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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 modem 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 

at 
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. 

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-
Qa race deposits (Holocene and late Pleisto

cene)-lncludes 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. G.B. Gilmore, 1996, 
oral commun.). The lacustrine deposits are 
well sorted and well bedded. Maximum 
thickness of entire unit may be as much as 
154ft (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)-lncludes 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 1-70 in West Glenwood Springs, 
peat interbedded with tufa that overlies a 
terrace deposit only 19ft above the Colorado 
River yielded a I4C 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 
280ft 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 80ft thick in 
Cottonwood Pass quadrangle and is about 
110ft thick immediately east of quadrangle. 
Age of unit is poorly constrained. It may be 
a source of sand and perhaps gravel. 
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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 

Qc 

Recent landslide deposits (latest Holo
cene)-lncludes 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 (Qis). 
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 200ft. 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 NE 1/4 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. 
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Qco 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. 

Qlso 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 (Qis). Type of landslide move
ment is generally not identifiable due to the 
eroded character of deposits. Maximum 
thickness is probably around 100ft. Older 
landslide deposits (Qiso) 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 modem 
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 
40ft. 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 20ft. 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
em 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 60ft. 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 100ft; 
however they likely were much thicker prior 
to erosion. 

UNDIFFERENTIATED DEPOSITS 

0 
I Surficial deposits, undifferentiated 

L---~ (Quatemary)-Shown only on cross section. 
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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 40 Ar I 39 Ar 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 150ft 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 
40 Ar f39 Ar 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 40Arf39Ar 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 comrnun.). 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 40Arf39Ar 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 cornrnun.). 
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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
stern 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 40Arj39Ar analy
ses suggest a plateau age of 7.8 Ma (M. Kunk, 
1997, written cornrnun.). 

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 comer 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, 199Sb, 1996}; however, 
only parts of the formation occur in the 
quadrangle. In the northeast comer 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 comer 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 
Uohnson and others, 1988). Formation is 
prone to rockfall where exposed in steep 
cliffs. 

Eagle Valley Formation (Middle Pennsyl
vanian)-lnterbedded reddish-brown, gray, 
reddish-gray, and tan siltstone, shale, sand
stone, gypsum, and carbonate rocks. Unit 
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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)-5equence 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 
adjacent to Mary Jane Gulch 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
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 
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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 252ft (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 



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". 

om 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 167ft 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). 
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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. 

£d 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. 

£s 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 500ft. Formation is prone 
to rockfalls, rockslides, and rock avalanches. 
Unit may be a source of aggregate. 

p£ Precambrian rocks, undivided (Protero
zoic)-lgneous and metamorphic rocks. 
Shown only on cross section. 



ECONOMIC GEOLOGY 

•••••••••••••••••••••••••••••••••••••••••••• 
In 1995 Eagle Gypsum Company produced 400,000 
tons of gypsum from an open pit developed in the 
Eagle Valley Evaporite at their Eagle Gypsum Mine, 
located 4 miles northeast of the Cottonwood Pass 
quadrangle. The gypsum was manufactured into wall
board and other products at a calcining and produc
tion facility located at Gypsum, Colorado (J. Cappa, 
1996, oral commun.). 

Scoriaceous basalt mined from the 4,000-year-old 
Dotsero crater by Mayne Block Company northeast of 
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the quadrangle is crushed and used as light-weight 
filler in the manufacture of cinder blocks. This material 
is also marketed as landscaping aggregate and road 
cinders (J. Cappa, 1996, oral com.mun.). A cinder cone 
on Dock Flats consists of similar scoriaceous material, 
but is remotely located. 

Other potential mineral resources in the quadran
gle include high-grade limestone, sand, gravel, and 
crushed rock. 
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Figure 1. Status of geologic mapping of 7.5-minute quadrangles in the vicinity of 
Cottonwood Pass quadrangle. 
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TABLE 

•••••••••••••••••••••••••••••••••••••••••••• 
Table 1. Whole rock data. 

SAMPLE# Si02 AI20 3 Fe20 3 MgO CaO Na20 K 20 TI02 PzOs MnO 
% % % % % % % % % % 

CP76 50.3 15.1 10.8 7.15 7.881 3.10 2.10 1.73 0.63 0.15 

CP77 50.3 15.1 10.9 7.51 7.82 3.15 2.17 1.77 0.66 0.16 

CP83 49.9 15.3 ·11.2 6.86 8.01 3.21 2.19 1.79 0.70 0.16 

CP86 50.8 15.8 10.1 6.52 7.57 3.20 3.24 1.63 0.65 0.16 

CP88 51.2 15.3 10.8 6.64 7.34 3.23 2.49 1.81 0.72 0.16 

CP89 47.8 14.7 11.5 8.14 8.27 2.94 2.21 1.82 0.74 0.16 

CP 106 50.0 15.3 11.0 7.40 8.02 3.19 2.23 1.81 0.71 0.16 

CPV-2 49.9 15.6 10.1 6.65 8.15 3.33 2.54 1.64 0.68 0.16 

CPV-3 50.9 16.0 10.1 6.11 7.28 3.16 3.27 1.62 0.66 0.16 

CPV-4 50.4 16.0 10.1 6.28 7.16 3.09 3.19 1.64 0.55 0.15 

KH-95-32 50.3 15.1 10.7 7.48 7.79 3.21 2.28 1.76 0.69 0.15 

KH-95-30 50.8 15.3 10.6 6J57 7.56 3.26 2.30 1.77 0.68 0.15 

KH-95-29 49.9 15.1 11.2 7.29 7.92 3.18 2.29 1.78 0.69 0.16 

KH-95-26 52.4 15.9 8.70 5.46 7.40 3.45 3.42 1.50 0.69 0.15 

CP-39 51.3 15.1 8.91 5.47 7.31 3.27 3.23 1.41 0.66 0.14 

CPS 49.3 14.5 11.1 7.21 7.31 2.98 2.24 1.69 0.60 0.15 

[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 o 

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 o; 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 CPS 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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lOCH ION QI AG IIAM 

CONDENSED DESCRIPTION OF MAP UNITS 

The complete descri p tion o f map units ,1 nd references is in the 
accompanying bookle t. 

SURFICIAL DEPOSITS 

HUMAN-MADE DEPOSITS-Material p laced by hu ma ns 

I af I Artificial fill (latest Ho locene) 

AllUV IAl DEPOSITS-Silt, sa nd , and gravel deposited in s trea m chan
ne ls, fl ood p lains, terra ces. and shee hNash areas a lo n~ the Colorado Ri ver 
a nd in tri bu tar ies 

Qa 

Qsw I 

Ql y 

Qgo 

QTg 

Stream-channel, flood-p la in, and low-ternce deposits (Holocene 
and late Ple istocene)-Mostl y clast-su pported . s il ty, sa ndy, 
OCGl S ion <~ ll y boul de ry, pebb le a nd cobb le ~ra v e l . Poorly to 
mod em tC' Iy v\'ell sorted Includes m od ern all u vium and 
other dep osits und e rl y in ~ the Co lo rad o Ri ve r, ad jacent 
flood-p lai n depos its , a nd low-te rrace a llu viu m . Uni t in
cludes a thi ck seque nce of o rga nic- rich, ~ ra y , s ilty clay of 
p robab le lacust rine origin 

Sheetwash deposits (Holocene and late Pleistocene~-Pebb l y, 

si lty sa nd a nd sand y si lt . Occ urs on )';en tle to mode rate 
slopes underlain by shale, basa lt, red bed s, a nd la nds lide 
depos its. f-req uen tl y fil ls the fl oor of s ink holes. G radati onal 
a nd i n ter fi n p;erin~ w ith coll uvium on s tee per hi ll s lopes and 
\\" ith lacustrine a nd sL::~ r kwate r deposits in closed depres
sions 

Younger terrace alluvium (late Pleistocene)-Cons is ts of poorl y 
sorted , c las t-suppo rted , s ilty, sa nd y, occas io na ll y bo uldery. 
rabble and pe bble p;rave l. Chiefl y s tream alluv ium in a ter 
race a bo ut 45 ft a bove the Colorado Rive r. Ove rl ain by 3 to 5 
ft <l f fi ll.('-pa ined ove rban k deposi ts'. C las ts a re ge ne ra ll y 
u nv .. • et~ th t;'l-ed or o nl y very s lig htly weathe red 

Older gravel deposits (Pleistocene)-Varies fro m poorl y so rted, 
clas t-s upported , silt y, pebbl e and cobble g rave l to poo rl y 
s0 rted , mat ri x-s uppo rted si!nd y, pebbl y s ill. Caps the eas tern 
end of the' rid ~e be tw ee n Sp ring G ulc h and Co ttonwood 
Pa!"~ ro <J d . Depos its r t~ n ge from ~ bou t 160 to 280 ft abov e 
.1djace nt d rainagl's 

High-level grave l (early Pleistocene and late Tertiary)-Occurs 
.l !i a .-; in;.::; le depos it of g rave l al on~ the ea s tern edge of the 
quad rang lt•. Poorl y e>:posed . Most likely a cla s t-su pp0 rted, 
!'and y, silty, pebb le a nd robble gravel that is loca lly bould ery. 
Un it caps rid ge so uth nf t~nd abou t 400 to 450 ft abov e the 
fln0r o f Spri ng Culch 

COLLUVIAL DEPOSITS-Si lt, s<1nd , w a,·el. and cla y on va ll('y s id es, \'ill
ley fl nors , a nd hillslopes that were mobi lized , tran.-; pn rted , and dep os ited 
pr imar il y by grav ity 

Qlsr 

Oc 

Recent landslide deposits (latest 1-Jolocene)-lnclud es a s ing le, 
na r row, e l un~a t e , t:' Mth fl ow in uppe r Tom C reek tha t 
11ccu rred d u r in~ the sp r i n ~ of \995. Cons ists of u nso rt~d. 
unstra ti fied , c lay, s ilt, sa nd, gra\·el, a nd roc k debris d eri1'ed 
from l.1 nds lide deposits . C lasts are mainl y ang ula r to s uba n
g ular basalt and ro und ed to suba ngular red s.1 nds to ne 

Colluvium (Holocene and late Pleistocene)- Ran ges from clas t-
'---~ s up por ted, pebb le to bo ulder ?;rave l in a sand y silt matr ix to 

ma tri x-s uppo rted , grave ll y, cla yey, sa nd y s ilt . Deposits are 
ty pica l!)' coa rser g ra ined in up per reac hes o f a co ll uvia l 
s lope and fi ner grai ned in distal areus 

01 Talus (Holoce ne and late Pleistocene)-Ang ul ar, cobbly, and 
'---~ bo u ldery ru bble on s tee p s lopes th at was tra ns po rted d ow n

s lope by gr<:tvit y as roc kfa ll s, roc ks lides , a nd rock topples. 
Uni t frequent ly lacks m.:~ tri x mute ri al. Local ly und erla in by 
or inco rpl)ra ted into land s lid e dep os its 

Ql s 

Oco 

Olso 

Land s lide deposits (Holocene and Pleistocene)-H igh ly var i-
ab le d eposits of unsor ted, uns tra tifi ed , roc k deb ri s, clu y, s il t, 
s.md, a nd gra vel. Deposi ts range in age from rece ntly ac ti \'e , 
s low ly creepi ng lands lid es to long-inact ive, m iddle or per
haps ea r ly Pleistocene la nd s lides. Un it includes ro ta tiona l 
and t r <~ ns lt~t i on .J IIandsl id es, compl ex s lu mp -ear th flow s, and 
ex tens ive s lope-fa il u re complexes 

Older co llu vium (Pie is tocene)-Occurs on r i d~e lines, d rai nage 
d ivides, and d i ~sec ted s lopes on v<~ l ley wa lls as erosional 
re mna n t ~ pf fMme rly more ex te nsi ve depos its . Genes is, tex 
tun•, bed d in~, a nd cl.1s t litho log ies .1re s im i li ar tC"l co lluvium 
(Qc) 

Olde r landslid e de posits (Pleistocene and late Te rtiary?)
La nds lide d epos its dissected by erosion . S illliliM in tex tu re, 
bed d ing, sorting . and clas t litho logy to land s lide d eposits 
(Qis). Deposits lac k di s tin ctive la nd s lide geom orph olog ic 
feil lu res 

ALL UVIAL AND COLLUVIAL DEPOSITS-Silt , sa nd , and cla y in deb ris 
f;m s, s tream cha n ne ls, fl ood p lains . a nd .1djacent hill s lopes ,1lo ng tribu tMy 
\"i111eys 

1 Qdfy 

Qac 

Younger debris-flow depos its (Ho locene)-Uni t r.1nges from 
poo rly sorted , mat rix-sup ported, g r.welly, sand y, cla yey s il t 
t11 cl as t-s uppo rted , pebb le and cobble grave l wit h a sa nd \ ·. 
claye y s ilt 11r ..- ilt y sa nd mutrix. De posited by debr is flow:>, 
hypcrconce ntrated flow s, streams, and shee l\·vas h o n ac tive 
d ebris fans and in strea m channeb. Occasio nt~ ll y very boul 
dery, pur ticul a rl y near f,m ht"ads 

All uvium and coll uvi um , undivided (Ho locene and la test 
Pleis tocene i-All uviu m is typ ically poorl y to well -sorted , 
s trutifi ed , interbed d ed pebbly sand , sand y si lt, a nd sand y 
gr.1 ve l. Co ll uv ium may r.1 n ~e to unsor ted, un stra tifi ed or 
pnP rly stra tifi ed , clayey, s ilty s.md , bo uld cry sa nd. and 
sand 1· ~ i l t. Occ urs in tri bu tary va lleys of small perenn ial, 
ink nni tte nt , und ephcmcr.1 l s trc.lms Deposi ted by <1l lu vial 
.1nJ c0llu1·ia l processes 

Oa co I 

Qdlo I 

QTbg 

OTc 

Older alluvium and collu vium, undivided (Pieistocene)- Un
dcrlies tl'rraces and hil ls lopes about 10 to SOft .:~bove <ld ja
cent inte rmitte nt o r ephemera l strea ms. Tex ture bed d ing, 
clust lith ology, sorting, and ~enes i s are s imi liar to a llu viu m 
and co llu viu m (Qac ) 

Older debris-flow deposits (ear ly Holocene and Pleistocene)
Occ ur as va lle y-filli n,e; deposits in tr ibu turies to the Co lo rad o 
Ri ve r. Unit is ge netica lly, text ural ly, and lith ologica ll y s im il· 
iar to yo unger d ebris-flow deposits (Qdfy). Eleva ti0 n d iffe r
e nces be tween o ri g inul depositi onal s urfaces a nd adjacent 
incised modern drainages ranf!,e fro m 20 to 60 ft 

1-Jigh- level basaltic gravel jearl y Pleistoce ne and late Tertiary?)
Unit co ns ists of s li ght!)' indu ra ted , ma trix-su p ported , cob
b ly, pebb ly, and boulde ry clayey, sa nd y silt . Occu rs on ri dge 
be tween Spruce C reek a nd Ike Creek on wes te rn edge of 
map area a nd nn north e nd of Spr uce Ridge. Proba bly d e
p osited as de bris fl ows, earthfl ows , co llu vium. or lan ds lides 

Sediments of Cottonwood Bowl (early Pleislocene and late Ter
t iary?)-Local ly derived gruve l, sand , s ilt , and cl.ly de pos it 
ed in and ncar the topo~ ra ph ic bowl bo rdered 0n the north 
a nd wes t by Cottonwood Di\·id e a nd Doc k rl ,1 ts Dt> posits 
r an,~?;e from sand ~' 11nd silt y pebb le , gr,lnu le, n r cobb le g ra\'e l 
t0 grave ll y, Silndy s ilt . Depos ited in flu\ ·iil l, s heetwJsh, il nd 
l:o ll u\ ·ia l l' nv ironm ents in a large collapse buw l tha t deve l
o ped a fter emplacement of th t> ba sults of Dock Fla ts 

UN DIFFERENTIATED SURFIC IAL DEPOS ITS 

Q 

Tag 

Tagc 

Tbp 

Tbpc 

Tb 

Surficial deposits, undifferentiated (Quatemary)-Shown on ly 
on cross-:-;ec tio n 

BEDROCK 

8.as011lt ic trachyandesite of Gobbler Knob (Piioc::ene)-G ra y to 
da rk-g ray a nd black. d ense to ves icuiM, basa ltic tra chya n
desite. Contt~ ins phen ocrysts of oliv ine a nd xenoc rysts o f 
q uar tz with reacti on ri ms uf cli nopy roxe ne. Occ urs as t>v o 
e lo nga te, na rrow, flow remr,>~ nts w hi ch c.1 p Gobbler Knob 
and part n f the ridgeli ne e xtendin g sout h. Fl ov.: w,1s p roba
bly erupted from ,1 smJ II cinde r co nC' loca ted on IJnc k Fla ts 
aboLJt l mik to the south 

Cinder deposits of Cobbler Cone (Piiocene)-Red and red-brown, 
scoriaceo us, unconsolida ted, vesic ular, cinde ry lt~va on an 
e ru ptive vent on Dock Fl ats. C indery depos its overl ie and 
are yo unger th an the ba sa lt flow s (Tb) that cu p Doc k Flats 

Basaltic trachyandesite of Buck Po int (Pii ocene~-Med i um - to 
d a rk-gra y fl ow s of basa ltic trachyand esite wi th phenocrysts 
of oli vin e a nd p yroxene and xe nocrys ts of resorbed qu artz 
a nd fe ld spar. Occ urs as lava fl ows and us columnar join ted 
lt~ vas on and nea r Buc k Point 

Cinde r d eposits of Buck Point (Piiocene)-Red to brow nish-red 
a nd b lack, loose to we ll-ce mented , m od era tely well-bedded 
breccia cons is ting of clasts of s lig htl y to highly ves icul ar 
basa lti c trac hyandcs ite (Tbp). Probab ly deposited d u ring <1 

la te-stage, hi gh ga s co nte nt, expl os ive er upti on w hi ch emi 
na ted fro m the Buck Poin t ve n t. Deposit overli es a nd 
ap pears to have a );!;rada tiona l contact w ith columnilf jointed 
lava flow e xposed on sou th flank o f Buck Point 

1· Basalt (Miocene)-Multiple stacked flows of massive to highly 
'---~ ves ic ular trachybasal t th at a re w idespread across the wes t

cent ral a nd south-cent ral parts of the quad ra ng le. Ground 
mass is p lagioclase a nd py roxe ne with minor oli v ine, g lass, 
p igcon ite , aug ite , a nd magnetite. Phe nocrysts are e uhed ra l 
tn subhedra l o li vine. Unit is we ll exposed in the headscarps 
o f tw o large la nds lid es on th e north and eas t sides of Dock 
Ha ts 

Ts 

l'!Pcs 

PIPm 

"'' 

Sedimentary deposits (Miocene)-Unit composed mostly of 
s ilty, pebb l ~' g rave l a nd pebb ly s ilt but runges to Silnd y and 
cl ayey sil t. Incl udes exte ns ive depos its th,1t unde rlie basa lt 
(low s near a nd south o f Cottonwood Pass, and a th in , a rea l
ly limited dep os it associa ted with basa lt on Sp ruce Rid ~e . 

M,1y be p redominantl y a matrix-s up po rted deposi t. C la s ts 
are ro unded to s ubangu la r and co ns is t mos tl y of red sand
s tone, quar tz, a nd COMSe-grain ed pl utonic rocks 

Chin le and S tate Bridge Formations, undivided (Perm ian to 
Upper Triassic)-Chinlc Forma ti on cons is ts of thin, even
bed ded , and structure less red bed s o f d urk-redd ish -brown, 
o r.1ng ish-red, and pu rplish- red s ilts tone and m ud s tone wi th 
a few bed s of li mes tone . State Br idge r o rm ation cons is ts of 
pal e red , g ray ish-red , reddi sh-brown, and gree ni sh-gra y s ilt
s tone, c layey s iltstone, a nd mino r sa ndsto ne 

Maroon Formatio n (Lower Permian and Upper Pennsy lvan 
ian)- Red beds nf sa nd s tone, congl omerate, s iltstone, mud
s tone, ilnd shule wi th min or. th in beds o f gra y limestone. 
Freq uently arkos ic a nd mi caet."nus 

Eagle Va ll ey Fonnalion (M iddle Pennsylvanian)-lnte rbedded 
redd ish-b rown, g ra y, red di sh-g r.ly, and ta n sil tstone, shale, 
sa nds tone, gypsum, limes tone, a nd ca rbo nute rocks . Un it 
represen ts a s trat i,11; r.1 phic inten·a l in w hic h red bed s of the 
Maroo n l;ormati1m grad e in to and intertong ue w ith the pre
d um inan tl y eva poritic rocks o f the Eagle Va lle y Evaporite. 
Uni t includes roc k typ es o f bot h formati ons 

hgle Va ll ey Evaporite (Middle Pennsylvan i011n)-Seque nce of 
e vaporiti c roc ks cons is ti ng main ly of mass ive to la minated 
gyps u m, unhyd rite, and h.1 lite , in terbed ded \•l ith lig ht -co l
ored m udstone and fi ne-grai ned sa nd s tone , thin carbonate 
beds, a nd bl ac k sha le. Bed s commonl y deformed by 
d i.lp iri sm, fl owage, load metam orp hism , di sso luti on, hyd ra 
tion o f a nhydri te , t~nd r€g i on <~ l tectonism . Freq ue ntly con· 
tai ns cavern ous vo id s ,md sinkholes ca used by neM-s urfilce 
di sso lution 

Eag le Va lley Fo rmation and Eagle Valley Evaporite, und iv ided 
(Middle Pennsylvanian)- lncludes Et~glc Vt~lley Formt~tion 
a nd Eagle Valley Evapo rite whe re contac t between the for
mutio ns is not mappable 
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CORRELATION OF MAP UNITS 

SURFICIAL DEPOSITS 

HUMA N- MADE 
DEPOSITS 

af 

Qa 

All UVIAL 
DF.POSTTS 

Qsw 

Qly 

~ 

QTg 

Qc 

Qco 

COLLUVIA L 
DEPOSITS 

I ' 

Q l 

Qls 

Q lso 

~ ?-

Belden Formalion (lower Pennsylvanian)-Medi um -gray to 
b lack, a nd da rk-brow n, calca reous a nd loca lly m icaceo us 
s hale a nd coarse-,e;rai ned, gra y, fossili ferous limes tone . 
Uppe r 100 ft of u nit conta ins fo ur or five promi nent bed s o f 
co ng lnm erati c, \'Ny -coa rse-gra ined , lithic- rich wackes and 
s ubar koses tha t ma y be equ ivale nt to the M intu rn F11 rma ti on 
ma pped by Stre ufe r t and nthe rs ( 1997) in the Ootse ro quad· 
ra ng le. M.1 y t·onta in di sco ntin uo us bed s of ~y p sum at un y 
in terva l in section 

Leadvi lle Limestone (MississippiOll n)-Light- to med ium-gray, 
blui sh -~ ra y, m<~ss i ve , coarse to finel y crysta lli ne, fossilifer
o us limes to ne and d o lomi te . Unit contai ns lenses and nod 
ules of dar k-gra y to black che rt in lo wer one- th ird of form a
ti on. Top of unit conta in s co lla pSf' breccius , filled so lution 
ct~vi t ies, an · · -:al ly der ived reddi sh claystone re~o lit h , all 
o f wh ich f0 on a pa leokarst s u rface 

Chaffee Group (Upper Devonian)- lnclu des in descend ing 
o rde r: G ilm an Sands tone-tan to ye llow, fin e-g rained , d olo 
mi tic sa ndstone; Dye r Dolomite -limestone a nd d olomi te ; 
,1 nd Parting Forma tion- vvhite to bu ff orth oq uartz ite, green 
s hale , and gra y d o lomite 

Manitou Formation (lower Ordovician)-Consis ts pred omi 
nan tly of medium- bedded , brow n dolom ite, lim es to ne, 
sa nds tone, und thin beds o f g ray, flat-pebbl e li m estone 
in terbedded w ith greeni sh-gra y calcareous shal e 

Dotsero Formation (Upper Cambrian)-Thin ly bedded , tan to 
gray, silty a nd sand y d olom ite, d olom iti c sand stone, green 
dolomitic sha le, limes tone a nd d olo m ite cong lomerate, li me
sto ne, a nd p inkish- to ligh t-gra y t~l g .1l limes tone. Unit con
tai ns ab u n d t~nt g laucon ite 

Sawatch Quartzite and unnamed overlying rocks, undivided 
(Upper Cambrian)-White and buff to g ray-orange, brow n
weat he rin g, \·itreous orthoqu artz ite in beds from I to 3 ft 
th ick. Uni t inc lud es unna med beds of ma ssive, brow n, sand y 
do lomite .l nd w hite q uar tz ite 

Precambrian rocks, undivided (Proterozoic)-Show n onl v on 
cross-secti on 

MAP SYM BOLS 

C nntaci-Dil shed \'l.' he re ap proximate ly located ; que ried 
w here unce rtain 

Fault-Dashed w here approxima tely located; d otted w he re 
conce<~ l ed ; ba r and ba ll on d ownthrow n side; a r rows on 
Bas ..1 lt Mo unta in Fault indicate d irection of Neogene co l
la pse a long the fau lt due to dissol ution and /or fl owage 
o f evap orit(' 

Anticline - Showing trace of axia l s urface ; dashed whe re 
approx imately loca ted ; d otted w he re concea led 

Syncline-Showi n _li; trace of a xial surface; d ashed where 
approx imately located ; d otted w he re concea led; a rrow 
a nd nu mber indi ca te d irection a nd ang le of plunge o f 
a>~ ia l trace 

Synclinal sag-Show ing approx ima te axial trace of syncl ine 
rela ted to evapori te d issoluti on and /or flowage; d otted 
w he re concea led 

Co11apse basin-Drawn on ap prox imate outer edge of re
g iona l s tru ctural depress ion d ue to d issoluti on and /or 
fl owage of und erly ing evapo rite; a rrows indicate d irec
tion nf co llapse; d otted w he re concea led 

S trike and dip of beds-Ang le o f d ip shown in degrees; atti 
tudes in basa lt were measured on top of fl ow s u rfaces 

[nclin"d beds- Showing approx ima te atti tud e o f bed d ing in 
sedi menta ry roc ks and the up per fl ow s urface in vol
ca nic rocks as determ ined from s tereograph ic m odels se t 
on a Kels h PG-2 pl otte r 

QTc 

- ? -

ALLUVIA L & 
CO LLUV IAL 
DEPOSITS 

Odfy 

Odfo 

? 

QTbg 

UN DIFFERENT IATED 
SURFICIAL 
DEPOSITS 

Qac 

Qa co Q 

? 

Holocene 

Q UATERNARY 

Pleistocene 
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