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Abstract:

Significant and interesting geomorphic-glacial relations along the southwest margin of the Crazy
Mountains provide data for an understanding of a series of late Cenozoic surfaces. Paleocene (Fort
Union) sandstones, into which stocks, sills and dikes have been intruded, comprise the relatively
homogeneous sedimentary succession underlying the area. The gently northerly dipping beds do not
greatly affect the geomorphology of the area.

Four surface systems, formed by laterally planating streams issuing from the Crazy Mountains, are of
the following ages.

Surface [ ----- early Pleistocene or late Pliocene Surface II ---- early to mid-Pleistocene Surface III----
early Wisconsin Surface IV ---- intra-Wisconsin Gravels, probably indicative of older surface
remnants, are also present on high benches above surface 1. Although the present Yellowstone River
flows eastward, the presence in the Gallatin Valley of gravels from the Crazy Mountains, suggests that
drainage prior to the cutting of surface I was directed westward.

In the north, erosion since the latest glacial advance has been confined to deep, narrow valleys, whereas
in the south, where erosion has been more effective, valleys are wide and only small remnants of the
earlier surfaces remain.

Ages of the two youngest surfaces were determined after appraisal of their relationships with glacial
features. Two substages of Wisconsin glaciation are recognized; the latest moraine is fresh, the earliest
quite subdued. They are easily distinguished in the field by comparison.

Contrary to Alden's (1932) belief, I have classified surface II as Pleistocene and therefore younger than
the Flaxville Plain as it was defined in northern Montana.

Statistical studies indicate increasing sphericity and roundness and decreasing size with transport
distance except on the oldest surface. The studies show that the three younger surfaces were
stream-carved, but the oldest surface has undergone modifying influences, due either to its greater age
and length of exposure or reworking by glaciers.
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ABSTRACT

Significant and interesting geomorphic-glacial relations along the
southwest margin of the Crazy Mountains provide data for an understanding of
a series of late Cenozoic surfaces., Paleocene (Fort Union) sandstenes, into
which stocks, sills and dikés have heen intruded, comprise the relatively
homogeneous sedimentary succession underlying the area. The gently northerly
dipping beds do not greatly affect the geomorphology of the area.

Four surface systems, formed by laterally planating streams issuing from
- the Crazy Mountains, are of the following ages.

Surface I ---- early Pleistocene or late Pliocene
Surface II ---- early to mid-Pleistocene

Surface III---- early Wisconsin

Surface IV ---- intra-Wisconsin

Gravels, probably indicative of older surface remnants, are also present
on high benches above surface I. Although the present Yellowstone River flows
eastward, the presence in the Gallatin Valley of gravels from the Crazy
Mountains, suggests that drainage prlor to the cutting of surface I was
directed westward.

In the north, erosion since the latest glacial advance has been confined
to deep, narrow valleys, whereas in the south, where erosion has been more
effective, valleys are wide and only small remnants of the earlier surfaces
remain,

Ages of the two youngest surfaces were determined after appraisal of
their relationships with glacial features. Two substages of Wisconsin glacia-
tion are recognized; the latest moraine is fresh, the earliest quite subdued.
They are easily distinguished in the field by comparison. :

Contrary to Alden's (1932) belief, I have classified surface II as
Pleistocene and therefore younger than the Flaxville Plain as it was defined
in northern Montana.

Statistical studies indicate increasing spherieity and roundness and
decreasing size with transport distance except on the oldest surface., The
studies show that the three younger surfaces were stream-carved, but the
oldest surface has undergone modifying influences, due either to its greater
age and length of exposure or reworking by glaciers.




EROSIONAL SURFACES AND GLACIAL GEOLOGY ALONG THE SOUTHWEST FLANK OF THE
CRAZY MOUNTAINS, MONTANA o

" INTRODUCT ION

Location

The area undertaken for study is loecated in northeastern Park County,
Montana, on the southwestern flank of the Crazy Mountains. Approximate
limits of the area are highway 89 on the west, 46°00" Nortl latitude on the
north, and the Park County line on the east, The southern limitllies along
an east-west line about four miles north of the Yellowstone River. The
area includes ébout 200 square miles but parts of it received much more

concentrated stiady than others.

Purposes of This Studg .

?rimary purposes of the study were threefold. One goal was to‘de—
scribe the geomorpholpgy of the area with particular reference to the broad,
flat erosional surfaces which head near the mountains and extend westwa?d
to the Shields River., A second objedtive was to investigate the glacial
erosits with particular attention to learning the relative ages of these
deposits and the surfaces. Finally, an attempt was made to learn the man-
ner in which the pediment-like surfaces were formed and, if ppss;ble, to
extend these findings to a géneral understanding of the processes respon-
§ible for pediment formation, especially in areas of essentiaily ﬁomogengous
lithology. |

The methods of the study, aside from simple field observation and
deduction, incdluded the statistical analyses of 42 gravel samples collected

in selected localities, Study of the bedrock, insofar as it was pertinent
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to the project, contributed to a gréater understanding of the geomorphology.,

The overall togographic pattern is oﬁe of broad, flat erosional sur-
faces which are being deeply dissected by streams, :Several gravel-capped
remnants are all that remain of the surfaces in the southérn part of the
area which has been more thoroughly dissected than the northern part., The
surfaces are interrupted and separated in places by large asymmetrical hills
~and ridges which have, with few exceptions, steep southern and geﬁtle north=-
ern slopes. Near the mountains, relief is considerable; the terrain covered
by glacial deposits is very hummocky,

The area is flanked by the towering southern Crazy Mountains which
reach an elevation of 11,214 feet. In contrast, the southwestegp part.of
the area has elevations as low as 4500 feet. Some of the largéf streams,
notably Cpttonwood Creek and Rock Creek, flow in canyons over 400 feet deep.

IIn places, the subdued topography of the mapped area is broken by
small dikes which stand above the general landscape; near the'mduntains
" several dikes stand as high as 40 feet above the surrounding landscape;

The higher areas are well watered; there are heavy snows ip winter
and frequent showers in summer, some of which are of a cloudburst nature,
Character of vegetation varies with elevation, the lower reaches being cov=
ered by d%ass and sage, the higher by evergreen trees. Areas of morainé
are extensively férested with thick evergreen growth and in some valleys
aspen and cottonwood grow in abundance, Wheat is raised on the lower sur-.

faces and alfalfavalong,the Shields River in‘irrigated areas,
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Most drainages are directed southwestward toward the Shields River
which in turn flows southeast into the Yellowstone River, the regional mas=-
ter stream, Several small perennial streams are spring-fed, but most are

fed by surface runoff, r

[—

HELENS

Figure 2,--Index Map of Montana

Previous Investigations

In spite of accessibility, geomorphic investigations in the Crazy
Mountains area have been limited, Lewis and Clark passed the southern foot
of the mountains in 1806 and named the Shields River, F, V, Hayden in 1872
speaks of the distant range (he called them the "Crazy Woman Mountains"),
and Captain Ludlow's expedition in 1873 passed down the south fork of the
Musselshell River, at the north end of the range, where E, S, Dana, the
accompanying geologist, noted the theralite sills of Comb Creek.

The first geologic exploration was made in 1883 by J, E, Wolff
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working for the Northern Transcontinental Survey, Wolff (1891, 1938) pub~
lished two papers of a general nature on the Crazy Mountains both primarily
concerned with the igneous rocks of the area, Walter H, Weed, accompénied
by J. P, Iddings and L, V., Pirsson, made trips in 1890 and 1895 for the
United States Geological Survey, These workers déscribed the areal and
structural geology of the Livingston and Little Belt Mountains areas (Iddings
and Weed, 1894; Weed, 1899).

G. R, Mansfield (1909) published a brief paper of a general nature
on glaciation in the Crazy Mountains, Of interest’t,oo° is Alden's (1932)
paper on the physiography and glacial geologys§f‘eastern'Moﬁtana which
treats briefly of the area. | |

Very little work has been done iq recent yearsnin.the.CrazyTModntains o
yicinity and ‘although the Billings Geologigal Society did conduct a.field .
conference. in the Crazy Mountain Basin in 1957, very little.of. this was.

concerned with the geomorphology of the area,
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camping grounds and shelter durihg inclement weather as well as invaluahle

/

advice on local roads.
REGIONAL GEOLOGY

Introduction
) The Cragzy Mountains, soqfhe?nmost and highest of .several counsanguin-.
eous isolated mquntain“masSes extending through central Montana northward
nearly to, the Canadian boundary, lie between the merididns .of 110915° . .and.
110945°' West longitude, and parallels of i45%°45" and 46%30° North latitude.
The general trend is a little west of north, their length about 45 miles, .
and their width 25 miles, They are a cluster of high.and rugged.peaks,.
whose structure, together with the unusual lime-alkalic. character.of. the
igneous rocks and the magnificent exposures, give them.geologic. interest,
Bedrock consists of sandstones and shales of late Cretaceous, to. Paleocene.

age into which three cores of igneous rock of Eocene age have been injected

accompanied by thousands of associated laccoliths, sills and dikes. .

Stratigraphy

NMost of thé”sedimentary rocks exposed in the area are of Paleocene
(Fort ﬁnion) age, . and cémprise the upper part of the Livingston fermation
which is widely distributed throughout the Crazy Moﬁntéin Basin, The Liv-
ingston formation consists of andesitic sandstones and shales .of late
Cretaceous to Paleocene aée, Some writers prefer to restriet the Living-
ston rocks to the latest Cretaceous and call the Paleocene part Fort Unien,
McMannis (1955) mapped the top of the Hell Creek member of the Liwingston

formation several miles west of the Shields River and considered everything
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to the east of this line to be of Paleocene age (see Figure 2), The Hell
Creek is the uppermost Cretaceous member of the Livingston formation,

According to Wolff (1938), massive sandstones and some shales gener-
ally predominate west of the Crazy Mountains but in the mountains these give
way to shales irnterbedded with a few thin limestones, Sandstones of the
lower area near the Shields River are andesitic but they become less so
toward the east. The rocks are mostly medium-grained drab, olive=gray to.
yellow, tuffaceous to arkosic sandstones, Clastic constituents afe quite
variable consisting of angular to sub-angular fragments of quartz, micro-
cline, orthoclase, sodic to calcic plagioclase and a few grains of decom-
posed biotite, hornblende and augite as well as accessory minerals.. Rounded
fragments of limestone are commonly found interbedded anduiﬁﬂplaces,.caru
bonate fills interstices and replaces clastic grains. Wolff (1938).found a
bed of conglomerate, 23 feet thick, at the extreme head of Cottonwood Creek.
interbedded in the sandstones, The pebbles are quartz, porphyritic.igneous
rocks, banded flinty slate, quartzite and a crinoidal.limestone.otharbqnifa

erous age.,

Structure

An asymmetric syncline involving the youngesf (Fort Union) beds and
trending northeast passes just south of Wilsall. The mapped‘area lies on
the southeast, gentle flank of this syncline which causes the Fort Union
beds to dip northwest at angles of from 5° to 15°, The northwest flank of
the syncline is vertical to overturned,

Structure has not been of paramount importance in fashioning the pre-

sent landscape, but it has contributed in various ways. In the central part
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Figure 3,--Major tectonic features near the Crazy Mountains

of the range, in and near the diorite stock, vertical dikes are very num-
erous, but they decrease in number westward toward the foothills, whereas
sills remain abundant. Evidently magma was forced laterally parallel to
the uplifted and domed strata associated with the diorite stock, where
radial tension produced by the uplift of the stock formed cracks that ai-
lowed the intrusion of dikes, Notable examples of sills which fit this

description include Sheep Mountain just south of the mapped area, and Ibex
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Mountain (Theralite Butte) on the north end of the area, Both sills dip
northward at angles comparable to the dip of the surrounding sediments., The:
northerly dip is also important in that it commonly determinesfthe shape of
. the valleys, the north sides having a decided tendenéy to be steeper than
the south, as, for example, much of the valley of Cotionwood Creek,

The Crazy Mountains are not a folded range but rather the product of
differential erosion of iéneous intrusions and preexisting gehtly dipping
sediments. The area occupied by the range is a shallow basin structure
which has been modified by dome~shaped uplifis of which the most marked is
that connected with the central dioritic stock, from which the stratified
rocks dip away at decreasing angles.

According to Wolff (1938), most of the radial streams, (the entire
southern part of the range has radial drainagg)v have waterfalls. and cliffs .
at a certain distance from the central part of the range, Above this. "fall-
line"” the valleys again widen and the streams have a somewhat more gentle.
slope to the head, This "fall-line" is due to the local hatrdening of. .the.
sedimentary rocks produced by the central dioritic.stock,

Wolff wrote that the hardening effect produced by the intrusion of
the Eocene magmas coupled with the honeycombing of the soft strata by dikes
to produce a framework which holds the sediments together enabled the Whole
mass to resist the erosion which leveled the adjoining country, a chafac=

teristic which makes the range unique in this area,
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LIST OF MAJOR CONCLUSIONS

The iollowiqg conclusions are developed in detail throughout the body
of this thesis and in the summary at the end, |
1, Fouf major surfaces have been formed southwest of the €razy Mountains,
The ages of these surfaces are, from oldest to youngest: 1) . early Pleistocene .
or possible late Piiocene; 2) mid to late Pleistocene; 3) late Pleistocene,
probably pre-Wisconsin glacial stage; and’4) late Pleistocene, intra-Wis-
consin glacial stage. The present time is oné of dominant downcutting in

some areas, lateral planation in others,

2, All the major surfaces were formed by laterally cutting streams. An
insight into how the surfaces were formed can be gained by studying Rock
Creek which is presently in the process of;widening its floodplain by lat-

eral planation,

3., There have been at least two separate late Pleistocene substages of
glacial activity in the Crazy Mountains,

»;

4., Glacial relationships, older moraine lying on the second oldest surface
and younger moraine lying on the youngest surface, indicate that at least

) . .
one and possibly two of the surfaces were carved during interglacial stages.
5., The second oldest surface in the area (surface II of this thesis), which
has been designated the Flaxville Plain by previous writers is, in reality,

younger than the Flaxville Plain, Surface I (the oldest surface) is not

the Flaxville Plain either, Either the Flaxville Plain is not represented
’ ) i P

4‘1.‘
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in this area or it has;been mis-dated in other areas, or perhaps, both of

these possibilities are true,

6. Although the oldest observed surface, as revealed by the statistiqal
studies, is covered by gravels of differing character than.ithe other three
surfaces, about'all that can be said with certainty about.that surface is
that it is older than the other surfac_és° Ipterprétation_ofwthe statistical
data shows that such studies can be extremely usefulnin.analyzing;the ero-
sional history of an -area. Tﬁe task of correlating surfaces can-be aided

by such statistical studies;

PROMINENT IRREGULAR TGPOGRAPHIC FEATURES

Prominent hills dominate some interstream areas, Most important of
these are Ibex Mountain (Theralite Butte), C?dar and Rattlesnake Buttes,
Elk Mountain and Chose Hill (see Figure 1), Less prominent are Squaw'’s
Tit, Antelope Butte and Choke-to-Death Butte as well as numerous dike=
formed riéges°

Ibex Mountain, Cedar Butte and Rattlesnake Ridge, as well as Sheep
Mountain to the south of the area, are sills of theralitic to dioritic ?oék
which have been intruded into gently northerly~dipping sedimentary strata.
Wolff (1938) has pointed out that the more extensive jointing nearer the
mountains has favored the intrusion of dikes whereas the less extensively
jointed sediments further away from the main mountain range has favored the
emplacement of sills between the layers of rocks. All these features have

steep southern slopes and more gentle northerly ones, This characteristic

can be attributed to the northerly dipping Fort Union sediments into which
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Figure 4, View northwest over Ibex Mountain from surface III, The south
slopes are active and covered with coluvium especially on the upper parts
(A), Notice the large dike extending south from C to B, The outcrop is
truncated by erosion at B but it continues to the left of the picture,




Figure 5. Dike south of the Duck Creek moraine in the extreme eastern part of the
area, This dike outcrop is about 30 feet high and 80 yards long, Several similar
dikes of smaller size are present to the southwest in the area east of Falls Creek
Canyon,

(A




Figure 6. View easi up Falls Creek Canyon. The ridge on the left is the relatively narrow dike

shown in Figure 7.

South of the canyon the dike widens out eventually into Cedar Butte,

A |
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the sills were emplaced, £Lrosion has since formed the prominent scarps on
the southern sides,

Several large dikes, as well as innumerable smaller ones, are present,
some of the largest ones apparently having served as feeder dikes for the
sills, Of particular interest is the large dike north of Cedar Butte
which is transected by Falls Creek (Figure 6), Falls Creek is superimposed
on the dike, and its canyon cut due west through the dike suggests consider-
able change in drainage direction since superposition because both above

and below the canyon the stream has a definite southwesterly course,

Figure 7, Topographic expression of dioritic dike
north of Falls Creek, View north-northeast along the
ridge to left of Falls Creek Canyon shown in Figure 6.
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Uther relatively high hills such as Chose Hill, Choke-to-Death Butte,
and Antelope Butte, exist because of their capping of gravel (see Figure 1),
The flat tops of these three hills are all remnants of a surface (surface
'II of this thesis) which was once much more extehsive than it is at the
present time, These hills have relatively steep southern scarp slopes, a
consequence of the northerly dip of the Fort Union sediments of which they
are composed, Drainage around Choke-to;Death and Antelope Buttes is radial.
Elk Mountain (see Figure 1), although it has a small igneous intrusion
associated with it, stands up by virtue of a gravel cap, most of which has
only recently been removed, It was once part of a high surface (surface I
of this thesis), and was isolated as the surface was removed,

Squaw's Tit (see Figure 8), two miles northeast of Clyde Park, was
incorrectly mapped by Wolff §l938) as a Tertiary ihtrusion and although
there is one small dike on the side of the hill the main mass is sedimen-
tary. It is doubtful whether Wolff had this dike in mind when he drew his
map because several larger dikes not over a mile away were ignored, It
seems probable that Squaw's Tit, instead of being primarily a Tertiary
intrusion, is an area of rocks more resistant than those of the surrounding
countryside, Particularly interesting are the'intensely twisted fine-
grained siltstones on the hill which appear to have been contorted by
sliding along the bedding planes while still in a plastic state, Perhaps
the corrugated effect creates a rock resistant enough.to account for the
superior elevation. This same type of structure is common in much of §he
Crazy Mountain basin, however, and in many places it is not associated'

with high standing terrain features. . Some subtle changes as a result of
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baking of the sediments by the dike may account for the hardness, but if so,

they are not apparent,

Figure 8, OSquaw's Tit from the north at a distance
of about one mile. Beartooth Mountains are in the
far distance,
SURFACES SOUTHWEST OF THE MOUNIAINS
Introduction
The flat, smooth benches which slope away from the mountains are
veneered with gravel, Bedrock beneath the gravel has been uniformly smooth-
ed down so that it is seldom exposed except where the gravel has been re-
moved, In this thesis, these flat benches are referred to as "surfaces"”.
Primarily on the basis of elevations, four sdparate surface systems
in addition to the present river floodplains have been distinguished south-

west of the Crazy Mountains. Each surface could be divided into subsurfaces,




17
but, insofar as it was feasible, these various epicyclic surfaces were
grouped together, The su;faces are numbered consecutively from oldest to
youngest, Gravels older than those on surface I are restricted to narrow

higher ridges in the mountains. These remnants are present at varying

elevations from 7200 feet up to 11,000 feet, The existence of these gravels

is very important because it shows that surfaces were produced even before
surface I; Gravel fragments on these ridges are mostly quite large, diori-
tic, thoroughly weathered cobbles which have undefgone‘extensive frost
action, Some of the rounding may be a product of this fro;t action.

Gravel samples were téken at several locations on each surface. The
results of the studies of these samples are included at the end of the dis-
cussion of the surfaces. Four graphs have been prepared to show hﬁw the
sphericity, roundness, size and composition of the gravels varies with

transport distance,

Surface I

Surface I, highest and oldest surface of consequence in the area
southwest of the Craiy Mountains is preservea best along the mountain front
and in relatively narrow ridges one-half mile or les$s in width exténding
generally southwestward from the mountain front (see Figure 1), Its ele-
vation ranges between 6200 feet and 7200 feet. Although several small rem-
nants of surface I are preserved in the vicinity of‘thq mountain front, only
three are of any appreciable.extent and E?e total area of the system of

surfaces assigned to "surface I" is not large, about iwo and one-half square

miles, Exbept for very near the mountain frohtv where it is steeper, the
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Slope averages about 250 feet per mile.

In sections 3, 4, and 5 of T, 2 N,, R, 11 E,, there is a moderately
. well-developed juncture between the surface and the mountain front, but in
other areas it tends to be obscured by glacial moraine., At no place is
this juncture particularly sha;p, a condition probably caused by the con-
siderable age of the surface rather than initial conditions when the sur-
face was in the process of being cut. Mechanical weathering of the moun-
tain slopes has covered the highest reaches of the surface with talus and
thereby created the present rounded juncture,

The composition, sphericity, sizing and roundness of the gravel
cobbles that cap surface I differ significantly from those that cap the
other major surfaces., <The average maximum diameter of the particles ana-
lyzed tends to increase away from the mountain frent. This is also true
for surface II, the next oldest, but the tendency is not quite so clearcut
(see Figure 26). Of interest too, is the fact that both sphericity and
roundness, explained on pages 43 and 44, decrease with distance from the
mountain front. The opposite is true for each of the other three major
surfaces, Finally, the percentage of igneous cobbles (igneous cobbles plus
sedimentary cobbles equals 100%) increases with distance from the mountains,
again in complete disagreement with data for the other surfaces,

As was pointed out on paée 8, the Crazy Mountains were produced by
differential erosion of the easily removed Fort Union sediments from the
skeleton-like framework of diorite which hardened the sediments and aids in
holding them together. Initially, when erosion began, the percentage of

Fort Union rocks must have been much greater than it is now because the
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Figure 9, Center of surface I in section 7, [, 2 N,,

R, 11 E,, west of Sheep Creek. Notice the angular

character of the diorite boulders,
dikes which stand as ridges today were originally intruded into layered
sequences of sedimentary rock., The percentage of Fort Union in the gravels
would be expected to drop steadily as more of the igneous complex became
exposed and correspondingly more igneous material would appear in gravels
on successively younger surfaces. This, in fact, is borne out by Figure 24
where it is seen that the curves do have a tendency to shift "upward” favor-
ing igneous rocks more and more with each successive surface,

Ubservations of the gravels being transported by the present streams

indicate that the dioritic rocks have a tendency to endure longer than the
sedimentary rocks, This suggests that the older surfaces should have more

dioritic material on them than the younger surfaces because the sedimentary
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Figure 10, Gravel cover west of Sheep Creek near the

lower end of surface I in section 7, I, 2 N,, B, 11 E,,

looking south., This is on the western lobe of the

surface,
rocks would be expected to weather away, Because these conditions do not
exist, the tendency for dioritic rocks to become more abundant due to dif-
ferential erosion must be stronger than the tendency for the sedimentary
rocks to weather faster than the dioritic rocks after deposition, See
Figure 11 for an illustration of these conditions, Separate observations
for each of the two major rock types indicates that crystalline rocks have
higher values for sphericity and mean size (see Appendix A),

The increase in size with distance from the mountains could be ex-

plained in the following manner, The crystalline rocks are more resistant

and retain their size more readily than the Fort Union sediments, both under

conditions of transport and after deposition and weathering, Because the
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Figure 11, Schematic illustration showing how the amount of crystalline
material being removed from the mountains increases with time,

crystalline rocks constitute increasingly large percentages of the total
gravel cover with distance from the mountain front, the total gravel cover
would be expected to consist of an increasing percentage of large particles
further from the mountain front than near it. The initial preponderance
of Fort Union sediments near the mountains has, in time, weathered more
than the crystalline rocks reducing the size of the particles near the
mountains with respect to those further away. The increase in size would,

therefore, be primarily a function of the length of time the surface has
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been exposed to weathering rather than to conditions at the time the surface
was formed,

‘Ehe decreasing values for'sphericity and roundaess with distanée from
the mountains are not easily explained, Perhaps the gravels on sur}ace I
were deposited by an early glacier., Ancient moraine tends to be verj sub~
dued (see Figure 13 and compare it with Figures 9 and 10), Statistical
relationships would be expected to be quite erratic in deposits of moraine.
If the deposits actually are moraine, the foregoing arguments are probably
invalid;

Surface I, which appears.to be very smooth when viewed from any of
the lower surfaces, is in reality rather rolling. It is less smooth than
any of the other surfaces but still quite level near the central parts of
the remnantsw1°

Headward erosion has proceded well into the edges of the smaller
rempnants of su;face I and in places its influence extends to near the mid-
dle of the remnant, In these gentle valleys, higher concentrations of
gravels are present and nearly always the gravels are slightly larger ~ -
than outside of the valleys., Usmally the flat.interior parts of surface I
are covered by sage and at the slopebreaks on all Sides,'evergreen trees
grow in abundance; EroSion is not extensive on the larg@f par#s of surface
I, however, and the only place it is hoticeable is along the edges which

are bounded by streams. The edges bounded by surface II show very little

1; It might be useful to mention the danger in attempting to delineate a
surface by viewing the profile at a distance, Although the profile may
appear to be very flat and extensive, in reality it may be nothing more
than a ridge or, in the present area, only a dikes;
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wastage and it appears that conditions in these areas are nearly. identical
to those when surface [II was formed, However, erosion is preceding at a
moderate pace especially along the éouth slope of surfacell where Little
Rock Creek flbws to the southwest through sections 16, 17, and 19 of T, 2

N., R, 11 E; Here slumping is pronounced and gravels are being undermined
to such an extent that in some places the earth around tree root systems
has been removed, Northern slopes-are smoother than the southern, a con-
sequence of scarp slope-dip slope relationships in recks with northerly dip,
and in most places weathering is not particularly noticeable on thése'
slopes,

Although quantitative data are not available, it seems likely that
surface I receives more precipitation than any other surface by reasen of
its elevation and proximity to the mountains. Often when it rains on sur-
face II, surface I receives snow, Indeed, a difference of only a hundred
feet of elevation is a very important factor in determining both the
amount and form of precipitation.

Surface I is .the oldest surface of appreciable extent observed in
the‘area, Its original extent was clearly much greater than it is at the
present time., Location of remmants indicate that it extended over the area
now occupied by the valley of Hammond Creek; it probably covered Elk Youn-
tain; and it may have extended further east than Falls Creek, These are
mipimum limits indicated by field evidence. It seems probable that the
surface actually covered far more area than these limits would indicate and
although confirmatory field evidence is lacking, several remnants on the

€éast and south sides of the mountains appear to be equivalent to surface I
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A maximum limit for the southwestern boundary might be the ancestral Shields
River, but it is not known where this was. It may not have been in its
present position,
Field evidence does not indicate what the age of surface I is, It ié
older than the first of the two recognized glacial adﬁamces in this areaq‘
éﬁdq of course, older than surface II, It may be yduhéer than the Tertiary

deposits of the Bozeman area (see page 83).

Surface II

A very regular and extensive surface is developed just south of Rock
and Little Rock Creeks as well as about a mile south of Elk Mountain (see
Figure .1), In addifion. there are several smaller remnants which were once
coextensive with the surface, Chose Hill, Antelope Butte and Choke-to-Death
Butte being notable examples. Surfaée I1 heads very near the mountain
front at a\slightly lower elevation than surface I and extends nearly to'
the Shield’s River, a distance of over thirteen miles, - In this distance it
slopes from a high of 7200 feet down to nearly 5100 feet, Near the moun-
tains, the gradient is quite steep, nearly 400'fe¢t per mile, but this
rapidly flattens out to about 150 feet per mile, a gradientAthat is main=-
tained except for minor variations throughout the remainder of the length.

The total area of surface II as determined by polar planimeter is
very nearly 15 square miles, all remmants included, The largest part of
the area is contiguous; the aréa of the smaller remnants actually contri-
butes very little to the total,

The highest reaches of the surface are covered by moraine from two
















































































































































































































































































































































































































