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Abstract:

The Deep Creek fault represents the eastern-most major Basin and Range faulting in Montana. This
high angle normal fault forms the western flank of the Beartooth uplift and the eastern margin of the
upper Yellowstone (Paradise) Valley in southern Park County, Montana. Initiation of movement along
the Deep Creek fault may have begun as early as the Paleocene, in conjunction with uplift of the
Beartooth block. A northeast-trending mylonite shear zone along the eastern margin of the Yellowstone
Valley appears to have strongly controlled the geometry of the Deep Creek fault.

The fault trace is generally straight, but has several small bends and en echelon breaks.

The western flank of the Beartooth uplift exhibits the great relief common to other normal-fault bound
ranges in the western United States, but tectonic landforms (triangular facets in particular) common to
many of these ranges are poorly expressed along the mountain front. This relationship may best be
explained by the complex glacial history which has strongly affected the northern Yellowstone region,
and the resistant nature of the Precambrian crystalline rocks exposed in the footwall of the fault.

Geomorphic and statistical analysis of Quaternary fault scarps revealed three major periods of faulting
still preserved in the Yellowstone Valley. A well preserved group of scarps formed 10,000 to 12,000
years BP was preceded by two earlier periods of faulting; these scarps were formed approximately
30,000 to 50,000 years BP, and 100,000 to 200,000 years BP. The oldest scarps are preserved only in
the northern part of the valley, beyond the reach of late Pleistocene piedmont ice sheets. Fault scarps in
the upper Yellowstone Valley appear to. be the products of single fault movements, or closely spaced
multiple movements, separated by quiescent periods of much longer duration. Rate of displacement has
been approximately 200-300 m/million years since the early Pleistocene.
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ABSTRACT

The Deep Creek fault represents the eastern—-most major
Basin and Range faulting in Montana. This high angle normal
fault forms the western flank of the Beartooth uplift and
the eastern margin of the upper Yellowstone (Paradise) Val-
ley in southern Park County, Montana. Initiation of move-
ment along the Deep Creek fault may have begun as early as
the Paleocgene, in conjunction with uplift of the Beartooth
block. A northeast-trending mylonite shear zone along the
eastern margin of the Yellowstone Valley appears to have
strongly controlled the geometry of the Deep Creek fault.
The fault trace is generally stralght but has several small
bends and en echelon breaks.

_ The western flank of the Beartooth uplift exhibits the
great relief common to other normal-fault bound ranges in
the western United States, but tectonic landforms (triangu-

"lar facets in particular) common to many of .these ranges are
poorly expressed along the mountain front. This relationship
may best be explained by the complex glacial history which
has strongly affected the northern Yellowstone region, and
the resistant nature of the Precambrian crystalline rocks
exposed in the footwall of the fault.

Geomorphic and statistical analysis of Quaternary fault

scarps revealed three major periods of faulting still pre-
served in the Yellowstone Valley. A well preserved group of
scarps formed 10,000 to 12,000 years BP was preceded by two
earlier periods of faulting; these scarps were formed approx-
imately 30,000 to 50,000 years BP, and 100,000 to 200,000
years BP. The oldest scarps are preserved only in the north-
ern part of the valley, beyond the reach of late Pleistocene
piedmont ice sheets. Fault scarps in the upper Yellowstone
Valley appear to. be the products of single fault movements,
or closely spaced multiple movements, separated by quiescent
periods of much longer duration. Rate of displacement has
been approximately 200-300 m/million years since the early
Pleistocene.




‘ INTRODUCTION
Location

The Deep Creek fault bounds the western edge of the
Beartooth uplift and forms the eastern margin of the upper
Yellowstone (Paradise) Valley.in south-central Montana (Fig;
1) .. This high—-angle normal fault trends northeast for
approximately 55 km and structuraily separates the Gallatin
and Beartooth Laramide foreland uplifts. The fault.traée is
characterized by sporadic Quaternéfy fauit scarps, ana is .
elsewhere bﬁried by surficial debris or inferred by.the

presence of faceted spurs and other tectonic landforms.
Purpose

The topography of south-central and soufhwest Montana
is dominatea by mounfain ranges which are commonly'bound by’
steeply—dipéing normal fauits. These northwest-to ﬁortheast-
t;ending structures characterize the extensional Basin and
Range deformation which.has occurred’ in this‘regién since
Midd}e (ana possibly earlier) Tertiary.time.. Many of these
faults (including tﬁe Deep Creek) are considered active to-
day (Reynolds, 1979). The purpose of this study is to de-
scribe the tectonic geomorpholoéf of thé eastern margin of

the upper Yellowstone Valley, and in particular, the
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geomorphic expression of the Quarternary fault scarps found
along the trace of the Deep Creek fault. This data will
then be applied to an interpretation of the hisfory of Quat-

ernary movement along the fault. This intérpretation will

‘include the age of fault scarps present in the Yellowstone

Valléy, recurrehce intervals of major faulting, and rate of
fault displacement during the Pleistocene. The reéionql
geological setting will initially be developed to explain
the relationship between Quaternary features and the struc-

tural setting of south-central and southwest Montana.

Previous Investigations

Geologic investigations in the upper Yellowstone Valley
date to the late 1800's, when the Hayden Survey followed the

Yeilowstone River 'into what is now Yellowstone National Park..

" Publications from this era (Hayden, 1872a, 1872b; Weed, 1893;

Iddiﬁgs and Weed, .1894) are remarkable, especially consider-

ing the reconnaissance nature of these investigations.’

The i930's and 1940's marked a resurgence of investiga-

tions in the area, principally by geology students from

‘Princeton University. Excellent studies of the structural

geology (Wilson, C.W., 1934, 1936; Wilsoﬁ, J.T., 1936; Lam-
mers, i937; Skeels, 1939) and geomorphologyv(Horberg, 1940)
of the region were published dﬁriné this period.

From the post—war period to the present; invéstigations

of the éurréunding Beartooth and Gallatin Ranges were




g
published (ﬁoose and others, 1961; McMannis and Chadwick,
1964; Chadwick, 1969; Reid and others, 1975). The U.S.
Geologicai Survey was aétive throughout this period, with
major studiés conducted on the general geology of the'regién
(Richards, 1957; Roberts, 1972; Fraser and others, 1969;
Ruppel; 1972) . Bonini and others (1972) conducted a gravify
survey of the region, which has given'majpr insigh£ into the.
surface configuration of the Yellowsfope Vélley. Several
Masters and Ph;D._théses have also made contfibutipns to the
geology of the region (Van Voast, 1964; Basier, 1965; Bush,
1967; Struﬁsacker, 1976; Erslev, 1981). The author has
receﬁﬁly pubiished é shorter Vepsion of this thesis (Per-
sonius, 19825. - | | |

The most comprehensive invgstigations of the glacial
and geomorphic aépects of the valley have been-coﬁducted bg
John Montagne of Montana State University (Montagne and
Chadwick, 1982) and Kenneth Pierce of theAU.S. Geological
Survey (Pierce, 1979). These wérks repfesent the "state of

the geologic art" in the upper Yellowstone Valley.




'ROCK. TYPES AND DISTRIBUTION

" Precambrian Rocks

Béth the Gallatin and Beartooth Ranges are Precambrian-
cored foreland uplifts, charactérized by highly metémor;
‘ phosedﬂcrystaliine rocks of Aicheén age (Foose and 6thers,
1961; McMannis and Chédwick, 1964; Reid and others, 1975).:
Movement along the Deep Creek fault has elevated the Bear-
tooth Ranée structurally higher than the Gallatin Range, and
subsequeﬁtly more Precambrian rocks have .been exposed there
by erosion (Fig. 2). The Precambrian rocks are very heter-
ogeneous, and represent metamorphosed equivalents of éedi—
'mentary rocks deposited very early in the history of the

,earth'(Reid and others,'1975).

Paleozoic and Mesozoic Rocks

The‘Paleozoic;Mesozoic sedimen£ary package representing .
shelf sedimentation is pfese?ved in several remnants atop
the Beartooth andyGéllaFin Ranges (Fig. 2).' The narrow:por-
tal forming the norﬁhern entrance to the Yellowstone Valley
south of Livingston, Montana, is cut through.a compléx_ofr
these rocks famped‘onto the ﬁorthern.flanks of the Beartqéth
andfGéllatin Ranges by the Suce Creek thruét system. These

represent the best exXposures of the.section in the valley..
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Other small outcrops are found in the low hills between Suce
and Deep Creeks, in the area just south of Mill Creek, and

as small scattered remnants on the valley floor.

Tertiary Igneous Rocks

Eocene volcanic rocks were erupted in two nofthwest-
ﬁrending belts across the southern portion of the feilow—
stone Valley areé_(Chadwick, 1970). Basea on their'regional
extent, these_beits‘probably repreeeﬁt zones of weakness
within the basement (Chadwick, 1981; Garihan and others,
1982), and appear to be continuous with the. Squaw Creek-
fault to the nbrﬁh and the épanish-Peaks fault to the south
(Fig. 2). intermediate compositions dominate within this
,sequenee; the dominant andesitic lava flows and breccias
have been locally.intruded by dacitic. to rhyodacitic-p}ugs,
stocks, and dikes. Two principal sequences are evident.

The older, more restricted sequence is known as the Golmeyer
Creek Volcanics; it is overlain by the more widespread Hya-
lite Peak Volcanics (Montagne and Chadwick, 1982). Theee
rocks range in age from 45 to‘53 MY, and apparentlf corre-
late with the Wasﬁburn Group of the Absareka Volcanic Super-

group (Smedes and Prostka, 1972)..




STRUCTURAL .SETTING

Regional Structure

The Deep Creek fault represenés the easternmost expres-
sion of the Basiﬁ‘and Range structural province.iﬂ Montana
(FPig. 3). Although at léast one author disagrees (Ruppel,
1982), most workgrs;believe'that normal faults formed by
'east-wesf directed crustal extension were superimposed on_é
structural terrane formed dufing the Sevier and Laramide
orogenies (Réynolds, 1979). This pre-existing landscaéé was
characterized by broad uplifts‘and'basins of low relief
(Thompson and others, 1981);

North-northeast and norﬁhﬁnorthwest trending range
front faults dominate the Basin and Range structural defor-
mation in western Montana. These fréndé may reflect struc-
tural anisotropies in the underlyingAPrecambrian basementf
upon which the east-west extenéiénal stress regime has been
superimposed. _A major exception is the east-west trending .
Centennial fault (Fig. 3) which may be qontroiled by north=
south extepsion‘éSSOCiated with the Snake RiveflPlain (Hamil-
ton and Meyers, 1966; Trimble and Smith,.1§75):"

Laramide structures generally trgnd west té northwest,
which implies compressioﬂal stress aligned in a nortﬁeast-

southwest directioh.f The bounding reverse faults of the_
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Beartooth uplift,'and the trend of the Crazy Mountains Basin-
also display ;his pattern. As with Basin and Range deforma;
tion, pre-existing basement weaknesses may have had a.major
influenqe on the geometry of theseistruétures. One such
weakness is tﬁe Nye-Bowler lineament, Whiéh traverses east-
west along the ﬁorthern_front of the Beartooth upiift. C.W.
Wilson (1936) pdstulated left~lateral strike-slip movement
oﬁ this fault zone to explain the en echelon patterns of
northwest~striking félds and northeast-~striking normal. faults
found along thié structure. Certainly more work needs to be
done to éxplain the felationship between these basement

weaknesses and later deformation.

Yellowstone Vailey Structure

The strong relationship that appears to exist between
structures of Laramide aﬁd Basin and Range style with weak-
nesses in the Precambrian basement elsewhere in Montana is
‘also evident in the upper Yellowétbne Valiey; Therefore a.
discussion of known Precambrian strdctﬁres'is important to |

understanding the local structural setting.

Precambrian Structures

" The Precambrian geology of the west flank of the Bear-
tooth uplift has béen studied in some detail (Reid and
others, 1975; Burnham, 1982; Erslev, 1982); these studies

have revealed several dominant structural tfends (Fig. 2):‘
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1) a northeast-striking foliation trend, 2) major west-to
northwest-trending strike-slip faults, 3) Séveral north-
northeést—trending strike-slip faults, and 4) a major noith—
east-trending mylonite shear 2one coiﬁcidént with the trace

of the Deep Creek fault.

Laramide Structures

Thé previously diséuséed Precambrian Weaknesseé éppear-
to have controlled much of the structural deformation ésso—"
ciated with the~Laramide orogény,lespebially within tﬁe
Bearfooth block itsélf-(Foose and others, 1961; Reid and
others, 1975); West-northwest-trending folds and low—to.
hiéh—angle reverse faults characterize the Laramide struc-
tural-feafures in the upper-Yellowstone Valley area (Fig. 2).

To the south, the Gardiner fault forms tﬁe southwestern
flank of the Beartooth uplift, and may project westward
across ;he southern_portion_of the valley (Fig. 2) (Montagne
and Chadwick, 1982). This north-dipping high-angle reverse -
fault is believed to be part of the Spanish Peaks—North
Meadow Creek-Bismérk fault system which trends to the north-
west as far as the Tobacco Root Mountains (Reid,.1957; Chad-
wick, 1970; Schmidt énd Hendrix, 1981; Garihan and others,
1982) Sevefallauthors (Johnson, 1934;IFoose and others,
1961) have speculated tﬁat the Gardiner fault plunges be-
neath the;Tertiary volcanic cover to the southeast and even-

tually emerges as the Rattlesnake Mountain fault near Cody,
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" Wyoming. Ahother hypothesis is thaf the Gardiner fault coh~-
nects with the north~trending Buffalo Fork thrusf.in central
Yellowstone -National Park (Ruppel, 1972). Little subsurface
evidence exists to prove or disprove these hypotheses.

The Mill Creek and Elbow Creek fault zones of J.T. Wil-
son (1936) enter the east side of the upper Yellowstohe
Valley near the mouths of M111 and Elbow Creeks (Flg. 2)
These north dipping, high-~angle faults show reverse movement
(both down to the south) and have been .superimposed on pre{
existing strike-slip faults ef'Precambrian ancestry (Reid . -
and others, 1975). J.T. Wilson (1936) believed these faults
extend to the noftheast as the Stillwater-Bluebird faults,
although the eastward termination is subject to conjecture
-(Foose and others, 1961; Reid and others} 1975).
| A complex group of Laramide structures forms the north-
ern margin'of the upper Yellowstone Valley (Fig. 2). The
Yellowstone River has cut a gorge through the hanging wall
. of the Suce Creek thrust, one of several nerth—dipping re-
verse.and-thrustfaults which displace'PrecaMbrian, Peleozoic,
and Mesozoic rocks onto the northefn flanks.of the Gallatin:
ana Beartooth Ranges. Associated with these faults are‘an
en echelon series of_north@est-plunging folds that contlnue:
northward to the Bozeman area. The trend of these folds
pafallels the fold trend of the Nye Bowler lineament to'the
east, and may represent,a.norﬁhwese continuation of this

fault zone (Wilson, C.W., 1936; Roberts, 1972). This thrust
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complex may be an example.of "out of the'basin" crowding,
associatéd with dpwnwarping of the Crazy Mountains Basin to
‘the north. -

‘A series of klippen consisting of Paieozoic rocks rest-
-ing on Mesozoic strata are located juét‘sduth of-the‘Suce .
-Creek thrust trace Sn the west side of the valley (Roberts,
1964). These features may have been emplaced by éravity '
sliding off the tqpographic and structural-high,created by
the Suce Creek thrust (Skeels; 1939; Foose anhd others, 1961).

Several of these smaller blocks are found out on the valley

floor, and have been partially buried by alluvium.

Basin and Range Structures

The Deep Creek fault is the dominant Basin and Range_
structure in the Yellowstone Vailey region. Directly fo.the
east, tﬁé northeast~trending Luccoék Park fault Eoﬁstitutes
a sympathetié step faulf between the Deep Creek fault and
the uplifted Beartodth block (Figl 2). These'faults bound -
an uplifted‘blpck of Precambrian rock known as thé Short
Hills; relief between the present Valley floor.ahd the fop
of thé Short Hills block is épproximately 500 m. A minor
step fault within the Short Hills block is exposed withiﬁ'f
the canyoh of Cascade éreek, 0.5 km east of the Deep Creek -
fault trace (Fig.-i, Plate 1). A,small remnant of Miocene
(?) sedimentarylrbck is preserVed in the hénging wall of |

this faulf (Montagne and ChadWick,_1982). The Short Hills
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block is probably broken by other small-displacement faultl
slivers of this type.

Tertiary dip;slip displacemént is apparént on the LucF
cock Park fault; the trace is marked by a prominent break
in slope, and remnants of Miocene(?) sedimentary rocks are
presérved on the ‘Short Hills block, bqt not on the footwall
of the Luccock Park fault. The autho; found no evidence.of
near-~recent movement. along the trace of this‘fault.

The general_northeést treﬁd expressed'by all the normal
faults along £he eastern side of the upber Yellowétone‘Val—
ley appears to continue northward beyond the confines of the

valley in a series of short, en echelon normal faults shown

on Roberts' (1972) tectonic map of the Crazy Mountains Basin '

region.

| Sufficient evidence existé to suggest tha£ the Deep .
Creek and associafed faults have been superimposéd'on pre-
existing structural feétures. Reid and others (1975) mapped
the Luccock Park fault as a normal fault éuperiﬁposed on a
strike-slip fault of Precambfian ancestry. Certainly the -
mylonite shear zone mapped by Erslev (1982) and;Burnham
(19825 in this regién had an iﬁfluence on later normal fault-
ing. This northeas;—trending, northwest-dipping shear zone
of probabie Proterozoic age was mapped discontinuously élong
the eaStern‘side of the upper Yellowstone Valléy.' The Deep
Creek fault trend difeétly foliows this shear zone wherever

it is exposed. Erslev:suggested that foliation plaﬁes of
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the mylonite zone were exploited by the Deep Creek‘fauit;
and.that the change in Erend (from northeast to north-north-
east) of the mylonite zone in the Mill éreek area can be
attributed to left-lateral striké-slip movgment on the Mill
Créek fault (Fig. 2). As with the'previously-described
Laramide'structurai features,-pre—existing'weakﬁesses appear
‘to have strongly éontrolled the distribution of Basin and
Raﬁge structures in the upper Yellows£one Valley.‘

The lack of any clear liﬁear trehds,‘springs or faceted
spurs suggests that ﬁhere is no,méjor bounding fault on the
west side of the §alley. Therefore the uppef'fellowstohe .
Valley is considered a half graben../Structures on the west
side of the valley generally plungexeastward in response to
movemenﬁ along the Deep Creek fault:

Other north and northeast-trending normal faults extend
northward from the Yellowstone Plateau area into the southern
-margin of the Beartooth uplift (Foose aﬁd otﬁers, 1961; Rup-
pel, 1972; Struhsacker, 1976). They appéear to fruncate the.

the Laramide structural features in the area.
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CENOZOIC HISTORY

Age of the Valley

The exacﬁltiming sf movement.aloﬁg the Deep Creek fault
and subsequent formation of the Yellowstone Valley, is open-
to conjecture; Uplift of the Beartooth block occurréd in
Paleocene time, élthough.the topographic relief of the area
was Created by regional uplift and subsequént érosidn since
the'Mioéene (Foose ;nd others, 1961). The apparent trunca-
tion of the Deep,Creek fault by the Suce Creek thrust led
Richards (1957) to infer that fensional forces pre-dated the
final éompfessional events dgriné uplift of the Beértooth
block. Most published maps of'£he area (Foose and others,
1961} Roberts, 1964; Reid and others, 1975) agree that the
Deep Creek fault is truncated by the Suce Creek thrusf..

Studies of the Eocene volcanic rocks in the Gallatin
Rénge by McMannis and Chadwick (1964) and Chadwick (i969)
ﬁave also given indications of an eariy Tertiary date fo:
initiation of faulting. The earliest Eocene volcanic rocks
(Golmeyer Creek Voléanicsfrdip 1001eastWafd toward the Yel-
lowstone Valley, whéréaS'the upper units of this same
sequence are neariy horizontal. This relatipnship implies
that the region was,tilﬁed to the east»at tﬁe time oﬁ.vol—

canic activity, possibly in response to movement on the Deep

7

4
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Creek fault. Detailed examination of the fluvial and mud-
flow facies of these volcanics also indicated that‘pfe-
volcanic drainage was to the east. These observations at
least point to a topographi§ low to the east iﬁ the vicinity
of the upper Yellowstone Valley.

The main phase of Basin ahd Range extensional deforma-
tion is believed to have begun during the middle Miocene, as
evideﬁced by the presence of the middle Miocene unconformity
in the'intermontape basiné of éouthwesthontana (Résmussen,
1973; Reynolds, 1979; Thompson and others, 1981). In most
basins,.late Miocene and younger sedimentary rocks rést un-
conformably -on Oligocene aﬁd early Miocene sediméﬁtary rocks;
middle Miocene age rocks are rare or missing.’

The best Tertiary sedimentary rock exposures in the
upper Yellowstone Valley can be seen in the White Cliffs
area in the southern part of the valley (Fig. 1). Here a
flat~-lying 5.4 MY basalt overlies a flat~lying Léte'Miocene_
gravel, which contains fragments of an 8.4‘MY basalt.'_This
gravel in turn overlies a middle Miocene (1771 MY)(Hughes)
1980) sequence of tuffaceous sandétone, siltstone}_and clay-
stone which is dipping to the east at 8-10° in response to _‘
movement on the Deep Creek fault. The base of this exposﬁre
is covered, so the .underlying rocks cannot be identified.

No Oligocene rockg have been identified in the Vélley. The
existence of this middle and late Miocene sequence implies

that initiation of movement along the Deep.Creek fault
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.occurred at least in pre-Miocene time, in Qrder for these
fluvial énd 1acustrine sediments fo be tfapped in the valley,

Other tuffaceous sediments very similar to the White
Cliffs rocks have been idenﬁified.on'top of the Shor£ Hills
"block (Montagne and Chadwick, 1982) o&er 300‘m.above the
present valley fioor. If these fOCks.are also middle Mio-
cene in age, theﬁ‘eifher a very thick sequence of Miocene
rocks was deposited and subsequently erodéd in the valiey,
or uplift along the Degp Creek and Luccock Pérk‘faults_has
carried these roéks to a position much higher than at the
time of deposition (Montagne and Chadwick, 1982). The lack
of thick Miocéne exposures elsewhere in the valley, and
evidence to be -discussed in a later section on the glacia-
tion of the valley, point to uplift as the reason for the
high level oqcurrencé of Miqcene rocks on the Short Hiiis
blocki | |

The previously presented evidence from the sedimenfary
" record in the YelloWstone Valley aéain points to tensiongl
moveménts along the Deep Creek fault which pre-daté the mid- -
dle Miocene date assigned to most Basin and Range faults in
southwestern Montana. From evidence to date, an early Ter-
tiary initiation, perhaps in the late Paleocene, seems rea-
sonable. The présence of a nortHeast-trending mylonite
shear zohe éoinéident]with the trend of-the Deep Creek’ fault
:(Erslév, 1982) may help explain tensional faulting during or

closely following the compressional stresses which
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characterized the Laramide orégeny. fherefore the Deep -
" Creek fault appears to have unaergone a very long period of
tensional, dip-slip displacement, which has continued inter-

mittently to near-recent time.

Glaciation

The upper Yellowstone-Vélley has undefgone a complex
history of glaciafiqn during the Pleistocene. Deposits cor-
-related with Pinedale, Bull Lake, and Pre-Bull Lake glacia-
tions have been identified in thé valley (Plate 1) (Pierce,
.1979; Montagne and-CHadwick, 1982). Dating of near-recent
movements of the Deep Creek fauit are greatly aided by

cross~-cutting relationships with these deposits.

Pre-Bull Lake Glaciations

Sheet-like till deposits which do nof show morainal
form were firs£ observed in.the Yellowstone Valley by ﬁor—
.berg (1940) . John Montagne (Montagne and.Chadwick( 1982f
has étudied these deposits_exteﬁsively, anQ'believes.they'
represent deposits from one or more pre-Bull Lake piedmont
ice sheets that flowed down the Yellowstone Valley off the.
Yellowstone Plateau. These ice-sheets are believed to have
been much larger than the Pinedale biedﬁont iceAsheét. His
"reasoning is Based on the'folloWing evidence: 1) the de;
posits are found well beyond. the terminal position of the

Pinedale trimline in several places in the vailey, 2) the
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deposits do not ;how morainal morphology, and 3) volcanic
erratics have been found as far north as PineICreek, which
must have-ofiginated south of Mill Créek, implying dohnf .
valley ice movement. |

Large, early Pleistocene glaciers similar to the Yel-
lowstone Valley sheet have been postulated for other local
areas; the Madison‘Raﬁge to the west has clear evidénce for
a huge sheet (Hall, 1960a; Walsh, 1975) as does. the Jackson
Hole area in Wyoming (Blackwelder, 1915; Fryxell, 1936;
Love, 1968).‘ One of the Madison Range tills lies beneath”
the 1.9 MY old Huckléberry Ridge. Tuff, and therefore has .
been assigned a very early Pleistocene date (Montagne and
Chadwick, 1982). |

Some of the pre~-Bull Lake erratics have-been found on
top of the Short Hills block, 500 m above the Valley floor
(Horberg, 1940; Montagne and Chadwick, 1982). This relation-
ship is complicated by the lack of unequivocal, coff@spondf
ingrdeposits at that level on the west side of the valley.
Uhless drastic changes in ice thicknéss are called upon, it
seems-likely that these deposits have been.carried up to
their present poéition by faulting along the Deep Creek and
Luccockléark fau;ts.- If true; this may represent as much’ as
200-300 m of displacement along these faults_sihcevthe eafly

Pleistocene.

UM SRR W
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Bull Lake Glaéiation

Many valley;glaqier moraine sequences in the Rocki'
Mountainé'have been correlated with Blackwelder's (1915)
original descriptions of Bull Lake and Pinedale glacial de-
posits. The;e correlations are based on: 1) relative pbsi;
tion¥ Bull Lake moraines are usually outside of or down-
valley from Pinedale moraines, and'2) Bull Lake horainés
: usuaily show a much subdued topographic expreséion when com-
"pared to Pinedale moraines. These conditipﬁs fit fairly
well for the Bull Léke_deposits identifiéd in the upper Yel-
lowstone Valley, which are restricted to canyon-mouth posi—
tions at.Elbow, Strawberry, Pine, and Deep Creeks fPierce,
1979; Montagne and Chadwick, 1982). No.piedmont_Bull Lake '
.moraines have been identified on,the‘valley‘floor; this
relationship is oppésite that‘in the Westlfélllowstone basin
to the southwest.:'Here the Bull Lake.piedmont deposits are
very large, and occur down-valley from the much smal;ef
Pinedale deposits (Richmond, 1964; Pierce, 1979].- Pierce
(1979) broposed that'the escape route used by the Bull Lake -
ice sheet off the Yellowstone Plateau was later blocked by
deposition of rhyolite fléws; and that the subsequent Pine-
dale ice sheet wés aefiected to the north:and down the Yel-’
lowstone Valley. _Any‘Bull Lake deposits on the valley floor

were then overridden and obliterated by thé much larger

Pinedale piedmont sheet.
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It is generally believed that the Bull Lake glaciation
_ occurred between 127,000 and 170,000 years BP. Obsidian
hydration techniques (Pierce‘and others, 1976) héve been
used to obtain a date of the ﬁull Lake moraines near West
Yelldwstone 6f about 140,000 years BP,'with ages rangiﬁg
from 130,000 to 155,000 years BP. These dates correlate
with a late Illinoian age in the midcontineﬁt. Although no
‘age dates oﬁ the Yellowstoné,Valley moraines have been: ob-
tained, the authqr believes these moraines correlate closely_

with those in the West Yellowstone area.

Pinedale Glaciation

Pineaa;e—agé deposits are extensively preserved in thé
- upper Yeliowstone Valley, both at canyon-mouth positions and
on the valley floor as deposits of the northern'Yellowstone
piedmont sheet. At least two.stili—stands during Pinedale
time are represented by the Chico and Eiéhtmile piedmont -
terminal moraines on the floor of the Yellowstbne Valley
west of Mill Creek (Pierce, 19279; Montagne and Chadwick}
1982). This relétionship is not clearly‘seen in the canyon-
mouth moradines, which may reflect the differences in source
areas of these two distinct types of glaciers that invaded
the Yéllowstone Valley. Canyqn-mouth moraines'are preserved
only beiond'the piedmont ice. limit north of'Miil Creek; all
other glacial debris was swept down-glacier by the piedmoﬁt

sheet. .Apparently the valley glaciers melted faster than
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the piedmont sheet, because glacial lake seaimenﬁs-of Pine-
dale age are found in-the canyons of Sixmilé and Emigrant
creeks (Plate lf(Méﬁtégne and Chadwick, 1982) and in Tom
Miner Basin (Pierceﬂ 1979). The piédmont ice must have
: acted'aé an ice dam at the mouths of these valleys,_behind
whiéh lakes were impounded.

| The Pinedale_Giaciation is usuaily dated from approxif
mately 75,000 to 15;006 yearé BP, with deglaciation essén—
tially complete by 11,000 years BP. Obsidian-hydration dat-
'ing of the West Yellowstone Pinedale moraines yielaed dates
of about 30,000 years BP, with ages ranging from 20;000 to
35,000 yéars BP (Pierce and others, 1976). The author again
believes theée moraine dates can be used with some confid-
ence in the upper Yellowstone Valley, although the valley
glacier deposits. (especially those related to déglaciation)
. are probably sgmeWhat older than the-piedmont deposits. The
Pinedale élaciation correlates with most of the Wisconéinan

of the midcontinent.
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FAULT GEOMORPHOLOGY

Fault Geometry

The trace of the Deep Cfeek fault is'genefélly quite
straight, but: close examination révea;s that thé fault shows
several small-scale changes in geometfy along its.trace. En
echelon breaks, beﬁds, and splits or steps are present (Fig.
1, 2; Plate 1), which are elemenfs commonly expressed‘by
~other nofmél fauits in the Basin and Range Province ({Ander-
son, 1977). Most other normal faults in southwest Montané
have geometries similar t§ the- Deep Creek fault, although‘.
the. various styles vary widely in scale. For instance,‘tﬁe
faults bounding the'Bridgér and . Madison ranges in southwest
Montana have larger scale bends than tﬁose'seeﬁ along the-
Deep Creek trace. As menfionéd preViously, the Precambrian .
basement rocks probably exert strong controls,én the éeom—.
etrylof all these Basin and Range faults. |

The dip of the Deep Creék.fault is open to some specu-
lation. ©Pardee (1950) described an excavated portion of the
fault near Yankee Jim Canyon, in which a 50° dip was meas-
ured. Bonini and others (1972) uéed a vertical(dip to afrive
at a best fit for their gravify'data. The autﬁor has uséd a
Bruntéh compass to measure a.60° west dip, using the atti-

tude of the trace .of 'a fault scarp'exposed in an incised-
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cényon 4 km northeast of éixmile Creek. Recent Basin‘and'
Range structural studies such as that of Proffett (1977)
have determined that many range front ﬂormél faults are
aétually 1istri¢ in shape; these faults are at high angles
(60° or gréater) at the éufface, but flatten gradually with

depth. Seismic pr'deep drilling data will be required to

'accurately determine thelsubsurfacé geometry of the Deep

Creék fault.

The gravity survey of Bonini and others (1972) gives
the ‘best indication of the magnitude‘of throw on the Deep
Creek fault. Méximum displacement appear$s to be in the |
Chico area,-with as much as 6,000 m of possible offset. The
presence of an Odtcrop of Flatheéd Sandstone ‘(Cambrian) near
Pine Creek'on the hénging wall of the faﬁlf sﬁggests a mini-
mum of 1,500 m of throw. The genefal trena appears £o be a
decréase iﬁ displacement both'north-énd south qf thermaximum

in the Chico area.

Range Front Geomorphology

The west flank of the Beartooth uplift exhibits the
rugged topégrapﬁy, great relief, and‘othér'geomorphié.Char~
actefistics common to hormal—fault boﬁnd'raﬁges in ‘the wes-
tern United States. Streams draining from'thisﬂhighlana
into the Yellows;one Valley are deeply incised and have steep’
gradients, even where modified by glaciation. Footﬁilis are

absent, except'where‘step faulting has created intermediate”
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blocks between the valley bottom and the range. front. How-
ever, very féw examples of faceted spurs are pfesent in the -
upper YellowstonewVallef.' This-is unusual, because these
1andforﬁs are one of the most common features fouﬂd'along
:normal—fault bound rangé fronts. Detailed studieé éf the
development of faceted spurs} and associated remnant pedi-
.ments have béen conducted in other parts of tﬁe Basin and
Range frovince, in particular along the Wasatch fault zone
in northern and central Utah (Hamblin, 1976; Anderson, 1977;-
Osborne, 1978). These landforms are the geomorphic expres-
-sion of recurrent uplift; it is widely believed,that disf'
placement on most normai‘faulté occurs intermitteﬁtly, with
active perfdds of displécement sepafated by periodé of éuies-
cence of varying duration. Fault scarps and the faceted
sburé developed from them ére'the result of active displace-
ment and minor erosion between events. Remnant pediments
are narrow erosion surfaces formed by backwasting of the
mounfain frbnt du;ing quiescent ﬁefiods, with subsequent
erosion and.modificatidn during the.neXt phase of'uplift;

These relationships are not well expréésed élong the
Deep Creek faulf. Faceted spufs are preserved locally, but
remnant pediments canﬁot be.identified with any certéinty
along the mountaih front.

There are Sevgral pos;ible explanations for the absence
~ Or poor develﬁpment:of faceted spurs and pediments along the

Deep Creek fault. 1) Giaciation has greatly modified the
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mountain front in many places. The probable existence.of a

huge, pre-Illinoian: ice sheet in the upper Yellowstone Val-

ley (Montagné and Chédwick, 1982f, may have severely altered

any tectonic feafures alohg the mountain front. This dis-
ruption was.compoﬁhded in the séutherA part of the valley

by the presence of a émaller Pinedale piedmont ice- lobe.

2) The Precambrian crystalline rocks exposed in the footwall
may be less susceptibleito:séur and pediment formétioﬁ.than
the Paleo;oic—Mesozoic sedimentary rocks exposed along other
range fronts, such as the Wasatch Front. Osborne (1978).
observed that spur and pediment develqpment was very éubdued
in areas where resistant units like the Tintic Quartzite
were exposed along the Wasatch fault; this may’be analqgous
to the resistant Precambrian rocks found in the Beartooth
uplift. Lithologic resistance may also eiplain the lack of
déﬁelopment along the'fault—bqund'Teton Range in northwest_
Wyoming, which is also characterized.by resistant Precam-
brian crystalline rocks. 3) The Deep Creek fauit may-not‘be
characterized by recurfent (inteimittent) uplift. If fault
displacément has been more or iess continuous; the resultant
range front geohorphology should be more uniform than that
expected from recurrent uplift. 'A combination of glacial
erosion and lithélogic resistance may best explain the lack

of spur and pediment development along the Deep Creek fault.
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Fault Scarp Distribution

Some of the most intereéting geomorphié expressidns of
the Deep Creek fault are the Quate;napy fault scarps that
occur at or near tﬁelbase of the range front iﬁ‘several
places along.the fault trace. .As uéed in this report, theée
features are surface scarps in which surface offset is still
evident. They occur interﬁittently; and vary considerably
in distance from. the mountain front. Scarps.of similar age
vary from a position 600 m valieyward from the raﬁge-front,
to being coincident with the range front. Glacial erosion
. of the mountain front has certaihly occurred in those parts
of the valley affected by piedmont ice (Mbhtagne and Chad-
wick, 1982), but the mégnitude of this erosion is opén to
question. The mountain‘frOnt along the foot of DomeMduntéiﬁ

(Fig. 1) in the southern part.of the valley appears to have
been severely eroded by Einédale and probably earlier,piéd—
mont icé sheets. The most recent fault scérps located along
this area post-date the last glaciation and are located from
fifty to several'huﬁdred meters from the range front. The
former figure may represent a.mihimum value of erosional re-
treat, if it is assumed that thé fault zone and range front
wefe coincident ﬁ;iér to glaciatién. 'Glaciél-erosionappéars
to have played a major role in fofming the present relation-
.ship between fault scarp diétribution and locafion of the
mountain front.

Fault. scarp éegment lengths rangé from several hundred

meters, to over six kilometers. The shorter segments are

»
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found either where the trace breaks en echelon, or where the
trace is curved. The longest segments are.féund where the
fault trace is reiatively straight. Figures 1, 2, and Plate
1 show the distribution of Quaternary fault scarps in the

upper Yellowstone Valley.

Fault Scarp Formation and Modification

The formation and modification of fault scarps in un-:
consolidated materials have been studiéd in degail by Nash
(1980, 198la, 1981b), Witkind (1964) and Wallace (1977, 1980)
elsewhere in the Basin and Range Provincé. Fault scarp mér;
phology is. initially a product of the mechanics of faulting
and the behavior of the faulted materiéls. Deep Creek fault
séarps cut'threé general types of surficial materialé: 1)
glacial fills-of Various ages, 2) fanglomerates, and 3)
range front colluviﬁm. The texture of these materials is
similaf; they are very poorly softedy Qith'the céarse frac-
tions dominated by énguiar cobblés and boulders of Precam-
'.briaﬁ crysfaliiné rocks. | |

The mechanical behavior of these materials appears to
be éiﬁilar enough that material Vafiasility can be ignored
' for scafp-ana1YSis. An initial scarp slope angle ofapprogi—
matély 60° is assumed; this'figure appears to.be'a reason-
able estiﬁate baééd.onhtheoretical and'léboratory reéults,
although higher‘angles are often'seén in the field. Higher

scarp angles usually result from tensional frécturing of




30
unconsolidated materials, and not from direct movement on a
faulted surface (Waliacé, 1977) -

Basal moats or grabeps commohl& form af_the base of
normal fault scarps. These feétures.represent subsiaence
associated with_éecdndary fracturing in the hanginé wall
block (Witkind, 1964) and may vary from é meter to tens‘of
meters in width, and a heter or two in depth (Wéllace, i§77L
The grabens will usually be rabidly filled in ‘and covered
(Nash, 1981b) but the larger,onesimay_be qguite persisten£.
Several of the scarps along the Deep Creek fault héve basél
grabens (Fig. 4); these vary from 3 to 5 m in width, and 0,2
to 0.5 m in depth. These grabens are most'often found wﬁere
scarps. traverse upslope; they are appérently béing modifiéd
as drainage channels, which may explain why they aré still
visible. 1In felatiVely flat areas,,ﬁhey may act aslsag
ponas; these depressions usually contain ﬁore luxuriant.
plant growth thén their surroundings. Because of these mod-
ificatiqns, pfofiieé of these scarp areas have beenlavoided
for geometric énalysis. However, the graben.may'contain
datable sedimenté, if'drainage modification hasn't proéressed_
too far. The graben in Figure 4B is an.éxémpie of a sag-
pond grabep'on the Gray's Ranch property north of Yankee
"Jim Canyon. A sbil profile described from a pit in’this
graben will be discussed.in a later section on scarp ages.

The relationship between actual locafion of bedrock
faults and fault scarps in overlying'surficiai'matérials is
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Figure 4. Photographs of basal grabens preserved along the
Deep Creek fault. A, basal graben along the Counts' Ranch

scarp. B, basal graben along the Gray's Ranch scarp. Note
location of soil pit; see Figure 7 for a soil profile.
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rarely well defined.. With the possible exception'of'the
.excavated scarp previously described by Pardee_(lQSO)(which
is no lenger exposed), the surface scarp/bedrock fault rela;
tionship is hbt well expressed along tte Dee§ Creek fault.
Witkind (1964), in his study of faults reactivated during
the 1559 Hebgen Lake earthgquake concluded that most surfaee
scarps there coincided closely with bedrock faulting. Some
- scarps occur upslope from the projected‘bedreek‘fault,
although they'patallel the concealed fault trace. The rela-=
tionship is.best'exéressed on.thelDeep Creek'fault just
north of Elbow'Creek, Where an en echelon fault searp coin-
.cides with the Preeambrian/Quaternary contact and a steep
break in slbpe. lhis information at least tentatlvelypoints
to a close correlation.between surface expression (fault
-scarps) and bedrock faulting. Shallow geophySicallinvestib
gations would be required to confirm this hypothesis.

Erosional modification of normal fault scarps must be
thoroughly understood -before accurate dating can beattempted.
The 1n1t1a1 scarp slope angle is usually 60° or greater,
which is generally higher than the angle of repose of most
surficial materials. Debris sloughs off the scarp face,
cau51ng the slope to retreat back. The sloughed material
collects ‘at the base of the scarp and forms a debris slope
at the angle of repose (Fig. 5A). This process was called
_“slope'teplacement“ by Wallace (1977), and "slope retreat"

"by Nash (1981la). The retreat or replacement phase may vary
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from hundreds tousgveral thousand years (Wallace, 1977) in
arid climétes( tq several decades (Wallace,'1980).in more |
humid regions} A# the end of this éhase,.the slope face of
‘the scarp will consist of a débris slope standing at the
éngle'of repose of the pnderlying matérialg(Nash, 1981b) .
The final'stage of séarp modification was feférred to as
"slope decline" by Wallaée (1977) and‘as "slopé rpunding"
by Nash (198la). After coﬁpleﬁion of the slope ﬁetreat
phase, the gradignt'of'the scarp slope decreases, and the
Crest énd toe sections of the scarp become progressiyelyl
.more rounded kFig. 5B) . Figufe 5C summarizes the compléte
modification of a normal fault scarp. All the séarps along
the Deep Creek fault ﬁave long since completed tﬁe slobe

retreat phase, and are now undergoing slope rouhding.
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10
METERS

Figure 5. Diagram illustrating the erosional modification
of a normal fault scarp. A, initial slope retreat phase;
scarp retreats, forming a debris slope at the angle of
repose (approximately 35° for the Deep Creek fault mate-
rials). B, final slope rounding phase; crest and toe seg-
ments become progressively more rounded through time. C,
summary diagram, showing slope retreat followed by slope
rounding. After Nash (1981b, p. 8, 10, 11).
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FAULT SCARP ANALYSIS

Field Relationships

Methods

All near—recenf scarps along the Deep Creek fault were
'initially examined and mapped in the field using standard
geomofphic techniques, including degree of dissectidﬁ,
frééhness of morphology}land cross—cutting felationships.
From this.analysis,.three groups or ages of scarp—fo;mihg.

events were identified in the upper Yellowstone Valley.

Relative-Age Relationships

Youngest event. Fault scarps in the Barney Creek, Elbow

Creek, Counts' Ranch, and Gray's Ranch areas (Fig. 1) all
cut Pinedale age or younger surficial materials (Plate 1)
and therefore musf'postdate the 30,000 year date obtained by
Pierce and others (1976) for similar deposits in the West
Yellowstoné basin. ‘Cross-cutting relationships along the
Gray's Ranch and Barney‘Creek ééarps appeér to indicaﬁe a
late Pléistocene/early Holocene date for scarp formation.

. The Gray's Ranch scarp is over.6 km long, and repre-
sents the southerpﬁost surface'exﬁressién of the Deep Creek
fault. The scarp cuts a large alluvial fan at the foot of

Dome Mountain, 3.6 km north of Yankee Jim Canyon, but is
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buried by a similar fan 750 m to the south (Fig. 6). This
"bracketing" relationship is significant because of the dis-

tinctive nature of these alluvial fans. During the Pinedale

. glaciation, this portion of the Yellowstone Valley was over-

lain-by at least 750.m of piedmdnt glacial ice (Pierce,

'1979) . Severe glacial erosion of the mountain front is

still evident here today (Fiéﬂ 6), so it is highly unlikely
that these fans would have been preserved‘beneath the Pine-
dale ice sheet. Therefore they must posfdate removal pf ice
from ﬁhis part of the valley, which was probably éompletéd
by 12,000 to 13,000 years BP.(K.L. Pierce; pers. comm.,
1982).. o '
Morphometric analysis of these distinctive fans indi-

cates that they may be examples of what Ryder (1971) -has

called "paraglacial .alluvial fans". These are alluvial fans

deposited shortly after deglaciation in mountainous éreas.
Ryder studied alluvial fans in southern British Columbia,
and determined several unique characteristics of these

features: 1) paraglacial fan gradients were usually much .

steeper than for arid-region alluvial fans, and 2) fan gradi;

ents showed a mﬁch lower correlation to basin parameters
(such as basin. area and reliéf);than did arid—regiqn fans.
These differences were éttributed to a plentifui supply of
éasily—erodéd material (tills .draped oﬁ the landscape) and
the existence of at 1eas£ a portion of the basin prior to

ifiitiation of fanldevelopment, instead of basin development

,//:



gt

Figure 6. Photograph of Gray's Ranch scarp, view looking
north. Scarp cuts upper portion of large fan in center of
photo, and is buried by smaller fan to south. Note the
glacially-eroded mountain front upslope from fans.
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concurrent with fan develoémént as with arid-region fans.
These fans can be completely formed in as little as 1,000
to 2,000 years (Smith, 1975).

The Dome Mountain fans do have steep gradients (9?—159
for the upper one-fourth of the fan, measured along a medial
profile), which are much higher.than the 5°-7° average grad—
ients of arid;region fans (Bull, 1962; Melton, 1965). Un-
fdrtuhately the low'number of_faﬁs (two) did not allow sta¥
tistical correlation, so the fan and basin paraméters‘could
not be compared with known paraélacial aﬁd arid-region allu-
viél.fans.

Fan.materials consist almost exclusively of glacially-
derived cobbles and boulders of Precambrian and Tertiéry
rocks in a muddy'matrix. The presence of flow units that
appear to be pulses-‘or slugs of debris, suggests that they
were deposited by debris flows and mudflows, with -little
~if any fluvial deposition. This suggests deposition ddring
climatic and hydfologic conditions very different from those
dﬁerating today, for fluvial activity completely dominates .
alqng the modern'tribufaries to the Yellowstone Ri&er.- Both
Ifans have very similar surface cha;actéristics (and thefe—
fore may be of simiiar age) @nd aépear to_have'been-inactiVe
for at least several thoﬁsand years.

These simpie relationships sugéest that the.two'Dome
~ Mountain fans are léte.Pleistocene/early Holocene in age; a

date of 10,000 to 12,000 years seems reasonable. The fan- .
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bracketed Gray's Ranch scarp therefore must be conéidered
the same age.

A late Pleistocene date for scarp formation is also
“indicated by evidence found in é soil pit duglin a scarb
. graben 3.8 km north of Yankee Jim Canyon.'_Figure-7 is a .
"diagrammatic sketch of the soil profile from this scarp
grabep. The most significant evidence is the oécurrence.of'
unweathered loess directly lying oﬂ unweathered Pinedale
glaciai till at thé base Qf the profilé. This implies that
the graben was formed and subsequently filled with loess
before any significant surface weathering cauld occur.  The_
author correiaﬁes the lower‘loess uniﬁ with late Pleistocene
deglaciation conditions; the upper loess unit may correlate
with a Holocene glacial resufgence (Néoglaciation) elsewhere
in fhe regioh. Another important implication is that‘no
subsequent movement has taken place on the fault, because
the soil horizbns in the graben are essentially horizontal
and undisturbed. |

A late Pieistocene/early Holocene age is also indicated
for- the Barney Creek scarps (Fig. 8), where association with
paraglacial landforms is again evident. The scarps cut Pine-
dalé g;acial'deposits, and a large alluvial fan at the mouth
oﬁ Barney Creek. 'To the south, the scarps are_buried by
fléod-boulder deposifs in the bottoms of Cascade and McDonald
Creeks,.as well as by a largelmudflow south of Cascade Creek

4

(Fig. 9, Plate 1).
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Figure 7. Diagrams describing details of the Gray's Ranch
scarp graben. A, diagrammatic cross section across scarp
graben. B, soil profile of pit dug in graben. Note lower
loess unit rests directly on unweathered Pinedale till.
Soil classified as Pachic Cryoboroll, no calcium carbonate
in the profile.
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Figure 8. Photograph of several scarps in Barney Creek

\ area. Scarps are cutting Pinedale glacial deposits and
late Pleistocene alluvium. View looking east, note rela-
tively fresh appearance of scarps.

Figure 9. Oblique aerial photograph of Barney Creek scarps,
view looking northeast. Note large, late Pleistocene mud-
flow which buries scarp to the south.
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The lack of any active distributaries other than Barney
Creek itself indicates that the Barney Creek aliuvial fan is
now inéctive, although the fan doeg show evidence of rejuve;
nation and dissection of the upper portion of the fan, pre-
sumably from uplift along the fault.

The flood-boulder deposits are restricted to creek
lbottoms; they are essentially métfix—free,'and contain éub-
angular cobbleé and boulders from 20 cm to over a meter in
diamefer, Ciearly £hese high energy deposits were formed
in a substantially different climate than tbdéyf fhey.may
represent cloudburst activity (Montégne and Chédwick, 1982),
or perhaps are a result of slushflows (Washburn and Gold-
thwait, 1958; Theakstone, 1982) related to ice or snow melt.
Whatever their ofigin, a late Pleistocene age seems likely.

A large mﬁdflow buries the Barney Creek scarp between
Cascade and McDonald Creeks'(Fig. 9). This feature consists.
of Precambrian clasts ranging in size frbm gravels to boul- .
ders over a meter in diameter, suspendéd in a clay-ricﬁ
matrik (Montagne and Chadwick, 1982). The large size 6f
this -flow suggests a close association with glécial melt
conditioﬁs and ground éaturation in late Pinedale time. No
evidence of recent movement is visible anywhere on the flow.
Many other mass movements of this type have been correlated .
with late Pleistocene conditions in other parts of the Yel-
lowstone Valley (Waldrop and Hayden, 1963) and the upper

Gallatin Valley to the west (Hall, 1960b).
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Closely—spacéd cross—-cutting relationships of the-
Gray's Ranch and Barney Creek types are not associated with
the other young scarps in the upper Yellontoﬁe Valley.
Both the Counts' ranch and Elbow Creek.scarps have been
deeply dissected in the bottoms of. tributary streams, but
this erosion may have been associated with much younger
streamflow events. Correlation of these scarps to the bet-
ter documented Gray's Ranch and Barney Creek scarps requires
additional data, which will be discussed in a latér section

on scarp profile analysis.

Intermediate event. The presence of several ages of‘glacial

tills in the Yellowstone Valley was particularly helpful in

defining the.geheral age of the Pool Creek fault‘scarp. At -

the mouth of Pine Creek, this SCarp apparently cuts Bull
Lake lateral moraine (Montagne and Chadwick, 1982) and is
subsequeﬁtly buried by Pinedale moraine directiy to the south
(Fig. 10). This relationship suggests.a date of movement
less than 140,000 years BP, and greater than 30,000 years
BP, based on obsidién—hydration dating of similar mofaines
in the West Yellowstone basin.(Pierce and others, 1976).
Surface evidence which indicates an older age include the
increased degfée of slumping, and poor preservation of the
scarp.~

The differences in elevation of Bull Lake and Pinedale»

moraines in the Pine Creek area may also suégest that -



















































































































