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Abstract

A diverse assemblage of surficial geologic deposits
is present in the Colorado River valley near Rifle on
the northern flanks of Battlement Mesa. These in-
clude alluvium, colluvium, landslide deposits, de-
bris-flow deposits, and eolian deposits ranging in
age from Late Pliocene to Holocene. The most sig-
nificant discovery is the recognition that extensive
high-level sloping surfaces, originally mapped and
described as gravel-veneered pediments flanking
Battlement Mesa, are instead the remnants of huge,
ancient debris-flow fans. These debris flows buried
bedrock surfaces and Colorado River deposits be-
neath 35 to 70 m of clayey, matrix-supported, boul-
dery material. Large masses of colluvium and land-
slide debris which mantled the upper slopes of
Battlement Mesa periodically formed these massive
debris flows which traveled up to 12 km downslope
before coming to rest in the valley. The largest indi-
vidual debris-flow fan investigated in this study is
estimated to have contained at least 850 million
cubic meters of debris, which covered an area of
about 17 sq km to an average depth of 50 m.

Field studies and stereoscopic-photogeologic
interpretation were used to map the surficial geol-
ogy of part of the northern slope of the mesa and
adjacent river valley in order to develop a strati-
graphic framework for interpretation of the debris-
flow stratigraphic framework for interpretation of
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the debris-flow deposits, and the geologic and geo-
morphic processes which formed them. Four differ-
ent levels of Colorado River terrace gravel are used
to subdivide the debris-flow deposits into five units
ranging in age from Late Pliocene to Holocene. In-
terpretations of debris-flow stratigraphy in the pre-
sent valley axis suggest that ancient debris flows
often entered and sometimes crossed the Colorado
River.

" The constructional nature of the surfaces of de-
bris-fan remnants perched high on the valley slopes
above the river requires revision of previous studies
which attempted to use these surfaces to project for-
mer Colorado River levels, or interpret rates of
downcutting. This work suggests that a more accu-
rate estimate of the former river position associated
with an individual debris-fan surface would closely
approximate the present position that debris-fan
remnant occupies on the valley slope. The heights
of buried main-stream terrace gravels above the
Colorado River should be used to more accurately
calculate rates of downcutting through Quaternary
time. _

Finally, existing geologic maps should be re-
vised to depict these high surfaces as colluvial de-
bris-fans, rather than pediments mantled with allu-
vial outwash gravels.

Colorado Geological Survey vii
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Chapter 1

INntroduction

Aerial-photographic interpretation and field studies
have revealed that deposits on high-level, gently
sloping surfaces south of the Colorado River be-
tween Rifle and Parachute are not pediment grav-
els, as previous work has stated; rather, internal
characteristics of the deposits and morphology of
the surfaces suggest they are remnants of large-
scale debris flows which flowed down the northern
slopes of Battlement Mesa. The existence of several
levels of debris-flow remnants associated with
main- stream terrace-gravel deposits implies that
this happened more than once, and suggests that
there may have been a cyclicity to these events. This
study was developed to investigate these deposits
in more detail, and determine their role in the geo-
morphic development of the area.

Geographical Setting
The study area is located in west-central Colorado
in Garfield County, along the northern slopes of
Battlement Mesa, near Rifle. The study area includes
parts of the North Mamm Peak, Rifle, and Rulison
U.S.G.S 7.5-minute quadrangles (Figure 1). Battle-
ment Mesa is a prominent highland reaching an al-
titude of 3,048 m that borders the study area on the
south. The towering Roan Cliffs (3000-m altitude)
border the area on the north, soaring to heights al-
most 1,220 m above the river valley within a dis-
tance of 6.5 km (Figure 2). In contrast, the flanks of
Battlement Mesa are much smoother and more gen-
tly sloping, and are nearly devoid of precipitous
cliffs.

Access to the area is provided mainly by dirt
roads which wind upward from Interstate 70 and
other principal paved roads along the valley bot-
tom. Much of the higher ground is public land that

includes White River National Forest, Naval Oil
Shale Reserve No. 5, and U. S. Bureau of Land Man-
agement lands. Private agricultural property makes
up the majority of the lower slopes and valley bot-
tom.

The climate in the area is arid to semi-arid.
Mean annual precipitation is 25 to 30 cm per year at
Rifle, but the top and upper slopes of Battlement
Mesa receive up to 50 cm of precipitation per year

" (U.S. Weather Bureau). These slopes support heavy

stands of aspen and pine. Snowmelt is intense in
spring, and thunderstorms are frequent during the
summer months.

Geologic Setting
Bedrock units in the area consist of the Wasatch,
Green River, and Uinta Formations, all of Tertiary
age. The Wasatch Formation consists of up to 1,768
m of claystone and siltstone, with thin interbedded
lenses of channel sandstone and conglomerate
(Donnell, 1961, 1969). This formation was deposited
during the Paleocene and early Eocene by major
rivers during subsidence of the Piceance Basin. Out-
crops occur throughout the lower slopes and valley
bottom, the most spectacular being those of the
Roan Cliffs. Composed dominantly of incompetent,
poorly indurated rocks, the Wasatch Formation is
notoriously unstable in steep to moderate slopes
undercut by streams, or where saturated by
perched ground water or runoff.

The Green River Formation was deposited in a
vast lake which occupied a closed depression in a
structural basin the Eocene (W. H. Bradley, 1925). It
intertongues with the upper part of, and con-
formably overlies the Wasatch Formation, and is di-
vided into two main parts. The lower part consists

Colorado Geological Survey 1
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of over 610 m of lacustrine shale, sandstone, and
marlstone that make up the Anvil Points, Garden
Gulch, and Douglas Creek Members respectively
(Donnell, 1961, 1969). The upper part is made up of
the Parachute Creek Member which consists of 370
m of oil shale and marlstone deposited under
anoxic conditions at the bottom of the lake. The
richest oil shale zone is the “Mahogany Ledge,” a
laterally persistent and easily identifiable unit that
makes up part of the Roan Cliffs, and occurs in scat-
tered outcrops on the sides of Battlement Mesa.

Above the Green River Formation is a 300-m-
thick sequence of fluvial arkosic sandstones, silt-
stones, and subordinate marlstones known as the
Uinta Formation. These rocks were previously des-
ignated the Evacuation Creek Member of the Green
River Formation. They conformably overlie the oil
shale and were deposited by westward flowing
streams in Eocene time after the lake dried up.

Unconformably overlying the Uinta Formation
on Battlement Mesa is an unnamed unit of soft,
white, variegated claystone, 15 to 150-m thick. This
claystone is overlain by basalt flows that were
erupted from fissures. The basalts have been K-Ar
dated at between 7.5 and 8.5 m.y., and are associ-
ated with the regional basic volcanism in north-
western Colorado which occurred between 7 and
24 m.y. (Larson et al., 1975; E. E. Larson, 1983,
written comm.).

The basalt flows in the study areas once created
an extensive plateau to the south and east, but do
not appear to have extended farther north than 8 or
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Figure. 2. View of
Colorado River Val-
ley in study area,
looking northwest.
Roan Cliffs are in
the distance, and
the gentle slopes in
the foreground and
at left are the foot-
slopes of Battle-
ment Mesa.

10 km from the present position of the summit of
Battlement Mesa. Most of this basalt plateau has
been eroded away.

Structurally, the study area lies on the southern
edge of the Piceance Basin of northwestern Col-
orado. Regional bedrock dips are gentle to the
north-northwest towards the center of the sedimen-
tary basin, with no faults or major folds known in
the study area.

Previous Surficial-
Geological Studies

A large part of the study area was studies and
mapped by Yeend (1969), who concentrated mainly
on the glacial geology of Grand Mesa and the mass-
wasting processes that destroyed much of the
basalt-capped plateaus of Grand and Battlement
Mesas. He also discussed briefly the extensive slop-
ing surfaces on the north side of Battlement Mesa,
and interpreted them as remnants of large pedi-
ments. His map is at a scale of 1:96,000, and neces-
sarily generalizes the surficial geology of the study
area. Donnell and Yeend (1968) had previously pub-
lished open-file geologic maps of the North Mamm
Peak and Rulison 7.5-minute quadrangles. These
maps do not show any more detail than the map
published by Yeend (1969): . .

With the exception of Yeend (1969), the only
other work on surficial geology has been in the
form of unpublished preliminary engineering-
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geologic reports conducted for a proposed ski area
near Doghead Mountain and Holms Mesa, Rulison
quadrangle. In 1974 the consulting firm of Amuedo
and Ivey, Denver, mapped the area in order to de-
termine geologic hazards and constraints to ski-area
development. Their mapping was taken primarily
from the previous work of Yeend and Donnell, with
some new interpretations of the sequences of debris
flows and mudflows.

R. M. Kirkham, consulting geologist, also
mapped parts of the study area near Doghead
Mountain in 1980 for a proposed ski-area develop-
ment. The unpublished report included a small
scale geologic map and detailed descriptions of the
debris-flow and colluvial deposits in the area. His
work departed somewhat from that of Yeend (1969),
and describes in detail the debris-flow mechanisms
operating in the existing drainages.

The present study area is only part of a regional
engineering surficial-geologic-mapping project I
conducted for the Colorado Geological Survey
under a grant from the U.S. Geological Survey En-
ergy Lands Program (Project No. 1-9500-01301).
This particular area was chosen for thesis study be-
cause of an interesting new interpretation of some
of the landforms, deposits, and processes which I
developed during work on the regional project.

Methods and Scope of Study

This study is mainly a field mapping project to de-
lineate deposits and interpret the geologic history of
arelatively large area. Detailed study of high-qual-
ity natural-color 1:24,000 stereoscopic aerial pho-
tographs was the major technique used to map the
surficial deposits. The photographs, flown in the
fall of 1978, were obtained from the U.S. Bureau of
Land Management. Landforms were mapped on
the photographs and then transferred to U.S.G.S.
1:24,000 topographic base maps. Mapping units
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were tentatively designated. Details visible on the
photographs facilitated rather precise differentia-
tion of similar types of deposits on the basis of

topographic position and/or surface morphology.

Upon completion of a preliminary reconnais-
sance map, the area was field checked during the
summer and fall of 1982 to determine contact loca-
tions, and sedimentologic character of the deposits.
This resulted in a greater subdivision of mapping
units, and the delineation of units that could not be
recognized solely from photographic interpretation.
In particular, alluvial-bedrock contacts were traced
out, and the provenance and nature of alluvial units
were studied. Tracing float of non-locally-derived
gravel of the Colorado River resulted in the discov-
ery of buried terrace gravels beneath debris-flow
deposits. These terrace deposits are often traceable
on aerial photographs by a vegetation anomaly
which occurs along their basal contact, due to
groundwater issuing from the gravels. The result-
ing lush deciduous vegetation contrasts starkly
with the native arid-land grasses, sagebrush, and
sparse pinion and juniper. Debris flows were exam-
ined in detail at key exposures where crosscutting
relationships with underlying main-stream terrace
deposits could be studied. Most contacts were lo-
cated from field investigation, and only in a few
remote areas not actually traversed were surficial
deposits mapped directly from the aerial photo-
graphs.

This study does not include detailed laboratory
analyses of sediments or semi-quantitative relative-
dating studies. Qualitative properties relating to the
relative ages of deposits are noted where they were
observed in the field or on aerial photographs. Be-
cause the study attempts to cover a sufficiently
large area to effectively depict the relationships be-
tween processes and deposits, lab work, detailed
soil descriptions and relative weathering studies
were beyond the scope of this work.
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Chapter 2

Descriptions of Surficial

Mapping Units

Introduction

Surficial-geologic deposits have been subdivided
into mappable units defined either by sedimento-
logic character, landform morphology, or elevation
above the local datum (Colorado River); in most
cases, all three criteria were used. Where relative
ages could be determined by field relations, further
subdivision of deposits of similar type or origin was
possible.

Sedimentary criteria include clast provenance
(main stream versus side stream deposits), matrix-
versus clast-supported deposits, sorting, degree of
clast roundness, and the qualitative degree of
weathering or soil development on a deposit. Dis-
tinctive morphologies of debris-flow levees, land-
slides, alluvial fans, and river terraces were used to
map the extent of these deposits. The relative degree
of muting of originally rough debris fans through
surface weathering and loess accumulation appears
to increase with age, and aided in distinguishing
various ages of these deposits.

Elevations of main-stream terrace deposits
buried beneath debris fans are important markers,
and were used to subdivide debris-flow mapping
units. Several distinct terrace levels occur through-
out the area.

This section describes the various surficial map-
ping units, and the processes that formed the de-
posits. Important relationships between certain ages
and types of deposits are also discussed. Examples
of relative dating localities are listed in Table 1. De-
posits of similar origin are grouped together, and units
of successive chronologic age are described from
youngest to oldest so that inferences on the origins
of older deposits can be made. Symbols for each
unit are also given in parentheses for reference to

the map. All of the deposits in this study are of Qua-
ternary age unless otherwise specified as Neogene.

Table 1. Locations of stratigraphic exposures, soils,
and relative weathering localities for further relative
dating studies

Map
No. Description

Soil or Relative Weathering Study Localities

1 Weathered terrace gravel exposure in mtg

2 Basalt boulders on surface of Grass Mesa

3 Soil developed on colluvium on slope of Grass
Mesa possessing a stage IV carbonate horizon

4 Poorly exposed soil along road cutin

Taughen-baugh Mesa (mdf) possibly contain-
ing well developed carbonate horizon

5 Basalt boulders on surface of lower, younger
debris flows

6 Basalt boulders on surface of Flatiron Mesa, a
Neogene aged surface

7 Buried soil sequence in gravel pit and

prospect trench showing stratigraphy which
suggests a debris flow crossed the Colorado
River

8 Soil developed in debris-flow levee which
overrides part of Morrisania Mesa

9 Basalt boulder weathering locality, lower
debris-flow unit
10 Basalt boulder weathering locality, middle

debris-flow unit

Stratigraphic Exposure Localities

1 Upper debris-flow unit resting on upper
Colorado River terrace gravel deposit

2 Lower debris-flow unit resting on lower
terrace gravel deposit of Colorado River

3 Lower debris-flow unit resting on lower

terrace gravel unit north of the Colorado River
exposed in gravel pit

Colorado Geological Survey 5
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Table 1. Continued.

Map
No. Description
4 Neogene debris flow or colluvium resting on
Tertiary rocks exposed at top of cliffs at head
of Porcupine Creek
5 Neogene debris flow or colluvium resting on
high, narrow drainage divide.
6 Neogene debris flow resting on Neogene Col

orado River terrace gravel

7 Middle debris-flow unit resting on middle
terrace gravel deposits

8 Upper debris-flow unit resting on upper
terrace gravel deposit

9 Upper debris-flow resting on Wasatch
bedrock

10 Claystone exposed beneath Tertiary basalt
lava flows on Battlement Mesa

River and Stream Alluvium

General Description of Deposits

Alluvial deposits of gravel, sand, silt, and clay
occur in floodplain and terrace deposits throughout
the area. The deposits were transported by running
water and are generally well sorted, stratified, and
clast-supported. They vary in thickness from 0.2 m
to over 15 m. Two facies are recognized: deposits of
the Colorado River, and those of tributary side
streams.

Colorado River alluvium contains greater than
75 percent clasts that have been transported into the
area from sources far to the east. Common litholo-
gies include granite, gneiss, porphyritic andesites
and rhyolites, red sandstones and siltstones,
quartzite, and limestone. The majority of gravel
clasts are well rounded, smooth, and relatively
competent. Fresh main-stream alluvium appears
dominantly gray in color, and the color of clasts
varies with lithology. Clast provenance is the key to
identifying old main-stream terrace deposits.

In contrast, side-stream deposits contain less
than five percent non-locally-derived clast litholo-
gies, and consist almost entirely of gravels derived
from Tertiary rocks which are widely exposed in the
area. Clasts are less rounded and composed of rela-
tively incompetent shaley tan to brown sandstone,
siltstone, and marlstorie. Tributary streams draining
Battlement Mesa are the exception; they contain as
much as 85 percent locally derived, sub-rounded to
rounded gray, black and red basalt clasts. Gravelly
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side-stream units contain a much higher percentage
of silt and clay than main-stream gravels, and are of
a uniform brown, tan, or black color in outcrop.

No dating control on the deposits is available
within the study area. The nearest tentatively corre-
lated chronosequence of main-stream terraces is at
Carbondale, 70 km upstream (Piety, 1983). There,
outwash terraces from 15-40 m above the Roaring
Fork River are thought to be of Pinedale age, and
terraces 60-80 m above the river are believed to be
of Bull Lake age (Piety, 1983). Age estimates are
greater than 20,000 years for Pinedale deposits, and
140,000 to 150,000 years for Bull Lake deposits
(Porter et al., 1983). The Pearlette type-0 ash, dated
elsewhere at 600,000 year B.P. (Izett et al., 1982), oc-
curs in a gravel terrace 90-100 m above the river at
Carbondale. Tectonic complications in the Carbon-
dale area make correlations even short distances up
or downstream tentative at best, and lack of work
between Carbondale and Rifle further complicates
any attempt at correlating terrace deposits 7 km away.

Yeend (1969) reported a carbon-14 date of
19,730 plus or minus 500 years B.P. on organic mate-
rial within an alluvial fan deposit at the mouth of
Wallace Creek, 15 km downstream of the study
area. It is not known how the fan deposit relates to
main-stream terraces near Rifle, but it appears from
field relations at the locality that the fan postdates a
main-stream terrace deposit which is 53 m above
the Colorado River.

Main-stream alluvial deposits in this study are
subdivided into gross chronologic units based on
their elevation above local base level, degree of
weathering, and field relations with other deposits.
No attempts are made to relate any of these units to
terraces or absolute dates up or downstream. Tenta-
tive regional correlations must await more detailed
soils and relative weathering studies of the terrace
and debris-flow deposits.

Flood Plain Alluvium

(fpa) Alluvial deposits of this unit are mapped
solely on the basis of their positions in the flood
plain of the Colorado River and its major tributary
streams. The first prominent terrace scarp, about 5 m
high, defines the edge of the flood plain. The de-
posits in the Colorado River flood plain are un-
weathered, range in size from cobbles to clay, have
well-rounded clasts, and range from 2-15 m in
thickness.



Youngest Terrace Deposits

(ytg, yta) Deposits that constitute the first promi-
nent terrace above the flood plain are mapped as
young terrace gravels and alluvium. The deposits
range in size from cobbles to clay, and underlie low
terraces 2-6 m above the flood plain. They gener-
ally range from 3 to 6 m in thickness. Up to 3 m of
pebbly sand, silt, and clay often overlie well-sorted
sandy gravel along the Colorado River; they are
considered to be overbank deposits.

Two facies are recognized. The symbol ytg is
used for deposits of 75 percent or greater gravel,
and yta for deposits dominated by fine sand or silty
alluvium. The latter are most common along local
tributary streams. Multiple arroyo-fill deposits com-
mon in many smaller tributaries are also included
in the yta unit.

Lower Terrace Gravel of the Colorado

River
(Itg, tgb) Terraces 40 to 53 m above the flood plain
that contain abundant igneous and metamorphic
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clasts of pebble to cobble size characterize the lower
terrace gravel of the Colorado River (Itg). The grav-
els are generally well sorted, unweathered, and
constitute an important aggregate resource in the
area; in places they are overlain by as much as 10 m
of alluvial silt and sand, and loess (Figure 3). Subor-
dinate well-sorted sand lenses commonly occur
within the gravels. The gravel varies from 1 to more
than 8-m thick, and rests on bedrock of the Wasatch
Formation. The extent of the gravel towards the val-
ley margins is difficult to map accurately because of
the overlying silt and loess deposits. This terrace
gravel can be traced along the river valley through-
out the mapped area and serves as an important
stratigraphic marker for interpretation of debris-
flow sequences, several of which have overridden
and buried parts of the terrace.

Springs flow all along the contact of the gravel
with the underlying relatively impermeable Wasatch
Formation along the western side of Taughenbaugh
Mesa. The groundwater contributes to landsliding
and other slope failures by saturating sloughed col-
luvial deposits along the steep slopes that border

thure 3. Lower terrace gravel of the Colorado River exposed in a gravel ptt near R!ﬂe Note thick sxlt
and loess deposits which overlie the gravel at this locality.

Colorado Geological Survey 7



Chapter 2 Descriptions of Surficial Mapping Units

the mesa-top. Along the northern margins of this
mesa, groundwaters saturated with CaCO; have lo-
cally cemented the gravels into resistant ledges.

In places the gravel contains large polished and
smoothly sculpted basalt boulders 2 and 3 m in di-
ameter, and is mapped as tgb (Figure 4). These
boulders are derived from debris flows which en-
tered the valley axis, and because of their size, have
probably not moved far from their original deposi-
tional position in the river valley. The boulders
were likely angular to sub-angular when deposited,
and have since been rounded in the river.

Fine-Grained Terrace Alluvium

(ta) Deposits of gray-to-tan alluvial sand, silt, and
clay, from 5-to 10-m thick, overlie the lower terrace
gravels along the Colorado River in the northern
part of the map area near Rifle. These are probably
overbank deposits. Occasional thin, well-sorted,
pebble and sand lenses are characteristic of these
fine-grained alluvial units.

Reddish-brown loess 1-to-2 m-thick mantles the
alluvium and is included in the unit, since more
detailed field work would be necessary to distin-
guish the two. Although the silt and loess stand in
vertical banks along terrace margins and drainages,
they are extremely susceptible to erosion, hydro-
compaction, piping, and bank-caving. This deposit
forms the smooth surfaces of Prefontaine and Gra-
ham Mesas near Rifle.
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Middle Terrace Gravel of the Colorado
River

(mtg) A third terrace gravel deposited by the Col-
orado River is present along the valley about 120 m
above the present river channel. The gravel occurs
on high benches and caps the upper parts of Gra-
ham Mesa (Figure 5). This terrace deposit is much
less extensive than the younger gravel described
above. The gravel ranges in thickness from 5 to 9 m
and rests on the Wasatch Formation. Compared to
the younger gravels, it is more weathered, with 20
to 30 percent rotted or unsound granitic clasts, and
has a visibly greater accumulation of calcium car-
bonate in the sandy matrix and on clast bottoms,
approximating stage IIl morphology (Gile et al.,
1966). The matrix has oxidized, creating a brown-
ish-yellow stain on the majority of clasts in outcrop.

Upper Terrace Gravel of the Colorado

River

(utg) The oldest Quaternary terrace gravel of the
Colorado River is approximately 200 m above the
valley and crops out on the edges Grass and Holms
Mesa. The gravels are preserved only where buried
by debris-flow deposits. The clasts are well-
rounded igneous and metamorphic lithologies;
more resistant finer-grained lithologies such as
metaquartzites and amphibolite-gneisses are quali-
tatively more abundant than they are in younger

Figure 4. Large
basalt boulders of
unit tgb, polished
and smoothed by
the Colorado
River. Boulders are
approximately

2.5 m in length;
hammer handle is
30 cm.
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Figure 5. Terrace
gravel of unit mtg
in an excavation
on Graham Mesa,
near Rifle. Gravel
is slightly ce-
mented with pedo-
genic CaCOj3 and
contains 20 to 30
percent grusified
granitic clasts.

gravels. At a locality 10 km east of the area the
gravel is at the surface and is extremely weathered,
with 40 to 45 percent rotted or unsound granitic
clasts, and accumulations of calcium carbonate on
clast bottoms visibly thicker than those in lower ter-
race deposits (Figure 6).

Groundwater flows associated with permeable
buried terrace deposits suggest that this gravel unit,
although buried beneath debris flows, is quite ex-
tensive. Landslides and mass wasting along the
margins of the mesas are the result of the saturation
of colluvium and other slope deposits by ground
water. Wherever landslides occur around the mar-
gins of a mesa, a buried main stream or fan gravel,
acting as a local aquifer, can often be found.

Neogene Terrace Gravel of the Colorado

River

(Ntg) A 5-to 8-m-thick terrace deposit of well-
rounded gravel with non-locally-derived metamor-
phic and intrusive-porphyry clasts is present on the
slopes of Flatiron Mesa 610 m above stream level. It River exposed east of study area insec.23,T.6 S,
is overlain by a 60-m-thick debris-flow deposit that R. 92 W. Gravel is extremeiy weathered and con-

forms Flatiron Mesa. This deposit is probably late tains 40 to 45 percent grusified granitic clasts. Note
Pliocene in age, as suggested by the 600 m of down-  thick pedogenic CaCO; codts on the bottoms of
cutting that has occurred since the terrace deposit sound clasts.

Colorado Geological Survey 9
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was buried by the debris flow. Larson (1975) dated
a basalt flow 46 km east of the area near Glenwood
Springs which rests on a main-stream terrace de-
posit. The basalt, K-Ar dated at 8 m.y. B.P, appar-
ently flowed into a former valley, which is now
some 300 m above the local base level.

The gravel is poorly exposed and its thickness
difficult to estimate, but it can be traced in the float
around the northern perimeter of the mesa at the
pronounced break in slope where landslide deposits
flank the steep mesa margin. It appears to rest on
Wasatch bedrock, and is overlain upslope by a fan
gravel, which, in turn, is overlain by a debris flow.

Groundwater flow is not associated with this
gravel as it was with the younger buried gravels.
The reason for this is that Flatiron Mesa has been
cut off and isolated above the surrounding drainage
basin; with no upland drainage basin, groundwater
flows are significantly reduced. Past groundwater
flows are suggested by the mass of inactive land-
slides around Flatiron Mesa. These may have been
active at a time in the past when Flatiron Mesa was
connected to the local drainage system of Battle-
ment Mesa.

Alluvial-Fan and Pediment
Deposits

General Description of Alluvial-Fan
Deposits

Alluvial-fan deposits occur at several levels
throughout the study area. The deposits are recog-
nized by their fan-shaped topographic expression.
They consist of subangular-to-subrounded 0.5-to 1-m
boulders and slabby pieces of locally derived sand-
stone, marlstone, and basalt in a dominantly clast-
supported matrix of cobbles, gravel, sand, silt, and
clay. The deposits are usually poorly sorted, but
some show moderately well-sorted layers and
lenses of sand, pebbles, and gravels.

The sediment source area for the fans directly
influences the lithology of the deposits. Alluvial
fans from the Roan Cliffs north of the Colorado
River are devoid of basalt, whereas those emanat-
ing from drainages that head on Battlement Mesa
contain up to 85 percent basalt clasts (Figure 7).
Marlstone slabs are common in most fan deposits,
but tend to disintegraterapidly into masses of
chips. Well-rounded non-locally-derived gravel
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clasts are rare but do occur in some fan deposits.
These clasts may have been eroded from higher ter-
race deposits and incorporated into the fan deposits,
or they may represent interfingering of river gravels
with alluvial-fan gravels.

Most alluvial-fan deposits in the study area are
actually composites of alluvial deposition and debris-
flow deposition, with the former predominant. Ex-
amination of 3-m-deep fanhead trenches revealed
occasional debris-flows interbedded with alluvial
deposits, and several small debris flows were ob-
served on surfaces of some large fans.

The different alluvial-fan mapping units are
based on the relation of the fan to the stream that
deposited it, the degree of dissection, relationship
to terrace gravel, and height above streams (Figure 8).
Relative age as well as the relative hazard associate
with the fan surface are implicit in this scheme,
which is interpreted from aerial photographs.

Active Fan Deposits

(af) Fans which have evidence of recent deposition,
as shown by lack of established master drainages
and vegetation, are mapped as active fan deposits.
They occur at the base of steep, actively eroding
gullies and canyons, and lack a fanhead trench.
There is no permanent drainage traversing the fan,
indicating that the flows deposit sediments

)))))

Figure 7. Alluvial-fan gravel composed of basalt
from Battlement Mesa resting on Wasatch Forma-
tion bedrock.



randomly across the fan surface (Figure 8-A). Distal
margins are smooth andeven, commonly filling
over and burying depressions or gullies in the un-
derlying surface. Proximal areas are littered with
large boulders and cobbles, and often contain loose
blocky sieve deposits.

A second type of active fan deposit occurs on
more extensive fans where the bottom of the fan
head trench approaches the surface of the fan. Here,
large flows that were confined to the trench farther
upstream spread out onto the fan surface, deposit-
ing sediment of all sizes. This type of active fan de-
posit is common to the coalescing fans north of the
Colorado River along the base of the Roan Cliffs.

Young Alluvial Fan Deposits

(yaf) Fans of this next older category are large and
exhibit well-formed fanhead trenches and estab-
lished master channels (Figure 8-B). These fan sur-
faces are less hazardous because most destructive
flows are confined to the incised master drainage
and the active fans at the lower end of the trench.
The inactive part of the fan is covered with mature
vegetation and weathered surface boulders, sug-
gesting that a relatively long time has elapsed since
the last depositional event took place. The large size
of the fans is probably a function of the rapid ero-
sion of the incompetent poorly indurated sediments
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of the Wasatch and Green River Formations in the
Roan Cliffs.

Some degree of chance that a severe flash-flood
event could be diverted from the master channel
still exists on these fans. This may even occur on
upper and mid-fan areas if the channel is not
deeply entrenched, particularly if it makes a sharp
bend. A large flash-flood could obstruct the abrupt
bend with debris, overtop the channel, and con-
tinue on a new course across the surface of the fan.

Old Alluvial Fan Deposits

(ofg) OId alluvial-fan deposits have been isolated
by stream downcutting and are no longer related to
the present drainage regime. They occur in two sit-
uations. In one, the fans have been incised enough
to reveal their contacts with underlying deposits or
bedrock, and climax vegetation communities are
common (Figure 8-C). In the other, the fan gravels
crop out on valley walls and are overlain by debris
flows. These latter deposits are mapped on the basis
of their clast-supported character versus the matrix-
supported debris-flow deposits. Several of these
buried deposits seem to contain more non-local
clasts than are found in younger alluvial fan
gravels.

In places it is difficult to distinguish between
alluvial fan and pediment deposits. Fan deposits,

EXPLANATION

yaf Younger alluvial fan deposits
ofg Old alluvial fan deposits
af  Active alluvial fan deposits
Tw Wasatch Formation

Figure 8. Schematic diagram of alluvial fan mapping units discussed in text.
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however, have a larger maximum clast size, and a
significantly greater thickness.

Pediment Alluvium

(pa) Thin deposits of locally-derived poorly-sorted
gravelly alluvium that form gently sloping surfaces
are mapped as pediment alluvium. Nowhere do the
deposits attain a thickness of more than 2 to 3 m.
The deposits consist of sandstone and marlstone
lithologies that are subangular to angular, are domi-
nantly clast supported, and similar in nature to
coarse-grained alluvial-fan sediments. Pediment
deposits are commonly veneered by 0.5 to 1 m of
eolian sand and loess, which can be mapped sepa-
rately where vegetation patterns permit interpreta-
tion of contacts.

All pediment alluvium is north of the Colorado
River below the Roan Cliffs and rests on surfaces
cut on the Wasatch Formation. Pediment alluvium
was not found on any of the high surfaces border-
ing the slopes of Battlement Mesa, although Yeend
(1969) showed it to be quite extensive.

Debris-Flow Deposits

General Description and Discussion of
Deposits

Mass wasting on a truly grand scale is the dominant
geologic process responsible for creating many of
the deposits and producing most of the unusual
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geomorphic surfaces on the north side of Battle-
ment Mesa. The characteristic landforms are called
“mesas” because they are elevated, smooth, gently
sloping surfaces. In the past these landforms have
been interpreted as pediments mantled with out-
wash gravels graded to former positions of the Col
orado River (Yeend, 1969). In contrast, sedimento-
logic studies and aerial-photogeologic landform
analysis suggest that these isolated high surfaces
are the remains of large ancient debris flows that
traveled down the flanks of Battlement Mesa into
the ancestral river valley below, locally burying a
pre-existing landscape. Five ages of these deposits,
all having similar properties, have been identified
in the study area.

Debris-flow deposits are strikingly different, in
both landform morphology and sedimentary char-
acter, from the other surficial deposits in this study.
The deposits are matrix supported and lack bed-
ding, sorting, or sedimentary structures (Figure 9).
Basalt blocks ranging from 0.5 to 4 m in length
occur scattered throughout a matrix of yellowish-
white silt and clay. Boulders are angular to suban-
gular and show very little rounding or other evi-
dence of alluvial transport. The largest blocks seem
to be concentrated near the surface and along the
sides of a deposit. Large (0.5 to 1.5 m) angular slabs
of weak, fissile shale and marlstone are also pre-
sent, supported in the clayey matrix.

The sedimentologic character of these deposits,
and size and shape of bedrock blocks, some quite

Figure 9. Upper
debris-flow deposit
(udf) resting on
shale of the
Wasatch Forma-
tion (Tw) at Ram-
sey Gulch (strati-
graphic locality 9).



incompetent, are better explained by debris-flow
transport than by alluvial processes. Alluvial
processes cannot account for the absence of sorting
and bedding of these matrix-supported deposits.
High velocity alluvial flows would have flushed
away the finer-grained material, leaving a clast-sup-
ported cobble boulder deposit such as those that
make up alluvial fans or river deposits. In addition,
flows at flood stage capable of transporting such
blocks would rapidly break off corners and chunks,
producing more rounded boulders such as those
deposited by floods north of Buena Vista, Colorado
(Scott, 1975), and in mountain streams draining the
Front Range (Bradley and Mears, 1980).

The sediment characteristics described above
closely correspond to those of other debris-flow de-
posits that have been observed and studied (Sharpe
and Nobel, 1953; Bagnold, 1954; Johnson, 1970;
Fisher, 1971; Rodine and Johnson, 1976; Varnes,
1978; Costa and Jarret, 1981). Clearly, these deposits
are the results of rapid flowage of slurries of water,
mud, and rock behaving as high-density bingham
fluids (Johnson, 1970).

The morphology of debris-flow deposits is
helpful in their recognition. The flows have a char-
acteristic fan shape in plan view, often bi- or multi-
lobate. The distal margins of many debris fans have
been lost due to erosion by the Colorado River and
landsliding, creating somewhat truncated fan
shapes. Lateral levees that border the paths of indi-
vidual flows are similar to those discussed by John-
son (1970), and Costa and Jarret (1981). The magni-
tudes of some of the flows (12 sq km), have resulted
in levees up to 30 m high which resemble glacial
moraines. The levees crosscut one another and are
useful for interpreting sequences and relative ages
of debris-flow lobes.

A common feature associated with older flows
is a pile of debris that forms an elongate conical hill
at the fan apex. This feature is believed to mark the
approximate former position of the canyon mouth
from which the flow spewed. It was probably
formed during the final moments of viscous flow as
the deposit came to rest, causing the last bit of de-
bris still flowing in the constricted canyon to pile up
behind the newly formed fan. The present shape of
the hill is probably due to subsequent erosion.

Debris flows are 10-to-70-m thick and have
buried pre-existing topography (Figure 10). A drill-
hole west of the study area on Lucas Mesa pene-
trated over 70 m of debris-flow material overlying
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Wasatch bedrock (W. R. Junge, personal commun.,
1983). The thickness of the deposits can be highly
variable within short lateral distances, because of
the topography they buried. The deposits have a
smoothing effect (Johnson, 1970), and no evidence
of the nature of the underlying topography is re-
flected by the surfaces of the deposits. The great
thicknesses of these deposits clearly indicate that
they are constructional, and that the smooth-slop-
ing upper surfaces of the “mesas” have not been
formed by pedimentation processes, as was once
suggested (Yeend, 1969). Rather, the smoothness is
the result of lateral down-wasting of originally
rough furrows and ridges, and loess deposition
which has veneered the debris fan surfaces.

The immense volumes of some of these debris
flows are difficult to imagine, and much field work
was directed toward trying to determine whether
certain deposits were produced as single large
flows, or by multiple events. In most cases, the mor-
phology and stratigraphy of the fan lobes and cross-
cutting levees suggests the former. The amount of
material contained by the debris flow remnants

Figure 10. Upper terrace gravel of the Colorado
River buried 70 m beneath the surface of Grass
Mesa (Skyline). Gravel rests on the Wasatch For-
mation.
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comprising Grass Mesa alone is estimated to be at
least 850 million cubic meters. Due to erosion, it is
difficult to estimate the total area this debris fan
once occupied, but based on the remaining shape of
the deposit, it may have involved half again as
much material as is present in Grass Mesa.

Debris-flow deposits have an armoring effect
because their blocky boulder-studded surfaces are
difficult to erode (Madole, 1982). Once these de-
posits dry out and set up, they are often more resis-
tant than the underlying soft Tertiary claystones
and sandstones, and tend to protect these latter
rocks from erosion.

The surfaces of individual debris fans can be re-
lated to the elevation of the Colorado River gravels
they buried during deposition (Table 1). Projecting
gradients of preserved debris-fan surfaces down to
the present valley axis to estimate the former posi-
tion of the Colorado River, and thereby rates of down-
cutting, has little meaning. The slopes of debris-fan
surfaces often do not reflect that of the underlying
topography, and are more a function of an individ-
ual deposits consistency and flow rheology (John-
son, 1970). In most cases, the river was near or occu-
pying the elevation of the buried main-stream gravels
at the time of debris-flow deposition. If dates for the
debris fans are obtained, a more accurate estimate
of downcutting rates can be made by using the
heights of these old gravels above the river.

This model of formation explains why the sur-
faces of the mesas are not accordant through the
area. Each “mesa” represents the position of an in-
dividual debris-flow fan in time and space, and one
would not expect accordance among the surface el-
evations of such deposits. If these were pediments,
as considered by Yeend (1969), one would expect
widespread surfaces that correlated on elevation
throughout the area. In fact, Yeend (1969) puzzled

over this lack of accordance throughout the area, as
it was not predicted by his interpretation.

Although the surfaces of individual fans are not
accordant, the flows can be broadly grouped into
five age groups. The relative ages are based on the
former approximate position of the Colorado River
valley when the flows were deposited, as indicated
by the level of river gravel that they bury, by quali-
tative ranking of the degree of surface smoothness,
and stratigraphic relationships with younger debris
flows. The debris flow units are similar to each
other sedimentologically, and would be difficult to
distinguish on age if it were not for the different
levels of terrace gravels that they overlie.

Young Debris Flows

(ydf) The youngest debris flows occur on the flood
plain of the Colorado River. Similar debris flow de-
posits also occur on the upper reaches of the Porcu-
pine Creek fan, where the creek emerges from the
steep confining canyon walls (Figure 11). The flows
are relatively small, a few hectares in size, and do
not exhibit well-formed lateral levees. Their sur-
faces are rough and hummocky. Chiefly, they are
the products of flash floods and, perhaps, rapid
snowmelt, where large quantities of water are avail-
able to saturate debris that collects along sideslopes
and the normally sluggish creek bottoms. Because
these fan surfaces are directly associated with exist-
ing drainages, they are still subject to hazardous de-
bris-flow events.

Lower Debris Flow Deposits

(Idf, rcf) An extensive area of coalescing debris
flows occurs along the lower slopes of Battlement
Mesa. Individual flow deposits crosscut one another,

Table 2. Debris-fan surfaces and associated main-stream terrace-gravel deposits.

Terrace gravel Elev. of Terrace Names of
Debris-Flow Underlying Gravel above Debris-fan
Unit Debris-Fans Colorado River (m) Surfaces
Youngest ydf ytg-ytd 2-6 —
ldf-ref ltg-tgb 40-53 Wesiern Taughenbaugh Mesa
mdf mtg 110-125 Morrisania Mesa, eastern
: o Taughenbaugh Mesa
udf - . utg 207-216 Holms Mesa, Grass Mesa
Oldest Ndf Ntg 610 Flatiron Mesa, Log Mesa
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Juniper tree which indicates depth of debris (1.5 m) during flow. Photograph taken September 21, 1982.

and large lateral levees often mark the paths the
flows followed (Figure 12). These flows began on
the side slopes of Battlement Mesa in drainage basins
that had previously produced large debris flows.
This sequence of flows has buried the lower terrace
gravel (Itg, tgb) in many places, and at one locality
(stratigraphic locality 3), stratigraphic evidence and
field relations suggest that the debris impounded
the Colorado River for a short period of time.
Debris flows of this unit exhibit the best pre-
served depositional morphology in the area. Levees
are well preserved, giving the deposits a rough
irregular topography. The surfaces of the flows are
littered with angular slabs and blocks of basalt
ranging in size from 0.5 to greater than 3.5 m in
large dimension. Many boulders protrude through
the thin patchy loess which veneers the fan surfaces.
Individual fans in this unit are up to 4 sq km,
and their associated levees can be traced upslope
for 5 km. The largest fans are estimated to contain
approximately 80 million cubic meters of debris.
Deposits of such size were possibly initiated during
a past wetter climate that resulted in the saturation

of large colluvial slope-failure complexes and previ-
ously deposited debris flows mantling the slopes of
Battlement Mesa. Roughly 40 m of downcutting by
the Colorado River has occurred since the first flows
of this group buried the lower river terrace. Portions
of this unit were

Several debris-flow deposits derived from col-
luvium on the lower slopes of the Roan Cliffs occur
north of the Colorado River; they are mapped as
unit rcf. These debris flows consist of slabs of sand-
stone, marlstone, and shale in a fine-grained, matrix-
supported deposit. The flows were derived from
clayey colluvium of the Wasatch Formation that is
present on the lower slopes and in gullies draining
the Roan Cliffs, and appear to have occurred when
large thicknesses of colluvium were saturated and
mobilized.

It is not known how these deposits correlate
with the debris flows on the south side of the valley.
However, on the basis of topographic position and
stratigraphic relations to alluvial fans along the
base of the cliffs, they are tentatively included as a
facies of the lower debris flow unit (Idf).
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Figure 12. Stereo pair aerial photographs showing successive debris-flow fans formed by flows moving
down Beaver Creek to valley axis. Colorado River is in the upper left corner. Numbers on fans show flow
sequence; 1 is oldest. North is toward top of figure previously mapped as mudflows of Pinedale age by
Yeend (1969). (BLM 24CN CO?77E photographs 1-8-185 and 1-8-186)

Middle Debris Flows

(mdf) Debris-flow deposits (mdf) that bury the
middle terrace gravel unit (mtg) are older than the
lower debris flows because about 60 m of downcut-
ting occurred between the deposition of the two
debris-flow units. The surfaces of these flows are
somewhat smoother in appearance, and often have
a thicker loess veneer (0.5 m) relative to the lower
debris flows.

Upper Debris-Flow Deposits

(udf) A third group of old debris-flow deposits
occupies the middle to upper siopes of Battlement
Mesa. Fans in this group were originally about 11 to
17 sq km and are 16 or 12 km downslope of the
source area. The large extent of these surfaces prob-
ably led earlier workers to call on pedimentation
processes to form them. Holms Mesa and Grass
Mesa are examples of debris fans of this unit. Debris
flows of this magnitude were generally not recog-
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nized in the literature until the early 1970s (John-
son, 1970; Fisher, 1971), and this may explain why
such a mechanism was not considered during ear-
lier work in the area.

About 60 m of debris-flow material overlies the
upper terrace gravel (utg) on Holms Mesa (strati-
graphic locality 1). This terrace gravel, lying 207 m
above the river, is believed to correlate with a
gravel 216 m above the river that crops out beneath
Grass Mesa 16 km upstream (stratigraphic locality 9),
suggesting that Grass and Holms Mesas are of simi-
lar relative age. Average debris thickness at Grass
Mesa is 50 m (stratigraphic locality 10).

Soils developed in colluvium on the slopes of
these mesas can be used to put approximate limits
on the age of these deposits. A strongly developed
soil on a colluvial slope near the surface of Grass
Mesa (Figure 13) possesses a stage IV carbonate
horizon (km) (Gile et al., 1966). This suggests that
the colluvium around the sides of these eroded fan
remnants has been in place for a substantial length
of time, perhaps on the order of 500,000 years



(Machette, 1982; Machette and Steven, 1982). The
soil may owe some of its strong development to its
position on the edge of the mesa where seepage of
carbonate saturated groundwater may have been
active. Additional soil studies are necessary to de-
termine if the observed development is representa-
tive of soils on the upper surface of Grass Mesa.

The upper surfaces of these old flows are com-
monly mantled with a meter or less of reddish-
brown loess. Large protruding boulders are quanti-
tatively less common than on younger flows, giving
these older surfaces a smoother appearance relative
to the younger flows.

Neogene Debris-Flow and Colluvial

Deposits

(Ndf) Unsorted, unstratified, matrix-supported,
basalt-boulder deposits similar in sedimentologic
character to younger identifiable debris-flow de-
posits cap high drainage divides and form the high-
est sloping surfaces peripheral to Battlement Mesa.
The materials on narrow drainage divides are
poorly exposed but differ from the other deposits in
that much of the finer clayey matrix has been
washed away, leaving the basalt blocks on high nar-
row ridges between drainage basins (Figure 14).
These boulders have been described as lag gravels
by workers in the area (Kirkham, 1980).

Flatiron Mesa is the largest Neogene debris-fan
remnant. The surface of the mesa has a gentle uni-
form northwestward slope and is composed of
basalt gravel and boulders mixed with platy frag-
ments of laminated pedogenic(?) calcium carbonate
in a white clayey matrix. The deposit is about 50 m
thick in one exposure where it overlies a river ter-
race gravel (Ntg, stratigraphic locality 7). There are
relatively few protruding basalt blocks on the sur-
face; most are essentially flush with the ground
(Figure 15). Loess veneers some parts of the mesa,
but there is generally much less of it than on the
lower debris-fan remnants, possibly due to the high
position relative to probable loess sources in the
valley. The debris-flow morphology of these de-
posits is not everywhere well preserved, but
enough of the fan shaped surfaces remain to enable
convincing comparisons to younger flows. Flow
levels are missing, however, probably due to ero-
sion or lateral-downwasting.

The age of these oldest debris-flow and collu-
vial deposits is thought to be Neogene. Between 600
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Fzgure 13. Strongly developed carbonate soil (km,
at least stage IV) on colluvial slopes of Grass Mesa
(soil locality 3). Basalt clasts have been pushed
apart during carbonate accumulation.

and 900 m of downcutting has occurred since they
were deposited. Larson et al. (1975) dated a basalt
flow 46 km east of the area near Glenwood springs
which rests on a main-stream terrace deposit. The
basalt, K-Ar dated at 8 m.y. B.P,, apparently flowed
into a former valley, and about 300 m of downcut-
ting followed extrusion of the flow.

Other Mass Wasting Deposits

Colluvial Slope-Failure Complexes
(csf) Other types of mass wasting deposits can be
identified on aerial photographs in the study area.
Thick deposits of unconsolidated clayey colluvium
containing basalt fragments mantle much of the
upper slopes and summit areas of Battlement Mesa
and are mapped as complex slope-failure deposits.
Accumulations of this material occur in local val-
leys where it appears to clog the drainages with de-
posits of unconsolidated debris up to 30-m thick.
Several mass wasting processes, probably helped
form these deposits, including slumping, debris
flows, and solifluction.

There is no dominant process, but rather a com-
plex interaction of slope-failure mechanisms that
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Figure 14. Basalt
boulders of debris
flow origin matrix
has been washed
away. (Ntg) resting
on narrow drainage
divide. Clayey

are gradational to one another and not easily sepa-
rable. In many areas these deposits grade valley-
ward into debris-flow units, indicating that some of
these are the source materials for debris flows.

Basalt Block Fields and Boulder Streams

(tbs) Extensive hummocky areas of large angular
basalt blocks derived from the break up of volcanic
flows are present on the summit of Battlement Mesa
(Figure 16), and extend down several local
drainages. The deposits average 6 m in thickness
and overlie incoherent claystone. Failure of the
claystone gives rise to creep or rapid flowage. These
deposits merge downslope into colluvial slope-fail-
ure complexes, and contacts between the two are
gradational. Large slumped blocks of basalt flows
are included in this unit.

Talus

(t) Talus deposits of loose, angular rock debris
occur throughout the higher elevations in the study
area. Most deposits are composed of marlstone and
sandstone derived from cliffs in the Green River
Formation. Large accumulations, such as those
below cliffs at the head of Porcupine Creek, are up
to 15 m thick and possess a well-defined stratifica-
tion. Oil shale in these thick talus piles appears to
Log Mesa (Ntg). have undergone spontaneous combustion or rapid
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Figure 16. Basalt boulder field on top of Battlement Mesa. North Mamm Peak in left background is the
only remnant of in situ basalt in the study area.

oxidation, resulting in bright red and orange “clinker”
deposits of burned oil shale, similar in appearance
to burned coal-waste piles.

Landslide, Earthflow, and Slump Deposits

(Is, als) Landslide debris of various ages covers
much of the lower and middle slopes of Battlement
Mesa. Deposits consist of a heterogeneous mixture
of angular to subangular rock debris of all sizes in a
fine-grained matrix. Lithology of the entrained de-
bris reflects the nature of materials involved in the
slope-failure process. The term landslide is used to
include all types of rotational, translational, and
slumping failures (Varnes, 1978), exclusive of debris
flows. Morphologic expression of landslides is so
apparent on aerial photographs that identification
and mapping is comparatively simple (Rib and
Liang, 1978).

Two age categories of this deposit, both com-
posed of similar materials, are mapped to distin-
guish between active and inactive landslide areas.
Recent or active landslides (als) are identified by

ground-water flow within the slide materials or at
the slide scarp, disrupted vegetation, fresh scarp
morphology, tension cracks, and burial of pre-exist-
ing structures or surfaces.

Older landslide deposits (Is) cover extensive
areas on the slopes of Battlement Mesa, and most
often involved failure of previously deposited de-
bris flows. An example of this type of landslide de-
posit surrounds Flatiron Mesa, where the original
slide scarps form cusps along the edges of the re-
maining surface. Most of the larger, more extensive
landslide deposits are presently stable, probably
due to dryer soil moisture conditions which prevail
under present climatic conditions, and lower slope
angles. However, disturbances or changes such as
road cuts and crop irrigation have reactivated land-
sliding locally.

Colluvium and Slobfg‘a;_Wa_shv

(csw) Angular rock fragrhents in a fine-grained
matrix derived from downslope gravitational trans-
port and sheetwash have accumulated on slopes
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and valleys throughout the area. Deposits vary in
thickness from 1 to 5 m, with locally thicker wedge-
shaped accumulations in swales and valley bot-
toms. With the exception of steep slopes and dliffs,
the Green River and Wasatch Formations are usu-
ally covered by such a colluvial veneer. This unit is
mapped only along valley bottoms and at the base
of slopes where it is at least 1-m thick.

Colluvium and slope wash can be identified on
aerial photographs where they have a subtle mask-
ing or smoothing effect on slopes, or where wedge-
shaped deposits occur on toe slopes and in low
lying areas. On aerial photographs, it is usually dif-
ficult to distinguish the fine-grained colluvium and
slope wash of the Wasatch Formation from eolian
deposits, and field observation is necessary to sepa-
rate the two.

Eolian Sand and Loess

(es) Mantling all but the highest surfaces in the
study area are thin patches of light-reddish-brown
silt and fine sand. Thicknesses vary from 0.5 to 2 m.
This appears to be loess derived from wind erosion
of local deposits. It locally attains thicknesses of 3 to
5 m on some east-facing leeward slopes and valleys.
In several places, the sandier facies forms small
dunes 1-to 2-m high along the valley axis.

The loess is mapped only where it was thick
enough to bury other surficial deposits by a meter
or more. It often fills local valleys and leeward
areas, producing a smoothed appearance on aerial
photographs. Thicker accumulations often do not
support pinion and juniper trees, so that the depos-
its in particular areas can be mapped according to
the boundary between sagebrush and wooded
areas.

Bog and Peat Deposits

(bog) Small accumulations of organic-rich muck
and peaty deposits in local sag ponds and poorly
drained areas on the upper slopes and summit of
Battlement Mesa are mapped as bog deposits. These
small marshy areas are usually water-filled during
most of the year, but dry up during late summer
and fall. Most occur as small closed depressions
within the hummocky landslide terrain on higher,
wetter areas of Battlement Mesa.
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Man-Made Deposits

Radioactive Uranium and Vanadium Mill
Tailings

(UVT) Two piles of purplish colored, finely-ground
silty hazardous radioactive uranium and vanadium
mill tailings are present in the study area. Both are
located within the floodplain of the Colorado River
near Rifle, and constitute extreme environmental
problems due to their proximity to the local popu-
lace, and the potential for serious pollution of the
river. A 100-year flood would introduce toxic mate-
rials into the river, causing severe pollution of the
river. The tailings are susceptible to wind erosion,
and have contaminated adjacent surface soils
within several hundred meters of the piles. Radia-
tion levels associated with the piles are dangerously
high, and efforts are currently being made to relo-
cate and properly dispose of the tailings (W. R.
Junge, personal commun., 1982).

Tertiary Bedrock Units

Sedimentary Bedrock Units

(Tw, Tgu, Tuc) Sedimentary bedrock exposures are
mapped as either Tertiary Wasatch (Tw), or Green
River and Uinta Formations (Tgu), all of which
have been described previously. It was not neces-
sary to subdivide the Green River and Uinta Forma-
tions for the purposes of this study; however, an
unnamed claystone unit of the Uinta Formation un-
derlies the basalt flows of North Mamm Peak about
150 m below the summit, and is mapped separately
(Tuc). This claystone unit is important because it
can be used to determine the original thickness of
the basalt flows, and it is the main pre-basalt unit
responsible for causing the mass wasting processes
on Battlement Mesa. Good exposures of the clay-
stone are found in deeper gullies and swales within
the basalt block fields around North Mamm Peak
(stratigraphic locality 11).

Volcanic Basalt Flows

(Tb) Undisturbed volcanic basalt forms the pinna-
cle of North Mamm Peak. This isolated knob is all
that remains of the once more extensive basalt-



capped plateau in the study area, which is esti-
mated to have been approximately 150 m thick at
this locality. Individual flows differ in composition
and petrology yielding a variety of basalt types.
Colors include black, gray, brown, and red. Most
flows have a vesicular texture, with vesicles elon-
gated in the direction of flowage.

Much of the basalt has not developed good
weathering rinds for use in relative dating. One
probable reason is the extremely vesicular texture of
the majority of flows. A more likely reason is that
the high pH of the calcareous clayey matrix enclos-
ing the basalt detritus inhibits the formation of
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weathering rinds on basalt boulders and cobbles
(K. L. Pierce, oral commun., 1983).

Even if the basalts did have good weathering
rinds, I do not believe they would be useful in dat-
ing debris flow deposits. Younger debris flows do
not necessarily contain fresh clasts when deposited.
Much of the material incorporated into younger
flows has been derived from older flows and land-
slide deposits, so that it would be difficult to deter-
mine if a basalt clast’s rind was representative of
the age of deposition, or if it was older and had
been reworked into a younger deposit. Weathering
rind data is thus not expected to produce any useful
trends; however, this conjecture needs to be tested.

AR S

Colorado Geological Survey 21



Bulletin 50

Chapter 3

Interpretationof Surficial-
Geologic History

Summary of Events

The oldest unit important to surficial-geologic his-
tory is the basalt that caps Battlement Mesa. During
the last stages of eruptive activity, about 7.5 m.y.
ago, basalt flows from south of the area forced the
Colorado River north into roughly its present posi-
tion, in a valley about 1200 m above present base
level (E. E. Larson, personal commun., 1983). By
late Pliocene time, the Colorado River was flowing
through the area in a valley some 610 m above pre-
sent stream level. Basalt-capped Battlement Mesa
bordered the river on the south, about 2500 m
higher above the valley floor.

Regional tectonic uplift (Tweto, 1975) resulted
in continual downcutting by the Colorado River
throughout the Late Pliocene and Quaternary. As
downcutting progressed, headward erosion by trib-
utary streams began to undercut the extensive
basalt plateau, and a wide river valley was rapidly
excavated in the soft Tertiary sediments. Landslid-
ing of the undercut basalt and underlying incompe-
tent claystone produced large volumes of clayey,
boulder-laden debris around the margins of the
plateau. After initial breakup of the flows, their
blocky surfaces trapped large quantities of precipi-
tation and this could have saturated the relatively
impervious underlying clay strata. Greater soil
moisture during the Pleistocene also could have
been a contributing factor to landsliding and mass
wasting of the basalt plateau.

Periodically, massive debris flows occurred
along the flanks of the plateau. Some debris flows
could have started when huge toreva blocks of
basalt and claystone on the edge of the plateau
failed, and slid down the steep upper slopes. Once
liquified, the material could flow down existing

drainages as a high-density bingham fluid}, rafting
basalt blocks and incorporating more slope debris
as it traveled.

Below canyons the debris flows spread out and
formed huge fans (Johnson, 1970). Alluvial fans,
main-stream terraces, and the floodplain of the Col-
orado River were covered with muddy, bouldery
debris tens of meters thick. These flows often forced
the river to a course farther north around the newly
deposited fan lobe. Larger flows or flows at particu-
larly narrow areas of the Colorado River valley
crossed the river completely, creating natural dams
which were subsequently breached. Other flows
may have entered the river and followed it down-
stream for short distances.

The degree of erosional isolation and subse-
quent preservation of an individual flow would
have depended on the length of time which elapsed
before the next great debris flow occurred in the
parent drainage (Figure 17). Following one of these
large debris flows, the drainage down which the de-
bris traveled often became filled with debris (A—A",
Figure 17-A) in narrower parts of the drainage just
behind the fan apex (Johnson, 1970). The rough
topography of debris at the fan apex often deflected
the stream to one side of the fan surface, preventing
it from flowing across the newly deposited fan (Fig-
ure 17-A). Subsequent downcutting and headward
erosion continued along the newly aligned stream,
and if downcutting continued long enough during
inter-flow periods, the deeper stream valley could
conduct the next large debris-flow around the pre-
vious fan lobe, effectively isolating it from the

1A high-density slurry which does not behave as a liquid, hav-
ing a central “plug” or “raft” of rigid debris moving at a uniform
velocity. The “plug” of rigid debris can thus support and transport
very large boulders.
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SECTION

Terrace
alluvium

SECTION SECTION

Figure 17. Simplified diagram illustrating the effects of both different recurrence intervals between flow
events and rate of stream incision on preservation of debris-fan surfaces in the landscape. A) debris flow 1
occurs in tributary drainage and flows onto flood plain. New topography deflects stream (arrow in section)
to one side of fan. B) tributary stream becomes deeply incised prior to next major debris flow (2), isolating
fan surface 1 in landscape. C) major debris flow (2) occurs before stream has incised (thin arrow in section)
and spills across fan surface'1, rerouting stream across older surface within new levees.

g 4l
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active depositional regime (Figure 17-B). In this
way, surface drainage was prevented from rework-
ing or removing some debris fans, thus preserving

the fan surfaces in the landscape.

Figure 18. Stereo-pair aerial photographs and line
diagram showing successive debris flows overrid-
ing the eastern edge of Holms Mesa. (BLM 24CN

CO77E photographs 1-8-183, 1-8-184)

Other debris-fan remnants suggest that the trib-
utary stream may not have had sufficient time to
downcut enough to guide subsequent debris flows
away from the initial debris fan. Rather, the flows
spilled across the older fan surface (Figure 17-C).
Examples of this are the multiple debris-flow events
which flowed across parts of the older fans of Holms
and Morrisania Mesas (Figure 18). Relatively

smaller successive flows were confined within levees
across the older fan surfaces, and eventually they
too spread out to form fans.

The debris-flow mechanisms described above
began in the Pliocene and continued to operate
throughout the Quaternary, consuming large sec-
tions of the basalt-capped highland to the south. As
the primary basalt-toreva-block source was reduced
to complex landslide deposits, and backwasting

produced gentler slopes, and thus terrain less sus-
ceptible to massive failures, successive debris-flow
events diminished in size, and probably in fre-
quency. Youngér"f19y§"§vét;é derived mainly from
older debris-flow and landslide deposits that be-
came unstable due to thé confinuing undercutting
and headward erosion in tributary streams draining

Battlement Mesa.
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EXPLANATION

fpa Flood plain alluvium

ytg Younger terrace gravels

Itg Lower main-stream terrace gravel

tgb Basalt-boulder facies of lower terrace gravel
ydf Younger debris flow

Idf Lower debris-flow deposits, idf, is oldest
mdf Middle debris-flow deposits, mdf, is oldest
yaf Younger alluvial fan deposits

Tw Wasatch Formation

X Debris may have obstructed river for a short
period at its narrowest point

[ ] Location of gravel pit
Line of section in Fig. 20
e Trench

Inter-debris flow contact
Levee crest

Figure 19. Locality 4 km east of Rulison (sec. 28,
T.6 S, R. 94 W.) near Webster Hill (triangle) where

debris flowed across the river onto a bedrock bench.

Debris may have obstructed river for a short period
at its narrowest point (x). Map units are described
in text and on Plate I. (BLM 24CN CO77E photo-
graph 1-8-184)
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Quaternary History of Lower
Debris Flows Near Rulison

A most significant stratigraphic succession 4 km
east of Rulison suggests that a large debris flow
crossed the Colorado River near a southward
projecting bedrock high known as Webster Hill
(Figure 19). Debris-flow deposits rest on a high
point north of the present river. Lack of rounding of
basalt clasts which are supported in a fine-grained
matrix, coupled with a lack of Colorado River grav-
els, suggests that the river did not occupy the high
point after deposition of the debris flow. Part of a
debris fan that may have been contiguous with the
above debris-flow deposit is present directly south
across the river channel.

A gravel pit and prospect trench expose a strati-
graphic section (Figure 20) that suggests that the
debris flow crossed the river and came to rest on a
terrace on the north bank. The gravels in the terrace
are Colorado River gravels; they are the oldest sur-
ficial deposits at this locality, and they are overlain
by fine-grained alluvium and loess. In the upper
part of the loess is a calcic soil with a well developed
Bt horizon, and a carbonate horizon with stage III
morphology (Gile et al., 1966). More loess overlies
the soil, and the upper unit is the debris-flow de-
posit. The hiatus represented by the soil suggests

weak soil - .

. . . "
LA JEL N S S A S s may S

es ° .,
- Ceca soil

e - -

— e e A — e - - B S T

mvrrvyrvr vy yrvved

EXPLANATION

Itg Lower Colorado River terrace gravel
es Fine-grained terrace alluvium

es Eolian sand and loess

Idf Debris-flow deposit

Cca Carbonate soil =

Figure 20. Sketch of stratigraphic section exposed in gravel pit and trench near Webéfer Hill, north of Col-
orado River (NW1/4. sec. 28, T. 6 S., R. 94 W.). Section orientation shown on Figure 19. Not Drawn to scale.
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EXPLANATION

fpa Flood-plain alluvium

Itg Lower main-stream terrace gravel

tgb Basalt-boulder facies of lower terrace gravel
Idf Lower debris-flow deposits, ldf, is oldest
Tw  Wasatch Formation

Figure 21. Sketch of interpretation of events from
stratigraphy exposed in gravel pit and trench, and
field mapping. A) pre-debris flow landscape, river
is entrenched several meters below terrace deposits
(Itg). B) debris flow (ldf) flows into river, spilling
onto part of terrace deposit north of river, then
flows downstream in valley axis 0.5 km. Dashed
lines outline possible(?) spillway location where
part of river may have flowed. C) River has flushed
out fine debris leaving boulders in tgb unit, and
downcut to present level of stream.

that the river was entrenched below the terracelevel
when the debris flow was deposited (Figure 21-A).
The debris-flow materials contain large angular
basalt boulders mixed with rounded river cobbles,
all in a poorly sorted matrix; perhaps the latter were
derived from the flood plain as the debris flow
crossed the river. A lower main-stream terrace
forms the edge of the point along the edge of the
point along the river, and contains many large
(2.5-3-m diameter) basalt boulders of debris flow
origin (unit tgb). The boulders have been smoothed
and rounded by the river, but have not had all their
pedogenic(?) CaCOj; coatings worn off (Figure 4),
indicating that boulders deposited in the valley axis
by the debris flow have not moved far from their
original site of deposition. This natural rip-rap ex-
plains why the Colorado River is so narrow (40 m)
at this locality.

The debris appears to have flowed onto the ter-
race north of the river during a major debris-flow
event which poured millions of cubic meters of
mud and rock into the river valley. As the debris be-
came diluted with river water and lost much of its
original viscosity and strength, it probably began to
flow downstream in the valley below the terrace
(Figure 21-B). The debris on the terrace was thus left
stranded above the river. An east-west trending val-
ley lies northeast of the gravel pit 54 m above the
river, and is floored with thin patch deposits of
river gravels veneered by loess. The valley could
have been a spillway through which part of the



river flowed during the time the main channel was
obstructed by the debris-flow materials.

Eventually, the finer grained matrix of the ob-
structing debris in the river was flushed away, leav-
ing behind large basalt boulders in the flood plain.
These boulder-laden flood plain deposits are now
preserved above the present river as the tgb terrace
gravel facies (Figure 21-C).

Other interpretations of the Webster Hill local-
ity are possible. The strong development of the
buried soil beneath the debris flow suggests that the
un-reworked debris flow resting on the terrace
gravels may have been perched on the peninsula
above the flood plain prior to a younger debris flow
that entered the river, and now its only remains are
the reworked basalt boulders of unit tgb. This
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means that the debris fan on the south bank of the
river is not part of the one on the high point north
of the river, suggesting that the latter debris is the
remains of a much older event no longer preserved
on the south side of the valley axis. A better under-
standing of the history of this locality must await
more detailed soils, stratigraphic, and relative dat-
ing studies.

Regardless of the details, it appears that large
debris flows that started on the middle and upper
flanks of Battlement Mesa often reached the river
and sometimes crossed it. The huge masses of de-
bris, once set in motion, rarely stopped before
reaching the lowest points in the landscape (Rodine
and Johnson, 1976).
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Chapter 4

Summary and

Conclusions

The results of this surficial-mapping project suggest
that debris flows are important geologic agents re-
sponsible for shaping the “mesa” landscape of the
north slopes of Battlement Mesa. The gently sloping
“mesa” surfaces, previously interpreted as pedi-
ments overlain by outwash gravels are, in fact, the
surfaces of old debris-flow fans, which have been
muted and smoothed through time (Figure 22).

Study and comparison with well-preserved
younger debris flows in the present valley axis is
the strongest evidence for the above interpretation
of the older higher surfaces. The deposits and strati-
graphic relations of younger debris-flow deposits
mirrors that for the older “mesa”-forming flows.

A crude cyclicity of major debris-flow periods is
suggested by the positions of debris-flow remnants
on the present flanks of the valley. The surfaces of
these individual flows cannot be correlated as the
remains of a once continuous surface as was previ-
ously attempted, but do suggest cycles of debris-
flow events with respect to former river positions.
The cycles are probably related to a combination of
geologic and climatic factors that periodically re-
sulted in massive debris flows off the sides of Bat-
tlement Mesa.

Many levels of debris-flow deposits other than
those present may have existed in the past. If there
were others, it would suggest that the debris flows
occurred more continuously in closer cycles, or that
no cyclicity was involved. It is difficult to determine
if there were any additional debris-flow levels be-
cause of the extensive landsliding and erosion that
has occurred on the valley slopes.

Debris flows of the type above did not occur
from the upper Roan Cliffs. There is no evidence
that the incompetent, unnamed claystone unit was
ever present here, and thus geologic conditions
were not as conducive to massive debris flows. Also,

the Roan Plateau is about 750 m lower in altitude
than Battlement Mesa, and may not have experi-
enced the same precipitation and climatic conditions
which prevailed there in the past.

The constructional nature of the huge debris-
flow deposits that created the sloping surfaces peri-
pheral to Battlement Mesa urges caution in the use
of these surfaces as time or river position indicators.
The pre-debris flow landscape present when the
surfaces were formed lives buried under 20 to 70 m
of debris. Gradients of these constructional surfaces
should not be used to project former river levels or
rates of downcutting, because the gradients are
more a function of the physics of high-density de-
bris flowage, and often are not related to the under-
lying surfaces.

The former valley elevation at the time when an
individual surface was formed more closely corre-
sponds to the present position of the lower edge of
that surface on the slopes of Battlement Mesa. If
dates can be obtained for some of these debris-fan
surfaces, accurate rates of Colorado River downcut-
ting could be calculated using the elevations of
buried main-stream terrace gravels within the debris-
flow sequence.

Further detailed relative weathering studies are
needed to more confidently determine ages of de-
positional units, and for correlation with other Qua-
ternary deposits in the region. Future studies should
include soil carbonate-horizon development, car-
bonate coating development on cobbles and boul-
ders, surface-boulder weathering studies, and per-
haps weathering rind studies on some types of
basalt clasts found within the debris flows (Birke-
land, 1974). An appendix describing field locations
of soil profiles and key stratigraphic exposures
useful in further studies is included, and these loca-
tions are plotted on the map.
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