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Abstract:

A rock glacier one mile long, 200-500 feet wide, and ranging in elevation from 8,500 to 9,950 feet,
descends from the northeastfacing cirque of Lone Mountain at the head of West Fork of the West
Gallatin River. The majority of material comprising the rock glacier is slabby, angular, andesite
porphyry with average maximum diameter of eight inches. A very small percentage of debris consists
of angular silicious siltstone boulders.

In mid-August interstitial ice was present at depths of four feet near the upper limit of the rock glacier,
twelve feet near the middle, and two feet at the downvalley terminus.

As determined by morphology and stability, the rock glacier can be divided into three parts, possibly
representing three episodes of neoglacial activity. The lower part with a relatively smooth slope
(average slope 17 degrees) and a gently convex, downvalley terminus is covered by lichens, some
grass, and a few trees. The middle part consists of several imbricate lobes, whose downvalley termini
are abrupt and steep (40 degrees), displaying no lichen growth.

The upper part with an average slope of seven degrees and a 40 degree frontal scarp has a permanent
snowfield at the upvalley end. Lichen growth near the frontal scarp is minor, and completely lacking
nearer the snowfield. The surface is characterized by longitudinal and transverse ridges, separated at
regular intervals by shallow furrows. The fresh, abrupt, downvalley scarps, diminished lichen growth
toward the upper end, and overturned lichen-covered rocks indicate instability in the middle and upper
areas.
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Abstract

A rock glacier one mile long, 200-500 feet wide, and ranging in
elevation from 8,500 to 9,950 feet, descends from the northeast-
facing cirque of Lone Mountain at the head of West Fork of the West
. Gallatin River. The majority of material comprising the rock glacier
is slabby, angular, andesite porphyry with average maximum diameter
. of eight inches. A very small percentage of debris consists of angular
silicious siltstone boulders. .

In mid-August interstitial ice was present at depths of four feet
near the upper limit of the rock glacier, twelve feet near the middle,
and two feet at the downvalley terminus.

As determined by morphology and stability, the rock glacier can be
divided into three parts, possibly representing three episodes of neo-
glacial activity. The lower part with a relatively smooth slope
(average slope 17 degrees) and a gently convex, downvalley terminus is
covered by lichens, some grass, and a few trees. The middle part con-
sists of several imbricate lobes, whose downvalley termini are abrupt
and steep (40 degrees), displaying no lichen growth. -

The upper part with an average slope of seven degrees and a 40
degree frontal scarp has a permanent snowfield at the upvalley end.
Lichen growth near the frontal scarp is minor, and completely lacking
nearer the snowfield. The surface is characterized by longitudinal
and transverse ridges, separated at regular intervals by shallow
furrows. The fresh, abrupt, downvalley scarps, diminished lichen
growth toward the upper end, and overturned lichen-covered rocks indi-
cate instability in the middle and upper areas.
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Figure No. 1. Large east facing composite cirque of Lone
Mountain containing the East Lone Mountain Rock Glacier.

Lowest lobe of rock glacier extends into tree area in
foreground.
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INTRODUCTION

This thesis concerning Lone Mountain and the East.Rock Glaciler 0£   '
Lone Mountain was wriften.because of the growing public interest in
the-natural phenomena of the area. Kehew (1971) and Montagne (1971)
ﬁelped to create public interest in the rock glaciers of Lone Mountain
by mentioning them in their theses which were completed during the
preceding year. At that time Montagne suggested that the "active rock
glacier” bé studied in more detail.

This report is based on field work conducted on Lone Mountain dur-
ing parts of July through October, 1971. Funds were furnished by the
Nationgl Science Foundation R A N N Program Project No. 29908X. The
grant was jointly administered by the Center for Planning and Develop-
ment, the Endowment and Research Foundation and bepartment of Earth
Sciences of Montana State University. The grant supportg an inter-
disciplinary study of the West Fork Basin and Gallatin Canyon which

will establish enviromnmental base lines for comparison as the canyon

is further developed. The grant project is entitled The Impact of a

Large Recreational Development on a Semiprimitive Enviromment.

Professor John Montagne, Montana State University, was the principle
geologic investigator for the project and this writer was funded as

his research assistant.
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.chpe>and Method of Study

Field mapﬁing was completed on U. S. Forest SerQice aerial photo-
graph E I0-13~222 magnified to énscale of lllinches per mile of
approximately 1:5751. Alliportions of the East Rock Glacier were tra-
versed and observed many times. Pits were dug into the rock debris fo
check depth to running water and ice. All imporfan; aspects of the
rock glacier were noted and photographed, measurements were taken, and
rock orientation studies were attempted. By noting differences in

lichen growth and surface morphology, relative ages were deduced.

Objectives of the Study

The objective of this research was to make a detailed study of
the high-level erosional processes of Lone Mountain with special empha-
sis on the East Rock Glacier. The qgestion of origin, time of origin,
content, and stability of the rock glacier were important in guiding
the field research during 1971. The results of this study should be
. helpful in developing public-use policy regarding Lone Mountain and its

vicinity.

‘Location and Geologic Setting

fhe following references supplied general information in ﬁriting
this section of the thesis; and, they should be consulted for more
detail concerning the area geology: Montagne, 1971; Thornbury, 1965;

McMannis and Chadwick, 1964; Hall, 1961; Swanson, 1950.
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. East Lone Mountain rock glacier (Figﬁre No. 1), 111° 26" W Long.
45° 17° N Lat.; which is the focal point of this thesis is located in
the northeast and the lower easf—facing cirqﬁes of Lone Mountain,
Madison Count&, Montana. fLone Mountain is located on thé west boundary
of the West Fork Basin of the Madison Mountain Range which is within |
the Northern Rocky Mountain Province. North of iong Mountain the east
trending Spanish Peaks Fault (a high angle reverse fault with at least
10,000 feet of displacement)'forms the north boundary of the West Fork
Bﬁéin. Pre-Cambrian metamorphic rocks are exposed on the upthrown
north side of the Spanish Peaks Fault; and on the downthrown south
side, within the Wesf Fork Basin, softer Cretaceous sedimentary rocks
are exposed. The Lower Basin Syncline, paralleling the Spanish Peaks,
forms most of the West Fork Basin.

Lone Mountain, at an altitﬁde of 11,166 feet, forms part of the
drainage divide between the Gallatin River to the east and the.Madison
River to the west. .

Lone Mountain is a multiple horizon_iaccolithic intrusion or in
simpler terms, a "Christmas tree laccolith." 'The dominant rock mate-
rial is andesite porphyry which forms thick sills that are crosscut by
some younger basalt porphyry intrusioﬁs. The sedimentary rock material
is silicidﬁs siltséone containing thin interbedded black shale units.
.These‘rocks are Cretaceous in age. Some minor faulting has occurred

throughout the complex.
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. Fan, Cedar, and Pioneer Mountains to the southwest are similar

to Lone Mountain in composition. Together with the Lone Mountain com-

plex these intrusives, consistiﬁg.of andesite-dacité porphyry, cover
an area of approximately 50 square miles. All the material is intrud-
ed into Upper Cretacéous sedimentary rocks and the ratio of intrﬁsivés
to sedimentary rocks is probably about one to oné. The total thick-
ness of intrusive rock in a single column is in excess of 2,000 feet.
(Swanson, 1950)

| The'Upper Cretaceous units and the intruded sills were all folded
during Spanish Peaks faultiné, indicating late or post Cretaceous age
of the intrusions and the post intrusive age of the Spanish Peaks
Fault. Thus, according to Hall, (1961) éhe Spgnish Peaks Fault is.

post-Late Cretaceous, possibly as young as Oligocene.

Previous Work and Terminology

Iheories concerning the origin of rock glaciers are varie&, For
‘_ the most part these theories have been reviewed by Wahrhaftig and Cox
(1959) and Potter (1967), and the following summary is taken primarily
frﬁm their treatmenté of the suﬁject.

Cross and Howe (1905, p. 25) considered the common, stréamlike
rock élacigrs to be‘ﬁnusual tfpes of moraines. .Howe (1909, p. 52)
later wrote that rock glaciers were the debris of violent landslides.

Capps (1910, p. 364) believed that water from melted snow and
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rain sank into the debris at the iower edge of glaciers and was frozen,

gradually filling the interstices with ice up to a point where melting
equelle& freezing. Movenment Qae then caused by the ﬁelting of the ice
followed by freezing and expansion of the water. Tyrrell (1910, p.
552-553) agreed in part with Capp's theory but suggested that origi—
nally the source of water was from springs, and that the conceﬁtric
ridges characteristic of the surface of rock glaciers developed by
downward'sliding of the rocks after melting of ice during the spring.
Chaix (1923, p. 32) regarded rock glaciers as terminal moraines
filled with mud and clay. He believed that the interstitial mud acted
as a lubricant and, aided by ffeezing and thawing, caused the debris to
move down;slope. Kesseli (1941, p. 226-227) believed rock streams.to
be of glacial origin, and thought the wave patterns on their surface
were formed as a result .of deformation under the weight of overriding
ice. He suggested that if rock glacier movement occurred it was due

to a tendency to creep after deposition or to a remaining ice core. He

~ did not believe that creep could have been responsible for initiating

the rock glaciers. Richmond (1952) believed rock glaciers to be resid-
ual from small glacial advances and that the surface morphology
retained the essential configuration‘ahd structure of the ice.
Wahrheftig and Cox (1959, p. 401, 406, 433, and 514) concluded
that the movement of rock glaciers is the resuit of the flow of inter-

stitial ice. Thompson (1962, p. 212) concurred.
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Potfer (1967, p;AA, 21—22)‘foﬁnd the internal composition of a
moving rock glacier in tﬁe Absaroka Range of Wyoming to be clean ice.
White (1971) and Benedict (1965) found the same situation, clean ice-
cored rock glaciers, in the Colorado Front Range.

Wahrhaftig and Cox (1959) have stated that "theories of thier
(rock glaciers) origin are almost as numerous as the reports of their
occurrence——evidence.of the challenge.that these interesting forms
have presented to the iﬁaginatioﬁs of geomorphologists.’ The preced-
iﬁg statement seems to indicate that there is still much té be |

determined concerning rock glacier origin.

Terminology

In this thesis the term rock glacier will be used for any feature

fitting the following description: a rock glacier is a tongue-like
body of loose rock rubble, resembling an actual ice glacier, origi-
nating in high mountain catchment basins, and showing evidence of
either past ér present moveﬁent. This definition can be used to
ideﬁtify rock glaciers from distances in the field or by examination
ofaepiﬁlnphotographs. Rock glaciers that contain considerable debris

cemented By interstitial ice will be called ice-cemented rock glaciers,

and rock glaéiers that are composed of relatively clean glacier ice

mantled by debris will be called ice-cored rock glaciers. These terms

and their definitions were proposed by Potter (1967, p. 4).
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Relation of Stratigraphy to Rock Sliding

" As has already been mentioned, Lone Mountain is a multiple horizon
laccolithic intrusion.. Approximately 50 percent of the mountain is
composed of andesite porphyry tthe major intruding material)  and the>:'

- other 50 percent is comprised of Upper Cretaceous beds of alternating .
sandstone, silicious siltstone, and black shale. Since fern leaves
have been found within the‘stratigraphic sequence, it is possible that
thg'éedimentéry rocks of Lone Mountain are part of the Albino Forma-
tion, described in this area by.Kehew (1971) and Hall (1961).

The andesite porphyry geems to weather (mechanically) at a rela-
tivel& rapid rate on Lone Mountain mostly because frost heaving has
increased the natural fracturing tendency of thié rock type. Most of
the slopes formed on the andesite are at the maximum angle of repose
for loose rock éf that size and shape (40 degrees). Where the andesite
is the capping rock material along a ridge, it forms a knife edge with
a 40 degree slope on either side. The andesite breaks up into rela-
tivély small flat pieces and is carried downhill by steady creep
processes. .

The sedimentary rocks composed mostly of resistant silicious
siltstone stand out as cliff faces or benches wherever they outcrop.

~The siltstone we;;hers very slowly and where it is found overlying
either a thin shale unit or one of the more rapidly weathering igneous; '

rocks of Lone Mountain it may form an overhang. Of course this
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situation is condusive to rock élides..

The ovérﬁanging of silicious siltstone near the east terminus
of the south-facing north wall has been the cause of a major rockslide
(Figure No. 2). A block of overhanging siltstone is presently perchéd

at the head of the previous rock slide.

Snow Avalanche

Snow avalanches are believed to be a common occurrence in the
east cirque-of Lone Mountain. Large snow cornices were obéérQed along
the north-facing ridge and peak of Lone Mountain during the late
_spfing of 1971.

Snow breccia, which 1s an indicator of smow slab afalanches, was
abuﬁ&ant within the east cirque on July 10, 1971 (Figure No. 3). The '
trees within the cirque show evidence of having been in the path of ;
snow avalanches. A larée percentage ;f the trees have been broken off
Vat.similar heights. Snow avalancheé, breaking off parts of the trees
thaf were not buried by sn&w at the time of the avalanche or avalanches
‘are responsible for this phenomena. Erratic debris suéﬁ as trees is
widely scattered in some areas indicating an avalanche path (Figure
No. 4). |
Océurrence of snow aval#nche in mountainous terrain.is very

" cdmmon. In some areas avalanches can be controlled by dynamiting or .

"shelling likely points of origin. Snow avalanches within the east




Figure No. 2.

Aerial view of the East Rock Glaciet

of Lone Mountain.
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Figure No. 3. Snow breccia indicating that a slab
avalanche reached to this point in the lower cirque.
Photograph taken July 10, 1971.
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Figure No. 4. Erratic debris such as this tree are
scattered all along the north edge of the rock gla-
cier below the terminus of the north wall of the
East Cirque. This is an indication that large snow
avalanches have been active here.
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cirque of Lone Mountain may possibly be‘céntrolled by these methods.
Snow avalanches contribute to the ovefall ice content of fhe rock
glacier by incorporation of snow-into the debris where it remains
frozen, or by the addition to surface snow which melts and refreezes

within the interstices of the insulating rock debris.

Conditions Necessary for Rock Glacier Formation

Certain material and conditions must prevail before a rock glacier
can form. First there must be a large volume of rock material that is
susceptible to fracturing. Rock glaciers, according to Wahrhaftig and
Cox (1959), are usually composed of granitic type rocks that break up
into blocky chunks; and those made up of platy fracturing rock types
such as slate, shale, etc., are very rare. .

Frost action, which 1s controlled by climate ;nd the character of
the rock material at the surface, is of primary Iimportance in the

forming of a rock glacier. Frost wedging seems to be one of the most

. Important frost action processes contributing to the growth of rock

glaciers on Lone Mountain. Frost wedging (also referred to as frost
shattering or frost spliting) is defined by Flint (1971, p. 271) as
"the prying apart of rock by ice as it forms during the freeziné of
water, usually along joints, stratification planes, and interfaces
between grains." |

In all cases known to this writer, rock glaciers originate at the
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base of cliffs. .Heré,lrock debris slidés down into a catchment basin |
and accumulates. Since either interstitial or clear ice is needed to
form an active rock glacier, mo;t rock glaciers originate on the north
sides of cliffs where there is some protection from solar radiation.
Cliffs, of course, are formed by many different yechanisms; but in
high alpine areas, probably a very high percentage have been formed

from oversteeﬁening by glacial ice.

Climatic Factors

No meteorological records are available at this time for Lome
Mountain; however, some meteorological information pertinent to this
project has been collected in the Grévelly Range, directly west of
Lone Mountain, across the Madison Valley. The study consisted, in.
part, of taking soil céméeratures'on a norfheast facing slope at an
elevation of 8,200 feet, during the month of July. The results are
recorded on page 15 (personal communication, W. F. Mueggler; Ph. D.,
Botany, Forest Service Experimental Laboratory in Bozeman, Montana).

Since the Madison Range, in which Lone Mountain is located, and
the Gravelly Range are not far apart geographically, we can probably
ac@ept a general correlation for conditions prevalent on the Gravélly

and Madison Ranges under similar aspects and elevations. Theréfore,

‘on thg northeast side of Lone Mountain which is in the Madison Range,

at an elevation of 8,200 feet, we can expect an average maximum
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Depfh‘below:surface Méximum'Mean Year

at which temperature Temperature for July Taken
. 'was taken ‘ (Elevation 8,200 ft.)

20 cm 47° F _ 1964

20 cm 45° F 1965

20 cm 45° F 1966

20 cm 47° F 1967

" 20 cm 41° F 1968

100 cm 39°F 1964

100 cm 39°F . 1965

100 cm 38° F 1966

100 cm 41° F 1967

100 cm 36°F 1968

temperature during the month:of July at a soil depth of 100 cm to be
about 38.5‘degrees Fahrenheit. According to Professor Joseph Caprio,
Plant.and Soil Sciences, Montana State University;(pérsonal communica-
tion, 1972) average temperatures decrease, in this area, at aboqt five
degrees Fahrénheit for each 1,000 feet increase in elevation. With
this information, By interpolation, the temperatures expectable at

any elevation on the northeast side of Lone Mountain at a depth of

100 cm during the‘month of July can be predicted. In the chart on
page 16 are a few interpolated average maximum temperatﬁfes-for Lone

Mountain.
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Depth 100 cm Maximum Mean -July

Elevation Temperature (F)
8,500 feet 370
8,700 feet - 36°

8,900 feet 35°

9,100 feet 340

9;300 feet 33°

9,500 feet 320

9,700 feet 31°

9,900 feet . 30°

. Theoretically possibly average maximum July temperatures
at a depth of 100 cm below surface on northeast side of
Lone Mountain. .

| _From the above chart it is clear that on Loﬂe’Mountain ﬁt a depth
of as little as one metef, freezing temperatures may be.foﬁnd during
July at elevations of 9,500 feet and greater. At greaﬁer depths (with
more insulation) freezing temperatures at even lower elevations can be
expected. Therefore, at and below these depths any water that may be
present will likely be in the form of ice. Since the upper 2,100 feet
of the rock glacier lies above 9,500 feet elevation, (Figure No. 5 and
map) theoretically ice could forﬁ within one meter of the surface even
. during July. Recent excavations by this writer have, in fact, proven

"this statement to be true.
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Figure No. 5., Longitudinal Profile of the East Rock Glacier
of Lone Mountain.
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Late Quaternary Glaciai History
" of the Rocky Mountains

YMhltiple glaciation during the Quaternary is a well accepted con-
cept; howevec, in the Rocky Mountains it is very difficult to find
evidence for gleciat;on eerlier than Wisconsin. One reason for the
lack of pre-Wisconsin glacial evidence is that Wisconsin glacial ad-
vances have obliterated much of the evidence for earlier glaciation. :
Blackwelder (1915) and Richmond (1965) among othefs, working in the
Wind River Mountains of Wyoming, have set up some guidelines for .
correlation of glacial featuces in the Rocky Mountains. Age approxif
mations change as new evidence is introduced and as better dating
techniques are developed. Figure Number 6 is a correlation chart com~
piled by this author from Richmond (1970) for the Yellowstone Lake
area of northwestern Wyoming.

§Evidence for pre-Wisconsin glaciation in the Rocky Mountains in-
dicates that these earlier glacial advances may have been more
extensive than later Wisconsin glaciations. Possibly many of the
Rocky Mountain Ranges were covered or partially covered by ice caps
.during pre-Wisconsin episodes. During the Wisconsin, piedmont gla-
ciers filled many of the intermontane valleys but most glacial activicyu
with many exceptions was confined to cirques and small valleysl

s Since the retreat of the last Pleistocene glaciers approximately

10,000 to 11,000 years ago, there have been several other short
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glacial advances popularly known as the "little ice ages.”" This neo-
glacial activity has only recently been intensely stgdied. ‘fresently
two theories concerning the number of major short glacialﬂépiso&es
during recent times.are predominent. Until the middle 1960'3 it was
generally believed that there were two neoglacial advances. One, the
Temple Lake (Hack, 1943; Moss, 1951 a, b) took place approximately
3,000-4,000 years before present and the Gaﬁnett Peak (Richmond, 1957,
1960) began from about 600 to 300 years before present and continued
into the 19th century. However, evidence for a third episode of neo-~
glacial activity has been accumulated by Benedict (1965) and Curry
(1969)‘ This information will be discussed further in a succeediﬁg
section. |

Pleistocene Glacial History
of Lone Mountain

Thergiacial and‘sufficial geology on the north and east sides of
Lone Méuntain were first studied and mapped by Clifford Montagne
(1971) . The following account of Pleistocene glacial history is taken
primarily.from Montagne's workvwith only minor additioms.

The northeast-facing cirque of Lone Mountain descends from 10,000
feet to about 8,600 feet elevation where the steep bounding walls give
- way to low gentle slopes. At an elevation of a little less than 7,500
feet; below the junction of several small streams which join to form

the Middle Fork of the West Fork, glacialhtill of basically andesitic
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composition is intermingled with crystalline till from Beehive Basin
to the north. The andesite-bearing Lone Mountain till exbibits sub-
dued form. On the basis of position and form, it has been classified
as Bull Lake in age. The glacier of Bull Lake age that acéumulated in
the northeast cirque of Lone Mountain was, at its maximum, about thfee
and one-half miles in length.

Above Bull Lake till at an elevation of 7,600 feét is a 100 foot
scarp believed to mark the frontal lobe of a two mile long rock
glacier of Pinedale age. Evidence supporting the Pinedale rockb
glacier concept in preference to an ice glacier concept includes the
absence of a backslope on the upvalley side of the scarp, the. sharp
angularity of the rock material, an@ the similarity of the surfaé;
morphology to that of the rock-glacier in the cirque. (See discussion
of the East Lone Mountain rock glacler) Situated as it is above the

Bull Lake terminus and below the rock glacier in the cirque this mate-

rial is probably Pinedale in age regardless of the process by which it -

was transported.

Glacial till has been mappea by Montagne (1971), heading in the .
small cirque now oécupied by rock glacier Number 7 (Figure No. 7).
Bull Lake tiil trends due north and terminates two miles from its’
sourtg'at the convergence of Lone Creek with twe unnamed creek; form-
ing Jack Creeﬁ. The Pinedale till is believed to termina@e about

three-fourths of a mile north of the cirque.ﬁall{
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Figure No. 7. Distribution of Rock Glaciers around
Lone Mountain Peak.
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. The Pleistoéene‘glacial geoloéy on the other flanké 6f Lo;e

Moﬁntain have not presently been studied in any detail. .Hdwever, a
reconaissgnce of the west side by the writer yields so@e valuable
insights. The west cirque has contained glaciers at somejtime during,
the Pleistocene and in some cases during early ﬁolocene fime. The
large cirque directly‘wesf_of Lone Mbuptain Peak‘containing'?ock
glacier Number'é, has at one time contéiﬁed‘;ce,‘pfobably comparable in.
volﬁﬁe to that contained in the north cirque as ihdicated by the pro~-
tecged location and area of the cirque. Avsmali:paternoster lake is
located ‘at the foot of the sﬁall rock glacier. Exactly how far the

ice éxtended down valley from this point has not been‘determined.
Lateral moraines of glacial origin are lbcated.aréuﬁd the periphery of
rock glacier Number 5. On the north‘side of'thisrrock glacier two
distinct glacial‘moraines are evideqt, the 6ﬁtér.somewh§t larger than
"the inner (Figure No. 8). The fresh appearénce of these moraines

(they have only lichen and grass cover) andvtheir close proximity to
the rock glacier suggests formation during neoglacial activity, possi--

bly Temple Lake I and II.
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Figure No. 8, Rock glacier Number 5. Note the gla-
cial moraines around the periphery of the rock glacier
proper.
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EAST ROCK GLACIER OF LONE MOUNTAIN

Introduction

The East Rock Glacier_of Lone Mountain is the most significgnﬂ of
the‘eight rock glaciers on Lone Mountain because of its size and com-
plexity. It is of immediate interest to many local people because of
its potential as an attréction to groups of visitors interested in

natural alpine erosional and transportational phenomena.

Classification

The E#st Rock Glacier is classified ;n part using. terminology of
Wahrhaftig and Cox (1959), and Potter (1967); however, because of its
complexity it cannot be completelj classified using this terminology.
The term "complex" will be used vhere no other térm §eemé.applicable.

The East Rock Glacier of Lone Mountain as a single unit is then
classified as a complex, - tongue~shaped fock'glacier. The reasons for
use of the term complex instead of Active or inactive, icé—cored or
ice—cemented rock glacier are as follows: the rock glacier has active,.
inactive, and possibly reactivated segments. Also this.writer believes
théf a part of the rock glacier is ice—core& and the remaining part
contains interstitial ice; Both parts are overlain by wvarying thick-

nesses of loose rock debris.
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Composition

k@ck Material:

Slabby, angular andesite porphyry comprises more than 90 percent
of the total rock material expcsed on the rock glacier surface. A |
minor component consists of shale or angular, éilicious siltstone
boulders. Because of its fissility, the shale usually breaks up into
small fragments which filter down through the interstices of the
la;gér rock fragments; therefore, shale is geherally found on the
surface only near its bedrock source. The silicious siltstone boulders
“found on the surface of the rock glacier have been deposited there as a
result of rock slides. These rock slides were caused in most instances
by undermining of the resistant siltstone by underlying shales or
8ills which tend to weather more rapidly than the siltstone. (Figﬁre

No. 9)

Ice Content:

| Pits have been dug into the rock glacier at various locations from
its top to its terﬁinus. A pit dug into the rock glacier just below
the snow field at approximately 9,950 feet elevation revealed inter-
Stipiallice at a depth of about four feet below the surface. Ice
(covered only by six inches éf water) was observed during September in
éhé.north bounding longitudinal trench of Segment A of the rock

glaéier (9,700 feet elevation). (See map) From this observation,
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Figure No. 9. Cliffs and overhangs formed by resist-
ant silicious siltstone. This situation causes rock
sliding. Notice siltstone boulders in the foreground
(average diameter: 1 yard) that have rolled onto and
across the rock glacier surface during a previous
rockslide.




lacking accurate climatological records, one ma} deduce that ice cam

and does exist the year around in the east Léne Mountain cirque. (See -
section on climatic factors) At‘8,500 feet'elévation, at the rock
glacier terminus, ice was discovered in what appeared to be a small:
collapse depression one and one-half feet below the surface (Figure

No. 10). - ' | : .
| Based primarily on surface morpﬁology this wfiter{believes that

the upper fourth of the rock glacier can be ;lassified as an-icew

cored rock glacier and the lower three fourths as an ice-~cemented rock
glacier. The morphology on which this hypothesis is based will be

discussed in succeeding pages in detail.




Figure No. 10.
glacier debris.
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Ice filling the interstices of rock
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" SURFACE MORPHOLOGY |
When discussing‘the Eést Rock Glacier of Lone Mounta#n, it seemsl,:
logical and advantageoﬁs to categorize it into three distinct segmenfs:
A, ﬁ, and C. This sectioning is based on differénces in surface mor- '
- phology, vegetation and rélative stability. Also as will §e discussed
later, these segments may possibly haQe originated during three sepa-

rate episodes of neoglaciation.

Segment A of the East Lone Mountain Rock Glacier

Introduction:

Looking down onto-the surface of Segment A of the East Lone
Mountain rock glacier the p;edominant surface feature is the concentric
pattern of troughs and trenches (Figure No. 11). Between these ridges
and'within the troughs of the concentric wave pattern a lessfﬂominant
but'distinctive pattern bf longitudinal ridges apd depress%pné is
evident. Trenches on both the north and south sideé of the rock gla-
cier separate it from the confining cirque &alls except at ifs apex
in the discharge zoné of a couloir directly below the mountain peak.
The surface color of this part of the rock glacier is lightér than the
surface of the downvalley parts because it lacks the lichen growth
which‘is more abundant on the lower segments. "

. A 50 foot, 40 degree scarp forms the downvalley terminus of Seg-

ment A at about 1,100 feet from its point of origin at the base of the




Figure No. 11. Segment A of the East Lone Mountain
Rock Glacier as viewed from the summit of Lone

Mountain. Notice the concentric wave pattern and
the longitudinal septa within the concentric trenches.
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. cirque headwall. The terminus closely coincides with an abrupt de-
crease in elevation of the confining qall directly fo the‘sopthc
Potter (personal communication,-l97l) has ‘suggested, and I agree, that .
at the point where the south wall decreases in elevation, sunlight is
allowed to strike the surface of the rock glacier a gréater proportiorn
of the time than the area above that point. The greater amount of
sunlight céuses more rapid melting of the uﬁderlyiﬁg_ice; Under the
climatic conditions of the past few hundred years, this relationship
hés probaBly.kept this segment of the rock glacier from advancing furwi
ther -downslope. | |

As previously stated, interstitial ice was found within four feet
of thé surface of the upper rock glacier'in mid-August, 1971. During ‘
September, ice was discovered adjacent to the upper rock glacier in
the base of the north trench. Rock debris was clegréd offhthe inter-’
stitial ice along a line perpendicular to-the trench and into the
steebly rising north side of the rock glacier. From this excavation .1
is was found that the ice surface continued up slope toward the sur-
facg of the rock giacier at an angle only slightly less than the slope
angle o£4the loose rock debris. This suggests that tﬁe entiré upper '
rock glacier is supported by and is largely gomﬁosed of ice.

I beliéve that Segment A is a relatively youthful ice-cored rock

glacier. Evidence supporting an ice~core is as follows:
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1. A relatively smooth low profile with no ice collapse
features abundant in Segments B and C
2. The evenly spaced concentric ridges and secondary
longitudinal septa are analogous to the surfacé of
some ice glaciers (These features are digcussed on
succeeding pages.) A o

3. The pronounced convéx transverse profiie

4. A surface similar to that of a known ice-cored -

rock glacier in the Absaroka Range of‘Wyoming'
(Potter, 1967)

The ice-core, no doubt was originaliy a smail ice—glacier? pro-
bably of neoglacial origin. With a warmingfcliméﬁe the glacier ‘
became partially stagnant and was eventually covered wi?h éﬁlation
drift (debris melted out of stagnant glaciél ice, Flint, 19?1, p; 173).
A point of equilibrium was reached when the ice, covered by the loose
debris acting as an insulator, ceased to melt appreciably.

Movement occurs to accommodate the accumulation of snow and rock
debris at the base of the cirque ﬁeadwall (Figure No. 12 gnd Figure

No. 13).

Concentric Wave Pattern:
- The concentric wave pattern in Segment A of the East Lone Mountain;

rock glacier apexes in the neve field located against the cirque





































































































































