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SYNOPSIS OF GLACIAL HISTORY
Over the past roughly two million years of Earth history, known as the Quaternary Period, numerous climatic

cycles led to the advance and retreat of glaciers worldwide. During each period of ice advance, or glaciation,
global ice extent increased two- to three-fold and sea level fell more than 100 m as ocean water was stored as
glacier ice on the continents. At high latitudes, ice sheets formed and expanded in North America and Eurasia to
extents similar to or larger than that of the modern Antarctic ice sheet. Elsewhere, mountain glaciers advanced far
down valleys, even in ranges currently devoid of glaciers.
In the Uinta Mountains, a spectacular glacial landscape attests to the cumulative impact of these multiple

glaciations during which erosion by ice produced numerous cirques, high basins, and U-shaped valleys, and
enhanced the topographic relief between valleys and the high ridgelines. Some of the most impressive cirques in
the range include the large basin holding Red Castle Lake at the head of the East Fork Smiths Fork, and the basin
containingWalk-Up Lake at the head of the East ForkWhiterocks River. In places where cirques coalesced, broad
basins formed, such as Painter Basin, Brown Duck Basin, and the Grandaddy Lake area. The U-shaped cross
section of the Provo, Duchesne, and Bear River valleys can be seen from parts of the Mirror Lake Highway.
Material eroded from the core of the Uinta Mountains was deposited by ice and glacial meltwater at lower

elevations. Sediment deposited directly by glacier ice is called till, which can form ridges known as moraines that
outline the lower margins of former glaciers. Some of the best preserved and most visible moraines in the Uinta
Mountains are the sequence of sage- and Ponderosa pine-covered ridges impounding the Twin Pots Reservoir
south of Moon Lake. Sediment deposited by glacial meltwater, known as outwash, is found downstream from
moraines and forms terraces above the modern rivers. Much of the Mirror Lake Highway south of Evanston,
Wyoming, follows outwash of the Bear River. Lone Tree, Wyoming, is situated on a broad outwash surface
deposited by meltwater from the Henrys Fork, West Fork Beaver Creek, and Middle Fork Beaver Creek glaciers.
Although geologic records from the oceans and ice sheets reveal that dozens of glaciations have occurred

during the Quaternary Period, terrestrial records of this time interval are dominated by the most recent glaciations,
which obliterated or buried evidence of the older events. On this map, the “Qgo” and “Qgao” units mark
fragmentary evidence of older glaciations in the Uinta Mountains, such as the extensive lateral moraines and
outwash east of the Yellowstone River. Although the ages of these older glaciations are not known in the Uinta
Mountains, similar deposits in the Wind River Range of Wyoming are older than a 660,000-year-old volcanic ash
(Chadwick and others, 1997).
Deposits of the second-to-last glaciation, the Blacks Fork Glaciation, are more extensive. Prominent landforms

of this event include lateral moraines along the Blacks Fork River north of Meeks Cabin Reservoir and along the
east side of the Yellowstone River. Although the age of this event has not been directly determined in the Uinta
Mountains, recent work on correlative deposits of the Bull Lake Glaciation in northwestern Wyoming suggests
that it occurred between 160,000 to 130,000 years ago, or possibly between 120,000 to 95,000 years ago
(Chadwick and others, 1997; Sharp and others, 2003; Licciardi and Pierce, 2008).
The last glaciation in the Uinta Mountains is named the Smiths Fork Glaciation after the prominent terminal

moraine in the East Fork Smiths Fork valley (Bradley, 1936). Deposits of this event are widespread and the timing
of the Smiths Fork Glaciation has been directly determined from geologic ages of moraines in several valleys.
These results indicate that ice advance began about 32,000 years ago, culminated 25,000 years ago, and glaciers
began retreating from their terminal moraines by 16,000 years ago. These results also indicate that the Smiths
Fork Glaciation occurred at essentially the same time as the Pinedale Glaciation elsewhere in the Rocky
Mountains (Laabs and others, 2007, 2009).
The Uinta Mountains were largely ice free by 14,000 years ago, although moraines in some cirques and high

basins may represent glacial activity near the Pleistocene-Holocene transition. The highest moraines in the most
favorably oriented cirques may also reflect more recent small-scale glacier activity. Although these moraines
have not been directly dated, similar deposits of this “Neoglacial” interval in the Wind River Range have been
dated to the past 5,000 years (Dahms, 2002). Many of the rock glaciers in the Uinta Mountains also likely formed
or were reactivated during this time interval.

DESCRIPTION OF THE ICE EXTENTS INSET MAP
This inset map displays reconstructed ice extents for the Smiths Fork Glaciation (ca. 32,000 to 14,000 years ago)

in the Uinta Mountains, determined through field observations coupled with interpretation of maps and aerial
photographs. Upper ice limits were defined by inflection points in cirque headwalls, and trimlines. Lower ice limits
were identified primarily by moraines, and by heads of outwash and ice-marginal channels. The western part of the
Uinta Mountains was occupied by numerous small cirque and valley glaciers, along with the relatively broad Western
Uintas Ice Field (Refsnider and others, 2007). This ice field inundated the crest of the range (except for the highest
peaks) and drained into the Bear River, Weber River, Beaver Creek, North Fork Provo River, North Fork Duchesne,
and Rock Creek valleys. The largest discrete valley glaciers developed in the central part of the Uinta Mountains
where they flowed south and extended beyond the mountain front. Particularly large glaciers in the Lake Fork,
Yellowstone, and Uinta River valleys were fed by broad, but confined, ice fields. In contrast, on the north slope of the
Uinta Mountains ice advanced from numerous north-draining cirques to form long, narrow, valley glaciers. Glaciers
in the Blacks Fork, Smiths Fork, and Henrys Fork valleys extended beyond the range front. In the West and Middle
Fork Beaver Creeks, Thompson Creek, and Burnt Fork valleys, glaciers terminated at, or just south of, the
range-bounding hogback. Glaciers in the Sheep Creek and Carter Creek valleys formed piedmont lobes on the north
flank, south of the hogback. The smallest valley glaciers were found in the eastern part of the Uinta Mountains, where
ice was entirely confined to valleys.
The formation of few relatively large glaciers in southern valleys compared to several smaller glaciers in northern

valleys is likely related to bedrock structure. Atwood (1909) suggested that gently-dipping bedrock on the south flank
allowed Pleistocene glaciers to erode laterally more efficiently than glaciers on the north flank, leading to the
formation of broad valleys at the heads of the Rock Creek, Lake Fork, Yellowstone, and Uinta River valleys. The
floors of these valleys are above the estimated Smiths Fork-age equilibrium-line altitude (~3000 to 3100 m asl) for
the central part of the range (Laabs and Carson, 2005), adding support for the notion that these large glaciers were
sustained by broad accumulation areas. Alternatively, the formation of relatively large glaciers in south-central
valleys may be due to climatic differences. Laabs and others (2007) proposed that regional southwest-to-northeast
circulation during the Smiths Fork Glaciation may have delivered moisture-laden air masses to the southern part of
the range, producing an orographic precipitation shadow over the northern valleys.
There is also evidence for a longitudinal precipitation gradient running parallel to the range axis. As noted by

Munroe and others (2006), glaciers in the western part of the Uinta Mountains extended to lower elevations and had
equilibrium-line altitudes as low as 2600 m, which is ~600 m lower than glaciers farther east (~3200 m asl). This
pattern reflects a tremendous enhancement of the modern asymmetric precipitation pattern in the Uinta Mountains,
likely driven by the presence of pluvial Lake Bonneville, which was located within 60 km of the western Uinta
Mountains and may have amplified precipitation in areas downwind.

DESCRIPTION OF MAP UNITS
Alluvium (Holocene) – Unconsolidated deposits of moderately to well-sorted and stratified clastic sediments, including gravel, sand, silt, and clay, formed by deposition in moving water. Stratigraphy consists of well-rounded clasts usually mantled by thin (< 1 m) finer-grained overbank
deposits. The modern floodplain is inset within both glacial till and outwash deposits and wet and dry meadows are abundant. The present location and condition of the river or stream channel reflect the influence of postglacial disturbances including mass movements, Neoglacial
activity, and human perturbations, including diversions and logging. Thickness is typically less than 10 m. Although alluvium is ubiquitous along modern streams, only the broadest and most continuous areas of alluvium are shown on the map.

Alluvial-Fan Deposits (Holocene) – Unconsolidated, poorly to moderately sorted boulder-gravel, sand, silt, and clay. The lithology and grain size of the material comprising the fans reflects the rocks in the fan source area. For example, clay and silt derived from the Red Pine Shale
dominate the large fan near the East Fork Blacks Fork Guard Station (section 23, T. 2 N., R. 12 E., Salt Lake Base Line and Meridian). Coarser boulders and gravel from the Bishop Conglomerate and Quaternary glacial deposits comprise the fan west of Meeks Cabin Reservoir in
the Blacks Fork drainage (section 21, T. 3 N., R. 12 E., Salt Lake Base Line and Meridian). The alluvial fan below Dry Canyon in the Lake Fork drainage (section 24, T. 2 N., R. 6 W., Uinta Base Line and Meridian) is composed of coarse-grained sand and cobbles of Uinta Mountain
Group quartzite derived from the Duchesne River Formation.
Fans with a radial pattern of surface drainage extend outward from the base of a steep channel or chute cut through a lateral moraine or down a valley wall. Fans with hummocky surface topography owing to deposition primarily by mass wasting rather than alluvial activity are
common below chutes, whereas fans with smooth surfaces are common below steep fluvial channels. Fan formation occurred through a combination of post-glacial fluvial and colluvial processes. Alluvial fans were mapped separately from cones of coarse, blocky debris produced
by rockfall, which were mapped with talus (Qmt) and slides, slumps, and flows (Qms).
Fan formation is apparently an episodic process linked to climatic factors including rate of snowmelt and rainfall. A single entrenched stream, reflecting relative stability, occupies many modern fans. However, bars and shallow channels visible on unvegetated fans (e.g., west of
Meeks Cabin Reservoir) are evidence of past floods across the fan surface. Disturbances linked to fan progradation include the damming of the Stillwater Fork Bear River to produce Christmas Meadows (section 15, T. 1 N., R. 10 E., Salt Lake Base Line and Meridian), and
impoundment of the Lake Fork River to form the pre-dam Moon Lake (section 18, T. 2 N., R. 5 W., Uinta Base Line and Meridian). Variable thickness from 1 to more than 10 m.

Lacustrine Deposits (Holocene) – Unconsolidated lacustrine sediments, including laminated fine sand, silt and clay, and fine colluvium. Buried organic layers are also common. This deposit is commonly found in formerly closed depressions dammed by end moraines, till ridges,
hummocks, and mass-wasting deposits. These basins are now marked by wet meadows and/or small lakes. Along major rivers, the landforms associated with this deposit are commonly distinguished by an abrupt change in channel sinuosity. Only the larger deposits are mapped; in
areas of hummocky moraine or stagnant ice topography smaller versions of this deposit are ubiquitous.

Christmas Meadows in the Stillwater Fork is a drained lake basin where water was temporarily impounded behind a set of alluvial fans. The large meadow below the ford on the West Fork
Blacks Fork is impounded behind a recessional moraine complex. In the Middle Fork Blacks Fork a wet meadow marks the extent of a drained lake basin that was impounded behind slump
deposits derived from the western valley wall. Cow Park and Little Meadow above Fish Creek are other examples of these deposits. Thickness is generally unknown, but may locally exceed
10 m.

Slides, Slumps, and Flows (Holocene and Pleistocene [?]) – Unconsolidated, poorly sorted deposits of locally derived material that has moved down slope through landsliding, slumping, and
flowing. Individual headscarps and rotated blocks can often be identified, and sag ponds are locally present where blocks are back-rotated (e.g., west side of Middle Fork Blacks Fork). Small
mudflows and debris flows are common at the base of the scarps. The majority of slumps are located along the oversteepened sides of glaciated valleys where they are obviously post-glacial
features.
The mapped slumps and landslides on the north slope typically involve the Tertiary Wasatch Formation and overlying Bishop Conglomerate. Pleistocene glacial deposits are also
incorporated where slumps occur along glaciated valley sides. Across the south slope, landslides are common along the bedrock contact between the Mississippian Doughnut (shale) and
Humbug (limestone and sandstone) Formations. In some places, tributary valleys may have been dammed by lateral moraines and were subsequently filled by lakes. Failure of lateral
moraine-dammed lakes may have instigated landslides in Lake Fork and Yellowstone canyons. Thickness is variable, but may exceed 100 m.

Talus Deposits (Holocene and Pleistocene [?]) – Unconsolidated, poorly sorted deposits of angular boulders located at the base of cirque headwalls and along glacial valley
sides. Blocks are detached from bedrock outcrops by freeze-thaw cycles, heavy rain, and snow avalanching. The surfaces of talus deposits are extremely coarse with fines
having been removed by nival meltwater. Accumulations of fine colluvium are common down slope from many talus features, especially in settings below cliffs containing
a large component of shale. Small, vegetated ridges of fine-grained material are present at the toe of many talus slopes, suggesting that the talus may be slowly moving
outward from the source area.
As mapped, talus deposits include broad sheet-like slopes, discrete avalanche cones, and series of coalesced cones, protalus ramparts, slushflow levee/channel complexes,
small lobate rock glaciers, and small end moraines.
In glaciated valleys, talus is post-glacial and presumably accumulated during more severe periglacial conditions in the latest Pleistocene. Some of the features may have been
reactivated during the late Holocene Neoglacial period. Some talus deposits are active today, as evidenced by observed rock fall and fresh, lichen-free rocks. Thickness is
generally unknown, but likely 1 to 50 m.

Rock Glacier Deposits (Holocene and Pleistocene [?]) – Unconsolidated, poorly sorted deposits of angular boulders having a characteristic surface
morphology owing to flow through deformation of interstitial ice. Fines are more common in these features than in talus, perhaps due to comminution
of rock during movement or accumulation of eolian sediment. Fines may also be derived from shale layers exposed in the valley walls above the rock
glacier, and may decrease the permeability of the talus sufficiently to allow formation of interstitial ice leading to rock glacier genesis.
In plan view, rock glaciers take the form of lobate bulges extending outward from more uniform talus slopes, and of tongue-like masses occupying the
floor of high-altitude cirque basins. Transverse ridges and furrows are common on rock glacier surfaces, indicating collapse of underlying zones of
increased ice content during melt-out. Unstable, lichen-free, steep frontal slopes, and other features indicative of contemporary activity including
surface meltwater ponds, are present on many of these features. Other rock glaciers, including most of those located along valley sides, appear to be
stabilized, with gentler frontal slopes and greater lichen cover.

Because of their locations within the glaciated valleys, all mapped rock glaciers are post-glacial in age. The exact timing of their
formation is unknown, although it is likely that many of them formed in the latest Pleistocene and were reactivated during the
Neoglaciation. Several rock glaciers in the study area, including the large one south of Priord Lake, and the smaller one in front of the
snowfield west of Deadhorse Lake, may be active today. The tallest rock glacier termini stand 30 m high, thus the maximum thickness of
these deposits is several tens of meters.

Smiths Fork Till (late Pleistocene) – Unconsolidated, matrix-supported, poorly sorted diamicton deposited during the last glaciation (ca.
32,000 to 14,000 years ago) and considered correlative to the Pinedale Glaciation elsewhere in the Rocky Mountains. Inside the zone of
tilted Paleozoic strata that forms a hogback encircling the Uinta Mountains, the diamicton consists of pebbles, cobbles, and boulders of

Uinta Mountain Group lithologies, with abundant sandstone and quartzite boulders at the surface. Outside the hogback,
limestone and sandstone clasts are common. Matrix varies from reddish-brown, fine silty clay in areas of exposed Tertiary
sediment, to pink sand in areas dominated by the Uinta Mountain Group. Clasts are commonly angular to subrounded,
especially the larger surface boulders. Striated clasts are locally abundant. Pockets of rounded clasts are also locally present,
reflecting incorporation of proglacial outwash deposits during glacial advance. Surface topography is variable, ranging from
smooth to hummocky with small ridges/knolls and kettles (some containing small ponds). Soils are generally poorly
developed Inceptisols (A/Bw/C) with weak cambic horizons and only minor evidence for leaching of sesquioxides.
As mapped, this unit includes end and lateral moraine complexes, as well as colluvium and mass wasting deposits along the
foot of these moraines. Locally, units designated as Smiths Fork Till may also include outwash deposits, especially in areas
where meltwater streams flowed through broad areas of hummocky end moraines.
Sediment mapped as Smiths Fork Till was deposited during the last major glaciation in the Uinta Mountains, the Smiths Fork
Glaciation. This material was deposited directly by glacier ice, either as basal meltout or lodgment till; englacial melt-out till;
or supraglacial till deposited by melt-out, dumping off the ice surface, ice thrusting, ice ploughing, or by squeezing and
deforming of saturated sediment by overlying glacier ice. This deposit may include till that has moved as mudflows, but not
over significant distances (less than a few meters or tens of meters). Thickness of the sediment in the valley centers is on the
order of 1 to 10 meters, while till thickness in the moraines may be as much as 50 m. Bedrock outcrops are absent or
extremely rare. Because of the sandy material, this unit is well drained with a normally dry surface, except in the kettle
depressions that are locally deep enough to intersect the water table. Till in the valley centers is generally quite stable due to
low surface slopes and has a dense, compacted nature resulting from the weight of the overlying ice. Lateral moraines and
till deposits on steeper bedrock slopes are prone to mass wasting, especially when water-saturated. Samples collected for
cosmogenic 10Be surface-exposure dating reveal that terminal moraines were abandoned by retreating glaciers before 16,000
years ago (Munroe and others, 2006; Laabs and others, 2007; Refsnider and others, 2008).

Smiths Fork Outwash (late Pleistocene) – Unconsolidated, clast-supported cobble-gravel with local boulders and sand lenses,
composed primarily of Uinta Mountain Group lithologies. Clasts are generally well rounded, and occasionally bear thin
carbonate coatings and pendants in locations downstream from outcrops of the Paleozoic limestone units. Because of the
coarse material, this unit is permeable and well drained.

These sediments were deposited in high-energy glaciofluvial environments by meltwater draining from the terminal moraines of the Smiths
Fork-age glaciers. Outwash surfaces form conspicuous valley trains extending downstream from all of the major terminal moraines. Original
features of these surfaces, including braided channels and channel bars, can still be seen on aerial photos. Outwash surfaces related to the Smiths
Fork glacial maximum were reworked or incised by glacial meltwater during retreat from the terminal moraines and also during the Holocene,
forming a series of prominent terraces. Thickness is generally unknown, but is likely from 1 to 20 m.

Pre-Smiths Fork Till, Undivided (middle or late Pleistocene) – Glacial diamicton similar in physical properties and composition to Smiths Fork Till, but located
beyond the Smiths Fork glacial limit in a position where it is not possible to determine whether these sediments were deposited during the Blacks Fork or an earlier
glaciation. This deposit displays a greater degree of soil development than Smiths Fork Till. Thickness is generally unknown, but may be as much as 50 m.

Pre-Smiths Fork Outwash, Undivided (middle or late Pleistocene) – Outwash similar in physical properties and composition to Smiths Fork Outwash, but located above Smiths
Fork-age outwash in a position where it is not possible to determine whether these sediments were deposited during the Blacks Fork or an earlier glaciation. This mapping unit also
includes compound outwash surfaces where deposits of multiple glaciations have merged and cannot be distinguished. Thickness is generally unknown, but is likely from 1 to 20 m.

Blacks Fork Till (middle or late Pleistocene) – Similar to Smiths Fork Till, but deposited during the penultimate Blacks Fork Glaciation. This event is likely correlative to the Bull Lake
Glaciation, which occurred at approximately 160,000 to 130,000 years ago in the Yellowstone Plateau and Wind River Mountains regions, or possibly at 120,000 to 95,000 years ago.
Soils on this material are generally thicker and more developed compared to Smiths Fork Till, and moraines composed of this material have more rounded crests and fewer large
boulders on their surface. Thickness of till in valley centers is 1 to 10 meters, while thickness in moraines may be as much as 50 m.

Blacks Fork Outwash (middle or late Pleistocene) – Similar to Smiths Fork Outwash, but found at higher elevations above the modern streams. Terraces are generally graded to Blacks Fork-age end
moraines. Thickness is generally unknown, but is likely from 1 to 20 m.

Pre-Blacks Fork Till (early[?] or middle Pleistocene) – Similar to Smiths Fork and Blacks Fork tills, except that the position of these deposits outside the Smiths Fork and Blacks Fork glacial limits
indicates that they date to earlier in the Pleistocene. Thickness is generally less than that of Smiths Fork and Blacks Fork Till, but locally may be as much as 100 m as seen in the moraine in the
Yellowstone River valley near Altonah, Utah.

Pre-Blacks Fork Outwash (early[?] or middle Pleistocene) – Identical to Smiths Fork and Blacks Fork outwash except located at the highest elevations above modern streams and in positions adjacent to
Pre-Blacks Fork Till. Thickness varies but is likely from 1 to 20 m.

Thin Glacial Till Over Bedrock (Pleistocene) – Thin, unconsolidated deposits of till above a glacially-polished and/or striated or grooved bedrock ledge. Thickness ranges from a few meters of matrix-supported diamicton to a scattering of
boulders on a bedrock surface. Polished bedrock is streamlined in places into small (meter scale) roches moutonnées and p-forms. Striations record multiple ice-flow directions in some localities. Overall surface topography of these units
reflects strong control of underlying bedrock ledges. This deposit is found only in high basins where glacier erosion was intense and deposition was limited.
As mapped, this unit includes thin regolith and colluvium, especially in areas where large amounts of shale are exposed in the cirque headwalls. In general, cirques at the western end of the mapping area tend to have better developed and
more extensive areas of striated bedrock ledge. High elevation valley floors at the eastern end of the Uinta Mountains tend to be covered by a thin, but more continuous, layer of till interrupted by less common bedrock outcrops.

Bedrock and Non-glacial Surficial Deposits (Phanerozoic and Proterozoic) – Well-consolidated sedimentary rocks and unconsolidated non-glacial surficial deposits of the Uinta Mountains. This unit includes non-glacial surficial deposits
that are outside of the glaciated valleys and non-glacial surficial deposits that are within the glacial valleys but are too small or too thin to show on the map at this scale.

GLACIAL SYMBOLS
CONTACTS – Dashed where approximately
located.

ICE-MARGINAL CHANNELS – Drainages
created or exploited by meltwater derived
from valley glaciers. Most of these are
associated with Smiths Fork-age end and
lateral moraines, although some channels are
associated with Blacks Fork and pre-Blacks
Fork moraines. Many channels are occupied
by underfit streams, although some are
completely dry. All contain cobbles and
small boulders that were transported by
meltwater-enhanced flows. This lag is
locally mantled by silty alluvium and
colluvium that is well drained due to the
permeability of the underlying coarser
sediment.

CIRQUE HEADWALLS – Prominent arcuate
headwalls formed through glacial and
periglacial erosion at the heads of valleys.

MORAINE CRESTS – Crests of prominent
end moraines and lateral moraines. Terminal
and lateral moraines of the Smiths Fork
Glaciation are most prominent due to their
relatively young age. Blacks Fork-age
terminal and lateral moraines are more
subdued due to their longer period of
weathering, including possibly more intense
periglacial processes during the Smiths Fork
Glaciation. The outer limit of a specific till
unit was drawn at the foot of the distal
moraine slope, so that moraine crests are
shown slightly inside the maximum till
extent. Prominent recessional moraines are
also highlighted upstream from the terminal
moraine complexes. Smiths Fork-age
recessional moraines are generally smaller
than the terminal moraines, and many have
been extensively reworked by fluvial
processes.

SAMPLE LOCATIONS – Location of
samples taken for cosmogenic dating. A
table of the samples and their approximate
ages is included with the Geographic
Information System (GIS) files that support
this map.

INTRODUCTION
This map represents the first complete inventory of the glacial deposits in the Uinta Mountains sinceAtwood (1909) described the glacial geology of this area. It is the result of previous and continuing work by the authors and others to better understand the glacial and climatic history of this fascinat-
ing area. All areas were mapped at 1:24,000-scale on topographic maps and aerial photographs. Roaded areas were checked in the field, along with most areas accessible by foot (e.g., the High Uintas Wilderness Area). Munroe mapped the north flank of the Uinta Mountains between Leidy Peak
and Utah Highway 150 from 1998 to 2000. Laabs mapped the south flank from Marsh Peak west to Wolf Creek Summit between 2002 and 2005. In 2006 this existing mapping was supplemented by additional fieldwork west of Utah Highway 150, including the West Fork Duchesne, South Fork

Provo, Chalk Creek, and Beaver Creek drainages. During this time Munroe and Laabs combined their mapping of the north and south flanks, and integrated mapping by Oviatt (1994) and Refsnider (2006) to produce a unified map of glacial deposits for the Uinta Mountains region.
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