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SURFICIAL DEPOSITS

DESCRIPTION OF MAP UNITS

af Artifical fill and disturbed areas (Uppermost Holocene) — Gravel, sand, silt, and clay emplaced as
fill to construct road, canal, and dam embankments, or any other human-made fills. The unit includes
natural sediments and landfills composed of unknown materials. Fills may be engineered or
uncontrolled.  Their compositions and properties are varied. The unit locally may include disturbed
land and excavations related to overburden spoils, landfill sites, and gravel or borrow pits. The af unit
is generally less that 3 m thick.  However the fill thickness for the Highline Lake embankment dam is
about 27 m.

HUMAN-MADE DEPOSITS

Maps units are described using the following classifications: grain sizes from Wentworth (1922); thickness of
bedding terms codified by the Society for Sedimentary Geology (https://www.sepmstrata.org/terminology.aspx?
id=bed); and degree of carbonate content of rock and calcic soils judged by intensity of effervescence (fizz or
bubbling) that resulted from the application of 10% hydrochloric acid (HCl) to a rock or soil sample in the field.
Pedogenic calcic soil development stages are from Machette (1985). Surficial deposit descriptions may include color
classifications in parenthesis from the Munsell Soil Color Charts.

Old alluvial and colluvial deposits (Upper to Middle Pleistocene) — Reddish tan, unconsolidated
silt, clay, and sand with lesser amounts of dispersed, matrix-supported pebble-sized clasts as well as
scattered cobble to small boulders in size (<0.5 m) reworked from adjacent and higher older deposits
of Qg and Qaf. Deposit may locally contain abundant sandstone disc-shaped chips (up to 1-cm thick
and 6-cm wide). Unit deposits are poorly sorted, very weakly stratified, and the sandstone-chip flat-
pebble clasts are of local upslope origin. The deposit accumulates on gentle to moderate slopes (≤10°
but averaging about 4°) where wind and sheetwash settings predominate. The unit may mantle
surfaces where shale slopes abut against and atop relict hillside fan surfaces. The unit locally includes
reworked red (Munsell 2.5YR 7/8) loess, and clay and sandstone-chip residuum in slope-derived
sediments eroded from Prairie Canyon (Kmp) bedrock. Exposures are poor, but a chalky-white band
along slope breaks reveal Bk soil development. Deposits of the Qaco unit are time transgressive and
were derived from sediments eroding from adjacent older Qg and Qaf units.  The higher elevations
above the adjacent stream levels indicate significant incision post deposition and, together with the
well developed carbonate soil horizon,  the deposits are inferred to likely be late to middle Pleistocene
in age. Thickness is variable but likely does not exceed 2 m. Mancos Shale bedrock residuum may be
locally exposed within the unit.

Qaco

Colluvial deposits (Holocene) — Tan-gray, unsorted, non- to very poorly stratified, cobbly gravel-
sized rock fragments with minor small boulders (<1 m) deposited primarily by gravity on and along
the base of steeper slopes near the angle of repose (≤34°). Deposit generally occurs along the flanks of
Qaf-mantled mesas and ridgelines and may locally include conglomerate blocks downslope of older
gravel-capped mesas where conglomeratic intervals outcrop. Deposit has an unsorted clayey sandy
matrix that was transported by overland sheet flow that mobilized relatively fine-grained material.
Thickness is variable but likely less than 3 m. This unit also includes talus deposits in the Book Cliffs.

Qc

BEDROCK GEOLOGY

Corcoran and Cozzette Members of the Iles Formation, undivided (Upper Cretaceous) —
Sandstone, mudstone, marine shale, carbonaceous shale and the Anchor and Palisade Coal Zones.
The top of the unit is outside the map area to the north in the Book Cliffs. The base of the unit begins
with a conformable contact of the first thinly interbedded sandstones in the upper Mancos Shale
tongue of the underlying Sego Sandstone unit (Kmse). Up section, these interbedded sandstone and
shale beds become increasingly sandy and transition to a 11-m-thick sandstone unit composed of
interbedded, very fine- to medium-grained, planar to crossbedded, thin to thickly bedded sandstone
that forms a conspicuous ledge in outcrop above the Mancos Shale tongue slope of the Kmse unit.
Above this sandstone package is an 18-m-thick interval of mudstone, very thin to thinly bedded
sandstone, channel-fill sandstone lenses up to 4 m thick, carbonaceous shale, and thin coal beds
(Anchor Coal Zone) that were deposited in an estuarine/coastal plain environment. Above this coal-
bearing slope-forming interval lies another package of thin to thickly bedded sandstone that is 13 m
thick. This interval outcrops as the third prominent ledge of sandstone in the lower Book Cliffs of the
map area. Up section, additional similar packages of interbedded strata include dark-gray Mancos
Shale tongues (<5 m); thin- to thick-bedded tan-brown sandstone and “slickrock” gray-white
shoreface sandstone; and tidal- and estuarine-influenced mudstone, siltstone, carbonaceous shale, and
a second coal-bearing interval (Palisade Coal Zone). This bedrock unit forms a steep, benchy slope in
the middle elevations of the Book Cliffs and extends northward and off the map area to the prominent
red clinker zone within the Cameo Coal Zone of the Williams Fork Formation. The total thickness of
this unit to the Cameo Coal Zone is about 120 m.

Kicz

Mancos Shale (Upper Cretaceous) — The Mancos Shale in the Highline Lake area contains named lithologic units
that are transitional from Colorado to Utah nomenclature. Member units in Utah have been historically carried into
Northwest Colorado, south of the Uinta Basin and into the Grand Valley (Molenaar and Cobban, 1991; Cole and
others, 1997). The units used in this map reflects lithostratigraphic and biostratigraphic work by the USGS
(Merewether and others 2006; USGS core drilling in the Uncompahgre Valley of Montrose County (Ball and others,
2010) and recent 1:24,000-scale mapping by the Colorado Geological Survey in nearby Grand Valley, Whitewater,
and Delta quadrangles (Livaccari and Hodge, 2009; White and others, 2014; White, 2014; Noe and others, 2015;
White and others, 2015) that separates informal member units of the Mancos Shale carried over from the Pierre
Shale equivalents along the Front Range and the Mancos/Mesa Verde N.P. area in southwestern Colorado (Leckie
and others, 1997). The equivalent Utah Mancos members mapped near the state border (Gualtieri, 1988; Willis,
1994; Cole and others, 1997) are shown in heading parentheses. The shale is heavily fractured where bedrock
exposures occur, and secondary gypsum (selenite) fracture filling is common. The shale also locally contains thin to
very thin beds of bentonite. Expansive clay mineralogy creates swelling-soil hazards in shale bedrock and any
derived sediment. The "fat" clay (high plasticity) soils become greasy, cohesive, and clump when wetted, making
walking and vehicle access difficult.

Kmse Sego Sandstone Member with upper Mancos Shale tongue (Upper Cretaceous) — This unit
includes the Sego Sandstone and an overlying thick tongue of the Mancos Shale. The base of the
unit is marked by the first occurrence of thin interbedded sandstone beds within the upper Mancos
Shale (Kmu) that coarsen up section to thicker and more resistant shoreface sandstone beds, which
prominently crop out as a near-vertical bench in the upper Mancos Shale slope. The Sego
Sandstone is buff colored, planar- to swaly-cross-stratified, very fine- to medium-grained, thin- to
medium-bedded sandstone interbedded with dark-gray, silty to sandy shale. Gutter casts are
present in the lower sandstone beds interbedded with shale. Higher in the unit, sandstone beds
predominate, are primarily medium grained, and become thickly bedded. The sandstone portion is
23 m thick and forms the first sandstone bench of the Book Cliffs above the Mancos Shale slopes
in the map area. The top of sandstone is in sharp contact with the overlying dark-gray fissile non-
calcareous tongue of the Mancos Shale. A horizon of concretions, like the Kmu unit description
below, occurs in this shale interval. The shale tongue interval is about 55 m thick, making the
combined thickness of the map unit 78 m.

Kmu Upper part of the Mancos Shale (Upper Blue Gate Member) (Upper Cretaceous) — Dark-
gray to gray-black, non-calcareous, broadly banded shale. The shale is finely fissile where
weathered and near surface; however, with increasing depth and (or) freshly exposed in ravines,
the shale partings are curvilinear with shale breaking into blocky, platy, to sub-spheroidal
fragments. Bentonite beds and secondary crystalline gypsum are common. Orange-brown
dolomite concretions occur, most typically in concretionary horizons in bedding; some are
fossiliferous; some as large as 2-m in diameter. The lower part of the unit becomes increasingly
gray-black and bentonitic, and lithostratigraphically equivalent to the Sharon Springs Member
mapped in the North Delta quadrangle (Noe and others, 2015). Bedrock color change from the
gray-black shale to tan-gray and the first presence of widespread sandstone lamina and
concpicuous concretionary horizons of the top of the Kmp unit mark the basal contact with the
Prairie Canyon Member (Kms). This unit does not correlate with the named Kmu unit (lower
undivided members of the Mancos Shale) of Livaccari and Hodge (2009). The unit is about 428 m
thick.

Kmp Prairie Canyon Member (Upper Cretaceous) — Tan-gray to dark-gray, non-calcareous, silty to sandy
shale and interlaminated to thinly interbedded, very fine- to fine-grained, non- to slightly calcareous
sandstone. Lenticular to flaser bedding is common. Lenticular sandstone lamina chips typically litter hill
slopes; some have wavy pinch-and-swell forms and marine burrow ichnofossils. A typical sandstone chip is
less than 1-cm thick and 6-cm wide, but sandstone beds can locally be up to 7-cm thick. The unit contains
thin to very thin beds of bentonite and resistant, planar, <1-m thick, orange-brown ferrous dolomite beds.
The concretionary dolomite beds have lumpy bases and are laterally discontinuous. However, the beds are
well indurated compared to the sandy shale and resists weathering to hold up the slope, creating dipslope
hillsides and cuestas. From a type section measured and described near this map area, Cole and others
(1997) formally described this Mancos Shale Member, previously referred to as the “Mancos B.” This
sandy unit forms conspicuous, tan-colored, low, dendritically incised hills and ridges in the map area. Near
the unit top are two horizons of large  (1.5 to 2 m diameter) septarian dolomite concretions that contain
clear to translucent calcite and locally include clear, bluish-to-reddish-brown barite crystals. Mineral
collectors prospect these concretions in the Grand Valley. Cessation of interlaminated sandstone, darker
gray color change, the first presence of calcareous shale and light-gray shaly limestone beds mark the basal
contact with the Smoky Hill Member (Kms). Cole and others (1997) report that the contact is also very
well defined on subsurface geophysical logs. There is a general flattening of topography at the base of the
unit, the trend of which the alignment of the Government Highline Canal approximates. Unit is about 306
m thick (Cole and others (1997).

Kms Smoky Hill Member (equivalent to Lower Blue Gate Member) (Upper Cretaceous) — Dark-gray to
gray-black, finely fissile, speckled, moderately to very calcareous, poorly indurated shale; light-gray, platy
to subblocky, poorly to moderately indurated, shaly limestone; and an interval of interlaminated,
moderately cemented, very fine to fine-grained sandstone not present in the map area but reported in the
adjacent Mack and Badger Wash quadrangles (White and others, 2015; White, 2024) where the lower
stratigraphic interval was present. Unit contains sporadic thin beds (≤6 cm) of bentonite. Thick-shelled,
prismatic Inoceramus fossil fragments are common, often encrusted with Pseudoperna congesta oysters.
The Inoceramus fossils emit a petroliferous odor when freshly broken. Rarely seen were poorly preserved
coiled ammonite fossils. The unit is poorly exposed and covered by thin (<1 m) residuum and (or) Qamf
deposits. Agriculture use has heavily modified and obscured the ground surface south of the Government
Highline Canal. In outcrops, the shale is heavily fractured and commonly filled with secondary crystalline
gypsum (selenite). This unit is equivalent to the lower Blue Gate Member (Cole and others, 1997). The
surface residuum commonly has a “popcorn” texture related to shrink-and-swell expansive clay content.
Swelling soils may be a hazard in the soils derived from this bedrock unit. The basal contact is further
south of the southern map boundary. Total thickness of the Kms unit is about 580 m (Cole and others,
1997).

Older colluvial deposits (Lower Holocene to Upper Pleistocene) — This unit is like Qc deposits
above but are older. The sandstone clasts in these older deposits armor the shale slope, and thereby
resists erosion to form flatiron-type facets that interrupt the otherwise smooth, evenly graded shale
hillslope. Deposit typically has a developed Bk soil horizon, and the clasts have calcic coatings.
Thickness is variable but typically about 2 m. In some locations, shale bedrock residuum may be
exposed.

Qco
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ALLUVIAL DEPOSITS

Alluvium (Upper to Middle Holocene) — Tan-gray, interlaminated to very thinly bedded, very fine-
to fine-grained sand and sandy to silty clay with dispersed gravel. The unit typically covers the floor
of active drainage channels and swales within meanders in alluvial mudflow and mud-fan (Qamf) and
alluvial-fan (Qaf1) valley-fill deposits and (or) where incised into shale bedrock. Unit may locally
contain pebble to boulder gravelly lenses and bed load on the channel floor. Deposits of the unit may
include up to three meander terraces above the active channel floor. The lowest, from 1.5 m to 2 m
above the channel floor, has active surface flood scour morphology. This unit is susceptible to
periodic flash flooding and deposition of debris flows.

Qa

Alluvial gravel deposits — Deposits are linear remnants of river terrace treads that approximate the longitudinal
profile of the major creeks of the quadrangle: East Salt Creek and Mack Wash. These creek watersheds extend
northward, off map, to valleys and canyons incised through the Book Cliffs and into the Roan Plateau. The
predominate deposit is a fluvially sorted and imbricated cobbly gravel with scattered small boulders (<1 m). Well-
sorted sand lenses and thin sand-rich beds are locally present. Clasts are primarily sandstone; the provenance being
Upper Cretaceous Mesaverde Group (Iles and Williams Fork formations) and underlying marine sandstones of the
upper Mancos Shale exposed in the Book Cliffs to the north of the map area. However, there are small amounts
(<5%) of other lithologies including red-colored coal-fire clinker and pebbles composed of chert, petrified wood,
and igneous and metamorphic crystalline rocks. These pebbles are reworked from terrestrial conglomeritic
sandstone channels and beds within the Paleogene Ohio Creek and Wasatch formations exposed in the Roan Plateau
above the Mesaverde rocks. Cobble-sized sandstone clast shapes have low sphericity, but are moderately to well-
rounded with shapes ranging from bladed or slabby to discoid. Except for the stratigraphically lowest gravel (Qg1),
the well-sorted fluvial deposits near the contact with the underlying Mancos Shale are commonly cemented with
calcium carbonate to form conglomerate that locally form ledge-type outcrops along the terrace bluff. The deposits
also locally contain muddy fine-grained interlaminated to thinly interbedded overbank sediment and scoured
channels that contain unsorted bouldery debris-flow gravel with a muddy matrix. Alluvial gravel deposits have been
a historic gravel resource in the map area, but aggregate durability is low due to the predominant sandstone clast
content.

Alluvial gravel one (Upper Pleistocene) — Deposit underlies isolated terrace remnant surfaces in
the East Salt Creek Valley in the southwest corner of the map area. The top of the unit averages 18 m
above the active channel.  Gravel deposits are unconsolidated and limited to about 3 m thick. Unit is
the youngest gravel terrace in the map area and was likely deposited during the Pinedale glaciation.
Abandoned gravel pits occur in this deposit near Mesa County Road (CR) 10. Unit thickness at the
pits is about 2 m.

Qg1

Alluvial gravel two (Upper Pleistocene) — Gravel deposits beneath remnants of terrace surfaces
where State Highway (SH) 139 crosses Mack Wash and within Highline Lake State Park. The tread
surfaces are 21 m above the Mack Wash floor. The terrace remnants extend beyond the southern map
boundary and are locally cemented to a conglomerate. The durability of the gravel deposit locally
prevents erosion of the adjacent shale slope such that deposits of subsequent sheetwash (Qaco) locally
form low-gradient fans that abut against and lap onto the Qg2 unit. A silty fine- to medium-grained
sand bed was sampled at a burial depth of 5.5 m at a roadcut of Q Road (HL-421 in Table 1 on Plate
2) for optically stimulated luminescence (OSL) dating. The sample yielded an original infinite date of
>58,100 years before present (ybp). The sample was subsequently reanalyzed using a Thermally
Transferred (TT) OSL testing technique and yielded a date of 97,330 ± 8,040 ybp, deposited during
Marine Isotope Stage (MIS) 5, after the MIS-6 Bull Lake glaciation. Thickness is variable and ranges
from 7 m to 10 m in areas of old gravel quarry excavations near SH 139. Based on the unit’s surface
continuity observed in lidar digital elevation models (DEMs) and matching lithologic characteristics,
this unit is correlated with the lower Mack Mesa (Qam1) deposit in the adjacent Mack quadrangle
(White and others, 2015).

Qg2

Alluvial gravel three (Upper Pleistocene) — Deposits of fluvial gravel in the southwest portion of
the map area that underlie Mack Mesa and the highest bluffs west of Highline Lake. This gravel unit
locally contains basal zones up to 1.5-m thick that are well cemented to form a conglomerate. The
surface of this deposit lies about 29 m above the Mack Wash base level and 44 m above the East Salt
Creek base level. The deposit height above the Qg2 surface (about 10 m) suggests deposition during
the late substages of MIS-5, and possibly at the end of the Bull Lake glaciation (MIS-6). The surface
elevation and southward gradient of unit Qg3 underlying Mack Mesa remain consistent with the off-
map deposit of Mack Mesa gravel (Qam2) in the adjacent Mack quadrangle (White and others, 2015).
Several historic gravel quarries occur in the map area. Exposed in old gravel quarry walls, thickness
of the gravel resource removed is about 4 m.

Qg3

Alluvial mudflow and mud-fan deposits (Holocene to Upper Pleistocene) — Tan-gray, poorly to
moderately sorted, interlaminated to very thinly bedded, unconsolidated, very fine- to fine-grained,
clayey silt and sand. Unit is composed of aggraded valley fill that includes Holocene terraces of the
modern drainage channels of major creeks and locally includes clay-, silt-, and sand-rich alluvium
deposited by tributary streams, mud-fans, and hillside slopewash (chiefly sheetwash) sediments. The
deposit is locally gravel-bearing; either as clast-supported cross-bedded pebbly gravel lenses or
matrix-supported pebble gravel dispersed in the deposit. Sources of the gravel include reworking of
older gravel and alluvial-fan deposits (Qg and Qaf) near adjacent hills and mesas, and rare lenses of
entrained cobbles and boulders deposited during floods or by debris flows. The pebble to small
boulder (<40 cm) gravel-sized clasts are from the Book Cliffs region exposed off map to the north. In
coalesced fans below drainageways that outlet from hills of exposed Prairie Canyon Member bedrock
(Kmp), the unit contains abundant flat-pebble sandstone chips. Total thickness of the unit at the East
Salt Creek arroyo is about 7 m, but locally thins to 2 m in broad flatlands and overlying the Smoky
Hill Member (Kms) of the Mancos Shale. This unit was mapped within the lower valley fills of the
East Salt Creek and where mudflows cover the broad flatlands overlying the Mancos Shale Smoky
Hill Member (Kms) below the Government Highline Canal. In the southern region of the map,
overlying the Kms bedrock, the deposit locally is altered by agricultural tilling. Qamf deposits may
locally pinch out, becoming exposures of paralithic shale bedrock and surface clay regolith. The
sediment of this unit may be prone to hydrocompaction (White and Greenman, 2008) and (or) soil
expansion upon wetting.

Qamf

ALLUVIAL-FAN AND MUDFLOW DEPOSITS

Alluvial-fan deposits No. 1 (Holocene to Upper Pleistocene?) — Unit forms the lowest fan and fan
remnants adjacent to hills composed of Mancos Shale. Unit typically includes aggraded valley-fill
alluvial-fan sediments that coalesce from the many swales and small drainageways from hills of
Mancos Shale. Where derived from the Prairie Canyon Member of the Mancos Shale, the unit is very
sandy with lenses of sandstone gravel. Gully exposures show evidence of pseudokarst slot and piping
dissolution that have been subsequently filled with sandstone flat-pebble gravel. This unit was
sampled for OSL age dating. Sample HL-309 and sample HL-311 at burial depths of 4.5 m yielded
dates of 6,085 ± 435 ybp and 1,350 ± 80 ybp (See Table 1 on Plate 2). Thickness is unknown but
young gullies of Upper Holocene age are incised up to 6 m into the unit. An equivalent unit mapped
as Qamf on the adjacent Badger Wash quadrangle yeilded an OSL date of 12,755 ± 614 ybp (White
and Perman, 2024) near the base of the unit. This unit locally grades laterally to become the Qamf unit
as drainageways exit the hills of Mancos Shale, the slope grades generally flatten, and sediment
becomes finer grained below (south) the Government Highline Canal.

Qaf1

ALLUVIAL-FAN DEPOSITS — Pleistocene map units formed by aggradation of gently sloping alluvial fans that
outlet from paleobasins within the Book Cliffs area onto more gentle slopes of Mancos Shale in the Grand Valley.
More resistant to subsequent erosion than the surrounding hills of shale, the varying Pleistocene-aged units are
topographically inverted and form gravel-capped mesas and remnants capping hilltops and narrow ridges.  The units
are subdivided and enumerated based on heights above modern stream levels. Each numbered unit, from the highest
(oldest) to the lowest, records the punctuated incision and deposition of lower and younger alluvial-fan units onto
the Mancos Shale landscape, and thereby chronicles the general geomorphic lowering of the Late Middle to Late
Pleistocene surface of the Grand Valley within the map area. Fans may become constrained to stream-channel
terraces where paleo-drainage basins narrow when entering topographically higher exposures of Mancos Shale
Prairie Canyon Member (Kmp) bedrock. Deposits are primarily unconsolidated and range from: 1) channel fills of
very bouldery, unsorted, non-stratified, matrix-supported, gravelly debris-flow deposits; 2) better-sorted, stratified,
clast-supported, imbricated, sandy pebble to cobble gravel deposited by fluvial processes; to 3) muddy
interlaminated clayey to silty sand with stringers and lenses of sandstone pebble gravel.  Clasts are angular to
subrounded, slabby to bladed sandstone that were eroded from steep-walled gulches incised into the Book Cliffs.
Boulders up to 2 m in diameter are present.  Higher-elevation older alluvial-fan deposits are locally well cemented
with calcium carbonate, forming conglomerate that outcrop as ledges in mesa perimeters.  Lower and intermediary
deposits may locally contain boulder levees that record debris-flow events.  Older units are typically overlain by thin
(<1 m) mantles of light red (Munsell 2.5YR 7/8) slopewash that is predominantly reworked loess. The unit surfaces
support more dense vegetation than the adjacent Mancos Shale.  Heights recorded are to the deepest nearby drainage
channels or elevation (m) above mean sea level (AMSL).

Alluvial-fan deposits No. 2 (Upper Pleistocene) — Unit forms alluvial-fan and terrace remnants that
grade near the northern map boundary to the Qg2 gravel terrace along the shallow valley of East Salt
Creek where the Prairie Canyon Mancos Shale Member (Kmp) is exposed. Unit is locally mantled
with patchy red (Munsell 2.5YR 7/8), silty to very-fine-grained sandy loess. The top of the unit is
about 26 m above the active channel and is 4.5 to 9 m thick.

Qaf2

Alluvial-fan deposits No. 3 (Upper Pleistocene) — Unit contains widespread alluvial-fan remnants
at an approximate elevation of 1,585 m AMSL along the center part of the northern map boundary.
Fan surface typically is thinly mantled (<1 m) by red (2.5YR 7/8) fine-grained material, interpreted as
sheetwash that has reworked loess deposits. Unit has a poorly exposed Bk soil horizon that is
developed in both the lossial sheetwash and Qaf3 unit. Clasts exposed at the surface have white calcic
coatings, which likely indicate Stage II calcic development (Machette, 1985). Unit thickness is
variable but likely does not exceed 3 m. Top of unit Qaf3 is about 15 m above the Qaf2 surface. The
surface elevation of the Qaf3 surface approximates the Qg2 unit at the confluence of Coyote and Mack
Wash and so may be coeval.

Qaf3

Alluvial-fan deposits No. 4 (Upper Pleistocene) — Unit forms an isolated mesa up to 1.6 km wide
that extends down to the southwest from the Book Cliffs in the northwest corner of the map area. The
surface of unit Qaf4 is thinly mantled (<1 m) with reworked red (Munsell 2.5YR 7/8) loess that covers
a chalky white, well developed Bk soil horizon that is also developed into the fan deposit. Clasts are
typically slabby subangular sandstone clasts eroded from the nearby Book Cliffs and typically have
white calcic coatings where exposed. The most extensive mesa surface underlain by this unit forms a
basin divide between the East Salt Creek and Mack Wash. Deposit surface elevation begins at the base
of the Book Cliffs, near the northwest map boundary at 1,726 m AMSL, and declines to 1,524 m over
a horizontal distance of 6.5 km, a northeast to southwest slope gradient of -31 m/km (1.8°). Further to
the east, the Coyote Wash flows on the Qaf4 unit, then begins to incise into it at 1,530 m AMSL. The
surface of the unit is from about 16 m to 24 m above the local Qaf1 active channels. Unit thickness is
14 m near the apex of the fans and typically thins to about 2 m where the eroded distal toe of the fans
outcrop.

Qaf4

Alluvial-fan deposits No. 5 (upper Middle Pleistocene) — Deposits of this unit cap prominent,
topographically inverted mesa remnants and sinuous ridgelines clustered in the northwest quadrant of
the map area west of East Salt Creek. The surfaces of these remnants rise in elevation northward
towards the Book Cliffs. The highest surface elevations of these mesa remnants range from 1,590 m to
1,672 m AMSL. The unit surface elevation is about 10 to 14 m above the Qaf4 surface. Thicknesses
are similar to the adjacent Qaf4 unit.

Qaf5

Alluvial-fan deposits No. 6 (upper Middle Pleistocene) — Unit occurs in erosional remnants of
gravel that cap isolated mesas and narrow ridgelines of Mancos Shale at the divide of Mack Wash and
Coyote Wash and isolated buttes in the northeast corner of the map area below the Book Cliffs, where
the highest elevation surface is 1,696 m. The base of the gravel unit is locally cemented to a
conglomerate.  The southward slope gradient of this alluvial-fan surface is -45 m/km (2.6°) in the
northwest corner of the map area that flattens to -18 m/km (1.0°) along Coyote Wash. The unit surface
elevation is about 20 m above the Qaf5 surface. Thickness was measured up to 12 m.

Qaf6

Old eolian deposits (Upper Pleistocene) — Light-red to orange-red (Munsell 10YR 6/8 to
2.5YR7/8) silt, clay, and very fine-grained sand that thinly mantle gentle slopes underlain by Mancos
Shale. Unit was deposited by wind and reworked by slope processes. Reddish hues may be related to
soil development. Local chalk-colored exposures along slopes are formed by erosion and exposure of
well-developed Bk soil horizons. This unit is only mapped on Qaf4 surfaces, but very thin deposits
(<1-m thick) and discontinuous mantles of loess on other surfaces of older Qg, Qaf, and Qaco units
were not mapped. Unit Qeo has more extensive vegetation cover than the surrounding hills of Mancos
Shale. Unit thickness is generally less than 2 m where it overlies the Qaf4 unit.

EOLIAN DEPOSITS

Qeo

ALLUVIAL/COLLUVIAL DEPOSITS

Alluvial and colluvial deposits (Holocene) — Tan-gray, unconsolidated, poorly sorted to unsorted
silt, clay, and sand that is primarily deposited on hillsides and in swales chiefly by sheetwash and
mass-movement processes. The deposit may locally contain abundant sandstone chips where sediment
is derived from the Prairie Canyon Member of the Mancos Shale (Kmp), or larger dispersed pebble,
cobble, and small boulder-sized (0.5 m) sandstone clasts where the sediment is derived from the
erosion of older gravel that cap adjacent mesa remnants. Thickness is highly variable and likely does
not exceed 2 m.

Qac

MAP SYMBOLOGY

Kml Lower part of the Mancos Shale (Ferron Sandstone and Tunuck Member), undivided (Upper
Cretaceous) — Includes the Montezuma and Juana Lopez members (equivalent to Ferron Sandstone
Member), and the Blue Hill, Coon Springs Sandstone, Bridge Creek Limestone, and Graneros members
(equivalent to Tunuck Member). Shown in cross section only.

Kdb Dakota Sandstone (equivalent to Naturita Formation) and Burro Canyon Formation (Upper to
Lower Cretaceous) — Shown in cross section only.

Mz Undivided formations of the Jurassic and Triassic (Jurassic to Triassic) — Shown in cross section only.
Includes the Morrison, Wanakah, Entrada, Kayenta, Wingate, and Chinle formations.

Xu Undivided Precambrian rocks of the Uncompahgre Uplift (Paleoproterozoic) — Gneiss and migmatitic
metamorphic rocks (Scott and other, 2001; White and others, 2015). Shown in cross section only.
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Fault — Dashed where approximately located, dotted where concealed

Contact —  Dashed where approximately located

Optically stimulated luminescence sample site (See Table 1 on Plate 2)

Gravel pit

Borrow pit

Oil and gas well — Label is the American Petroleum Institute (API) Unique Well Identifier.  Label does
not include preceding State Code (05) and County Codes (077 for Mesa County or 045 for Garfield
County)

Strike and dip of inclined bedding — Showing direction and angle of dip

7 Strike and dip of inclined bedding — Showing direction and angle of dip (calculated from 1-m lidar of
dip-slope exposures).
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