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ABSTRACT

Quaternary depasits in part of the western Uinta Mountains of
northeastern Utah have been mapped at a scale of 1:50,000. The map area
includes parts of eight 7.5-minute quadranglies. Numerous Quaternary
landsiides, and glacial depcsits of one major Pleistocene glaciation
{Pinedale) are wideapread in the area. Signiticant potentirl geologic hazards
from mass-wasting processes Include large iandslides, slumps, rockslides,
debris slides, avalanches, and rock fall, as well as high runoff and sediment
production caused hy heavy land use on steep slopes.

Pinedale (late Wisconsin) glaclers formed an ice fieid in the highest
parts of the map area that was dralned by valley glacliers in the main Weher
River valley, Smith and Morehouse Canyon, and South Fork. Numerous small
cirque glaciers and small valley glacliers occupled steep canyons on north-
tacing slopes. Equilibrium-line altitudes (ELAs) of Pinedale glaciers were
lower in the western part of the map area (about 2520 m), and were
progressively higher with distance to the east (about 2800 m at esast end of
map area). This strong gradient (about 300 m/20 km) was probably caused by a

west-to-east moisture gradient during Pinedale glaciation.

INTRODUCTION
This map and report document the Quaternary geclogy and extent of late
Pleistocene glaciation in the upper part of the Weber River drainage basin in
the Uinta Mountains, Utah (Figure 1), The map area includes parts of the
following 7.5-minute quadrangles: Crandall Canyon, Hidden Lake, Slader Basin,
Whitney Reservoir, Kamas, Hoyt Peak, Erickson Basin, and Mirror Lake.

Surficial deposits were mapped in the field on aerisl photegraphs at a scale
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of 1:24,000, and the data were transferred to 1:24,000-scale orthophotoquads,
which were then reduced and compiled at a scale of 1:50,000, Field work was
completed during the summer of 1991,

The map area has high topographic relief, with altitudes ranging from
about 6500 ft (1980 m) along the Weber River east of Oakley, Utah, to over
11,500 ft (3500 m) along the drainage divide in the high mountains. The
bedrock in the map area ranges in age from Precambrian to Tertiary and most of
{t has been mapped previously (Weeks, 1907; Forrester, 1937; Hooper, 1951;
Root, 1952; Morris, 1953; Willfams, 1853; Larsen, 1954:; Meecham and Bitter,
1959; Hansen, 1969, 1986; Lindsay, 1969; Wallace, 1972; Crittenden and
Peterman, 13975; Spreng, 18979; Bryant, 1985, 1990).

Although no climate data are available for stations in the map area
Barnhardt (1973) has estimated climate parameters for three elevations on Bald
Mountain, 3261, 3441, and 3627 m (10,700, 11,290, and 11,900 ft) using weather
data from Brighton, Utah, and inferences about lapse rate and radiosonde dats,
At 3441 m the estimated mean annuail alr temperature {s about -2° C (29° F),
mean July temperature is about 8¢ C (48° F}, and mean January temperature is
about -ti° C (i3® F). At Trial Lake, a few kilometers south of the map area
(Figure 1) at an elevation of about 3000 m (9800 ft), total mean-annual
precipitation Is about 96 cm (38 iIn.), with the greatest monthly average in
January and the lowest in July. Precipitation values are lower, &nd
temperature values are higher for localities at lower elevation in the map
area.

Vegetation In the map area ranges from thick shrubs or grasslands on
south-facing slopes at lower elevations, to coniferous forest dominated by

spruce and fir, to alpine tundra on the summits of the highest peaks.
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Subalpine meadows and bogs are common high in the glaclated vallaeya.
Quaternary deposits in the upper Weber River drainage basin can be
classified as primarily glacial, mass-wasting, and alluvial or colluvial. All
af these depasits are thin over most of the area, and only in a few places do
they attain thicknesses greater than a few tens of meters. The most obvious

landforms in the area have been produced by fluvial erosion, mountain
glaciation, and mass wasting.

During the late Ple{stocene the eastern part of the map area was covered
by an ice field from which distributary glaclers flowed down the majer valleys
{Figures 2 and 3). Glaciers in the western part of the area were smaller and
tended to be confined to the upper parts of Individual valleys rather than
emanating from the ice field (Figure 4). Glacial featurss were mapped
throughout the Uinta Mountains by Atwoed (1807; 1909), &nd amaller areas In
the range have been mapped or studied more recently (Bradley, 1936; Barnhardt,
1973; Grogger, 1974, 1975, 1978; Currey, 1980; Carrara and others, 1985;
Shroba, 1988). Mapping for this COGEQOMAP project shows that many small
valleys were glaciated than previously had been recognized, and refines our
knowledge of the late Fleistocene glacier limpits in this area.

The area has been, and continues to be, developed for prlvate residences
and commercial! Interests, and for public recreational and water resources.
This map and report supply information on the distribution of landsllides,

which constitute a significant geologic hazard, Large landslides are present

throughout the area, but the greatest number of them is alang the Weber River
Vailley where development is proceeding rapidiy. Because the Weber River
drainage basin is an important watershed for thousands of people, including

the local residents, land use should be managed carefully to protect water



resources.

DESCRIPTION 0OF MAP UNITS

A system of descriptive and genetic map units, similar to those used on
previous COGEOMAP projects, has been utilized in the mapping. The Quaternary
deposits were deposited in alluvial (a), glaclal (g}, and mass-wasting (m)
environments, as indicated by the first lower-case letter In the map-unit
symbol. The second lower-case letter In the map-unit symbol indleates other
distinguishing characteristics of the deposit, such as Qat for alluvium
underlying terraces, or Qgt for glacial till. Two small areas of coarse-
grained deposits for which the depositional environment is not known are

mapped as "naon-genetic"™ diamicton (Qnd),

PRE-QUATERNARY ROCKS

Precambrian, Paleozoic, Hesozoic, and Tertiary Rocks (b): The bedrock
in the map area ranges Iin age from Precambrian to Tertlary. Most of the area
mappecd as bedrock (b) in Plate | is covered by thin colluvium, and no attempt
has been made to distinguish colluvium as a map unit at the scale of 1:50,000.
The higher parts of the map area are underlain by the Proterozoic Uinta
Mountain Group, which consists of quartzite, sandstone, and shale. These
rocks are overlain by Paleozoic and Mesozoic sedimentary rocks that within the
map area dip to the north and northwest on the north flank of the Uinta arch.
Tertiary sandstone, conglomerate, and shale, primarily of the Wasatch
Formation, overlie the older rocks unconformably, mostly north of the Veber
River.

The most important aspect of the bedrock geology from the point of view
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of Quaternary geology is its influence on the geomorpholngy of the area. For
instance, the Weber River valley has formed along the contact between the
gently dipping Tertiary rocks and the more steeply dipping Palenzoic and
Mesozoic rocks (Bryant, 1990). This boundary also coincides with a major
structural boundary -- the north flank fault zone and the approximately
located Absarocka thrust fault. Major canyons cut by tributaries of the Weber
River are eroded thraugh the Precambrian and Phanerozoic racks by fluvial,
mass-wasting, and glacial processes,

The reader should refer to the following studies for further information
on the bedrock geclogy (Weeks, 1907; Forrester, 1937; Hocper, 195i; Root,
18952; Morris, 1853; Williams, 1953; Laersen, 1954; Meecham and Bitter, 1959;

Hansen, 1969, 1986; Lindsay, 1969; Wallace, 1672; Crittenden and Peterman,

1975; Spreng, 1879; Bryant, 1985, 19980).

QUATERNARY DEPDSITS
Glacial Deposits: Glacial deposits cover a large area in the Weber
River drainage basin, although they are generally thin except where glacial
till (Qgt) forms end or lateral moraines. The map unit Qbg is used over a
large part of the area and represents thin and dlscontinuous glaclal til]
overlying bedrock. The heavy line at the boundary of Qbg represents the
approximate limit of glacial ice at its late Plelstocene maximum. This line

is drawn partly on the basis of the distribution of till and erratics, but

clues from erosional glaclal landforms, such as striations on bedrock and the
inferred upper Iimit of ice on clirque headwalls, were also used. Within the
area mapped as Qbg glaclal deposits are generally thin, but hummocky maoreines

are locally well developed, such as north of Bald Mountain and Relds Peak



(Barnhardt, 1973).

Thick glacial deposits In end moraines and lateral moraines are mapped
in the lower parts of valleys. Here they consist of bouldery, hummocky to
smooth-alded mounds of debris generally less than 50 ft (15 m) thick. Well-
defined moraine ridge crests are Indicated in Plate { by dazhed lines. The
best developed moraines are along the main Weber River valley, at the mouth of
Smith and Morehouse Creek, and along Nobietts Creek and South Fork. Many
smaller canyons are so steep that well-defined lateral and end moralnes are
not present, but masses of glacial till have been mapped in the lower parts of
the valleys.

Although Atwood (1909) mapped moraines of two different ages in the
Uinta Mountains, | found no evidence to distingulsh moraines of more than one
major glaclation. Atwood (1908) used position in the valley as a primary
indicator of the relative age of moraines, but my reconnalssance showed no
significant difference in morphology or weathering between Atwood’s two
groups. All the preserved moraines in the Weber River drainage basin are most
likely related to the Pinedale glaciation of the Rocky Mountains, which is
Wisconsin in age, or correlative with marine oxygen-isotope stages 3 and 2
(Plerce and others, 1976; Madsen and Currey, 1979)., No numerical ages are
available for the Uinta Mountain glacial deposits. [f the correlation with
the Pinedale is correct, however, the glaciers were probably at their maximum
down-valley extent approximately 20 ka (Porter and others, 1883).

Mass-wasting Deposits: The mass-wasting deposits in the area have been
mapped as landslides (@ms) and talus (Qmt). The landslides are primarily

large complex landforms that probably included multiple episodes of movement

and a number of different processes, including rotational slumping, earth
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flow, and debris slide. Although some landsllides have been derived from the
Proterozole rocks, especially the Red Plne Shale, the sources for mast
landslides are the Paleozolc, Mesozolc, and Tertlary rocks. On Plate |}
landslide headscarps are marked by hachured lines.

In the higher parts of the area some landslides formed in post-glacial
time In quartzite and sandstone of the Ulnta Mountaln Group. These consist of
large rock siumps and rock slides on cirque headwalls that were probably
aversteepened by glacial eroslon and then left unsupported when the glaciers
melted. Two examples of these are west of !sland Lake at the head of Smith
and Morehouse Creek, and at the head of Dry Fork.

One of the largest landslide complexes is in Brosad Canyon, a tribhutary
of Smith and Morehouse Canyon, where the Proterozolc Red Pine Shale and
associated units has falled. At least the lower half of Broad Canyon has been
glaclated by the maln Smith and Morehouse glacier, adding to the complexity.
Some of the movement of this landslide Is probably past-glaclal In age, but
the landslide probably existed prior to the most recent eplsode of glaciation
(Pinedale).

A rock siide in South Fork canyon just south of the confluence with
White Pine Creek and Pullem Cresk was mistaken by Atwood (1808) to be the
terminal moralne of the South Fork glacier deposited durlng the later of the
two epochs of glaciation he defined. However, the feature is clearly a rock

slide derived from the Madison Limestone cliffs dirsctly above it on the sast

side of the canyon. The rock silde contains almost no fine material and only

a few shrubs and coniferous trees have begun to colonize its gurface. MHost of
the limestone blocks and are disintegrating Iinto angular blocks of cobble to

pebble size, The South Fork rock aiide 1as poat-glaclial In age as shown by [ts



i 11
position acrose the glaclated valley, which {t has dammed. BHouth Fork jtself
may have formed a lake soon after the rock slide dammed the valley, but now
drains through a karst swallow hole in the Madison Limegtone on the upstream
gside of the rock slide (Figure 5). Water re-emerges from the karst system to
the stream channel on the downstream side of the rock slide at the lower limit
of Madison Limestone outcrops. Organic debris and clastic sediment accunulate
on the upstream side of the rock slide when the swaliow hole is episodically
blocked during flood events. Layers of debris and sediment exposed by recent
stream incision (Figure 68) Indicate multiple episodes of downcutting and
channel filling, There is potential! for determining the approximate age of
the rock slide from these deposits, which contain abundant material for
radiocarbon dating.

Landslides constitute a significant geologic hazard along the main Weber
canyon downstream from Smith and Morehouse Creek. In this area landslides
line both sides of the valley, including many areas where residences and
subdivisions have been built. Most landslides on the north side of the valley
are derived from the Wasatch Formation, whe?aas those on the south are derived
from Mesozolc rocks, primarily the Ankareh Formation. Although there is no
evidence that any of these landslides has moved significantly In recent time,
landslide stability is difficult to predict, and any of these landslides
should be regarded as potentially hazardous in the future.

A landslide Iin see. 6, T. 1 S., R. 7 E., on the south side of the Weber
River vailey across from the mouth of Perdue Creek at and near Hidden Lake, is
composed of rock debris derived from the Ankareh Formation and Nugget
Sandstone. [t is perched 120-440 ft (35-130 m) above the valley bottom, is

being undercut by the Weber River, and appears to be in a vulnerable pogitian.
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A number of houses In a subdivision are built directly on the landgiide, and
other houses and a highway are bullt In the narrow river valley below the
landslide., It is difficult to know when or 1If this landglide will move again
in the foreseeable future, but if people are aware of the potential! hazard
they can be prepared with emergency procedures. Other landslides in developed
areas pose simillar potential hazards.

Another mass wasting probliem that is less of a hazard, but still a
concern for water and soll quality, is a large area of steep slopes on the
Wasatch Formation on the north side of the Weber River east of Smith and
Marehouse Creek. In this area numerous small debris slides have formed in the
headward parts of the drainage networks and are feeding abundant sediment Into
the gteep stream channels that are tributary to the Weber River, Steep
channel bottoms in this area are choked with the sediment. The locationsg of
acme of the larger debris slides are indicated on Plate 1 by short curved
hachured lines, which mark the headscarps. It ls ciear that the ratio of
surface runoff to infiltration is higher than it should be in this area,
probably as a result of overgrazing by sheep. This is a major cause for
concern because it Indicates that part of the Weber River watershed is in an
unhealthy state -- less water recharges ground water systems in this area and
surface water flowing from this area is probably of lower quality than in
surrounding areas.

Talus deposits (@mt) are most abundant and thickest in the high
glaciated part of the area. Talus deposits are abundant along clrque
headwalls and below cliffs around peaks that stood as nunataks during periods
of maximum glaciation. The talus consists of loose angular boulders of

locally derived rock, in most cases quartzite or sandstone, on steep slopes
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with little vegetation. On Plate i dashed lines within areas mapped as t=lus
indicate the ridge crests of protalus ramparts, which formed at some time when
late-season snow or jce on the slopes allowed blocks to allde or roll farther
from the cliff and accumulate In a ridge or rampart (Flgure 8). Lichen cover
on many of the boulders in protalus ramparts is extensive (2 50 %), suggesting
that the protalus ramparts may have formed prior to the Iate Holocene
Neoglaciation, probably in late Pleistocene time,

Talus cones continue to be active today, but no protalus ramparts are
presently forming in the area. Boulders accumulate in talus canes through
pracesses of anow avalanching and rock fall directly from cliffs. Avalanche
boulder tongues, which are accumulations of rock debris deposited dominantly
by avalanching (Barnhardt, 1973), are mapped with the talus (Gmt) on Plate 1,

Alluvial Deposits: Aljuvium in the map area is divided into four maf
units, Qal, Qac, Qat, and Qab. The distinction between Qal and Qac i3
arbltrary in some places, but in general the a!luvium mapped as Qal is fcund
along major perennial streams and underties flood plalns and the lowest young
terraces directly above flood plains. Qac cansists of the deposits of
smalier-order streams, many of which are ephemeral and tributary ta the larger
perennial streams. The designation Qac refers to the presencea of a large
component of slope-wash colluvium in these deposits. Alluvium mapped as Qal
and Qac ls post-glacial (Holocene) in age.

Along the Weber River valley, terraces underlain by alluvial gravel and
graded downstream from the late Pleistocene end moralnes of the Weber River
glacier and the Smith and Morehouse glacier are mapped as Qat. The terrsce
surfaces are 30 to 50 ft (10 to 15 m) abave the modern Weber River, and

represent outwash deposition during glaclation,
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In higher parts of glaclated valleys near drainage divides, the
glacially scoured rock surfaces are uneven and are sites where lakes and bogs
have formed (Figure 7). The bog deposits are mapped aa Qab because many of
them contain an alluvial detrital component; however, much of the total volume
of the bog deposits consists of sedge and mo=ss peat. Barnhardt (1973) and
Currey (1980) reported radiocarbon ages of 8235 + 345 yr B.P,, and 2970 % 150
yr B.P., for peat and wood from bogs near Bald Mountain. The 8200 yr age was
for peat near the base of a bog, and indicates that deglaciation was complete
on the north slope of Bald Mountain by at least this time in the early
Holocene. By comparison with other mountain ranges in the Rocky Mountain
region, the Uinta Mountalins were probably deglaclated long before 8000 yr E.P.
(Porter and others, 1983).

Non-genetic diamicton (Qnd): Two small areas of coarse gravel of
uncertain origin were mapped in the central part of the area, Both deposits
consist of boulders of Uinta Mountain quartzite and fine-grained material in
low vegetated mounds on remnants of a high-ievel erosion surface -- Mud Lake
Flat and Slader Rldge. The erosion surface is probably part of the Gilbert
Peak surface of probable Dligocene age {(Bradley, 1936; Hansen, 1986). The
boulder deposits themselves, however, may be much younger than the erosion
surface, and are mapped as Quaternary deposits (Qnd}, even though no definite

evidence of their ages has been found,
The designation "nd™ is used for the boulder deposits to indicate their
undetermined origin. They could have been deposited by glaciers or by

streams, but in the absence of exposures of fresh materlal and surtficial

geomorphic expression, the depositional environment cannot be determined.
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QUATERNARY GLAC!ATION

During the Pleistocene, glaciers repeatedly accumulated in the Uinta
Mountains and carved the majestic alpine landscape. Althaugh there is a
pregerved stratigraphic record of only a few major advances of fce in the
Uinta Mountains (Atwood, 1909; Bradley, 1936), the global record of glaclation
shows many cycles of ice accumulation and melting (Imbrie and others, 1884),
each with a magnitude similar to the last major glaciation. Therefore, the
large-scale landforms, such as cirques, glacial troughs, and horns, are
probably the result of many episodes of giaclal erosion in the mountains. The
preserved record of the last major glaciation in the Weber River drainage
basin can be thought of as a general template for the character of previous,
poorly documented glaciations,

The maximum extent of glaci{ers in the Weber River drainage basin during
the last major Pleistocene glaciation (Pinedale) is shown in Plate I. Thlis
map can be used to describe the glaciers and to compare the climate of
Pinedale time to that of today. At maximum extent, large valley glacliers
flowed down the major valleys (Weber, Smith and Morehouse, South Fork) from an
extensive ice fleld, only part of which was in the Weber River basin. Other
valley glacliers outside the map area drained the ice field down the Bear
River, Provo River, and smaller valleys on the south flank of the range
(Atwood, 1809).

That the ice mass was an ice field and not an ice cap is shown by the
distribution of erosional features that indicate ice-flow directions in the
vicinity of modern dralnage divides along the crest of the range. In the
saddles 6r cols between horns or nunataks, striatfions and other eresional

features are common. Crescentic marks, lunate gouges, and possible cavitation
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pits (Figures B8 and 9) on quartzite bedrock Indicate ice flow in both
directions away from the cols, and therefore demonstrate that the ige divides
were essentially the same as the modern drainage divides. Flow In an ice
field is strongly influenced by the underiying topography, in contrast to flow
in an lce cap, which is determined by the morphology of the lce dome. If the
directional features In the Uinta Mountaine showed there had been significant
flow through the divides the ice mass would be more likely classified az an
Ice cap (Sugden and John, 1976).

In addition to the large ice-fleld--valley-glacier system, a number of
smaller valley glaclers or enlarged cirque glaciers formed in the steep north-
facing valleys tributary to the Weber River (Plate 1). These glaciers were
fed in most cases by single ¢irques and ended at Intermediate elevations in
the valleys or terminated at the lateral moraines of larger valley glaclers
(e.g., the small glaciers on the north slope of Slader Ridge). Atwood (1009)
recognlzed that Swifts Canyon and Bear Basin had been glaciated, but did not
recognize the glacial features in the numerous other small canyons in the
area.

The map of the extent of glacial ice (Plate 1) can be used to estimate
the equilibrium-line altitude (ELA) of the Pinedale glaclers. The eguilibrium
Iine on a glacier is the boundary between the glacier's accumuiation zone,
where more snow falls during the winter than melts the following summer, and

the ablation zone, where during a melting season the previous winter’s

snowfall, in addition to part of the glacier that had formed many years
earlier and had flowed downvalley to the ablation zone, melts. In the
accumulation zone there Is a net Iincrease In mass each year, and there is a

net decrease In mase in the ablation zone. The glacler ls In mags balance
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when the inputs equal the outputs. When inputs exceed outputs for a
gufficiently long period, the glacler advances downvalley, and the alt{itude of
the equilibrium line is lowered.

On & modern glacler the equilibrium line can be identified readlily by
field observations -- it often appears at the end of the ablatlon season as
the distinct lower boundary of the fresh snow and firn that fell the previous
winter in contrast to the debris-laden ice exposed at the glacler surface in
the ablation zone. For paleoglaciers, however, other means must be employed
to determine the ELA. A number of methods, some of which are more subjective
than others, have been employed by researchers In mountain ranges throughout
the world. Meierding (18982) compared the results from five different
techniques applied to a large number of glaclated valleys in the Colorado
Front Range, and found that two methods, accumulation-area ratia (AAR) and
toe-to-headwall altitude ratio (THAR), gave the most consistent!y accurate
results. These two methods also yielded approximately the same estimates of
ELA when applied to the same reconstructed glaciers.

For this COGEOMAP project the toe-to-headwall altitude ratio (THAR) was
used as the method for estimating paleo-ELAs of the Pinedale glaciers in the
Weber River drainage basin. The THAR method was used instead of the AAR
method because it was easler and faster to employ. In the THAR method the
lower and upper altitudinal limit of ice in each valley are estimated from the
map and the ELA is calculated using the following formula:

ELA = Z, + [0.4(Z) - Z)]
where Z, is the lower limit of ice at the end moraine, and Z, is the upper
limit of ice at the cirque headwall. All values are in meters above sea

level. A THAR of 0.4 is used for the glaciers in the Weber River basin
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because Meierding (i982) found that this ratioc gave results that were mast
consistent with other methods, especlally the AAR method.

The results from the THAR analyslis are iisted in Tahle { and shown In
Figure {0. A spatlal pattern that appears in the data is that the ELA for
glaciers in the Weber River drelnage basin increased with distance to the east
from the western end of the mountain range (Figure 10). The regional ELA
gradient amounts to almost 300 m in & horlzeontal distance cf about 20 km, and
is probably the result of the primary moisture source for the glaclers being
from the west.

Mulvey (1985) used a single ELA value of 2818 m for the western Uinta
Mountains in his regional study of Pinedale ELAs in the eastern Great Basin.
He used the THAR method with a THAR of 0.5. Muivey did not report which
glaciers he used in determining an ELA of 28i8 m, but by comparison, the data
on Zt and Zh for Smith and Morehouse glacier in Table 1 would yield an ELA of
2825 m if B THAR of 0.5 were used. Porter and others (1983, Fig. 4-2) show
the 3000 m contour crossing the central part of the Uinta Mountains on a map
of cirque floor altitudes for late Wisconsin glaciers in the western United
States. A cirque-floor altitude of 3000 m is reasonable for the eastern part
of the Weber River basin. Zielinski and McCoy (1987) compared the data of
Porter and others (1983, Fig. 4-2) to modern snowpack data in aititudinal
gradients, and suggested that the changes In temperature or snow accumulation
patterns from the late Pleistocene to the present were nonuniform across the
Great Basin.

No attempt has been made to estimate the amount of ELA depression in the
Weber River basin during the Pinedale as compared to modern ELAs In the area.

Currey and James (1982) suggested that late Pleistocene ELAs in north-central
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Utah may have been on the order of 800 m lower than modern ELAs. Madsen and
Currey (1979) esgtimate that late Pleistocene mean annual temperature in the

Little Cottonwood Canyon area of the Wasatch Mountains was at least 5° C

colder than today.
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Figure Captions

Figure 1. Map showing the location of the map area Iin the western Uinta
Mountains. U.S5.G.5. 7.5-minute topographic quadrangles are numbered: 1)
Crandel! Canyon, 2) Hidden Lake, 3} Slader Basin, 4) Whitney Reservoir,
5) Kamas, 6) Hoyt Peak, 7) Erickson Basin, 8) Mirror Lake.

Figure 2. View west from the summit of Bald Mountain showing the broad
glaclated surface with numerous lakes and peaks that stood as nunataks
above the {ce field. Mount Watson, which Is on the drainage divide
between the Weber and Provo River drainage basing, i3 in the center o
the photograph.

Flgure 3. View to the northwest from the summit of Bald Mountain showing
Relds Peak and the glaclated valley of the Weber River. Boulder field
in the foreground {s part of a periglaclal felsenmeer that hlankets the
summit of Bald Mountain and other nunataks In the area. The felgenmeer
probably formed during perlods of Pleistocene giaciation. Other
periglacial features at high altitudes in the area include sorted nets
and polygons, sorted stripes, and debris islands.

Figure 4. View west toward Hoyt Peak and the cirques on {ts north flank and
at the head of South Fork, Light-colored cliffs I{n the middle ground
are the Cambrian Tintic Quartzite.

Figure 5. Photograph of the swaliow hole {(arrow) in the Madison Limestons on
the upstream side of the rock slide in South Fork. The vertical
exposure of fluvial gravel and organic debris in the foreground is about
2m (6 ft) high.

Figure 6. Photograph of a protalus rampart at the base of a talus slope or

the noerth flank of the first unnamed peak west ot Mount Watson, at the
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head of the Middle Fork of the Weber River.

Figure 7. Bog near the drainage divide north of Kamas Lake (north of Bald
Mountain). The bog has almost completely fllled the depresalon with
moss and sedge peat.

Figure 8. Striations, crescentic fractures, and lunate gouges on quartzite.
The ice flowed away from the viewer. Note that the lunate gouges are
convex In an up-ice direction, and the crescentic fractures are convex
in a down-ice direction. The scale is 15 cm (6 in.) long.

Filgures 9A and 9B. Striated and polished quartzite surfaces showing possible
cavitation pits on the down-ice sides (right) of low rises {n the
quartzite. The scale is 15 cm (6 in.) long in each photograph.
Cavitation pits form where melt water flowing at high velocity In a
confined space at the base of the glacier suddenly enters an enlarged
cavity at the base of the ize (Drewry, 1986) (such as the areas on the
right sides of the photographs). At high velocity, pressure Is
decreased, and tiny airless bubbles form In the water. Within the
cavity, the veloclty decreases and the pressure increases causing the
bubbles to collapse. When bubbles collapse next to the rock they exert
a very high but locallzed stress on the rock, and over a long period of
flow the rock is pitted, Figure 94 shows a large area of small plts,
and Figure SB shows larger pits that have formed a pattern that looks
like ripple marks.

Figure 10. Diagram showing a plot of the equilibrium-!ine altitudes (ELA) of
Pinedale glaciers in the Weber River drainage baslin versus distance east
of an arbitrary north-south line west of Pinyon Canyon (data from Table

1). Refer to Plate 1 for locatlons of glaclers. P = Plnyon Canyon; S =
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Swifts Canyon; BB = Bear Basin; WP = White Pine: SF = South Fark; N =
Nobletts Creek; SM = Shingle Mill; SM-e = Shingle Mill east; BT-n = Bear
Trap north; S&M = Smith and Morehouse; SR-w = Slader Ridge weat; BC =

Broad Canyon; SC = Slader Creek; W = main Weber Valley glacier.
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Table 1. ELA estimates for Pinedale glaciers in the Weber Riwver
drainage basin

glacier! 7t Zh° ELA' dist."
{(m) (m} (m) (km)
Pinyon Canyon 2440 2860 2610 0.9
Swifts Canyon 2200 3000 2520 1.8
Bear Basin 2300 2900 2540 2.9
White Pine Creek 2250 3050 2570 4.4
South Fork 2250 3150 2610 E.5
Nobletts Creek 2500 2950 2680 7.7
Shingle Hill Creek 2480 2950 2670 8.7
Shingle Mill east 2500 29890 2700 9.6
Bear Trap north 2650 2950 2770 8.9
Smith & Morehouse 2250 3400 2710 12.7
Siader Ridge west 2500 3000 2700 13.3
Broad Canyon 2600 3100 2800 14.8
Slader Creek 2550 3100 2770 15.4
main Weber 2300 3500 2780 21.5

lsea Plate | for locations of valleys

2altitude of lower limit of glac{er

3altitude of upper limit of glacier
‘calculated by the THAR method, see text

5distance east of an arbitrary north-south line west of
Pinyon Canyon
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' MAP UNITS

Alluvium (Holocene) -- Coarse- to fine-grained alluvium aleng
flood plalns and channels ot major streams. Maximuz thickness
probably less than 20 a.
Alluvium and colluvium (Holocene) -- Coarse- to fine-gralned
alluvium and cotluvium of lower-order streams and hillslopes.
Maximum thickness probably less than 20 m.
Bog deposits (Holocene) -- Fine-grained alluvium and peat In bcgs

filling shaliow depressions at higher elevations In glaciated
valleys. Maxlmun thickness probably less than 2C wm.

Terrace alluviua (late Pleistocene) -- Coarse-gralned outwash
alluviuo forming terraces along the Weber River valley downstrean
from terminal moraines. Maximum thickness probahly less than S0
m.

Glaciat tili (late Pleistocene) -- Poorly sorted bouldery till
that forms lateral, terminal, and recessional moraines; most

likely of Pinedale (late Wisconsin) age. HMaxianum thickness

probably less than 75 k.

Thin, discontinucus glacial till overlying bedrock {(late Pleisto-
cene) -- Poorly sorted bouldery till; includes areas of erratics

and striated bedrock. Maximum thickness unknown.
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Qms Landslide deposits (Holocene and Pleistocene}) -- Deposits of large

landslides, slumps, debris slides, and rock slldes; many are post-

glacial, but some large sildes existed prior to glaciation.
Maximum thickness unknown,

Cmt Talus deposits (Holocene) -- Deposits of angular boulders on steep
slopes below clitts, especially In glaclated valleys) inaludes
thickened talus in protalus ramparts and avalanche boulder
tongues. Haxlaum thickness unknown.

Qnd Diamicton (Pletstocene ?) -- Deposlts of rounded boulders I{n a
tine-grained matrix; depasitional environment unknown (prabaktly

glacial or fluvial). Maximum thlickness probably less than 30 m.

PRE-QUATERNARY ROCKS

b Precanorian, Paleozoic, Hesozolc, and Tertiary Rocks -- Bedrock

{see Bryant, 1990).

SYMBOLS

K((rr*- Landslide head scarp

— Direction of glacial fce flow as indlcated by crescentlc fractures

or lunate gouges In bedrock.

—_———— Ridge crest of moraine (in glacial till} or protalus rampart (in

talus)
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igure 2. View west from the summit of Bald Mountain showing the
broad glaciated surface with numerous lakes and peaks that
stood as nunataks above the ice field,. Mount Watson, which
is on the drainage divide between the Weber and Provo River
drainage basins, is in the center of the photograph.




.gure 3. View to the northwest from the summit of Bald Mountain

showing Reids Peak and the glaciated valley of the Weber

River. Boulder fielid in the foreground is part of a
periglacial felsenmeer that blankets the summit of Bald
Mountain and other nunataks in the area. The felsenmeer

probably formed during periods of Pleistocene glacilation.
ODther periglacial features at high altitudes in the area
include sarted nets and palygons, sorted stripes, and debris
islands.




Fligure 4. View west toward Hoyt Peak and the cirques on its north
flank and at the head of South Fork. Light-coiored cliffs in
the middle ground are the Cambrian Tintic Quartzite.




Figure 5. Photograph of the swallow hole (arrow) in the Madlison
Limestone on the upstream side of the rock slide in South
Fork. The ver+tical exposure of fluvial gravel and organic
debris in the foreground is about 2 m (6 ft) high.




‘igure 6. Photograph of a protalus rampart at the base of a talu=s
alope on the north flank of the first unnamed peak west of

Mount Watson, at the head of the Middle Fork of the Weber
River.




igure 7. Bog near the drainage divide north of Kamas Lake (north
of Bald Mountain). The bog has almost completely filled the
cdepression with moss and sedge peat.




igure 8. Striatfions, crescentic fractures, and
quartzite. The ice flowed away from the viewer. Note that
the lunate gouges are convexXx Iin an up~-ice directlon, and the

crescentic fractures are convex in a down-ice direction. The
scale is 15 cm (6 in.) long.

lunate gouges on




Figures 9A and OB. Striated and polished quartzite

surfaces
showing possible cavitation pits on the down-ice sides (right)

of low rises in the quartzite. The scale is 15 cm (6 in.?
long in each photograph. Cavitation pits form where melt
water flowing at high velocity In a confined space at the base
of the glacier suddenly enters an enlarged cavity at the base
of the i{ice (Drewry, 1988) (such as the areas on the right
sides of the photographs). At high velocity, pressure ig
decreased, and tiny airless bubbles form in the water. Within
the cavity, the velocity decreases and the pressure increases
cauging the bubbles to collapse. When bubbles collapse next
to the rock they exert a very high but localized stress on the
rock, and over a l!ang period of flow the rock is pitted.
Figure 9A shows a large area of small pits, and Figure 9B
shows larger pits that have formed a pattern that looks liks
ripple marks.
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Figure 10. Diasgram showing a plot af the equilibrium-line

altitudes (ELA) of Pinedale glaclers In the Weber River
drainage basin versus distance east of an arbitrary narth-
south line west of Pinyaon Canvyon (data from Table 1), Refer
to Plate 1 for locations of glaciers. P = Pinyon Canyon; S
= Swifts Canyon; BB = Bear Basin; WP = White Pine; SF = South
Fork; N = Nobletts Creek; SM = Shingle Mill; SM-e = Shingle
Mill east; BT-n = Bear Trap north; S&M = Smith and Morehause;
SR-w = Slader Ridge west; BC = Broad Canyon; SC = Slader
Creek; W = main Weber Valley glacler.
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