














CONTRIBUTIONS TO QUATERNARY GEOLOGY
OF THE COLORADO PLATEAU

By G.E. Christenson, C.G. Oviatt, J.F. Shroder, and R.E. Sewell

PREFACE
By G.E. Christenson and C.G. Oviatt

The Colorado Plateau is a unique area for the
study of Quaternary deposits and processes since it
has been the site of continuous stream downcutting,
cliff retreat, and landscape denudation during much
of this period. As a result, the Quaternary record is
incomplete and the history must be pieced together
from detailed study of the isolated outcrops that
remain. The record consists chiefly of glacial,
periglacial, and mass-wasting deposits in high plateau
areas and in mountain ranges that rise above the pla-
teau surface, alluvial-fan and pediment gravels sur-
rounding areas of high elevation, loess and eolian
sand on plateau surfaces, and alluvium along stream
courses and in canyons. Reconnaissance mapping of
these deposits and detailed studies of certain specific
localities have been completed in the Colorado
Plateau, but many areas remain unstudied or await
re-evaluation based on current concepts and utilizing
new analytical techniques. Papers presented in this
volume include both detailed and reconnaissance
studies representing new information in areas not
previously studied and reinterpretations in areas pre-
viously studied in detail. Quaternary deposits of all
types are addressed to some extent in these papers,
with emphasis on alluvial and eolian deposits along
the northern tributaries to the San Juan River and
mass movement/glacial deposits in the La Sal
Mountains.

The papers by Christenson and Oviatt discuss
problems in alluvial stratigraphy, particularly for the
late Holocene. Although there is some suggestion
that alluvial sequences in this area can be correlated
on a regional scale, implying climatic controls on flu-
vial deposition and erosion, local geomorphic factors

cause considerable variability from one drainage
basin to another. Detailed studies of alluvial stratigra-
phy in individual drainage basins such as those pre-
sented here are increasing our understanding of
ephemeral-stream systems and aiding our ability to
distinguish between the effects of local geomorphic
factors and the effects of climate changes. The paper
by Shroder and Sewell presents new interpretations
of diamictons in the La Sal Mountains that raise ques-
tions about the limits of glaciation in that mountain
range. Their work demonstrates the difficulties of
distinguishing between glacial and mass-wasting
deposits, and many of their methods are likely to be
useful in other high-mountain areas of the Colorado
Plateau where the effects of glacial and mass-wasting
processes coincide.

The Quaternary deposits of the Colorado Plateau
are also of practical importance in assessing geologic
hazards (flooding, slope instability, avalanche
potential) affecting construction and in making long-
term assessments of landscape stability and tectonic
setting for critical facilities such as the proposed Para-
dox Basin high-level nuclear-waste repository. Addi-
tional detailed studies of Quaternary deposits on the
Colorado Plateau have been recently completed for
the U.S. Department of Energy as part of the geo-
technical investigation for siting of the nuclear waste
repository. These studies, along with those presented
in this volume, have contributed greatly to our
knowledge of the Quaternary history of the Colorado
Plateau in Utah. However, much detailed work re-
mains to be done and many intriguing and critical
questions remain unanswered.
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QUATERNARY GEOLOGY OF THE MONTEZUMA CREEK-
LOWER RECAPTURE CREEK AREA, SAN JUAN COUNTY, UTAH

By GARY E. CHRISTENSON !

ABSTRACT

Montezuma and Recapture Creeks drain 1410 mi?
(3650 km? of southeastern Utah from the Abajo
Mountains and Great Sage Plain south to the San
Juan River. Jurassic and Cretaceous sedimentary
rocks underlie the Colorado Plateau here and are ex-
posed in canyons of both creeks. Quaternary deposits
include gravels surrounding the Abajo Mountains,
loess and eolian sand on plateau surfaces, and alluvi-
um in stream valleys.

Incision of Montezuma Creek into the plateau sur-
face began following deposition of the alluvial-fan
and pediment gravels now found on upland surfaces
around the Abajo Mountains before 700,000 B.P.
Gravel-covered rock-cut terraces were formed at
various levels as the canyon was cut, and calcic soil
development in lower terraces indicates downcutting
to near the present stream level by Late Pleistocene
time. Early Holocene alluvial deposits are lacking,
but alluvial deposition began in upper Montezuma
Creek before 5130 B.P., filling the canyon locally
with more than 50 feet (15 m) of sand, silt, and clay.
This fill was subsequently incised 20-30 feet (6-9 m)
and alluviation of this new channel began around
1430 B.P. Filling to the previous level with subse-
quent channel stability lasted until about 1900 A.D.
when Montezuma Creek re-incised to its present
level 20-40 feet (6-12 m) below the fill surface.

In lower Recapture Canyon, soil development in
terrace gravels indicates downcutting to a level 115
feet (35 m) above stream grade by 150,000 B.P. A fill
terrace of probable Holocene age is presently 20-25
feet (6-8 m) above channel level.

Rock-cut terraces in both canyons indicate net
downcutting during the Pleistocene. Terrace develop-
ment was locally influenced by lithology and few
prominent or paired terrace levels are found. The
Holocene fill sequence in Montezuma Creek indi-

cates aggradation which was in part synchronous with
alluviation elsewhere on the Colorado Plateau, al-
though time control is not sufficient to attempt
detailed correlation.

INTRODUCTION

PURPOSE AND SCOPE

This project was undertaken as part of the Utah
Geological and Mineral Survey review of the Depart-
ment of Energy (DOE) geotechnical studies in the
Paradox Basin of Utah for siting of a nuclear waste
repository. The principal objective of the study is to
gain a further understanding of Quaternary processes
in the area through a study of Quaternary deposits
along Montezuma and lower Recapture Creeks, San
Juan County, Utah. Both creeks are tributaries of the
San Juan River and flow southward from headwaters
in the Abajo Mountains (fig. 1). From the recon-
structed Quaternary history, an assessment can be
made of past erosional and depositional processes,
including rates of activity, and of possible factors con-
trolling these processes and rates. It also provides a
basis for predicting future effects of surficial geologic
processes in this part of the Paradox Basin.

Quaternary deposits were mapped from 1:24,000
scale air photos with field inspection of alluvial and
soil stratigraphy in existing exposures. The most
accurate existing topographic control consists of
USGS 15’ topographic quadrangle maps with 40-foot
(12.2 m) contour intervals. Heights of upper terraces
were estimated from these maps while those of lower
terraces were measured with a hand level. Samples
from various Holocene alluvial deposits were taken
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mudstone form the breaks in slope between sand-
stone layers. The Salt Wash Member is absent in
both lower Recapture and lower Montezuma
Canyons, where the Recapture Member is extensive-
ly exposed. In lower Recapture Canyon, the Recap-
ture Member lies directly on the Bluff Sandstone. In
Montezuma Canyon, the Recapture Member is
absent north of Hatch Trading Post but is present in
lower canyon walls down to river level from about
Hatch Trading Post south to the San Juan River. The
Recapture Member is about 200 feet (61 m) thick
and consists of interbedded reddish-gray, white, and
brown sandstone and reddish-gray siltstone and mud-
stone (Haynes and others, 1972). It is a non-resistant
unit and where exposed forms a wide, shallow
canyon characterized by badland-type topography.

The Westwater Canyon Member is present in the
upper walls of Montezuma and lower Recapture
Canyons. It drops to stream level in Montezuma
Canyon from about Hatch Trading Post to Perkin’s
Ranch with a maximum thickness of 180 feet (55 m)
and rises steadily northward overlying the Salt Wash
Member until it pinches out at Horsehead Canyon
(fig. 3). The Westwater Canyon Member is an inter-
bedded arkosic sandstone and mudstone which is
generally non-resistant. The uppermost Brushy Basin
Member of the Morrison Formation ranges from 150
to 700 feet (46-213 m) thick, is chiefly bentonitic
mudstone with some sandstone and conglomerate
lenses, and is also a non-resistant unit. In upper Mon-
tezuma Canyon these members form a bench be-
tween cliffs of the Salt Wash Member of the inner
canyon and cliffs of overlying Cretaceous rocks of the
outer canyon and plateau rim. The Brushy Basin
Member is highly erodible and subject to slope insta-
bility and is undercutting the resistant Cretaceous
Burro Canyon Formation and Dakota Sandstone
which overlie it (Huff and Lesure, 1965).

The Lower Cretaceous Burro Canyon Formation is
a light-colored conglomeratic sandstone with local in-
terbedded green mudstone and limestone, and the
overlying Dakota Sandstone is chiefly a yellowish
brown to gray sandstone, locally conglomeratic, with
interbedded gray claystone and coal (Huff and
Lesure, 1965). The Burro Canyon Formation aver-
ages about 150 feet (46 m) in thickness and the
Dakota about 100 feet (30 m)(Haynes and others,
1972). The uppermost sedimentary rock in the area
is the Upper Cretaceous Mancos Shale. This is a gray
marine shale which overlies the Dakota Formation
and is exposed only locally on the flanks of the Abajo
Mountains and in the Great Sage Plain where about
100 feet (30 m) of the formation is preserved
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beneath loess (Huff and Lesure, 1965).

Tertiary Igneous Rocks

The Mesozoic sedimentary rocks of the plateau
have been intruded by a series of stocks, dikes, sills,
and laccoliths forming the Abajo Mountains. The
main rock type is a quartz diorite porphyry (Witkind,
1964a). A zone of shattered and tilted sedimentary
rock surrounds each intrusion and has been removed
to varying degrees by erosion exposing the igneous
rocks. The time of intrusion has been established
through potassium-argon dating as 27-28 million
years ago during Oligocene time (Armstrong, 1969).

Quaternary Deposits

The oldest Quaternary deposits in the area are the
alluvial-fan and pediment gravels surrounding the
Abajo Mountains and extending southward as far as
Dodge and Long Points (Huff and Lesure, 1965).
The gravels are composed chiefly of clasts of porphyry
and contain abundant subrounded boulders and
cobbles, particularly near the mountains. Deposits in
the mountains are up to 100 feet (30 m) thick, but
generally do not exceed 20 feet (6 m) on the plateau
south of Monticello (Witkind, 1964a; Huff and
Lesure, 1965). Gravels were deposited on a
beveled surface eroded on the Mancos Shale, Dakota
Sandstone, and Burro Canyon Formation. Samples
taken from sand lenses in the gravel deposits near
Blanding have reversed paleomagnetic polarity, in-
dicating deposition sometime during the Matuyama
reversed epoch 0.7-2.3 m.y. ago (Biggar and others,
1982; Woodward-Clyde Consultants, 1982¢). A
paleosol with argillic B horizon and strongly devel-
oped calcium carbonate horizon is found at the top of
the gravels which also indicates a probable Early
Pleistocene age. Initial downcutting of streams into
the plateau followed deposition of the gravels on
which this paleosol is developed (Biggar and others,
1982; Huff and Lesure, 1965).

Loess and eolian sand cover much of the upland
plateau surface throughout the area. The loess con-
sists predominantly of very fine-grained sand with
lesser amounts of silt and fine- to medium-grained
sand (Huff and Lesure, 1965). Several buried soils
with carbonate horizons and textural B horizons
occur within loess deposits indicating episodal deposi-
tion which may extend back to Middle Pleistocene
time or older (Biggar and others, 1982; Woodward-
Clyde Consultants, 1982c).

Sand dunes occur extensively on the Bluff Bench
near the mouth of Recapture Creek and on benches
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within lower Recapture Canyon (fig. 3). Longitudinal
dunes predominate and most are vegetated. Some
dunes are active and are presently migrating over the
canyon rim into Recapture Canyon at several
localities. The sand is derived chiefly from weathering
of the Bluff Sandstone. Several periods of sand move-
ment and stabilization during Quaternary time are in-
dicated by truncated, buried soils and by the occur-
rence of sand at various levels in the canyon and
along the San Juan River (Oviatt, this volume).

Quaternary stream channel, flood-plain, and
alluvial-fan deposits are present throughout the area.
Stream gravels deposited during canyon downcutting
occur at various levels in all canyons. Many of these
have relict soils developed in gravels and in loess
which commonly overlies the gravel. Most are be-
lieved to be of Pleistocene age. Fine-grained alluvium
is present in varying thicknesses in the bottom of
most canyons representing fluvial aggradation in
canyons during Holocene time. Alluvial fans deposit-
ed from side-canyons constitute a part of this fill.

Quaternary colluvium and mass-wasting deposits
are found along canyon walls and at the base of cliffs.
Landslides are most extensive in the Brushy Basin
Member of the Morrison Formation where slope fail-
ures have undermined blocks of the overlying
Dakota and Burro Canyon Formations (Huff and
Lesure, 1965). Rock-fall debris and talus are present
at the base of most cliffs and steep canyon walls.
Many recent rock-fall and debris-flow scars and
deposits are present in Montezuma Canyon, partic-
ulary in the Salt Wash Member of the Morrison
Formation.

STRUCTURE

In this part of the Colorado Plateau beds are nearly
flat (generally less than 1© dip), folds are broad and
shallow, and faults are few with small displacements
(Huff and Lesure, 1965). Steep dips are present in an-
ticlinal folds associated with the Abajo Mountains
dome where bedding has been warped upward and
rocks fractured by the intrusions (Witkind, 1964a).
This folding occurred concurrently with intrusion in
Oligocene time (Armstrong, 1969). To the south is
the Blanding Basin, a broad syncline in which the
arcuate axis trends generally east to intersect Mon-
tezuma Creek near Hatch Trading Post and Recap-
ture Creek near the Highway 262 crossing (fig. 3).
An extension of the east-trending Dove Creek anti-
cline may pass through northern Montezuma
Canyon beneath the Great Sage Plain and connect to
the Abajo Mountains dome (Huff and Lesure, 1965).
The age of this folding is not known but the folding
was most likely concomitant with the Monument

upwarp during early Tertiary time (Hunt, 1956).
Huff and Lesure (1965) cite evidence that folding
may have begun during Early Cretaceous time.

An east-west zone of block-faulting south of the
Abajo Mountains crosses northern Montezuma
Canyon and includes the Verdure graben and several
smaller grabens and normal faults. The north Ver-
dure fault in Montezuma Canyon has a maximum
throw of 182 feet (55 m) (Huff and Lesure, 1965).
The age of the faulting is not known but intrusions
along the north Verdure fault indicate that it predates
the Oligocene Abajo Mountains intrusives (Witkind,
1964b; Huff and Lesure, 1965; Witkind, 1975).

LATE QUATERNARY GEOLOGY

MONTEZUMA CREEK

Description

Montezuma Creek, which drains about 1200 mi?
(3108 km?) of southeastern Utah and southwestern
Colorado, is a major tributary of the San Juan River.
The cities of Monticello, Utah and Dove Creek,
Colorado are in the headwaters area and the settle-
ment of Montezuma Creek and the Aneth oil field on
the Navajo Indian Reservation are at the mouth on
the San Juan River. The highest point in the basin is
Abajo Peak (elevation 11,360 feet-3463 m) in the
Abajo Mountains west of Monticello. Montezuma
Creek flows into the San Juan River about elevation
4400 feet (1341 m). Except for the east flank of
Abajo Peak, the entire drainage basin is underlain by
relatively flat-lying sedimentary rocks. Montezuma
Creek has been divided into an upper (above Perkin’s
Ranch) and lower (below Perkin’s Ranch) part (fig.
2) for this discussion.

Upper Montezuma Creek has cut a deep canyon
about 1100 feet (335 m) below the plateau surface,
here underlain by the Dakota and Burro Canyon
Formations. These resistant cliff-forming sandstone
units are underlain by the bench-forming Brushy
Basin and Westwater Canyon Members of the Morri-
son Formation, forming an upper bench and outer
rim of the canyon. Inner canyon walls are formed
principally by the bedded sandstones of the Salt
Wash Member of the Morrison Formation and the
Summerville Formation and by the massive Entrada
Sandstone. The canyon continues to widen by mass-
wasting processes as evidenced by numerous fresh
rock-fall and debris-flow scars, particularly in the Salt
Wash Member. Erosion of the massive Entrada Sand-
stone is more by granular disintegration than mass
movement.
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Lower Montezuma Canyon is generally less than
500 feet (152 m) deep. Non-resistant rocks of the
Recapture, Westwater Canyon, and Brushy Basin
Members of the Morrison Formation form the
canyon walls giving it a wide bottom with no narrow
inner canyon.

The average width of Montezuma Canyon as mea-
sured between the Dakota-Burro Canyon escarp-
ments on either side varies from 2 miles (3.2 km)
north of Dalton’s Ranch up to about 8 miles (12.8
km) near Coal Bed Canyon and back to about 1.5
miles (2.4 km) from Perkin’s Ranch south (fig. 3).
The great width in the central part of the canyon is a
result of the removal of the Dakota-Burro Canyon
Formations on divides between the several major tri-
butaries in this area. Tributaries in the headwaters
and lowermost parts of the canyon are smaller and do
not contribute as significantly to the retreat of the
rim escarpment.

A continuous alluvial fill extends the length of
Montezuma Canyon, and the creek flows in a channel
incised from 15 to 50 feet (5-15 m) into this fill. Total
thickness of the fill is not known, but it generally ex-
ceeds the depth of incision. Bedrock is locally exposed
in the creek bottom but only crosses the creek form-
ing a natural nickpoint at one locality between Brad-
ford and Tank Canyons (fig. 2). Alluvium is about 17
feet (5 m) thick above the nickpoint and 34 feet (10
m) thick below it. If the original channel of Montezu-
ma Creek followed the same course it does today,
then the canyon in this area was never deeper than at
present. However, the valley bottom is wide here and
alluvium may bury a deeper channel to the west. In
two places artificial nickpoints have been formed
where the stream has been diverted against a bedrock
canyon wall to be channeled into irrigation ditches
(fig. 2).

Upper Montezuma Canyon follows a meandering
course in which the radii of curvature of meanders
and width of the meander belt are larger than those of
the modern stream. Canyon meanders are presuma-
bly inherited from those of ancestral Montezuma
Creek as it flowed across the plateau surface. Stream
discharge has decreased since that time. Lower Mon-
tezuma Canyon does not exhibit this pronounced un-
derfit character, perhaps indicating lithologic control
over meander preservation. The presence of the
resistant Salt Wash Member, Summerville
Formation, and Entrada Sandstone in upper Mon-
tezuma Canyon have preserved the inherited mean-
dering course while the less resistant rocks
(Recapture, Westwater Canyon, and Brushy Basin
Members) in lower Montezuma Canyon have not.
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Montezuma Creek presently flows in a set of irregular
meanders entrenched into the alluvial fill in the
canyon bottom. A longitudinal profile showing the
modern stream gradient and height of various ter-
races above modern stream grade is shown in figure
4. The modern stream gradient of Montezuma Creek
averages about 22 feet/mile (4.2 m/km). The average
gradient of upper Montezuma Creek is 25 feet/mile
(4.8 m/km) while that of the lower portion is 18
feet/mile (3.4 m/km). The depth of the modern
arroyo in upper Montezuma Canyon averages about
30 to 40 feet (9-12 m) with local depths as much as
50 feet (15 m). Incision depth decreases in lower
Montezuma Canyon to about 15-20 feet (5-6 m).
The profile shown in figure 4 for the upper terrace fill
does not represent a paleogradient since measure-
ments were made along the modern channel. While
perhaps not greatly different, the stream length at the
time of deposition of this fill is not known.

Deposits

Late Quaternary deposits in Montezuma Canyon
consist of alluvial gravel, sand, silt, and clay and
eolian sand, silt, and clay. Quaternary landslide
deposits and various alluvial-fan, colluvial, and ter-
race cover (slope wash) deposits are also present but
were not studied for this report.

Older alluvium Older alluvial deposits consist
chiefly of thin gravels on rock-cut terraces in lower
Montezuma Canyon. Gravels are relatively resistant
and cap bedrock knobs and benches at various levels
above the stream. In upper Montezuma Canyon, the
walls are steep and actively eroding, and conditions
are not conducive to development or preservation of
gravel terraces.

Gravels consist predominantly of rounded clasts of
intrusive rocks from the Abajo Mountains (80%) and
of various sandstones exposed along the canyon
(20%). The highest level above stream grade in Mon-
tezuma Canyon at which Montezuma Creek gravels
were found is about 280 feet (85 m) in a terrace near
the mouth. Gravels generally occur from about 20
feet (6 m) to 150 feet (46 m) above river level.
Except for a 40-foot (12 m) terrace near the mouth of
Alkali Creek, continuous paired terrace levels are
absent (fig. 4). Remnants of the 40-foot terrace
extend only for about a mile south of Hatch Trading
Post and are not in evidence elsewhere. Gravels at
90-100 feet (27-30 m) are found in several iso-
lated localities. Thin terrace gravels mantel much
of the badland terrain of lower Montezuma Canyon
and this, along with poor topographic control and
lack of soil exposures, makes correlations of terrace
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levels very difficult. North of Hatch Trading Post
most gravel deposits have been removed for road
construction and original gravel thicknesses are
unknown. Many gravels overlie resistant sandstone
beds, and downcutting appears to have been largely
controlled by lithology and erosion resistance of un-
derlying rocks.

Soil profiles exposed in terrace gravels at 20 feet (6
m), 40 feet (12 m), 70 feet (21 m), and 120 feet (37
m) were studied to estimate the minimum age of the
deposits (fig. 5). The soil profile of the lowest terrace
is exposed in a canal cut near stream level and the
profiles of the upper three are exposed in gravel pits
or road cuts. In all cases, exposures are poor and
profiles are incomplete and exhibit considerable later-
al variation. Descriptions shown in figure 5 are thus
highly generalized. Upper A and B horizons are
generally removed or disturbed in these profiles.
Secondary calcium carbonate horizons are best pre-
served and the morphology and thickness of these
horizons are considered the most diagnostic charac-
teristics of these soils. Diagnostic morphologies of
the various stages of development of pedogenic calci-
um carbonate horizons used in this report are given
intable 1.

Gravel terraces generally exhibit the expected in-
crease in soil profile development with age and ter-

TABLE 1. Stages in the morphogenetic sequence of carbonate
deposition in calcic soils (from Gile and others, 1966, as
modified by Bachman and Machette, 1977).

DIAGNOSTIC

STAGE CARBONATE MORPHOLOGY

I Filaments or faint coatings. Thin, discontinu-
ous coatings on lower surface of pebbles.

II Firm carbonate nodules few to common but
isolated from one another. Matrix may include
friable interstitial accumulations of carbonate.
Pebble coatings continuous.

HI Coalesced nodules and pebble coatings in dis-
seminated carbonate matrix.

v Platy, massive indurated matrix. Relict
nodules may be visible in places. Plugged. May
have weak incipient laminae in upper surface.
Case hardening common on vertical exposures.

v Platy to tabular, dense and firmly cemented.
Well-developed laminar layer on upper
surface. May have scattered incipient pisoliths
in laminar zone. Case hardening common.

VI Massive, multilaminar and brecciated, with
pisoliths common. Case hardening common.

race height. The 120-foot (37 m) terrace contains a
relatively thin K horizon (stage IV carbonate) with
an upper laminar layer about 1 inch (3 cm) thick un-
derlain by a plugged zone about 5 inches (13 cm)
thick. This is underlain by a thick Ck horizon with
zones of manganese and iron oxide staining near the
base. The A and B horizons have largely been re-
moved (fig. 5). The lack of a thick plugged zone
beneath the laminar layer indicates that the laminar
layer may have developed prematurely as a result of
erosion of the upper parts of the carbonate horizon
and is not a true indication of stage IV pedogenic car-
bonate (Gile and others, 1966; Lattman, 1973).

Profiles on lower terraces are also undergoing rapid
erosion. A soil in terrace materials 70 feet (21 m)
above Montezuma Creek contains a carbonate hori-
zon with stage II-IIl carbonate development in the
upper 24 inches (60 cm) and stage I-1I development
in the lower part. Soils in a 40-foot (12 m) terrace
contain a stage II-III carbonate horizon (fig. 5). Calci-
um carbonate root casts and a laminar calcium carbo-
nate layer overlying shale bedrock at a depth of 63
inches (160 cm) are present locally in the profile.

Soil development in a terrace 20 feet (6 m) above
modern stream grade is exposed in a canal cut north
of Hatch Trading Post (fig. 2). Carbonate develop-
ment appears anomalous in this profile, being gener-
ally thicker and more advanced in terms of stage of
development than that in some higher terraces. The
soil is developed in gravels overlain by sand of eolian
and alluvial origin. A stage III K horizon about 12
inches (30 cm) thick, predominantly in sandy
deposits, overlies a 81-inch (205 cm) thick carbonate
horizon (Ck) in sands and gravels with stage I-1I1I car-
bonate development. This exposure is at and
below the level of the younger fine-grained alluvium
in Montezuma Creek, whereas other terraces are
above this younger fill. The deposit was periodically
influenced by ground water and stream flow during
the Holocene, and the seemingly anomalous carbo-
nate content may be attributable to ground-water and
stream-deposited carbonate, with case-hardening of
the exposed face (Lattman and Simonberg, 1971;
Lattman, 1973).

Richmond (1962), Harden and others (1982), and
Woodward-Clyde Consultants (1982a) have studied
soil profile development versus age in gravelly alluvi-
um in Spanish Valley near Moab, Utah. Lithology of
the gravels (predominantly porphyritic intrusive
rocks with some sandstone clasts) and weathering en-
vironments in the Spanish Valley area are very similar
to those in the Montezuma-Recapture Creek area.
Average annual rainfall is slightly greater (15
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races in lower Recapture Canyon are at heights from
20 (6 m) to 30 feet (9 m) above stream level. Sand-
stone bedrock occurs beneath these gravels indicating
that they are on rock-cut terraces. A soil profile ex-
posed in a gravel deposit about 22 feet (7 m) above
the channel is weakly developed with stage I carbo-
nate coatings beneath clasts, suggesting a probable
early Holocene age.

Recapture Canyon exhibits a single finer-grained
late Holocene(?) fill similar to that in Montezuma
Canyon. This fill was not studied in detail, but depos-
its generally lack stratification and no cut and fill rela-
tionships were observed. Deposits consist of sand,
silt, and clay with gravel lenses which extend 17-22
feet (5.2-6.7 m) above stream level. Holocene depos-
its are coarser than their counterparts in lower Mon-
tezuma Canyon, perhaps due to the steeper gradient
of Recapture Creek.

Eolian. Eolian sand and loess are found exten-
sively in lower Recapture Canyon. The largest area of
eolian sand caps the Bluff Sandstone in the Bluff
Bench area at the mouth of Recapture Creek. Sand
on the bench is derived from alluvium, older eolian
deposits, and weathering of the Bluff Sandstone.
Broad areas of sheet sands and longitudinal dunes are
found here. Several periods of eolian activity are in-
dicated by the presence of a truncated and buried
paleosol in older alluvium and eolian deposits under-
lying an upper, loose, stabilized sand layer. Eolian
sand and loess also occur within Recapture Canyon
on mesas and ridges underlain by the Morrison
Formation. Most deposits are stabilized by vegetation
but some are still active, drifting across roads and
over cliffs into Recapture Canyon. Gravel terraces
are commonly overlain by loess or eolian sand. The
soil profile description of the 115-foot (35 m) terrace
in figure 5 shows 4 feet (1.2m) of eolian material over-
lying gravels. These eolian materials are strongly
cemented with carbonate, exhibit a strongly devel-
oped argillic B horizon, and post-date deposition of
the gravels. Still older eolian deposits are found cap-
ping the plateau surface and higher benches, exhibit-
ing various buried paleosols indicative of several

eolian episodes as discussed earlier (Wood-
ward-Clyde Consultants, 1982a).
Geomorphic History

Downcutting of Recapture Creek probably began
about the same time as in Montezuma Creek, follow-
ing deposition of alluvial-fan and pediment gravels
surrounding the Abajo Mountains. In lower Recap-
ture Canyon, the oldest gravels in the canyon are
found 220-230 feet (67-70 m) above stream grade. A
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complete soil profile in deposits 115 feet (35 m)
above Recapture Creek indicates an age of perhaps
150,000 years. This would yield an average downcut-
ting rate of about 0.8 feet (0.24 m)/1000 years.
Downcutting continued with development of gravel-
capped rock-cut terraces at various levels down to
about 20-30 feet (6-9 m) above modern stream level.
These lowermost gravel terraces are perhaps early
Holocene in age. Following formation of these
terraces, incision continued to a level below that of
the modern stream. Deposition of finer-grained, pre-
sumably  Holocene  material followed this
downcutting, filling the channel to a level 17-22 feet
(5-7 m) above the modern stream or nearly to that of
the lowermost gravel terrace. The time of incision of
this Holocene fill is unknown, but the degree of pre-
servation of stream cuts and the similarity to those of
lower Montezuma Creek indicate it probably repre-
sents the late 1800-early 1900 arroyo-cutting episode
better documented in Montezuma Canyon. No bed-
rock nickpoints were observed in lower Recapture
Creek, and the total depth of fill is not known.

Eolian sand is present at various levels within Re-
capture Canyon. Some, such as that on the Bluff
Bench, exhibit truncated carbonate horizons buried
by uncemented sand and indicate an early stage of
eolian activity, perhaps soon after the canyon was cut
to that level. The overlying uncemented sands are
generally stabilized with vegetation, but some are
presently active. The older cemented sands are proba-
bly Late Pleistocene or early Holocene in age, where-
as the overlying stabilized dunes are probably mid to
late Holocene.

REGIONAL CORRELATION
OF ALLUVIAL DEPOSITS

The Quaternary record of Montezuma and lower
Recapture Creeks indicates a history generally similar
to that of other streams on the Colorado Plateau.
Studies of late Quaternary alluvium on the Colorado
Plateau have been done: 1) the San Juan River
(Oviatt, this volume), Cedar Mesa (Agenbroad,
1975; Salkin, 1975), and Cottonwood Creek (Wood-
ward-Clyde Consultants, 1982c) areas of Utah to the
west, 2) the Indian Creek (Woodward-Clyde
Consultants, 1982b) and Spanish Valley (Richmond,
1962; Harden and others, 1982; Woodward-Clyde
Consultants, 1982a) areas of Utah to the north, 3)
Animas Valley (Gillam, 1982) and Chaco Canyon
(Bryan, 1954; Hall, 1977; Love, 1977, Wells and
others, 1982) of southwestern Colorado and north-
western New Mexico to the east, and 4) Jeddito
Wash and Tsegi Canyon (Hack, 1942; Karlstrom,
1982) and the Little Colorado River (Hereford,
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1984) in northeastern Arizona to the south. Table 2
shows dates and chronologies worked out for these
areas where available.

The generally parallel alluvial histories in these
areas are apparent from table 2. Middle and Late
Pleistocene time was characterized by active stream
erosion in this part of the Colorado Plateau with for-
mation of rock-cut terraces as rivers entrenched their
channels into bedrock. This overall erosional regime
was reversed during at least part of the Holocene as
streams aggraded. Much of the Holocene is typified
by alternating deposition and erosion of non-gravelly
alluvium with little additional bedrock downcutting.

The similarities in geomorphic histories of many
Colorado Plateau streams raises a question as to the
extent to which individual deposits are correlative. A
long-standing theory that climatic change is the domi-
nant factor controlling erosional and depositional epi-
sodes and that such episodes are synchronous over
large areas is presently under debate. A number of
studies have been done in which long-distance corre-
lations over parts of the western U.S. are made
(Leopold and Snyder, 1951; Leopold and Miller,
1954; Miller and Wendorf, 1958; Haynes, 1968;
Karlstrom, 1982). Studies by Ritter (1974), Patton
and Schumm (1981), Wells and others (1982), Mc-
Dowell (1983), Knox (1983), and Begin and
Schumm (1984) have indicated a complex response
by alluvial systems both to climate change and the in-
fluences of other factors such as vegetation, lithology
and base level. They suggest that perhaps long-
distance correlations are not valid and that, even
given synchroneity of climate change over periods of
a thousand years or less, different drainage basins
and even different segments of a particular drainage
may not react at the same time or in the same
manner.

In order to evaluate the various hypotheses, accu-
rate dating of alluvial deposits is required. Dating of
Pleistocene gravel terraces, generally through soil
profile development, is generally of insufficient accu-
racy to attempt to make or evaluate the validity of
long-distance correlations. Correlations of alluvial
gravel deposits with glacial deposits have been made
in streams draining glaciated areas, but the relation-
ship between alluvial deposits and glacial stages in
streams draining unglaciated areas is less well known.
Most streams draining unglaciated areas of the Colo-
rado Plateau exhibit a series of gravel-capped terraces
cut during Pleistocene time which are controlled as
much by bedrock lithology as climate (Wood-
ward-Clyde Consultants, 1982a, b, c). This appears
to be the case in the Montezuma-Recapture Creek

area as well. A nearly continuous series of terraces
with few well-developed, prominent levels is present.
Where present, paired or prominent terrace levels
are usually controlled by lithology and cap resistant
sandstone layers. However, some areas with multiple
terrace levels such as near the mouth of Recapture
Creek in the massive, homogeneous Bluff Sandstone
exhibit no apparent local lithologic control. These ter-
races may have formed in response to regional
climatic, tectonic, or base level control. However,
they may also represent random, localized events
during downcutting. The numerous terraces of lower
Montezuma Creek occur in non-resistant rocks and
in many cases have been removed by man or are evi-
denced only by a remnant gravel mantle. This makes
correlation and evaluation of controlling influences
very difficult since it is possible that prominent levels
did exist at one time but are now obscured.

The change from Pleistocene gravel deposition on
rock-cut surfaces to Holocene aggradation of sand,
silt, and clay in previously cut channels is apparent
here as elsewhere in the southwestern U.S. The
lowermost gravels observed are about 20 feet (6 m)
above modern stream grade, or about the same level
as the top of the Holocene fill in the same areas.
Haynes (1982) has suggested that channel deposits
of sand and gravel which commonly mark the transi-
tion from abandonment of the last Pleistocene terrace
to vertical accretion during the Holocene in many
parts of the western U.S. may be considered a litho-
stratigraphic boundry between the Pleistocene and
Holocene Epochs. These channel sands and gravels
conformably underlie fine-grained Holocene deposits
(Haynes, 1982), and presumably overlie (uncon-
formably) bedrock in the channel bottom. This basal
channel sand and gravel unit in Montezuma Creek, if
present, underlies Unit 1 of the Holocene fill and
thus predates 5130 B.P. It would post-date the lower-
most gravel terrace which is of Late Pleistocene age
in Montezuma Canyon. Thus, in Montezuma
Canyon, as elsewhere, the transition from the Pleisto-
cene into the Holocene was marked by a change from
predominantly gravel deposition in an erosional
regime to deposition of sand, silt, and clay in an ag-
gradational regime. The exact time of the change is
unknown, but it may have taken place during early
Holocene time since the 5130 year date is believed to
be near the base of the Holocene sequence. In lower
Recapture Canyon, limited soil profile data indicate
that gravel deposition on rock-cut terraces may have
continued into the early Holocene.

The Holocene depositional sequence in Montezu-
ma Canyon shows certain similarities with sequences









30

found chiefly in the Bluff Bench area of lower Recap-
ture Canyon.

Correlations with alluvial sequences in adjacent
areas indicate that deposition in Montezuma
Canyon was occurring at the same time as deposition
elsewhere during the last 5000 years. However,
bracketing dates for these depositional episodes in
Montezuma Canyon are not sufficiently well-known
to draw conclusions regarding their synchroneity
with depositional episodes in other streams on the
Colorado Plateau.
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LATE QUATERNARY GEOMORPHIC CHANGES ALONG THE
SAN JUAN RIVER AND ITS TRIBUTARIES NEAR BLUFF, UTAH

By CHARLES G. OVIATT!

ABSTRACT

Three small ephemeral washes graded to the San
Juan River near Bluff, Utah, have produced fine-
grained coalescing alluvial fans and have exper-
ienced at least four periods of Holocene deposition
and erosion. Sediments of the first depositional
period possess a moderately developed soil at their
upper surface that predates Basketmaker III human
occupation (ceramic- and radiocarbon-dated at A.D.
500 to 600). Sediments of the second period of
deposition enclose Basketmaker III occupation sites
in their upper part. A hearth near the middle of the
third sedimentary sequence provided a radiocarbon
date of 650 * 70 yrs. B.P. (A.D. 1300). Horse
bones in alluvium near the top of the fourth deposi-
tional sequence were most likely deposited after
A.D. 1880, the date of settlement at Bluff. Eolian
deposition has been continuous throughout the
Holocene, and eolian deposits locally interfinger with
alluvium.

Climate is undoubtedly an important extrinsic
variable in both the high-order San Juan River and
the low-order ephemeral washes, but the two systems
probably do not respond in phase to climate changes.
Conditions on the San Juan River dictate whether its
ephemeral tributaries can deposit or erode. Both
large and small stream systems, however, are con-
trolled by extrinsic factors other than climate, partic-
ularly human activity. The San Juan River has
eroded its banks at Bluff during catastrophic floods to
a greater degree during the past 100 years of historic
agriculture than it has in more than 1400 years prior
to this. Prehistoric human populations may have ex-
erted a similar influence, although probably of a
lesser magnitude.

The intrinsic and extrinsic variables in the ep-
hemeral stream systems at Bluff interact in complex
ways through time resulting in a local stratigraphic se-
quence that has significance for environmental recon-

structions and environmental planning. From a re-
gional perspective, sediments of the first three
depositional episodes at Bluff can be correlated with
the Tsegi deposits, and sediments of the fourth epi-
sode with the Naha deposits of the generalized allu-
vial model for the southwestern U.S. These correla-
tions require the assumption that the Tsegi and Naha
are diachronous lithostratigraphic units.

INTRODUCTION

This study was undertaken in conjunction with ar-
cheological investigations along a re-alignment of
U.S. Highway 163 near Bluff, Utah. The area dis-
cussed in this paper is in the San Juan River valley ap-
proximately 1.5 km west of the town of Bluff (fig. 1).
Archeological excavations were conducted by the An-
tiquities Section of the Utah Division of State
History. Five Basketmaker III (Anasazi) sites were
excavated and dated by ceramic and radiocarbon
methods to the period A.D. 500 to 600. All of the
sites were in sand dunes overlying and intertonguing
with alluvium of three ephemeral tributaries of the
San Juan River. Archeological sites discussed in this
paper are designated by their Smithsonian numbers

(e.g., 425a8821). The complete archeological report
for this project is published elsewhere (Neily, 1985).

Bedrock units in the study area are the Carmel
Formation, Entrada Sandstone, Summerville Forma-
tion, and Bluff Sandstone (O’Sullivan, 1965). Surfi-
cial deposits consist of Pleistocene cobble and gravel
alluvium, Holocene sandy alluvium, coarse-grained
coltuvium, and sandy eolian deposits (figs. 2 and 3).
Altitudes in the study area range from about 1310 to
1460 m.

Three ephemeral washes, graded to the San Juan
River during the Holocene, have formed the broad,

IGeologist, Mapping Section, Utah Geological and Mineral Sur-
vey.
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MASS MOVEMENT
IN THE LA SAL MOUNTAINS, UTAH

By JOHNF. SHRODER ! and ROBERTE. SEWELL 2

ABSTRACT

The La Sal Mountains of central eastern Utah are
largely three stock and laccolith complexes that
intruded during Tertiary time into surrounding sedi-
mentary rock of Mesozoic age. Much of the outward-
dipping uppermost host rock is Morrison Formation
and Mancos Shale, which are two of the most
unstable, landslip-prone rock units of the Colorado
Plateau. High altitude and this unstable substrate
have combined to produce plentiful interrelated gla-
cial and mass-movement landforms and diamicton
deposits that have been described by diverse previous
workers. Unsorted, unstratified, coarse clastic dia-

mictons are assigned genetic attributes best,
however, only where substantiating data are
available. Sedimentologic studies have proved

equivocal in other similar studies, but landforms are
more reliable. Our reexamination of extensive dia-
mictons in the La Sal area shows only nine small gla-
ciated areas, in contrast to a previously mapped
extent nearly 20 times larger. Evidence against pre-
viously supposed widespread glaciation is the pre-
sence of “V”-shaped valleys, lack of cirques, lack of
clasts with striations or polish, common natural
fracturing of igneous rock which mimics glacial facet-
ing and soling, and supposed ice-wastage areas dis-
proportionately large compared with possible ice-
accumulation zones. The South Mountain Group has
not been glaciated, and in the Middle Mountain
Group only Dark Canyon, Gold Basin, and Horse
Creek were glaciated.The North Mountain Group
glacial valleys include Bachelor Basin, Bear Creek,
Beaver Creek, Deep Creek, Geyser Creek, and
Miners Basin; the headwaters of Mill Creek probably
also were glaciated, but the evidence is unclear. Pre-
Bull Lake glaciations are not identified, but Bull Lake
(?), Pinedale (?), and post-Pinedale (?) moraines
are plentiful.

Evidence for massive landslip activity is widespread
and includes: (1) shale intermixed in diamictons; (2)

massive ground cracks; (3) large landslip levees; (4)
convex-up cross valley profiles; (5) lineated flow
topography; and (6) rock-block-slide topography.
Numerous sites have plentiful igneous-rock rubble
that accumulated through rock fall and snow ava-
lanches onto unstable substrate, loading it to failure.
Many rock-glacier-like deposits are thick, ice-
cemented, igneous-rock rubble overlying unstable
sedimentary substrate in which landslip basal shear
predominates over ice as a motive mechanism; a few
other exclusively ice-motivated rock glaciers also
occur.

Twenty major landslip groups are now identified in
the La Sal Mountains. These include Dorry Canyon,
Hell Canyon, La Sal Pass, Southwest Peale - La Sal
Pass, Southeast Peale, Dark Canyon, Hop Creek,
Geyser Pass, Horse Creek - Geyser Pass, Lake
Oowah, Boren Mesa, Warner Lake, Bald Mesa,
Harpole Mesa, Fisher Ridge, Willow Basin, and
Beaver Creek. Other areas of landslips also occur but
are less defined.

Snow avalanches in the La Sal Mountains are
plentiful and a major process of erosion and
deposition, as well as providing local concentrations
of snow load and subsequent meltwater that acceler-
ate slope failure in unstable substrate.

Extensive mass movement in the La Sal Mountains
poses little threat to present human land use. On the
other hand, major logging, mining, road building, or
water diversion projects would be likely to adversely
affect unstable bedrock. Snow avalanches do pose a
clear hazard to the ever increasing wintertime use of
high areas but can be avoided through standard
mountain safety techniques.

INTRODUCTION
Distinguishing between colluvium and till, a

TProfessor, Dept. of Geography and Geology, University of
Nebraska

2 Omaha, NE
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common problem throughout the Rocky Mountains,
is especially troublesome in the La Sal Mountains be-
cause of the thorough spatial and temporal intermix-
ing of the two deposit types with each other as well as
with coarse fluvial material. Diamicton deposits, or
unsorted, largely unstratified mixtures of fine and
coarse terrigenous clastics  without genetic
designation, are easily mapped as such but preference
is for differentiation into process types. The superfi-
cial similarity in diamicton sediment and landform
produced by mass movement and glaciers in the La
Sal Mountains has made mapping of Quaternary
deposits there difficult for many previous workers
(Carter and Gualtieri, 1958; Weir and Puffet, 1960;
Richmond, 1962), but our recognition of this diamic-
ton problem in the La Sals (Shroder and Sewell,
1980, 1981b) and methods to deal with it are produc-
ing selected results.

The La Sal Mountains of east-central Utah com-
prise three different massifs and numerous separate
peaks above 3660 m in altitude (fig. 1). North Moun-
tain Group is largest, having about 38 km? of moun-
tain above 3350 m. Middle Mountain Group has
about half as much area above that, and South Moun-
tain Group has only about 6.4 km? above 3350 m.
Each massif is composed of laccoliths intruded from
central stocks of Tertiary age that uplifted late Paleo-
zoic and Mesozoic sedimentary rock (Hunt, 1958).
The resulting strongly jointed igneous rock and steep-
ly dipping unstable sedimentary units at high altitudes
have combined to produce a wide variety of mass-
movement phenomena. Glaciation is now known to
have occurred in only nine canyons during the
Pleistocene, and the resulting deposits are strati-
graphically above, coeval, and below mass-
movement features. Heretofore, glacial origin has
been stressed (Richmond, 1962), but this agrees
neither with newly available geomorphologic data,
nor with accepted notions of mass-balance-area ratios
between likely accumulation and wastage zones. It is
not, however, the purpose of this paper to delimit the
total extent of glaciation in the La Sal Mountains.
Rather we intend to show only general character and
extent of prior glaciation, while emphasizing extent
of major slope failures of late Pleistocene and Holo-
cene age. In addition, rock glaciers are stressed be-
cause of diverse motive mechanisms caused by com-
binations of plentiful rock rubble, discontinuous
permafrost, and unstable, landslip-prone substrate.
Variations in rock-glacier morphologies and mechan-
ics are common therefore, as well as in the High Pla-
teaus (Flint and Denny, 1958; Shroder, 1972, 1978).
Finally, the influence of snow avalanches on the
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origin of some landforms and collateral effects on
rock glaciers and landslips is obvious in the La Sals
and was studied.

Recent attention is given to the La Sal Mountains
because of their varied potential for increased use.
This paper suggests problems that may result from
new timbering, road building, oil-well drilling, water
diversion or dam building, uranium-vanadium
mining, gold mining, nuclear waste disposal, skiing,
and snowmobiling. Adequate planning and attention
to geologic and geomorphologic detail should mini-
mize serious difficulties.

CLIMATE

Considerable climatic range occurs in the La Sal
Mountains because of local relief of about 2660 m
from the nearby Colorado River at 1220 m altitude to
Mount Peale at 3880 m. At lower altitudes mean
annual precipitation is about 250 mm and mean
annual temperature is about 12° C. Mean annual tem-
peraure in the mountains is estimated to be about 7°
C lower (Richmond, 1962, p. 11) and total annual
precipitation is above 760 mm (Anonymous, 1960).
Limited precipitation data from 2865 m altitude at
Warner Lake show winter precipitation about double
that of summer (Martin and Corbin, 1930, p. 16-21;
Whaley and Lytton, 1979, p. 230). A winter-spring
precipitation shadow occurs toward the southeast
over the mountains (Alter, 1930, p. 3) because of the
effect of the highlands on the dominant northwesterly
storm tracks during that season.

Snowfall data (fig. 2) were collected intermittently
from 1893 to 1931 (Martin and Corbin, 1930, p.
17-21) in the town of Moab which is at an altitude of
about 1220 m. An annual average of 414 mm was
recorded with an extreme fall in December and Janu-
ary (1915-16) of 1880 mm. Subsequently collection
of such data was moved to a mountain-site snow
course (La Sal Mtn. Lower) at 2682 m altitude in
Geyser Pass (Whaley and Lytton, 1979, P. 228-230).
In 1956 another nearby course (La Sal Mtn. Upper)
was established at 2865 m. These two courses give
mean values for April 1 of all years of about 245 mm
and 432 mm depth, respectively. These relatively low
total values do not reflect the high variation ranging
from zero to more than double the average from year
to year (fig. 2).

In the future these snow courses will transmit data
through a satellite-based automatic snow-telemetry
system (SNOTEL) on a demand or daily basis
(Barton, 1977). This will revolutionize snow-depth
data collection for high mountains and, although de-
signed for water-supply forecasting, should enable in-
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ate only some of those deposits of late Pleistocene
and Holocene age. This is because we regard the
topographic evidence as paramount; stratigraphic evi-
dence alone in this context is essential but could be
ambiguous. Some previous workers, however, have
made attempts to differentiate between diamictons
without appreciable landform evidence.

Landslip and glacial landforms in the La Sals are
more easily distinguished on air photos than by in-
spection of the stratigraphy. In general, the quite dif-
ferent topographic character of large-scale mass
movement, especially at the head or source areas,
provides adequate criteria for differentiation. The
bedrock context of the head areas is also important.
The greatest problems of discrimination are between
the lower toe regions of landslips and the end or re-
cessional moraines. Clay-mineral determination
might facilitate differentiation (J. R. Giardino, oral
communication, 1981), but our reconnaissance sug-
gests problems. Analytical results are likely to be
enigmatic, considering the possibilities of variable
types and quantities of clays produced by weathering
in old moraine and landslips, coupled with those de-
rived from clay-rich, terrestrial Morrison Formation
mudstones and the marine Mancos Shale. Any given
deposit may have too wide a variety of Mesozoic and
Quaternary clays for use in more than general inven-
tory work.

Fabric analysis might offer greater potential for dis-
crimination between diamictons, but such data collec-
tion by us has been only cursory because of the need
for precise delineation of a control group of known
moraine and mass-movement types. Establishment
of a standardized process-related fabric is necessary
because of two problems: (1) many clasts in the La
Sals are equant or platy with too few long axes;
Yeend (1969, p. 39) recommended a long-to-short
axis ratio of 2.5 to 1, or greater; (2) processes con-
trolling till-fabric orientation and dip are still unclear
(Andrews, 1971, p. 5), and mass-wasting fabrics are
equally enigmatic because of the great diversity in
process. The solution to the first problem is a sample
large enough to ensure sufficient long axes, but the
second problem is more difficult and may not be
easily solved.

Fabric studies have been performed on a wide
variety of glacial and mass-wasting phenomena up to
now, but the results are somewhat ambiguous. Gla-
cial fabrics generally show a preferred mode parallel
to ice-flow direction and a strong tendency for up-
glacier dips. These orientations are thought to result
from lineation of clasts within the well-known in-
bricated basal and upward-curving shear surfaces in

basal till and overlying ice (Yeend, 1969, p. 40-41).
A secondary long-axis maximum occurs at right
angles to the fabric-determined, ice-flow direction in
some places but not in others (Holmes, 1941; Mills,
1977). Mass-wasting processes, on the other hand,
involve such a wide variety of different materials and
types of movement (Varnes, 1978) that fabric studies
show only great diversity. Fabric patterns in talus are
commonly isotropic, although a sub-horizontal
component is indicated by some methods of analysis
(Caine, 1967). Slope deposits resulting from creep or
solifluction have preferred orientation of stones
parallel to slope, and clasts in the front of solifluction
lobes are oriented transverse to flow and parallel to
the front (Lundquist, 1949; Watson, 1977). Preferred
orientation of stones in frost-moved rubbles can be
characteristically imbricated and dip upslope in cen-
tral parts of lobes, although along the sides they can
be oriented parallel to slope and dip inward beneath
the lobe (Wahrhaftig, 1949, p. 223; Dahl, 1966,
Potter and Moss, 1968). Rock glaciers show fabric va-
riations such as near-vertical platy fragments oriented
parallel to the length of furrows, irregular patterns of
clast orientation interspersed with highly regular
aligned clasts, and fabric parallel with slope along the
sides and dipping steeply upslope in the lower furrow
and ridge regimes (Wahrhaftig and Cox, 1959,
Giardino, 1979; Giardino et al., 1979). Shale frag-
ments in a mudflow on glacial till have been observed
to dip preferentially into the slope (Harrison, 1957),
and some earthflows and mudflows have a heavy con-
centration of clasts parallel to the slope and plunging
downhill in the direction of movement (Yeend,
1969, P. 39-40). Richmond (1952) originally noted
that rock glaciers in the La Sals had no fabric, but that
block streams did. Later (1962) he did not report this
observation in his final synthesis; in fact we have ob-
served preferrential orientations at various places in
the La Sals in both kinds of deposits.

From the above studies it is clear that anisotropic
fabrics occur in many types of diamictons, but no
ready means of differentiation between process types
has emerged. This is an expectable result because
shear surfaces responsible for fabric, both beneath
and within ice as well as in many types of mass-
movement and periglacial slope processes, may be
similar to slow-flow phenomena. There has been
limited success in fabric-analysis differentiation only
in a few local contexts where glaciers moved down
large valleys and mass-wasting came in at angles from
the side slopes (Watson, 1977, oral communication,
1977). The superimposed or closely juxtaposed
deposits then may be differentiated on the basis of
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angular relations within and between fabrics consid-
ered against slope and flow directions (Yeend, 1969,
p. 39-41). Many situations of ambiguity could exist,
however. In addition, fabric studies on large, complex
landslips have not been attempted yet in part because
of problems with fabric inherited from other
processes, the deposits of which can be incorporated
into the landslip without significant reworking. Thus
any possible fabric analysis in the La Sal Mountains
must be carefully considered for potential of success
weighed against the labor-intensive nature of the
research. Fabric analysis is probably far more elu-
cidating of process mechanics than in diamicton
differentiation. Finally, scanning electron microscopy
also has been attempted for analysis of grain-surface
textures in diamicton differentiation, but variable
process mechanics and reworked deposits have con-
tributed to uncertainty; landform evidence is pre-
ferred (Madole, 1981; oral communication, 1981).

Our field analysis of the general problem of dif-
ferentiation between glacial and landslip phenomena
in the La Sal Mountains has been primarily devoted
to recognition of the two major thick ( 5 m) deposit
types on the basis of landforms, in order to pursue
separate tracks of chronology building using all pre-
sently available methods. Thus radiocarbon dating,
tree-ring analysis, clast-weathering ratios, soils, and
the many other multiparameter criteria were all in-
vestigated and found feasible as a basis for future
work.

Reconnaissance to date suggests that only nine
canyons were glaciated during the Pleistocene; six in
North Mountain Group, three in Middle Mountain
Group, and none on South Mountain. A brief synop-
sis of our results on glaciers is presented herein; the
landslip material is emphasized, however.

GLACIATION RECONNAISSANCE

We define glaciation in the La Sal Mountains more
rigorously than previous workers. We use geo-
morphologic data as our first criteria, and stratigraph-
ic data secondarily. The geomorphologic criteria con-
stitute cirques, “U™-shaped valleys-and polished or
striated bedrock in drainage-basin headwaters, and la-
teral and looped morainal topography in the lower
reaches. Soled and faceted cobbles are not regarded
as diagnostic by us (cf. Richmond, 1962, p. 27,
30-31) because of similar such surfaces on freshly
broken and water-eroded clasts in the La Sals. Valleys
that head in unstable sedimentary rock, that are
“V™.shaped, or that have obvious extensive landslip
deposits in their lower portions are not considered to
be of glacial origin. A few valleys have rock glaciers at
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their heads and most have internal ice, but these are
regarded as essentially mass-movement phenomena,
not glacial. These standards were used to designate
the following valleys as the only clearly glaciated
areas in the La Sal Mountains.

MIDDLE MOUNTAIN GLACIATION VALLEYS

The southernmost glaciations in the La Sal Moun-
tains originated in Dark Canyon, Gold Basin, and
Horse Creek (fig. 4). Each of the main cirques has a
northern exposure and floor altitudes of 3350-3500
m. The Dark Canyon cirque floor is the highest in the
La Sals and occurs directly below Mt. Peale (3877
m), which is the highest peak there.

Dark Canyon glaciations Erosional evidence for
glaciation in the upper part of this canyon is une-
quivocal and several closed moraine loops occur
down valley. The main cirque directly west of Mt.
Peale is overdeepened, has a small seasonal tarn,
polished boulders, and prominent smooth stoss and
plucked lee topography. Two clear recessional-
moraine loops occur in the upper part of the valley
(fig. 5), and we tentatively correlate them with late
Pinedale. The lower moraines around Dark Canyon
Lake (fig. 4) are not easily subdivided because they
are an irregular area of hummocky topography over-
lying the unstable Brushy Basin Member of the Mor-
rison Formation and are thus transitional into exten-
sive landslip deposits. Richmond (1962) mapped and
described virtually his entire sequence in this valley,
except for the youngest Gold Basin, but we are
unable to replicate his chronology.

Gold Basin glaciations Gold Basin has one of the
best preserved series of lateral and recessional
moraines in the La Sal Mountains, as well as two
major active rock glaciers with observed internal ice
(fig. 4). Richmond (1962, plate 1) subdivided the
rock glaciers into upper and lower facies of the Gold
Basin Formation, but these assignments are
untenable. Viewed from a distance or on air photos, a
color variation appears as the result of age-linked
lichen-growth or weathering phenomena and thus to
variations in rock-glacier age. Instead, our close
ground inspection reveals that strong lithologic varia-
tion in the surrounding cliffs causes great variation in
clast color and size. While these variations do occur
they are not age related and the existing chronology
is incorrect. Elsewhere various snow ava-
lanche-deposition features were interpreted as
Gold Basin (post-Pinedale) till, as in Gold Basin or
on the north slope of Mt. Mellenthin (Richmond,
1962, plate 1), but although the landform designation
is wrong the youthful chronology is reasonably
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“tyranny of the pigeonhole” and was dealt with in
this project by mapping rock glaciers and thick ( > 5§
m) rubble deposits as a single entity (fig. 4).

Both of these two main kinds of landslips in the La
Sals move through long-term slow flow, and where
measurements of similar active phenomena have
been made (Shroder, 1972; Shroder and Putnam,
1972), a meter or two a year is characteristic. These
features also seem to be intermittently active,
retrogressive, and turbulent in the sense of different
parts moving more or faster in scattered places at
various times (Shroder, 1978). A few of the examples
in the La Sal Mountains are obviously active at the
present time, but only the Dark Canyon landslip
offers prospects for a long-term chronology of move-
ment to be developed from the several hundred trees
(Picea engelmannii and Pinus flexilis) affected by long-
term failure. Analysis of extensive cores and cross
sections taken suggests a relationship to precipitation
or to snow-avalanche meltwater infiltration, as in
other similar cases elsewhere (Shroder, 1978).

Twenty major landslip groups have been selected
as the most representative of the phenomena in the
La Sal Mountains (table 2); detailed descriptions
below of four examples best exemplify all the varie-
ties and causes of landslips in the La Sal Mountains.
The landslip groups of Southeast Peale, Dark
Canyon, Blue Lake, and Horse Creek - Geyser Pass
around Mt. Peale and Mt. Mellenthin show a full
range of typical features and some of the problems of
previous workers who did not recognize certain
deposits as landslip in origin.

Southeast Peale landslips (5) This failure is about
7 km long and over 1 km wide in places (fig. 11). The
many ponds on its surface probably were responsible
partly for the moraine designation of this area by
Richmond (1962) and Carter and Gualtieri (1958),
in spite of a complete absence of cirques and the pre-
sence of unstable substrate. The Brushy Basin
Member of the Morrison Formation outcrops exten-
sively at the head, except where it is covered with
diorite rubble from the Mt. Peale intrusion
(Richmond, 1962, fig. 36). The head area is complex
and has had multiple generations of movement. For
example, the northernmost lobe had at least two gen-
erations of movement; the front of the youngest
bifurcated with one lobe that flowed south down to
the main large landslip and another lobe that carried
a mass of diorite southeast from the mountain to be
deposited as an isolated rubble sheet overlying an ear-
lier debris-flow lobe. Wood buried 1 m in sediment
in the most northwestern pond of the main landslip
(fig. 11) was dated at only 430 * 65 C' B.P., yet

much of the failure has the appearance of greater
antiquity. A large slump block occurs in the head area
and is responsible for several ponds there. The block
is Burro Canyon overlying Morrison Formation.
Directly below, in the most extensive area of beaver
ponds, the Morrison, Burro Canyon and Dakota For-
mations failed together and flowed south-southeast
for about 3.5 km. In the area marked by several shear
zones on the right (southwest) flank, the mass
turned to the southeast and slowed in the Mancos
Shale. From the flexure point for the final 3.5 km,
the landslip moved down a 9° dipslope and along a
cliff outcrop of Burro Canyon and Dakota outcrops
on the left (northeast) flank.

Dark Canyon landslips (6) Dark Canyon heads in
a large cirque with Mt. Peale to the south and Mt.
Mellenthin to the northwest (fig. 4). The two peaks
are laccoliths and the canyon itself is eroded in softer
sedimentary rock. Morrison Formation and Mancos
Shale provide considerable instability, along with
several faults associated with the intrusion (Carter
and Gualtieri, 1958).

Numerous rock glaciers occur in the area, being de-
rived from the plentiful diorite rubble that is trans-
ported from the peaks to the valleys by rock falls and
snow avalanches. Internal perennial ice in the inter-
stices between clasts is characteristic and is related to
numerous springs associated with the features. The
ice presumably is formed by cold air drainage
through the rubble, as well as by snow-avalanche
deposition. In places where avalanche snow and rock
rubble have accumulated extensively on Mancos
Shale and Morrison Formation, massive slump-block
failures have resulted. Downslope are large flow
features, some with partially overlying thick, igneous-
rock rubble as the main Dark Canyon landslip.

This Dark Canyon landslip originates on the south-
east slopes of Mt. Mellenthin directly at the contact
between the laccolith and the Mancos Shale. Down-
slope the Brushy Basin Member of the Morrison For-
mation is involved and variable dips are common.
The top of the failure is characterized by a series of
talus cones. Four major ones average 100 meters in
length with 35° slopes characteristic. Water at 5° C in
midsummer enters the very top of the slope at the
bedrock contact and flows beneath the rock fragments
deep into the talus. The igneous bedrock contact
beneath the talus slopes 70-80°. The talus cones rest
on one large and several smaller slump blocks of
Mancos Shale (fig. 13). Some of the rock rubble
spills over the crest of the slump block and passes
210 m down to the lowest major slump block. This
block, also of Mancos Shale, has a small pond on the
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The upper active lobe is about 500 m wide, has
several subsidiary steep slopes at the angle of repose
(32-38°) that are up the lower inactive lobe. Between
the two occurs a narrow 6-m-deep furrow with a 32°
slope on the downhill-facing upper active lobe and a
40° uphill-facing scarp on the lower part. This basal
push lobe is about 20 m wide across its top, about 100
m long, 4-7 m high and has shale fragments bulging
out from inside in a few places. Nearby, on the right
flank, occurs an ephemeral water body that seems to
connect with a landslip-block crack developed in the
Morrison Formation bedrock of the adjoining ridge.
The crack produces a narrow valley much like those
developed in the High Plateaus due to unstable subs-
trate (Shroder, 1978).

The lower inactive lobe of this feature measures
about 1 km long and about 150 m wide midway
down. The front has a sharp angle between the top
and frontal slope at the angle of repose and is over 35
m thick. As is also typical of rock glaciers, the upper
surface at the front consists of open-matrix boulders,
but a few meters below the surface, and exposed in
the new road cut directly across the frontal slope, of
unsorted coarse and fine clastics.

Below the rock-glacier-like front of the main
rubble mass occurs about 1.5 km of hummocky and
linear-flow topography in which Blue Lake and sever-
al other small ponds occur (fig. 15). Close inspection
reveals this mass to be of landslip origin in the exten-
sive Brushy Basin Member of the Morrison
Formation. The extreme lower toe of this unit has
scattered zones of unvegetated rock fragments that
probably represent the original talus accumulations
near Mt. Mellenthin that were carried several kilome-
ters downslope by the failure.

Horse Creek-Geyser Pass landslips (12): This fail-
ure originated in the Brushy Basin Member of the
Morrison and carried with it considerable quantities
of overlying Burro Canyon Formation and Dakota
Sandstone. Rock of these units dips 15°N in the main
scarp, and the landslip moved generally northwest
down a component of the dipslope into Lake Oowah
Creek valley (fig. 6). A pronounced landslip-block
crack or small tension valley opened at the extreme
head of the landslip and breaks Horse Creek Ridge
from Mt. Mellenthin. Sedimentary rock of the main
scarp is only a few hundred meters from the Mt. Mel-
lenthin intrusion, and plentiful igneous rubble from
the pluton occurs above the head and both flanks
where it was mapped as rock glaciers by Carter and
Gualtieri (1958). In fact, these isolated rubble depos-
its were emplaced in the linear-shear zones oriented
along both flanks of the landslip where disruption of

Utah Geological and Mineral Survey Special Studies 64, 1985

the main failure was not as great as in the center be-
tween the two deposits. In the central zone occurs a
chaotic rock-block-slide terrain of igneous rubble and
more than ten large (300-m-long) sandstone blocks
that are oriented in a series of closely spaced, near-
parallel ridges across the upper slope.

The landslip flowed northwest from the zone of
these landslip blocks but, further downslope on the
left flank close to the Horse Creek terminal moraines
(fig.6), a subsidiary rupture developed that separated
Horse Creek Ridge from Boren Mesa and allowed the
failure to move directly down a 16° dip to the north.
There may have been a meltwater connection from
the glacier front into the Brushy Basin Member that
contributed to the failure. The resulting northward
movement of the mass piled up much debris in hum-
mocky topography concentrated on the lower right
flank and toe. This movement partially blocked Lake
Oowah Creek valley and produced a small lake in the
toe of the landslip (fig. 6).

SNOW AVALANCHES

Analysis of snow avalanches in the La Sal Moun-
tains provides information relevant not only to the
people involved in increasing winter usage of the
area, but also to foresters and landform specialists.
The emergence of helicopter-lift skiing there has pro-
duced a new winter revenue for the many river-
rafting companies based in Moab or nearby. Local
residents also snowmobile in the mountain basins
and, although no lives yet have been lost, some con-
cerns have been voiced towards gathering informa-
tion to avoid future snow-avalanche hazards. The
U.S. Forest Service commonly has responsibility for
this research elsewhere but has not yet undertaken
the task in the La Sals because of relatively limited
use of the mountains. Such studies are increasingly
common in the Rocky Mountains (Ives et al., 1976),
and more needs to be done in the mountains of Utah.
One example of lack of information concerns several
people who regularly use the La Sals. They wondered
about the large masses of snow on which we were
working in midsummer, They were surprised to dis-
cover that massive snow avalanches occur in an area
through which they were accustomed to snowmobile.

Schaerer (1972) noted that the main problem with
snow-avalanche-hazard research was not only to
determine magnitude and frequency of events, but
also to locate the main sites of avalanches. Fohn
(1978) showed the difficulty in estimating avalanche
frequency and attendant risk in forest sites over long
time periods. Our observations of a few large destruc-
tive avalanches in forests of the La Sal Mountains in
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verse phenomena (Bovis and Mears, 1976; Butler
1979; and many others). No simple understanding of
runout-zone length has emerged, probably because
of the large number of potential controlling
variables; the predictability of both return interval
and runout-zone length based on our limited study in
the La Sals is thus not possible.

GEOMORPHIC EFFECTS OF SNOW AVALANCHES

Erosion and deposition produced by snow ava-
lanches are generally difficult to analyze because of:
(1) the lack of quantitative information about return
intervals; (2) the problems related to accurate mea-
surement of debris transport per event; and (3) the
common variety of other processes that contribute to
the various deposits at the bottom of avalanche
tracks (Rapp, 1959; White, 1968). Peev (1966, p.
358-359) specifically recommended stratigraphic
studies, as well as short-term quantitative analyses of
seasonal movement of debris, in order to obtain a
more complete picture of snow avalanche erosion
and deposition.

Numerous excellent analyses of seasonal move-
ment have been conducted elsewhere (Potter, 1969;
Luckman, 1971; Gray, 1973; and many others), but
most techniques for measuring of short-term debris
movements were judged by us to be inappropriate be-
cause they are potentially too unrepresentative in the
context of probable long return intervals of ava-
lanches in the La Sals. Nevertheless, a few observa-
tions of such phenomena, as well as of long-term
deposition and some landforms, are warranted be-
cause several appear unusual. These features are: (1)
smooth hyperbolic- or “U”-shaped bedrock chutes;
(2) plentiful debris erosion and transport in roots of
uprooted trees; and (3) the effects of snow load and
associated meltwater on rock-glacier movement.
Bedrock chutes: Furrows, gullies, or chutes eroded
into slopes by snow avalanches are ubiquitous in
alpine areas and have been described by a variety of
workers (Matthes, 1938; Davis, 1962; Peev, 1966).
In most cases, however, it has not proved possible to
differentiate adequately between the effects of snow
avalanches, static nivation, stream flow, or various
other types of mass movement such as rock fall,
torrential-rain-induced debris avalanches, or the like.
In general such discrimination in the La Sal Moun-
tains is not possible either, except in a few locales
high on peaks where an unusual configuration of
chutes shows their erosive control by joints,
freeze/thaw, and snow avalanches only.

These chutes seem to develop best on the upper
parts of strongly jointed, homogeneous diorite intru-
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sives of the Middle Mountain Group. Several well-
developed sets occur on the north peak in the Mt.
Tukuhnikivatz complex (fig. 1). Active freeze/thaw
in the strongly jointed intrusive produces blocks
generally about 25-50 cm in diameter and presumably
provides plentiful rubble for removal by snow
avalanches.

Mt. Peale has four large chutes and several smaller
ones that pass snow avalanches and rock fragments
out over a 200-m-high cliff and down onto the largest
of the Dark Canyon rock glaciers (fig. 5). These
chutes tend to have smooth straight floors, a wide
hyperbolic- or “U”-shaped cross section, and are
separated by narrow knife-edged ridges 1-10 m high.
Four chutes measured have rectilinear slopes of 35°,
37°, 37°, and 38°.These are almost exactly like those
described in the Sierra Nevada (Matthes, 1938;
Davis, 1962), but missing from so many other areas.
In the La Sal examples the broad hyperbolic shape is
less pronounced or missing in heterogeneous rocks
or in chutes where snow exists throughout summer;
variations in lithology and structure, along with nival
and fluvial processes, possibly reduce smoothness.

Another set of such chutes on the igneous rocks of
a peak adjoining Mt. Tukuhnikivatz conduct snow
avalanches down into a narrow “V”-shaped ravine
onto non-igneous rocks in Gold Basin (fig. 1). The ir-
regular shape of this ravine, in contrast to the ava-
lanche chutes above, suggests the influence of varia-
ble lithology and structure, together with erosion by
running water rather than that of the more uniform
and spreading flow of snow avalanches.

Although an oversimplification of rheology, some
snow avalanches in the La Sals may act as pure Bing-
ham substances in which the snow has some initial
strength until shear stress is sufficient to cause
failure. After that the material will flow viscously as
long as the initial shear strength is exceeded. Johnson
(1970, p. 537-571) has shown how the flow of a Bing-
ham substance will convert a channel of “V”-shape
or triangular cross section into one with a “U”-shape
because low shear stress and lower flow velocities
occur at the apex of the “V”. Velocity, and thus also
erosion, are greatest midway up the sides of the
channel, and a “U"-shape will therefore be produced
in a channel medium that is homogeneous or uni-
formly heterogeneous. M. Bovis (written commun.,
1981) has stated that midwinter avalanches are fully
turbulent and that viscous effects would therefore be
negligible at that time of year, but this is probably not
relevant because we suspect greater erosion of ex-
posed bedrock by heavy damp-snow avalanches in
spring. Also snow avalanches tend to override old
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clastics. A rotten log, overridden for about 25 ¢cm by
a basal push lobe (fig. 20), was dated at 690 + 80 C'¢
B.P., and indicates that advance in the last few centu-
ries has been rather slow.

In 1979 we noted that the front of the rock glacier
was at the angle of repose and somewhat unstable but
could be climbed in several places without hazard. In
1980, after the extreme snow-avalanche activity of
the previous winter, almost all of the front of the
rock glacier became re-activated. Large quantities of
newly broken and overturned rock fragments oc-
curred all along the front except in the notch between
the westernmost lobe and the other two. Some of
these rock fragments may have been eroded from the
upper cliffs or rock-glacier top by avalanches that
passed to the front, but the newly oversteepened
front, which had fallen in several places, and freshly
overturned earth at the base also indicated renewed
movement. Inasmuch as the 1980 snow persisted
into the fall, we speculate that avalanche meltwater
contributed to the renewed movement of the rock
glacier through the summer. Advance at the base
could not be accurately measured, but probably was
less than a few centimeters in aggregate. Forward
movement seemed to occur in an irregular fashion
across the front, both by collapse of the oversteep-
ened top and by basal slip.

CONCLUSION

Analysis of mass movement in the La Sal Moun-
tains requires differentiation of diamictons produced
by glaciation or other processes. Unsorted,
unstratified, coarse-clastic deposits are best assigned
genetic attributes best only where substantiating data
are available. Sedimentologic data alone have been
shown by others to be equivocal with the result that
we rely primarily on geomorphology for diff-
erentiation. In some cases the landforms are so
similar that such discrimination is not possible. In
this first detailed mapping of landslips in the La Sal
Mountains, glacial deposits have been excluded from
the central analysis because other comprehensive
studies with accepted new methods must be per-
formed on them in the future. Nevertheless, our
reconnaissance suggests only a Bull Lake - Pinedale
sequence with no unequivocal evidence for pre-Bull
Lake glaciation and only minor post-Pinedale glacial
activity.

On the other hand, development of rock glaciers in
post-Pinedale time has been active, although the
usual ideas of rock-glacier activity resulting from
action solely of internal ice apply only in a few cases.
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Instead, many of the features result from accumula-
tion of plentiful igneous-rock rubble on unstable
Morrison Formation or Mancos Shale that results in
variable landslip activity. Interstitial ice in the rubble
interstices probably provides an impermeable barrier
to upward movement of groundwater, which further
aids in the movement of these rock glacier/landslips.

We identified 20 major areas of landslips, all of
which involve the Brushy Basin Member of the Mor-
rison Formation, or the Mancos Shale, and most of
which were mapped previously as glacial moraine.
Other large slope failures occur in the area, but an ex-
haustive study would be impractical at present. Land-
slips appear to be of all ages in late Pleistocene and
Holocene, with retrogressive main scarps and reacti-
vation in old failure zones being common. Many
major movements are likely to have begun as perma-
frost was increasing or decreasing in conjunction with
prior glaciations, because of the attendant ground-
water fluctuations. The influence of water on mass
movement is well known and precipitation changes
coupled with long-term temperature fluctuations are
likely to have had considerable effect on large slope
failures. At the present time, most large landslips are
inactive and no major activity is probable in the im-
mediate future. Nevertheless, widespread forest
clear cutting or mining, major road building, or in-
creased water-diversion projects could have some
effect in specific places where unstable bedrock and
steep slope coincide.

Snow-avalanche activity in the La Sal Mountains is
relatively unstudied, but our reconnaissance shows
need for additional information relative to increased
wintertime land use of the area. Snow avalanches are
also significant geomorphic agents in the area because
they produce considerable erosion and deposition of
debris, much of which later becomes involved in
landslip or rock-glacier activity. Perhaps most
significantly, the deposition of snow by avalanching
on certain slopes produces a local, but major increase
in slope water and consequent renewed movement of
rock glaciers or landslips.

Much work remains to be done on surficial deposits
in the La Sal Mountains. The establishment of a new,
detailed chronology awaits refinement of the glacial
sequence and integration of that with the mass-
movement events. The whole spectrum of new
relative-age-dating techniques (Burke and Birkeland,
1979; Miller, 1979) coupled with ample radiocarbon
dating and dendrochronology will be necessary to
provide temporal control. Such work will add consid-
erably to our understanding of geologically recent
changes in eastern Utah, and will thus better enable
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prediction of effects of either future climate shifts or
changing human land use in the La Sal Mountains.
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