy, pebbly silt. Clasts are round-
ed to subangular and are chiefly red sand-
stone with lesser amounts of quartzite,
quartz, plutonic rocks, limestone, and tan to
light-brown sandstone. Clasts are moderate-
ly weathered. Maximum thickness is around
30 ft. Age of unit is poorly constrained. Unit
may be a source of sand and gravel.

High-level gravel (early Pleistocene and
late Tertiary)—Occurs as a single deposit of
gravel along the eastern edge of the quad-
rangle, where it caps the ridge south of and
about 400 to 450 ft above the floor of Spring
Gulch. Unit is very poorly exposed. It proba-
bly is a clast-supported, sandy, silty, pebble
and cobble gravel that locally is slightly
bouldery. Clasts are rounded to subangular
and are composed almost entirely of red
sandstone and quartzite with minor
amounts of quartz, limestone, and plutonic
rocks. Clasts are moderately to very weath-
ered. Unit is up to about 80 ft thick in
Cottonwood Pass quadrangle and is about
110 ft thick immediately east of quadrangle.
Age of unit is poorly constrained. It may be
a source of sand and perhaps gravel.

COLLUVIAL DEPOSITS—Silt, sand, gravel, and
clay deposited on valley sides, valley floors, and
hillslopes that were mobilized, transported, and
deposited primarily by gravity, but frequently
assisted by sheetwash, freeze-thaw action, and
water-saturated conditions.

Qlsr

Recent landslide deposits (latest Holo-
cene)—Includes a single, narrow, elongate
earthflow in upper Tom Creek that occurred
during the spring of 1995. Deposit is a het-
erogeneous unit consisting of unsorted,
unstratified clay, silt, sand, gravel, and rock
debris derived from landslide deposits (Qls).
Clasts are mainly angular to subangular
basalt and rounded to subangular red sand-
stone. Thickness is probably a maximum of
about 20 ft. Area is prone to renewed or con-
tinued landsliding.

Distribution of recent landslide deposits
is suggestive of the type of geologic setting
which may produce landslides in the current
climatic regime. Deposit was water saturat-
ed and water was seeping to the surface
from the base of the head scarp when exam-
ined in the fall of 1995. Deposits may be sus-
ceptible to settlement when loaded.

Colluvium (Holocene and late Pleisto-
cene)—Ranges from clast-supported, pebble
to boulder gravel in a sandy silt matrix to
matrix-supported gravelly, clayey, sandy silt.
Colluvium is derived from weathered
bedrock and surficial deposits and is trans-
ported downslope primarily by gravity, but
aided by sheetwash. Deposits are usually
coarser grained in upper reaches of colluvi-
um-covered slopes and finer grained in dis-
tal areas. Deposits derived from fine-grained
bedrock are finer grained and matrix sup-
ported. Clasts typically are angular to sub-
angular. Commonly unsorted or poorly
sorted with weak or no stratification. Clast
lithology is variable and dependent upon
types of bedrock occurring beneath and
above the deposit. Unit grades to and inter-
fingers with alluvium and colluvium (Qac),
younger debris-flow deposits (Qdfy), and
sheetwash deposits (Qsw) along some tribu-
tary drainages and hillslopes. Locally it
includes talus, sheetwash deposits, and
debris flows that are too small or too indis-
tinct on aerial photography to be mapped
separately. Maximum thickness is probably
about 50 ft.

Areas mapped as colluvium are suscep-
tible to future colluvial deposition and local-
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ly subject to sheetwash, rockfall, small
debris flows, mudflows, and landslides.
Fine-grained, low density colluvium may be
prone to hydrocompaction, piping, and set-
tlement. May be corrosive when derived
from evaporitic rocks. Excavation into collu-
vium may be difficult where it contains
large boulders of basalt.

Talus (Holocene and late Pleistocene)—
Angular, cobbly and bouldery rubble on
steep slopes that was transported downs-
lope principally by gravity as rockfalls, rock-
slides, and rock topples. Unit frequently
lacks matrix material. It includes deposits
derived from volcanic cliffs on Dock Flats,
Cottonwood Divide, Buck Point, and
Gobbler Knob, and from lower Paleozoic
rocks in Glenwood Canyon. Locally it is
underlain by or incorporated into landslides
around the margin of Dock Flats, Cotton-
wood Divide, and Buck Point. Maximum
thickness is estimated at about 50 ft. Areas
mapped as talus are subject to severe rock-
fall, rockslide, and rock-topple hazards. Unit
is a source of high quality riprap and
aggregate.

Landslide deposits (Holocene and Pleisto-
cene)—Highly variable deposits of unsorted,
unstratified rock debris, clay, silt, sand, and
gravel. Deposits range from currently active,
slowly creeping landslides to long-inactive
middle or perhaps even early Pleistocene
landslides. Unit includes rotational land-
slides, translational landslides, complex
slump-earthflows, and extensive slope-fail-
ure complexes. Maximum thickness is esti-
mated at 200 ft. Large landslide on north
side of Dock Flats includes long, linear tore-
va blocks of intact basalt at the head of the
landslide that break apart and become incor-
porated into the slide mass downslope.
Large landslide on east side of Cottonwood
Divide also contains toreva blocks. Two
landslides mapped in the NE1/s Sec. 34, T. 5
S., R. 86 W., one of which is northeast of
Blue Hill and the second in Mary Jane
Gulch, may actually be “mega-subsidence”
features related to large-scale collapse of the
ground surface into voids or caves in the
underlying Eagle Valley Evaporite. Mapped
area may be subject to future landslide activ-
ity. Unit may be prone to settlement when
loaded. Low-density, fine-grained deposits
may be susceptible to hydrocompaction.

Qco
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Older colluvium (Pleistocene)—Occurs on
ridges, drainage divides, and dissected
slopes on valley walls as erosional remnants
of formerly more extensive deposits that
were transported primarily by gravity and
aided by sheetwash. Genesis, texture, bed-
ding, and clast lithologies are similar to col-
luvium (Qc). Unit may include older land-
slide deposits (QIso). Unit averages 10 to 25
ft thick, with a maximum thickness about 60
ft. Area is not subject to significant future
colluvial deposition, except where adjacent
to eroding hillslopes. Older colluvium (Qco)
locally occurs as collapse debris or sink hole
fill within beds of gypsum. It may be subject
to hydrocompaction, piping, and settlement
where fine grained and low in density. May
be difficult to excavate where it contains
large boulders of basalt.

Older landslide deposits (Pleistocene and
late Tertiary?)—Landslide deposits dissect-
ed by erosion that lack distinctive landslide
geomorphologic features. Similar in texture,
bedding, sorting, and clast lithology to land-
slide deposits (Qls). Type of landslide move-
ment is generally not identifiable due to the
eroded character of deposits. Maximum
thickness is probably around 100 ft. Older
landslide deposits (Qlso) are probably not
prone to reactivation unless significantly
disturbed by construction activities.

ALLUVIAL AND COLLUVIAL DEPOSITS—
Silt, sand, gravel, and clay in debris fans, stream
channels, flood plains, and adjacent hillslopes
along tributary valleys. Depositional processes in
stream channels and on flood plains are primarily
alluvial, whereas colluvial and sheetwash pro-
cesses are predominant on debris fans, hillslopes,
and along the hillslope/valley floor boundary.

Qdfy

Younger debris-flow deposits (Holocene)—
Sediments deposited by debris flows, hyper-
concentrated flows, streams, and sheetwash
on active debris fans and in stream channels.
Unit ranges from poorly sorted, matrix-sup-
ported, gravelly, sandy, clayey silt to clast-
supported, pebble and cobble gravel with a
sandy, clayey silt or silty sand matrix.
Occasionally is very bouldery, particularly
near fan heads. Distal parts of some fans are
characterized by mudflow and sheetwash
and tend to be finer grained. Locally is
interfingered or interbedded with modern
alluvium adjacent to stream channels. Clasts
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are mostly angular to subround sedimentary
rock and basalt fragments as much as about
4 ft in diameter. Maximum thickness is
about 50 ft.

Mapped areas are subject to flooding
and future debris-flow activity following
intense rainstorms, except on distal parts of
some fans, where mudflow and sheetwash
processes are predominant. Deposits are
prone to settlement, piping, and hydrocom-
paction where fine grained and low in den-
sity. Unit is subject to sinkhole development
by piping where underlain by cavernous
evaporitic rocks and may be corrosive if
derived from evaporitic rocks.

Alluvium and colluvium, undivided (Holo-
cene and latest Pleistocene)—Sediments
deposited by alluvial and colluvial processes
in tributary valleys of small perennial, inter-
mittent, and ephemeral streams. Chiefly
stream-channel, low-terrace, and flood-plain
deposits along valley floors, with colluvium
and sheetwash common on valley sides.
Deposits of alluvium and colluvium proba-
bly are interfingered. Locally includes
younger debris-flow deposits. Alluvium is
typically composed of poorly to well-sorted,
stratified, interbedded pebbly sand, sandy
silt, and sandy gravel; however, colluvium
may range to unsorted, unstratified or poor-
ly stratified, clayey, silty sand, bouldery
sand, and sandy silt. Clast lithologies are
dependant upon type of rock within prove-
nance. Thickness is commonly 5 to 20 ft,
with maximum thickness estimated at about
40 ft. Low-lying areas are subject to flood-
ing. Valley sides are prone to sheetwash,
rockfall, and small debris flows. Unit may be
subject to settlement, piping, and hydrocom-
paction where low in density and fine
grained. It is a potential source of sand and
gravel.

Older alluvium and colluvium, undivided
(Pleistocene)—Deposits of alluvium and
colluvium that underlie terraces and hill-
slopes about 10 to 50 ft above adjacent inter-
mittent or ephemeral streams. Texture, bed-
ding, clast lithology, sorting, and genesis are
similar to alluvium and colluvium (Qac).
Thickness is as much as 20 ft. Unit may be a
source of sand and gravel.

Older debris-flow deposits (Holocene and

Pleistocene)—Valley-filling deposits in trib-
utaries to the Colorado River. Unit is geneti-
cally, texturally, and lithologically similar to
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younger debris-flow deposits (Qdfy). Locally
is cemented with tufa. Clasts range from
unweathered to slightly weathered.
Elevation differences between original depo-
sitional surfaces and adjacent incised mod-
ern drainages range from about 20 to 60 ft.
Thickness is generally about 10 to 60 ft, but
may locally exceed 80 ft. Where fine grained
and low in density, unit may be prone to
hydrocompaction, piping, and settlement.
Deposits are corrosive when derived from
evaporitic bedrock. Unit may be a source of
sand and gravel.

High-level basaltic gravel (early Pleisto-
cene and late Tertiary?)—Occurs on ridge
between Spruce and Ike Creeks on western
edge of map area and on north end of
Spruce Ridge. Unit consists of slightly
indurated, matrix-supported, cobbly, pebbly,
and bouldery clayey, sandy silt. Clasts are
primarily very weathered, rounded to sub-
angular basalt with minor amounts of red
sandstone and conglomerate, quartzite,
quartz, pink granite, and chert. Deposits are
400 to 600 ft above Spruce Creek. They prob-
ably were deposited as debris flows, earth-
flows, colluvium, and landslides. Maximum
thickness is about 60 ft. It may be difficult to
excavate where large boulders are present.
Unit may be a source of riprap or aggregate.

Sediments of Cottonwood Bowl (Early
Pleistocene and late Tertiary?)—Locally
derived gravel, sand, silt, and clay deposited
in and near the topographic bowl bordered
on the north and west by Cottonwood
Divide and Dock Flats at the headwaters of
East Coulter Creek. Deposits are preserved
on small hills as eroded remnants of alluvial
and colluvial sediments that overlie basalt.
Unit is poorly exposed. Deposits appear to
range from sandy and silty pebble, granule,
or cobble gravel to gravelly, sandy silt.
Clasts are predominantly subangular to sub-
rounded, moderately to highly weathered,
and consist of basalt, red, pink, and tan
sandstone and siltstone, gray limestone, and
quartz. Probably deposited in fluvial, sheet-
wash, and colluvial environments.
Sediments of Cottonwood Bowl appear to
have been deposited in a large collapse bowl
that developed after emplacement of the
basalt of Dock Flats. Stratigraphic relation-
ship of these sediments with the late Tertiary
volcanic rocks of Buck Point are not known.
The collapse bowl probably formed in



response to subsidence into a void caused
by dissolution or flowage of underlying
evaporitic rocks. Unit may be equivalent in
age to Sediments of Missouri Heights (QTm)
mapped by Kirkham and Widmann (1997) in
the Carbondale quadrangle. Maximum
thickness of sediments is estimated at 100 ft;
however they likely were much thicker prior
to erosion.

UNDIFFERENTIATED DEPOSITS
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Surficial deposits, undifferentiated
(Quaternary)—Shown only on cross section.

BEDROCK

Basaltic trachyandesite of Gobbler Knob
(Pliocene)—Gray to dark-gray and black,
dense to vesicular erosional remnants of a
basaltic trachyandesite flow. Contains phe-
nocrysts of olivine and xenocrysts of quartz
with reaction rims of clinopyroxene. Ero-
sional flow remnants occur in two isolated
outcrops which form the caprock on, and
south of, Gobbler Knob. Since these flow
remnants now occupy a ridge line, it is pos-
sible that erosion has caused a topographic
inversion since emplacement of these
deposits. Flow rocks on Gobbler Knob have
whole-rock geochemistry similiar to that of
cindery deposits in an eroded cone on Dock
Flats 1 mile to the south. This eroded cone,
which is the probable source of the Gobbler
Knob basaltic trachyandesite flows, appears
to overlie, and therefore is younger than, the
basalt flows which cap Dock Flats. Pre-
liminary 40Ar/3Ar analyses of basaltic tra-
chyandesite from Gobbler Knob suggest a
plateau age of 3.0 Ma (M. Kunk, 1997, writ-
ten commun.). Unit is a potential source of
high quality riprap or aggregate.

Cinder deposits of Gobbler Cone (Plio-
cene)— Red and red-brown, scoriaceous,
unconsolidated, vesicular, cindery lava asso-
ciated with an eroded eruptive center on
Dock Flats. These cindery deposits overlie
and hence are younger than the basalt flows
that cap most of Dock Flats. Petrographically
the deposit is an olivine basalt with quartz
xenocrysts. On the basis of major-element,
whole-rock geochemistry, deposit is basaltic
trachyandesite. Geomorphic relationships
suggest that this could be the eruptive vent
for the lava flows on Gobbler Knob. Major-
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element, whole-rock analyses support this
relationship for the Gobbler Knob flows.
Cinder cone deposits are a potential source
of light-weight aggregate.

Basaltic trachyandesite of Buck Point (Plio-
cene)—Medium- to dark-gray flows of
basaltic trachyandesite with abundant
olivine and partially to completely resorbed,
sometimes recrystallized, quartz and feld-
spar. Groundmass is fine grained, containing
plagioclase microlites and 1 to 5 percent
opaque minerals. Groundmass ranges from
holocrystalline to glassy. Phenocrysts are
olivine and pyroxene. Contains xenocrysts
of quartz that have reaction rims of pyrox-
ene, carbonate, and biotite. Dense to slightly
vesicular with a maximum of 10 percent by
volume vesicles. Unit is probably the result
of eruptions which emerged from a vent
near Buck Point and occurs as a sequence of
flat-bedded lava flows, with an approximate
total thickness of 50 to 100 ft, and as an out-
crop of massive columnar jointed lava
approximately 100 to 150 ft thick. Columnar
jointed lava is interpreted as the near-vent
facies of the unit, while flat-bedded lavas are
suspected to have flowed farther from the
vent. However, true stratigraphic relation-
ships are problematic due to poor exposure
of the contacts between various occurrences
of basaltic trachyandesite. Preliminary
40Ar/39Ar analyses of basaltic trachyandesite
from Buck Point suggests a plateau age of
3.17 Ma (M. Kunk, 1997, written commun.).
Unit may cause rockfall hazards where
exposed in steep cliffs.

Cinder deposits of Buck Point (Pliocene)—
Red to brownish-red and black, loose to
well-cemented breccia consisting of 1- to 20-
inch diameter clasts of basaltic trachyan-
desite lava (Tbp). Most breccia clasts contain
over 20 percent vesicles by volume and
many contain up to 50 percent vesicles. Very
few clasts contain less than 10 percent vesi-
cles. Highly vesicular clasts are typically red
and very oxidized. Less vesicular clasts
closely resemble basaltic trachyandesite lava
(Tbp). Unit is moderately well bedded to
well bedded. It is most likely the result of a
late stage, high gas content, explosive erup-
tion which probably eminated from the Buck
Point vent. This explosive eruption appears
to post-date the eruption or series of erup-
tions which produced the flat-lying lava
beds on the north and northwest sides of
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Buck Point. The flow of columnar jointed
lava exposed at the base of the south flank
of Buck Point appears to grade upward into
cinder deposits. Field relationships suggest
that cindery ejecta was draped over the flat-
lying lava beds, and perhaps over the
columnar jointed lavas, producing a bedded
cinder cone that is now mostly eroded away.

Basalt (Miocene)—Multiple flows of trachy-
basalt that are widespread across the west-
central and south-central parts of the quad-
rangle. Ranges from massive to highly vesic-
ular, with sparse amygdules of calcite.
Groundmass is predominantly plagioclase
and pyroxene, with minor amounts of
olivine, glass, pigeonite, augite, and mag-
netite. Phenocrysts are euhedral to subhe-
dral olivine that weathers to iddingsite
along crystal edges and fractures. Unit is
well exposed in the headscarps of two large
landslides on the north and east sides of
Dock Flats, where it consists of multiple,
stacked flows of trachybasalt with a total
exposed thickness of around 180 ft. A whole-
rock sample collected from a flow in the
middle of the exposed sequence on Dock
Flats yielded an 40Ar/3Ar age date of 7.70
+0.04 Ma (L. Snee, 1996, written commun.).
Thick flow sequence on Dock Flats extends
southeast across Cottonwood Divide. It is
sharply folded downward along the promi-
nent escarpment that separates Cottonwood
Bowl from Dock Flats and Cottonwood
Divide. This escarpment marks the northern
limits of a regional collapse basin that has
resulted from dissolution and/or flowage of
underlying evaporitic rocks. Basaltic flows
exposed in Cottonwood Bowl and in the
hills between East Coulter Creek and
Association Gulch are correlative with those
on Dock Flats and Cottonwood Divide on
the basis of major-element, whole-rock geo-
chemical analyses, and those of Leat and
others (1988), and R.N. Thompson (1995,
written commun.). This interpretation is
supported by geologic field relationships.
However, a K-Ar age of 11.1 + 0.5 Ma was
reported for a basalt flow on the south side
of Cottonwood Pass road by Larson and oth-
ers (1975). Preliminary 40Ar/3Ar analyses of
basaltic rock from the north side of Cotton-
wood Pass road, from an outcrop immedi-
ately north of that dated by Larson and oth-
ers (1975) suggests an age of 7.7 Ma (M.
Kunk, 1997, written commun.).
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On Spruce Ridge an erosional remnant
of basalt appears to consist of a single flow
ranging from about 2 to 8 ft thick. The flow
on Spruce Ridge is associated with main-
stem ancestral Colorado River gravels and
occurs about 200 to 240 ft below the flows
on Dock Flats. Stratigraphic relationships
between this basalt flow and the Colorado
River gravels are unclear. The gravels and
flow lie about 2,300 ft above the Colorado
River. The flow has major-element concen-
trations that are very similiar to the flows on
Dock Flats, and preliminary 40Ar/3%Ar analy-
ses suggest a plateau age of 7.8 Ma (M. Kunk,
1997, written commun.).

Unit frequently is a source of rockfall
debris where exposed in steep cliffs. It is a
potential source of high quality riprap and
aggregate.

Sedimentary deposits (Miocene)—Includes
extensive deposits that underlie basalt flows
near and south of Cottonwood Pass and a
thin, areally limited deposit associated with
the basalt on Spruce Ridge. Deposits near
and south of Cottonwood Pass are generally
poorly exposed, but field relationships sug-
gest they underlie the basalt flows in this
area. Unit appears to be mostly composed of
silty, pebbly gravel and pebbly silt, but
ranges to sandy and clayey silt east of
Cottonwood Pass. May be predominantly a
matrix-supported deposit. Clasts are round
to subangular and consist mostly of red
sandstone, quartz, and coarse-grained plu-
tonic rocks. Metamorphic and hypabyssal
lithologies occur less frequently. The hyp-
abyssal clasts are similiar to ones in late
Pleistocene Colorado River deposits up-
stream of Dotsero.

Deposit on Spruce Ridge is associated
with a basalt flow, but stratigraphic relation-
ships between the flow and the sediments
are not clear. Deposit is very poorly exposed,
but appears to consist of fluvial, clast-sup-
ported, silty, sandy pebble and cobble gravel
that is slightly indurated. Clasts are well
rounded to subrounded and chiefly com-
posed of various types of plutonic granitic
rocks, red sandstone, quartzite, quartz, and
conglomeratic sandstone typical of a Colo-
rado River provenance. Clasts are moderate-
ly to very weathered. Thickness of deposit
on Spruce Ridge may be as much as about
50 ft, whereas deposits near and south of
Cottonwood Pass could be over 200 ft thick.
Unit is a potential source of sand and gravel.
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Chinle and State Bridge Formations, undi-
vided (Upper Triassic and Permian)—
Chinle Formation consists of thin, even-bed-
ded, and massive red beds of dark-reddish-
brown, orangish-red, and purplish-red, cal-
careous siltstone and mudstone with ocas-
sional thin lenses of light-purplish-red and
gray limestone and limestone-pebble con-
glomerate. Underlying State Bridge
Formation consists of pale red, grayish-red,
reddish-brown, and greenish-gray, mica-
ceous siltstone, clayey siltstone, and minor
sandstone. Combined unit occurs in the
southeast corner of the quadrangle where
exposed in a large drag-folded, footwall syn-
cline on the east or downdropped side of the
Basalt Mountain Fault, a large reverse fault
of Laramide age. Combined unit is poorly
exposed rendering this red bed sequence
undividable in the field. Total estimated
thickness of combined unit is 385 ft.
Environments of deposition for the com-
bined unit include shallow marine and flu-
vial-lacustrine.

Maroon Formation (Lower Permian and
Upper Pennsylvanian)—Mainly red beds of
sandstone, conglomerate, siltstone, mud-
stone, and shale with minor, thin beds of
gray limestone. Frequently it is arkosic and
micaceous. Total thickness of formation on
adjacent quadrangles is 3,000 to 5,000 ft
(Kirkham and others, 1995b, 1996); however,
only parts of the formation occur in the
quadrangle. In the northeast corner of the
quadrangle only the lower 400 ft of the for-
mation crops out. Rocks in this area are dis-
rupted by faults that probably resulted from
dissolution-related subsidence and flowage
of underlying evaporitic rocks. In the south-
east corner of the quadrangle the upper por-
tion of the formation is mapped in the vicin-
ity of Sawmill Creek, but is truncated
against a northwest-southeast trending fault
which is downdropped to the southwest.
Formation was deposited in the Central
Colorado Trough between the Ancestral
Front Range and Uncompahgre Highlands
in fluvial and perhaps eolian environments
(Johnson and others, 1988). Formation is
prone to rockfall where exposed in steep
cliffs.

Eagle Valley Formation (Middle Pennsyl-
vanian)—Interbedded reddish-brown, gray,
reddish-gray, and tan siltstone, shale, sand-
stone, gypsum, and carbonate rocks. Unit

Pee

represents a stratigraphic interval in which
the red beds of the Maroon Formation grade
into and intertongue with the predominant-
ly evaporitic rocks of the Eagle Valley
Evaporite. It includes rock types of both for-
mations. Thickness is variable, ranging from
about 500 to 1,000 ft. Unit is both con-
formable and intertonguing with overlying
Maroon Formation and underlying Eagle
Valley Evaporite. Contact with Maroon
Formation is placed at top of uppermost
evaporite bed or light-colored clastic bed.
Intertonguing relationship with underlying
Eagle Valley Evaporite is well exposed on
east side of Cottonwood Creek. Lower part
of formation is frequently deformed by dis-
solution-related subsidence and flowage of
underlying evaporite rocks. Large sinkholes
can develop in these rocks as underlying
evaporites dissolve or flow as shown on the
ridge north of Spring Gulch. Formation was
deposited in the Eagle Basin on the margin
of an evaporite basin in fluvial, eolian, and
marine environments. Unit may be suscepti-
ble to subsidence and sinkholes. Surficial
deposits derived from it are prone to com-
paction, piping, and corrosion problems
where evaporitic rocks occur near land
surface.

Eagle Valley Evaporite (Middle Pennsyl-
vanian)—Sequence of evaporitic rocks con-
sisting mainly of massive to laminated gyp-
sum, anhydrite, and halite, interbedded with
light-colored mudstone and fine-grained
sandstone, thin carbonate beds, and black
shale. Beds commonly are intensely folded,
faulted, and ductily deformed by diapirism,
flowage, load metamorphism, dissolution,
hydration of anhydrite, and regional tecton-
ism. Thickness of formation averages 1,800
ft, but varies due to flowage and diapiric
activity. Generally is poorly exposed except
along east side of Cottonwood Creek, where
there are excellent exposures. Contact with
overlying Eagle Valley Formation is both
conformable and intertonguing and is
defined as the base of the lowest red bed
within the Eagle Valley Formation. Evapor-
ite diapirically intrudes older colluvium
(Qco) locally. Formation was deposited in
the Eagle Basin which formed as the outlet
for the Central Colorado Trough was
restricted (Mallory, 1971). Schenk (1989) rec-
ognized multiple transgressive-regressive
sedimentary cycles in the formation near
Gypsum and Eagle and suggested the gyp-
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sum was deposited in a subaqueous envi-
ronment rather than in a sabkha. Formation
may include eolian deposits similar to those
reported by Schenck (1987).

The Eagle Valley Evaporite contains
voids and caverns that have resulted from
near-surface dissolution of evaporite rocks
and is prone to development of sinkholes

into which overlying surficial deposits may
be piped. Distribution of sinkholes on ridges Mi

adjacent to Mary Jane Guilch is striking. The
large area of disturbed ground at the head of
the gulch, which is mapped as a “mega-sub-
sidence complex”, may be due to large-scale
subsidence over caverns. Surficial deposits
derived from the Eagle Valley Evaporite
may be subject to compaction, settlement,
and corrosion problems.

Eagle Valley Formation and Eagle Valley
Evaporite, undivided (Middle Pennsyl-
vanian)—Includes Eagle Valley Formation
and Eagle Valley Evaporite on the west side
of upper Cottonwood Creek where heavy
ground vegetation prohibits mapping of the
contact between units. May be prone to sub-
sidence, sinkholes, compaction, settlement,
and piping where evaporitic rocks occur
near land surface.

Belden Formation (Lower Pennsylvanian)—
Medium-gray to black, and dark-brown, cal-
careous and locally micaceous shale and
coarse-grained, gray, fossiliferous limestone
containing interbeds and lenses of fine-
grained, micaceous, greenish-tan sandstone.
Upper 100 ft of unit contains four or five
prominent beds of conglomeratic, very
coarse-grained, lithic-rich wackes and sub-
arkoses which are probably equivalent to the
Minturn Formation that crops out in the
Dotsero quadrangle (Streufert and others,

1997). Unit may contain discontinuous gyp- Dc

sum beds occurring at any interval, but most
commonly near the upper contact. Locally is
very fossiliferous (Bass and Northrup, 1963).
Unit is 1,150 to 1,270 ft thick across quadran-
gle. Entire unit, including basal and upper
contacts, is well exposed along the east wall
of lower Cottonwood Creek valley. It is con-
formably overlain by a massive bed of gyp-
sum which forms the base of the overlying
Eagle Valley Evaporite (Mallory, 1971).
Formation was deposited over a widespread
area in the Central Colorado Trough
between the Uncompahgre and Front Range
Highlands. Shale-limestone sequences in the

lower part of the formation record low-ener-
gy sedimentation at a distance from source
areas. Conglomeratic beds near the top of
the Belden may reflect activation of nearby
fault-blocks in response to Pennsylvanian
mountain building (Streufert and others,
1997). The Belden Formation is prone to
landsliding on steep slopes.

Leadville Limestone (Mississippian)—
Light- to medium-gray, bluish-gray, massive,
coarse to finely crystalline, fossiliferous,
micritic limestone and dolomite. Unit con-
tains lenses and nodules of dark-gray to
black chert as much as 0.3-ft thick in the
lower one-third of the formation. Upper half
of the formation locally contains coarse-
grained oolites. Carbonate veinlets with dis-
seminated silt-sized quartz grains are com-
mon. Top of unit contains collapse breccias,
filled solution cavities, and “locally” a red to
reddish-purple claystone regolith (Molas
Formation), all of which formed on a pale-
okarst surface. The Leadville Limestone is
very fossiliferous and contains abundant
crinoid and brachiopod fragments. Upper
contact is irregular and unconformable with
overlying Belden Formation. Unit averages
180 to 200 ft thick. Rocks in this unit formed
in a marine environment in the sub-littoral
zone by the accumulation of biogenic and
oolitic sediment. Unit can be chemically
pure and has been mined as metallurgical
grade limestone west of the quadrangle.
Also is a source of riprap and aggregate.
Solution features including caves and solu-
tion pockets are common in these rocks.
Unit may be susceptible to sinkholes and
subsidence where karst features occur near
the surface, and it may be a source of rock-
fall debris where exposed in cliffs.

Chaffee Group (Upper Devonian)—
Sequence composed of dolomite, limestone,
quartzite, dolomitic sandstone, and shale.
The Chaffee Group includes in descending
order the Gilman Sandstone, Dyer Dolomite,
and the Parting Formation. Total thickness
of the Chaffee Group in Glenwood Canyon
is 252 ft (Soule, 1992). Unit may be a source
of rockfall debris.

Gilman Sandstone consists of tan to yel-
low, laminated, fine to very fine-grained cal-
careous sandstone. Laminae are generally
less than 1 inch in thickness and consist of
beds of fine sand which locally display weak
planar-tabular cross-bedding and minor
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load structures. Some laminae contain dis-
continuous lenses of quartz arenite with
relict casts of carbonate rhombohedron.
Contact with the overlying Mississippian
Leadville Limestone is unconformable.

Dyer Dolomite is divided into two mem-
bers on the White River Uplift. The upper
Coffee Pot Member consists of crystalline,
micritic dolomite, dolomitic gray shale, and
micritic limestone. Member is somewhat
sandy, especially near the top. The lower
Broken Rib Member consists of gray, nodu-
lar, crystalline limestone. Unit is character-
ized by abundant rip-up clasts, intraforma-
tional breccia, and bioturbated bedding
(Soule, 1992).

Parting Formation consists of beds of
white to buff, massive orthoquartzite con-
taining feldspar and rock fragments, mica-
ceous green shale with discontinuous lenses
of quartzite, and gray, sandy micritic
dolomite. Orthoquartzite beds range in
thickness from 0.5 to 1.0 ft and give the for-
mation its popular name, “Parting
quartzite”.

Manitou Formation (Lower Ordovician)—
Consists predominantly of medium-bedded,
brown dolomite, limestone, sandstone, and
thin beds of gray, flat-pebble limestone con-
glomerate interbedded with greenish-gray
calcareous shale. In Glenwood Canyon the
Manitou Formation is 156 ft thick according
to Bass and Northrop (1963) and 167 ft thick
as measured by Soule (1992). It may be a
source of rockfall debris. Formation is divid-
ed into two members, the Tie Gulch Member
and the underlying Dead Horse
Conglomerate Member.

Tie Gulch Member consists of massive,
micritic, brown- and orange-weathering,
crystalline, somewhat siliceous dolomite and
minor limestone. Member becomes some-
what sandy near the top. Some beds are
glauconitic although considerably less so
than the underlying beds of the Dead Horse
Conglomerate Member. Contact with the
overlying Devonian Chaffee Group is
unconformable, occurring at a thin shale bed
which may be a paleosol (Soule, 1992).

10

€d

€s

p€

Dead Horse Conglomerate Member con-
sists mostly of thin-bedded, gray, flat-pebble
limestone conglomerate, thin-bedded lime-
stone, shaly limestone, and two beds of mas-
sive, dolomitic orthoquartzite. Member is
glauconitic, especially in its lower part.

Dotsero Formation (Upper Cambrian)—
Thinly bedded, tan to gray, silty and sandy
dolomite; dolomitic sandstone; green
dolomitic shale; limestone and dolomite
conglomerate; limestone; and pinkish- to
light-gray algal limestone. Unit contains
abundant glauconite. Formation is divided
into two members: the Clinetop Member
and underlying Glenwood Canyon Member.

Clinetop Member consists of a bed of
stromatolitic limestone with well preserved
algal-head crinkle structures which overlies
a 5-ft-thick bed of matrix-supported lime-
stone pebble conglomerate with abundant
rip-up clasts.

Glenwood Canyon Member consists of
thinly bedded dolomite, dolomitic sand-
stone, conglomeratic limestone, coarse-
grained fossilliferous limestone, and
dolomitic shale. Member is 90 to 100 ft thick.

Sawatch Quartzite and unnamed overlying
rocks, undivided (Upper Cambrian)—
White and buff to gray-orange, brown-
weathering, vitreous orthoquartzite, in beds
from 1 to 3 ft thick. Unit includes beds of
massive, brown, sandy dolomite, which are
a suggested equivalent of the Peerless Form-
ation described by Tweto and Lovering (1977)
and Bryant (1979) at Minturn and Aspen,
respectively, and overlying unnamed beds of
sandy dolomite and white dolomitic quartz-
ite. These upper unnamed beds are possibly
disconformable with sediments of the
Sawatch Quartzite below and the overlying
Dotsero Formation. Total thickness of this
combined unit is 500 ft. Formation is prone
to rockfalls, rockslides, and rock avalanches.
Unit may be a source of aggregate.

Precambrian rocks, undivided (Protero-
zoic)—Igneous and metamorphic rocks.
Shown only on cross section.



ECONOMIC GEOLOGY

In 1995 Eagle Gypsum Company produced 400,000 the quadrangle is crushed and used as light-weight
tons of gypsum from an open pit developed in the filler in the manufacture of cinder blocks. This material
Eagle Valley Evaporite at their Eagle Gypsum Mine, is also marketed as landscaping aggregate and road
located 4 miles northeast of the Cottonwood Pass cinders (J. Cappa, 1996, oral commun.). A cinder cone
quadrangle. The gypsum was manufactured into wall- on Dock Flats consists of similar scoriaceous material,
board and other products at a calcining and produc- but is remotely located.

tion facility located at Gypsum, Colorado (J. Cappa, Other potential mineral resources in the quadran-

1996, oral commun.). gle include high-grade limestone, sand, gravel, and
Scoriaceous basalt mined from the 4,000-year-old crushed rock.

Dotsero crater by Mayne Block Company northeast of

107*; 30' 107;, 00’
: 045"
CGS 39°45
OFR 97-2
".Current
.- USGS —Tcas s Adas
! Mapping et DS OFR 95-3 |OFR /854 OFR 97-4
i : i ok / P :
" ¥ -!~. s R -oul 36—
""—"’ . -q-_-‘ ; 0% i A \. \., ; g
7 o A S e R Gienwood
‘ . \Ssprings
Lo e e e T ] Glenwood \Springs Sh : Co d Pass® | 390 30¢
CGS CGS CGS . CGS CGS
OFR OFR 96-2 |OFR 96-1 OFR 97-3 |OFR
in 1999 in 1998
I Carbondale
Hunter Mesa Center Mountain Cattle Creek Carbondale \ Leon
1 PR
CGS |CGS USGS
: OFRin | OFR \GQ 967"
1999 |in 1998 b
'MtSo ris Basalt i ."/?Q
i = N\, foets
‘ UsGs - g
0 2 4 mi ; GGQ” SR [ N
Pt & St A
0 2 4 6km >
\
2)
a*/

Figure 1. Status of geologic mapping of 7.5-minute quadrangles in the vicinity of
Cottonwood Pass quadrangle.
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Table 1. Whole rock data.

SAMPLE # SiO, ALO, Fe,0, MgO CaO Na,0 K, 0 TiO, P,0, MnO LOI
o, O/D 0, 0, %

Yo %o % Yo % % Yo %
CP76 50.3 15.1 10.8 7.15 7.881 3.10 2.10 1.73 0.63 0.15 0.40
CP77 503 151 109 751 7.82 3.15 217 1.77 0.66 0.16 0.16
CP83 499 15.3 112 6.86 8.01 3.21 219 1.79 0.70 0.16 033
CP 86 50.8 15.8 10.1 6.52 7.57 3.20 3.24 1.63 0.65 0.16 0.11
CP 88 512 153 10.8 6.64 7.34 3.23 2.49 1.81 0.72 0.16 0.09
CP 89 47.8 14.7 11.5 8.14 8.27 2.94 2.21 1.82 0.74 0.16 1.59
CP 106 50.0 153 11.0 7.40 8.02 3.19 223 1.81 071 0.16 0.24
CPV-2 499 15.6 10.1 6.65 8.15 3.33 2.54 1.64 0.68 0.16 0.94
CPV-3 50.9 16.0 10.1 6.11 7.28 3.16 3.27 1.62 0.66 0.16 0.25
CPV-4 50.4 16.0 10.1 6.28 7.16 3.09 3.19 1.64 0.55 0.15 0.50
KH-95-32 50.3 151 10.7 7.48 7.79 3.21 2.28 1.76 0.69 0.15 0.01
KH-95-30 50.8 153 10.6 6.87 7.56 3.26 2.30 1.77 0.68 0.15 0.12
KH-95-29 49.9 15.1 11.2 7.29 7.92 3.18 229 1.78 0.69 0.16 0.06
KH-95-26 524 159 8.70 5.46 7.40 3.45 3.42 1.50 0.69 0.15 0.26
CP-39 518 151 8.91 5.47 7.31 3.27 3.23 1.41 0.66 0.14 0.95
CP8 49.3 14.5 11.1 7.21 7.31 2.98 224 1.69 0.60 0.15 0.20

[LOI=Loss on ignition]

Sample Locations:
CP 76. Trachybasalt; lower flow in landslide scarp-east of Cottonwood Divide; Lat. 39.54105°; Long. 107.06679

CP 77. Trachybasalt; upper flow in landslide scarp-east of Cottonwood Divide; Lat. 39.54107°; Long. 107.06670
CP 83. Trachybasalt; uppermost of 3 flows-northeast end of Dock Flats; Lat. 39.55847°; Long. 107.06318°
CP 86. Basaltic trachyandesite; columnar jointed lava of Buck Point; Lat. 39.51120°; Long. 107.11521°

CP 88. Trachybasalt; adjacent to Cottonwood Pass Road; Lat. 39.52646°; Long. 107.11763°

CP 89. Trachybasalt; Cottonwood Pass-Larson’s 11.1 Ma whole rock date; Lat. 39.53079°; Long. 107.06875°
CP 106. Trachybasalt; Joy Ranch; Lat. 39.49837°; Long. 107.05296°

CPV-2. Basaltic trachyandesite; flat-lying flows northeast of Buck Point; Lat. 39.51769°; Long. 107.10532°
CPV-3. Basaltic trachyandesite cinders; upper unit on Buck Point; Lat. 39.51661°; Long. 107.11188°

CPV-4. Basaltic trachyandesite; flat-lying flows north of Buck Point; Lat. 39.52119°; Long. 107.11380°
KH-95-32. Trachybasalt; Spruce Ridge; Lat. 39.58444°; Long. 107.09670°

KH-95-30. Trachybasalt; upper flow on Dock Flats; Lat. 39.57232°; Long. 107.11148°

KH-95-29. Trachybasalt; underlying flow on Dock Flats; Lat. 39.57259°; Long. 107.11138°

KH-95-26. Basaltic trachyandesite; flow on Gobbler Knob; Lat. 39.58028°; Long. 107.07616°

CP 8. Trachybasalt; upper flow on Dock Flats; Lat. 39.57359°; Long. 107.10553°

CP 39. Basaltic trachyandesite; flow on Gobbler Knob; Lat. 39.58058°; Long. 107.07637°

Samples CP8 and CP39 were analyzed by XRAL Laboratories, Denver, CO.
Sample CP86 was analyzed by Chemex Lab, Inc., Sparks, NV.
All other samples were analyzed by the U.S. Geological Survey, Denver, CO.
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‘ Z TR o o 5 Ao / B ' / \ ' / I 9 g : ‘ . : . derlies terraces and hillslopes about 10 to 50 ft above adja-
The complgte description of map units and references is in the cent intermittent or ephemeral streams. Texture bedding, S
accompanying booklet. clast lithology, sorting, and genesis are similiar to alluvium
and colluvium (Qac) )
ALLUVIAL & UNDIFFERENTIATED
SURFICIAL DEPOSITS . . : HUMAN-MADE COLLUVIAL COLLUVIAL SURFICIAL
| Qdfo | Older debris-flow deposits (early Holocene and Pleistocene)— DEPOSITS b Pk oy SEPOBITS DEPOSITS
HUMAN-MADE DEPOSITS—Material placed by humans ()Fcur as valley-filling deposits in tributaries to the Colorado L £4 i | ] I —d
P 2 ) River. Unit is genetically, texturally, and lithologically simil- : _
af Artificial fill (latest Holocene) iar to younger debris-flow deposits (Qdfy). Elevation differ- Qlsr Qdfy
ences between original depositional surfaces and adjacent Qa Qsw | Qc Qt Qac - Holocene
ALLUVIAL DEPOSITS—Silt, sand, and gravel deposited in stream chan- incised modern drainages range from 20 to 60 ft ‘ .
nels, flood plains, terraces, and sheetwash areas along the Colorado River . . . .
and in tributaries QTbg | High-level basaltic gravel (early Pleistocene and late Tertiary?)— ot Qls
Unit consists of slightly indurated, matrix-supported, cob- y
. . ghtly PP Qdfo
Qa Stream-channel, flood-plain, and low-terrace deposits (Holocene bly, pebbly, and bouldery clayey, sandy silt. Occurs on ridge
and late Pleistocene)—Mostly clast-supported, silty, sandy, between Spruce Creek and lke Creek on western edge of Qco Qaco| Q - QUATERNARY
occasionally bouldery, pebble and cobble gravel. Poorly to map area and on north end of Spruce Ridge. Probably de- W P ma——
moderately well sorted. Includes modern alluvium and posited as debris flows, earthflows, colluvium, or landslides
other deposits underlying the Colorado River, adjacent . 2 St
flood-plain deposits, and low-terrace alluvium. Unit in- QTe | Sediments of Cottonwood Bowl (early Pleistocene and late Ter-
cludes a thick sequence of organic-rich, gray, silty clay of tlary?)—l.ncally derived gra\-gl, sand, silt, and clay deposit- L]
probable lacustrine origin ed in and near the topographic bowl bordered on the north
and west by Cottonwood Divide and Dock Flats. Deposits
Qsw | Sheetwash deposits (Holocene and late Pleistocene)—Pebbly, range from sandy and silty pebble, granule, or cobble gravel Qlso | ]
silty sand and sandy silt. Occurs on gentle to moderate to gravelly, sandy silt. Deposited in fluvial, sheetwash, and QTc |QTbg
slopes underlain by shale, basalt, red beds, and landslide colluvial environments in a large collapse bow! that devel- QTg
deposits. Frequently fills the floor of sinkholes. Gradational oped after emplacement of the basalts of Dock Flats
and interfingering with colluvium on steeper hillslopes and BEDROCK
with lacustrine and slackwater deposits in closed depres- UNDIFFERENTIATED SURFICIAL DEPOSITS
i Q Surficial deposits, undifferentiated (Quaternary)—Shown only " » 7 =
Qty Younger terrace alluvium (late Pleistocene)—Consists of poorly ' on cross-section — ] C e Tag | Tagc
sorted, clast-supported, silty, sandy, occasionally bouldery, S e ~ Pliocene
cobble and pebble gravel. Chiefly stream alluvium in a ter- Tbp | Tbpc
race about 45 ft above the Colorado River. Overlain by 3 to 5 BEDROCK o E - TERTIARY
ft of fine-grained overbank deposits. Clasts are generally o,
nweathered or only very slightly weathered ic trach desi f ; il . . ' 2 L Mi
. ' ‘ Y very shghtly Tag Basadlt:ck-rac ’yand ebslltekod(}obbtler KPOIT (Pl;ocelr:_e) t . r;y 2 Pb Belden Formation (Lower Pennsylvanian)—Medium-gray to \ Leene
Qgo Older gravel deposits (Pleistocene)—Varies from poorly sorted, dar- graC) £EH ach, R ;:e.sl:.cu. g aja i )ian; black, and dark-brown, calcareous and locally micaceous Ts
clast-supported, silty, pebble and cobble gravel to poorly Bfioe Qr'\]tams p enfvcr‘ystfs _T. SEERE o3 (;enoc-r_vs‘t:, = shale and coarse-grained, gray, fossiliferous limestone. - -
sorted, matrix-supported sandy, pebbly silt. Caps the eastern qluartz s reactlcfwln A mop?l]!'ol:ene. GccburI:» Ry Upper 100 ft of unit contains four or five prominent beds of
end of the ridge between Spring Gulch and Cottonwood eodngate, n{ar;ow',d or remnm:jttq iy hcapl = bc:'r kg conglomeratic, very-coarse-grained, lithic-rich wackes and CNCENRGRMITY
Pass road. Deposits range from about 160 to 280 ft above ‘;T partt(\crj tf okl g'f mf] e:<tc:jn lt\g SOIUt_ ’ Fdow v;’)ah Er[(;lba-. subarkoses that may be equivalent to the Minturn Formation
adjacent drainages ]b,‘n::’l;P':“e [r:':Lj :::,‘:h cinder cone located on Doc ats mapped by Streufert and others (1997) in the Dotsero quad- RPcs T TRIASSIC
: : ; ‘ ) le. May contain discontinuous beds of gypsum at any B
QTg | High-level gravel (early Pleistocene and late Tertiary)—Occurs . . . LROE T Iyl 1eU ) ) L PERMIAN
as a single deposit of gravel along the eastern edge of the Tagc Clnqer cl'ep05|t? of GobblelrdCon(;: (Pllqcel;e}—Reg andlred-brown, interval in section PPm  Gipir 4
quadrangle. Poorly exposed. Most likely a clast-supported, .scon:a'ciou,s, :mmrl‘;'oL :‘:et, ‘L?Slzu ar.dcm g;y av al_‘:" ‘33 Ml Leadville Limestone (Mississippian)—Light- to medium-gray, | Pennsylvanian
sandy, silty, pebble and cobble gravel that is locally bouldery. erupuye \enthon thocb Iat ?l m(_‘e_{)y thertms' sDovekr ;:: ?n bluish-gray, massive, coarse to finely crystalline, fossilifer- Peu Pe Middle
Unit caps ridge south of and about 400 to 450 ft above the are younger than the basalt flows (Tb) that cap Dock Flats ous limestone and dolomite. Unit contains lenses and nod- Pee i Pennsylvanian - PENNSYLVANIAN
floor of Spring Gulch Tbp | Basaltic trachyandesite of Buck Point (Pliocene)—Medium- to ules of dark-gray to black chert in lower one-third of forma- }
dark-gray flows of basaltic trachyandesite with phenocrysts tion. Top of unit contains collapse breccias, filled solution Lower
E S—Silt, sand, gravel, and clay on valley sides, val e : P 7 P P Pb - .
COLLUVIAL DEPOSITS—Silt, sand, gravel, and clay on valley sides, val- of olivine and pyroxene and xenocrysts of resorbed quartz cavities, ani”  -ally derived reddish claystone regolith, all | Pennsylvanian |
ley fl“‘?;”";nd hillslopes that were mobilized, transported, and deposited and feldspar. Occurs as lava flows and as columnar jointed of which fo on a paleokarst surface UNCONFORMITY
primarily by gravity — a¢ Biick Pol _ =
. . L R ST AR g By Pt Dc Chaffee Group (Upper Devonian)—Includes in descending MI _ MISSISSIPPIAN
Qlsr | Recent landslide deposits (latest Holocene)—Includes a single, Tbpc | Cinder deposits of Buck Point (Pliocene)—Red to brownish-red order: Gilman Sandstone-tan to yellow, fine-grained, dolo- -
narrow, 9'”"}‘»““’: earth.flow W, upper T“m Creek that and black, loose to well-cemented, moderately well-bedded mitic sandstone; Dyer Dolomite-limestone and dolomite; UNCONFORMITY
nccurre.d. during th" spring of 1995. Consists of‘unsorted, breccia consisting of clasts of slightly to highly vesicular and Parting Formation-white to buff orthoquartzite, green G - S
unstratified, clay, silt, sand, gravel, and rock debris derived basaltic trachyandesite (Tbp). Probably deposited during a shale, and gray dolomite Dc * Fonian - DEVONIAN
from landslide deposits. Clasts are mainly angular to suban- late-stage, high gas content, explosive eruption which emi- o ] ) o o . 8l J
gular basalt and rounded to subangular red sandstone nated from the Buck Point vent. Deposit overlies and m Manitou Formation (Lower Ordovician)—Consists predomi- UNCONFORMITY
: i appears b have a graddtional cantack wilhs columpar jointed hamtly of mediunviecided, Srown ssiemite, Hrashane, ] ]
Qc Colluvium (Holocene and late Plelstocege)—Ranges' from c.last— IPP " $ d?, " . . ) sandstone, and thin beds of gray, flat-pebble limestone Oom | Lower - ORDOVICIAN
supported, pebble to boulder gravel in a sandy silt matrix to ava flow exposed on south flank of Buck Point interbedded with greenish-gray calcareous shale | Ordovician §
matrix-supported, gravelly, clayey, sandy silt. Deposits are Tb | Basalt (Miocene)—Multiple stacked flows of massive to highly P : Cambri Thinlv bedded €d
typically coarser grained in upper reaches of a colluvial vesicular trachybasalt that are widespread across the west- Crate qumatlon (e am. ES) = .'.n § Reanai, e B Upper_ - CAMBRIAN
slope and finer grained in distal areas Sarial and southscentfil purts i e auadianate. Trownds gray, silty and sandy dolomite, dolomitic sandstone, green B Cambrian
s 1 oo . i d proxene withqminor oﬁiv'in g dolomitic shale, limestone and dolomite conglomerate, lime- d i
Qt Talus (Holocene and late Pleistocene)—Angular, cobbly, and h ‘)S = plagh gtase a; 34 tite. Ph " e‘hgd”i stone, and pinkish- to light-gray algal limestone. Unit con- UNCONFORMITY
bouldery rubble on steep slopes that was transported down- PIgSONER; augite, 36d MAgpe 'tel' s e ar: eg e ra_ tains abundant glauconite _
slope by gravity as rockfalls, rockslides, and rock topples. ey i ollvmg e ) et th? iy ; ; P p€ - PRECAMBRIAN
Unit fre:quently lacks matrix material. Locally underlain by of two large landslides on the north and east sides of Dock €s Sawatch Quartzite and unnamed overlying rocks, undivided |
: ; ; : : ’ Flats (Upper Cambrian)—White and buff to gray-orange, brown-
or incorporated into landslide deposits X : o
Q Ts Sedi ¢ d its (M y—Unit sl b of weathering, vitreous orthoquartzite in beds from 1 to 3 ft 0 o ‘ _
3 Qls | Landslide deposits (Holocene and Pleistocene)—Highly vari- S arzbl eposn' s (M mcenbel _‘.] nit composed mostly o thick. Unit includes unnamed beds of massive, brown, sandy Ta Strike and dip of foliation—Angle of dip shown in degrees
ol R able deposits of unsorted, unstratified, rock debris, clay, silt, silty, PEORLY gravel and pel? y s b'f't EaRge: sapdy and dolomite and white quartzite
g0 5 Z sand, and gravel. Deposits range in age from recently active, clayey silt. Includes extensive deposits that underlie basalt 7 % . * Locality of rock sample—Radiometrically dated using the
5 Xj Qsw s3 slowly creeping landslides to long-inactive, middle or per- flovys near and south of Cottonwood Pass, and a thin, areal- p€ Precambrian Irocks, undivided (Proterozoic)—Shown only on 40 Ar/% Ar method
s haps early Pleistocene landslides. Unit includes rotational ly limited deposvlt associated v~f1th basalt on Sprucje Ridge. cross-section ) o .
03 and translational landslides, complex slump-earthflows, and May be srzdt“mm;n“y ? mat;nx-supp:wrted t;dep(f)sn(.j Clas(:s A A’ Alignment of cross section
3+ cntansive dlwctiihan sonilexsd are rounded to subangular and consist mostly of red sand-
® - P P stone, quartz, and coarse-grained plutonic rocks MAP SYMBOLS @ 5 Sinkhols—Created by ssidenise aveir voids i the Sagle
co Older colluvium (Pleistocene)—QOccurs on ridge lines, drainage . . : s i e 3
Sl B & arras BPcs | Chinle and State Bridge Formations, undivided (Permian to Contact—Dashed where approximately located; queried Valley Evaporite or by piping of surficial deposits into
divides, and dissected slopes on valley walls as erosional Tiaai 5* " . ; . h ) . such voids; “X” indicates location of small sinkholes;
remnants of formerly more extensive deposits. Genesis, tex- U_pper rnssn‘t:)—-Chmle~ ~[~ormat|0n consists of t.hm, even- where uncertain floors of many sinkholes are filled with sheetwash
ture, bedding, and clast lithologies are similiar to colluvium bedde.d, and 5“““”“"";’*’ red bgds of dark-reddlsh—brou.fn, hed wh . b Tecuiadl dotted wih deposits
(Qc) orangish-red, and purplish-red siltstone and mudstone with S Fault—Dashed where approximately located; dotted where
a few beds of limestone. State Bridge Formation consists of concealed; bar and ball on downthrown side; arrows on M bsid | L £ h K
Qlso | Older landslide deposits (Pleistocene and late Tertiary?)— ale red, gravish-red, reddish-brown, and greenish-grav silt- Basalt Mountain Fault indicate direction of Neogene col- ESS-SUUSINERCE coMmpiex—ialge Atk OfF TUmMBIBcKy
: 1 : " P ~ By ’ ' 8 sray ; ; rround inferred to have resulted from regional subsi-
Landslide deposits dissected by erosion. Similiar in texture, stone, clayey siltstone, and minor sandstone lapse along the fault due to dissolution and/or flowage & . . S 8 S
bedding, sorting, and clast lithology to landslide deposits . ) of evaporite dence into cavernous voids within the Eagle Valley
(Qls). Deposits lack distinctive landslide geomorphologic PPm Mar'oon Formation (Lower Permian and Upper. Pennsylvan- Evaporite
features ian)—Red beds of sandstone, conglomerate, siltstone, mud- ————  Anticline—Showing trace of axial surface; dashed where . . _
stone, and shale with minor, thin beds of gray limestone. approximately located; dotted where concealed / Tension fracture—In basalt above headscarp of landslide
ALLUVIAL AND COLLUVIAL DEPOSITS—Silt, sand, and clay in debris Frequently arkosic and micaccous " o P — | et Bepoml bed
: 4 i jace i > tri / S S ] ; : s it—Sma t long exploration tunnel into gypsum be
ffm.s, sFream channels, flood plains, and adjacent hillslopes along tributary Pe Eagle Valley Formation (Middle Pennsylvanian)—Interbedded —  Syncline Shownng trace of axial surface; dashed. where g &P y
valleys ; . ; approximately located; dotted where concealed; arrow
reddish-brown, gray, reddish-gray, and tan siltstone, shale, and number indicate direction and angle of plunge of
Qdfy | Younger debris-flow deposits (Holocene)—Unit ranges from sandstone, gypsum, limestone, and carbonate rocks. Unit ksl S
poorly sorted, matrix-supported, gravelly, sandy, clayey silt represents a stratigraphic interval in which red beds of the ACKNOWLEDGEMENTS
to clast-supported, pebble and cobble gravel with a sandyv. Maroon Formation grade into and intertongue with the pre- : ‘ ; ; ;

—Sh t It f syncline ; ; g i 2
clayey silt or silty sand matrix. Deposited by debris flows, dominantly evaporitic rocks of the Eagle Valley Evaporite. Syn::ell::::atg i o(\)/:iltr;gdzli}::cl’"l(‘):tli?naaenzx/l-:)r friz:)cweao :yc;‘otted This mapping project was funded jointly by the Colorado Geological
hyperconcentrated flows, streams, and sheetwash on active Unit includes rock types of both formations where concealFe:d ge; Survey and the US Geological Survey STATEMAP program of the
debris fans and in stream channels. Occasionally very boul- le Vallev E ite (Middle P o Se f National Cooperative Geologic Mapping Act of 1992, Agreement No. 1434-
dery, particularly near fan heads pie | Eagle Vallay Bvapusise (‘ R g vama‘n)—\ SUEIVEE € . ; 96-AG-01477. We appreciate the constructive comments and/or reviews by

’ ! evaporitic rocks consisting mainly of massive to laminated — Collapse basin—Drawn on approximate outer edge of re- : g :
- | . : . e o i can 13 /’Y : : ; : the following geologists: Jim Cappa, Eric Nelson, Ken Hon, Karl Kellogg,
- ~— et - ——— uvium and colluvium, undivide olocene an atest pypsum, anhydrite, an alite, interbedded wi 1 -col- gional structural depression due to dissolution a P 5 y :
‘_OTTONWOO : Qac All ) d I 5 - d ,d d (Hol dl1 BYP hydri d hal bedded _th light-col I structural d, d to d .i t, nd'/or Bruce Bryant, Bob Scott, Dick Moore, Chris Carroll, Jim Soule, John White,
Pleistocene)—Alluvium is typically poorly to well-sorted, ored mudstone and fine-grained sandstone, thin carbonate flowage of underlying evaporite; arrows indicate direc- Roger Pihl, Dave Noe, and Bob Thompson. Larry Snee, Brad Hellickson
stratified, interbedded pebbly sand, sandy silt, and sandy beds, and black shale. Beds commonly deformed by tion of collapse; dotted where concealed il s Hlon i re;ponsible for the 9Ar/%Ar dating. Most whole-rock
gravel. Colluvium may range to unsorted, unstratified or diapirism, flowage, load metamorphism, dissolution, hydra- % i ) _ ) _ XRF (x-ray fluorescence) analyses and all INAA work were performed by
poorly stratified, clayey, silty sand, bouldery sand, and tion of anhydrite, and regional tectonism. Frequently con- —t= Strike and-dlp of beds—Angle of dip shown in degrees; atti- Jim Budahn and Dave Siems. A few XRF analyses were contracted %
sandv silt. Occurs in tributary valleys of small perennial, tains cavernous voids and sinkholes caused by near-surface tudes in basalt were measured on top of flow surfaces Chemex Labs, Inc and XRAL Laboratories. Bob Thompson provided chem-
intecrmittent, and ephemeral streams. Deposited by alluvial dissolution . i . . ; N
and colluvial prucer";es P ’ o Inclined beds—Showing approximate attitude of bedding in lcal'analyses and locations for several samples of volcanic rocks he collect
= ) Peu | Eagle Valley Formation and Eagle Valley Evaporite, undivided sedimentary rocks and the upper flow surface in vol- ed in prior years. We gpprecuate the many helpful landowners who gave
\ X (Middle Pennsylvanian)—Includes Eagle Valley Formation canic rocks as determined from stereographic models set permission to enter their properfy. Jane Ciener served as the techn?cal edi-
4 and Eagle Valley Evaporite where contact between the for- on a Kelsh PG-2 plotter tor for tP:e map. Photogrammetric models were set by Jim Messerich on a
7 mations is not mappable Kelsh PG-2 plotter.
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