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Abstract:

The purpose of this study was to map the geology of a portion of West Fork basin and adjacent
drainages to the north and south. Description and depositional history of Cenozoic deposits were
emphasized. Attention was given to the relationships between these deposits and the construction
accompanying the large recreational complex being developed in the area.

Exposures in the map area consist primarily of Precambrian gneiss and schist, Paleozoic limestones,
Mesozoic sandstones and shales, and Cenozoic high level river gravels, rhyolitic welded tuff,
Wisconsin till, and outwash gravels. Andesitic intrusions are common throughout the Cretaceous
section.

River gravels located near the mouth of Michener Creek approximately 450 feet above the present day
West Gallatin River rest unconformably on Cretaceous sandstones and shales and are considered to be
remnant of a former "West Fork". A faint imbricate structure indicates transport direction to the east.
These gravels are overlain by a rhyolitic, ash-flow, welded tuff. This tuff is the cap rock for many of
the earthflows within the map area.

The Cretaceous sandstones, shales, and claystones overlying the Kootenai Formation are weak,
nonresistant units susceptible to various types of mass-gravity movements. Earthflow is the primary
type of mass-gravity phenomena. The earthflows are commonly over one-half mile wide and one mile
long. They display slump movement at the slide head and hummocky topography in the middle and toe
portions. The earthflows are relatively stable under present climatic conditions. However, fresh piles of
rock debris are evidence of recent movement in the source areas.

South Fork drainage is the source area for the West Fork plain outwash gravels. The heads of South
Fork and its tributaries, Muddy and First, Second, and Third Yellow Mule, creeks, were,probably
extensively glaciated during the Bull Lake glacial stade. North Fork Bull Lake moraines rest on the
floor of West Fork basin near the junction of North and Middle Forks.
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ABSTRACT |

- The purpose of this study was to map the .geology of a portion
of West Fork basin and adjacent drainages to the north and south,
Description and depositional history of Cenozoic deposits were
emphasized. Attention was given to the relationships between these
deposits and the construction accompanylng the large recreational
complex being developed in the area.

Exposures in the map area consist primarily of Precambrian
gneiss and schist, Paleozoic limestones, Mesozoic sandstones. and
shales, and Cenozoic high level river gravels, rhyolitic welded tuff,
Wisconsin till, and outwash gravels., Andesitic intrusions are-
common throughout the Cretaceous section.

River gravels located near the mouth of Michener Creek approx-
1mately L50 feet above the present day West Gallatin River rest
unconformably on Cretaceous sandstones and shales and are -considered
to be remnant of a former "West Fork". A faint imbricate structurs
indicates transport direction to the east. These gravels are over-
lain by a rhyolitic, ash-flow, welded tuff. This tuff is the cap
rock for many of the earthflows within the map area.

The Cretaceous sandstones, shales, and claystones overlying the
Kootenai Formation are weak, nonresistant units susceptible to var-
ious types of mass-gravity movements. Earthflow is the primary type
of mass-gravity phenomena, The earthflows are commonly over one- -
half mile wide and one mile long. They display slump movement at
the slide head and hummocky topography in the middle and toe portionms.
The earthflows are relatively stable under present climatic con-
ditions. However, fresh piles of rock debrls are evidence of recent
movement in the source areas,

South Fork drainage is the source area for the West Fork plain
outwash gravels. The heads of South Fork and its tributaries,

Muddy and First, Second, and Third Yellow Mule. creeks, wers, probably
extensively glaciated during the Bull Lake glacial stade. North

h Fork Bull Lake moraines rest on the floor of West Fork basin near

the junction of North and Middle Forks,




QUATERNARY GEOLOGY OF ‘THE EAST PORTION
OF WEST FORK BASIN, GALLATIN COUNTY, MONTANA

INTRODUCTION

Location, Size, and Aocess
The lower West Fork basin‘study:area coters twenty-foﬁr sQuare
miles, west of the West Gallatin River and south ‘of the Spanish’

Poaks, on the east flank of the Madison Range, Gallatin County,

Montana, (Figure 1), It is forty-three miles south of Bozeman, and

approx1mately forty-nine miles north of West Yellowstone along U. Sg
route 191, which connects these two tOWns ‘The highway follows the
valley of the West Gallatin‘River which forms the east margin of.
the study area. Forest Service and county gratel roads provide

~limited access.

Topographic - Geographic Setting

‘The area stuaigo inoludes a northwest-trending structural and
.topogfaphic basin and a portioh of the adjacent highlandslto“the
north,' The most prominent topographic feature is a great hogback:
of limestone, locally‘known as Dudley Ridge, with a:maximum eleva- -
tion of 9 410 feet, ‘To the south of Dualey Ridge is an arcuate
plain Wthh grades from an elevation of 6,500 feet at 1ts upper
~ western end to 5,980 feet at its lower end. The‘most 1mp031ng land=
mark as viewed from West Fork basip‘is Lone;Mountain, a pyramidal

peak approximately five miles west of the study area. It rises to

b i i
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an elevation of 11,166 feef~and retains parﬁiel_snow cover fhrough
muchrof the year. The southern half of the study area elopes.gently
northeast from Buck Creek Ridge,'a prominent topographic and struc-
tural landmark which‘approximately'parallels budley Ridge‘some ten
._mlles to the south o

Total relief w1th1n the 1mmed1ate area is slightly greater than
3,400 feet. Part of the,area north of West Fork is characterized
by moderate to steep mOuntain.slopeS‘with partial forest cover.
The area-eouth of West Fork“is somewhat.dissected with‘moderete re-

1ief and dense forest cover.

Major Drainages

The major drainage of the map area is West Fork, an eestwerd

flow1ng trlbutary of West Gallatln Rlver, (Flgure 2). West Fork has
~ three main trlbutarles, South Fork, Mlddle Fork and North Fork.

These streams head west of the map area near the Madison-Gallatin
drainage divide. The largest of these trlbutarles is South Fork
which itself is fed by four maJor northward flow1ng dralnages, Muddy
Creek, and First, Second, and Thlrd‘Yellow_Mhle creeks., All of these
_head south and west of the mep‘area on the north side of Buck Creek
Ridge.‘ Beaver Creek heads farther east along Buck Creek Ri&ge and
flows into West Gallatin Rlver .Part of the~area between Beaver

Cresk and South Fork is dralned by Michener Creek, a short eastward

-/
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flowing tributary to West Gallatin River.

Nomehqlature of West Fork Tributariee

The naming‘of West Fork.and its:sourCe streams haS‘inoonsis—
tencies Which lead to considerable Confusaon‘when the seueral streams
are discussed unless the peculiarities are known. Therefore, it is‘
hecesearj to explain the relationships of streams.in the basin to
each other. | |

| The name West Fork is appended to a medlum—51zed tr1butary to
the west‘Gallath River, (Flgure 2).- From the mouth of_West Fork -
upstream to the confluence of its first real tributary; South Fork,
.is a distance of one mile, At this point the confusion is generated
because South Fork is obviously ndt a tributary hut the main stream,
and the northerly fork ehould'be designated North Fork and not West
‘Fork as it is, To add to the confusion, this "main stream" oontihues
another two and one—half mlles westerly to the mouth of a st111
© smaller tributary from the north, called North Fork. The south
branch is called the Middle Fork (of the Weet Fork of the West
Gallatin River). |

The reader as well as the field inuestigator must recognize that,
desplte the names,. the "South Fork" is the major dralnage of West
Fork basln - in terms of length area dralned and volume of water

. and sedlment‘load. Ev1dence supportlng,thls observatlon.has been
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gathered by Botz and Van Voast (written communication, 1971) by meas-

uring the stream flow of South, Middle, and North Forks. - Measurements
taken on August 2, 1970 show the volume of North and Middlé Forks com=
bined as 47,12 cubic‘feet per second.and the volume of South Fork as-
‘52784 cfs. The results of measurementé taken on February 25, 1971,
are similar, the volume of Norﬁh and Midale Forks 7.85 cfs and that

of South Fork 11.86 cfs. Other stream flow data obtained through the
autumn of 1970 and early winter of 1971 also indicates that South

Fork is the major drainage of the area.

Vegetation and Vegetational Distribution

The'vegetation of West Fork Basin includes a discontinuous
forest cover, scattered groves of trees, and relati&ely untimbered
rangeland. References‘ﬁsed in identification of the taxa are Booth
(1950) and Booth and Wright (1959). The major tree taxa of the up-

‘land forests are Picea eﬁgelmannii (Engelmann spruce), Pseudotsuga

menziesii (Douglas "fir"), Abies lasiocarpa (Sub-alpine fir),‘and--

Pinus contorta (Lodgepole pine). Major trees of the riparian commu-

_nltles are Populus tremuloides (Quaklng aspen), Salix (Willow) SPP. 5

and Populus trichocarpa (Western cottonwood) . Grove trees include

Pinus flexilis (Limber pine), Pimus albicaulis' (Whitebark pine),

Juniperus scopulorum (Rocky Mountain juniper), and Populus tremuloides

(Quaking aspen). One of the major components of the understory in
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.the groves is Juniperus communis (Common Junlper)

The untimbered rangeland is characterlzed by a mosaic of shrub

dominated areas interspersed witthrass and forb covered tracts. The

dominant shrubs are Artemisia tridentataf(Big sagebrﬁsh)ﬁand'

Potentilla fruticosa (Shrubby cinquefoil). Conspicuous grasses in-

. c¢lude Festuca idahoensis (Idaho fescue),. Poa (Bluegrass) spp., and

Agrog on (Wheatgrass) SPP-.

_The most abundant tree of the upland forest is Plnus contorta,

which 1n‘number exceeds Picea and Pseudotsuga. Pinus contorta is

considered a seral species to Picea and Pseudotsuga, replacing those
"taxa following a fife‘or other disturbance. ' In the area of study

Pinus contorta is so w1despread and the effects of disturbance so

repetitive that it has achleved a long—term relatlvely self-perpet—
d‘uatlng status:.

In this area, where both‘Pinﬁs‘albicaulis and Pinus flexilis

are present, they do not generally ocecur together. Timbefline in
the area averages about 9,600 feet, but w1ll vary as much as 200
feet h1gher or lower depending upon aspect and mlcrocllmatlc factors

Pinus albicaulis is a true sub-alplne tree, often in great mature

stands from about 8, 400 to 9, 100 feet elevatlon, w1th a nearly

exclusive ground eover of Vacclnlum scoparlum (Low réd huckleberry).

By contrast Plnus flex1lls in this area is a low- to middle-elevation

tree, cormon from 6,500 to 7.500 feet,.and very uncommon above 8,000

LLL L
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feet It seldom comprises‘the main.taxon of a'large stand.
Several geologlc units’ habltually are barren of trees but

support a cover of Festuca Idahoensis, Poa spp., and Agropyron Spp.-

with an overstory of Artemisia tridentata and Potentilla fruticosa.
Very few trees grow upon the outwash gravel terraces or upon the
siliceous shale (porcellanite) unips of the Albino Formation and

the un-named similar layers in the Upper Cretaceous sequence.

Purpose _and Scope

Thls report presents the results of a study of the surflclal
geology of the eastern portion of'West Fork basin and the directly‘
adjaéént drainages both to the north aﬁd south.’ Thé geﬁerai distri-
bution of stratigraphic ﬁnits and structure were mapped only where.
they-helped in und;rstanding the geomorphic features of the region.

An effort has been made to determlne the Quaternary hlstory of

TS T P LI W

the area through analy51s of Tertlary—Quaternary dep051ts and present-'

day landforms. The major geologlc features used in reconstructing

the history were:
1). The minor amounts éf'glaciél and réiatiﬁely large amounts
"of glacio-fluvatiiefdeposits within Wésﬁ Fork bésin‘and the
ad jacent drainage to the north;
2) Thé‘elaboraté system of river terraces as they have'dévelop-.

éd_in West Fork basin and along Beaver Creek and the West




[RNTINR W D & T Lyt

Gallatin River:
3) Tﬁe‘very large and almost ﬁbiqﬁitous'masSagravify’deposits;
4) The uppér reaches of the valleys which head high on the
north side of Buck‘Creek Ridge, that were probably exten-
sively glaci?ted during the Pleistooene;

"5) The Quaternary or late Tertiary welded tuff that is con-
sidered to be part of the Crown Butte ash flow tuff
sequence described by Hall (1961); |

~6) The Terfiary river gravel preserved'beneéth ﬁhe'welded‘v
tuffs in the Michener Creek area, within three-quarters of

o~

a mile of the present West Gallatln River, but 400 feet
higher.
~An attempt has been made to describe the componenfs of the
‘forest_communlties, their features, and their usual geographic posi-
tlon in West Fork basin. lThe?type of'vegefation hasibeen correlated

with the underlying bedrock, insofar as possible.

Previous Work

"Barly exploration of the Upper Gallatin region was summarized
in detail by Hall (1961). 'Eetween 1883 aﬁd 1889, A. C. Peale of the
- U, S,.Geological Survey oapped‘the general geology of‘thelThree Forks
quadrangle' This was the flrst 1mportant study made of the geology

- of the Gallatin dralnage (Peale, 1896) .
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Two recent works relled upon by the author are the open flle
report "Geology of Part of the Virginia City and Eldrldge Quadran- |
~gles, Mbntana"'(Swanson, 1950) and the unpubllshed'work of W. B.
Hall (1961) detailing the‘general‘geology‘and the stratigraphy of
the Upper Gallatln Valley d1rectly south of West Fork ba51n |

Other general geologic literature utilized 1ncludes "Geology of
the Garnet Meuntaln Quadrangle, Gallatin County, Montana' (McMannls
and,Chadwick,‘l964), "Environmental Geologyfof‘part\ef thelWest Fork

Basin, Gallatin County, Montana" (Kehew, 1970), "Geology of the Lone

Mountain Area, southwestern Montana™ (Bolm, 1969) s and the unpublish-

“ed thesis material of C. Montagne (1971).

Method of Study

‘ Approx1mately seven weeks were spent in the fleld durlng August

Hand September of 1970 plus several weekends durlng the fall of the

same year. »
The geology was mapped on vertical airphotos (U. ér‘Forest

' Service‘contract E1O, 1962)‘at“a nominal. scale 1:15,8§0, and_a‘com-'

puted valley floor scale of 1:18,100._ Original map compilation was

upon preliminary‘l:24,000 scale topographic map sheets, produced for

the U. S. Geelogical Survey during preparation of tne Sphinx Moun-

ta1n and Spanlsh Peaks 15-m1nute topographlc quadrangle maps. It |

became apparent after careful comparlson of the 1:15,840 scale
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airphotos with the 1:24,000 scale preliminary topographic map sheets
_that.the maps were"so inaccurate in so many details which were vis-
ible on the airphotos, that the possibility of precise transfer of
geologic data te-the base maps was Very limited. This situation was
further demonstrated when the attempt was made to progect the air-
photo images by Salzman pro jector onto the topographlc base. Both
the survey network and the topographic contours are in error in
numerous places, and there is no way of checking for the magnitude
or direction of error in most instances. For this reason it was
necessary to transfer all geologic information from airphotos to
the topographlc base by 1nspect10n

A paleomagnetic study of the welded tuffs in the area was
attempted. However, due to the highly fractured nature of tne expos-
ures and the amount.of time that would be necessary, this.aspect of
- the study was not continued. It is possible that with sufficient
time and‘adequatefequipment suehsa study of the Quaternary;{Ter- '
tiary)‘vglcanics‘(Crown Butte ash flow'sequence)‘throughoutwthe
Gallatin drainage would be of - considerable interest and wouid
facilitate.an.understanding‘of the history of vulcanism‘indthis

region,




STRATIGRAPHY

The study area includes a portion of an asymmetrical synclinal -

basin trending N 60 W. The syncline is characterized by gentle dips
_ (6—10°‘N):0n the southwest flank and_steep, in places orerturned,

dips on the northeast flank. Hall (1961) refers to this synclinai

basin as the Lower Basin syncline. This,ueage is continued_by‘the"'t

,—\__/’__\ .

writer in this report.

‘.Lower Basin eyncline contains more than 4,000 feet of sedimen-
tary strata ranging'in age fremVCambrian to Cretaceous. All wriits
except.the Upper Jurassic Morrison Formation and some‘of the Creta-
ceous'are considered marine in origin, Unconformities reCOrd the
many depesitional‘breake. ‘AS‘breviously mapped (SWaneon,,1950),;

mits from all Paleozoic and Mesozoic geologic periods except the

Silurian are preseht However, McMannis and‘Chadwick (196%) believe

that the section mapped as Ordov101an by Swanson (1950) is actually

part of the Cambrian. The writer has concurred W1th the 1atter
coheept for the purposes of this paper. |

iate Tertiary or early PleiSﬁocene river gravels‘and welded
| tuffs. rest unconformably on Cretaceous sandstones and shales at
eleVations 450 feet to 950 feet above the present day West Gallatin
River. These unlts form the cap rocks of many of the earthflows
‘ within the map area. -

Precanmbrian rocks are exposed north of the Spanish Peaks fault,
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‘These are probably metasedlments, pre-Belt rn age (McMannls and
Chadsrick, 1964). |
| The description of the strata through the Mesozoic is a com-
poslte from prev1ous works, partlcularly Hall (1961), McMannis and
Chadw1ck (1964), and Becraft and others (1966) Descriptions of -
Tertlary gravels, Quaternary (Tert;ary) welded tuffs, and‘igne0us
intrusions are based on field investigation and thin section studies

by the writer.

n‘frecambrian.

Precambrian gneisses and.schists compose-nearly all the;area
‘north of Spanish Peaks fault to the Squaw Creek'fault, (Figure 3).
The dominant rock types of the‘Precambrian‘within the map’ area. are
granitic gnelsses and schlsts, w1th amphlbollte and quartzite lenses
and veins. Becraft and others (1966) descrlbe the granitic gnelsses
as consisting prineipally ef quartz, plagloclase, potassium feldspar,
biotite, hornblende, and muscovite. The common types of schist are
amphibole;biotite-quartz; muscovite:biotite-quartz,lgarnet—biotite-

quartz, amphibole-feldspar, and musoovite-biotite-feldsparn,

Paleozoic’
Cambrian .
Within the study area the Cambrian can be divided into three

main units,'tne Meagher Limestone, Park Shale, and Pilgrim Limestone.
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Both the'Flathead_ganQStone and fhe‘wblsey Shale are?abSent due to
faulting. - B

The Meagher Iimestone of Middle Cambrian age is. the lowermost -
- stratigraphic unit within the map area. It is 4@9ff§§t thiékfasf
measured by‘McMAnniSjand Chadwick (1964);atVGarnetjMduntain some
twenty miles north of the study area. This unit is-gajacenf to the
Spanish Peaks fault'ﬁear the mouth of‘Dudley-Creek. The Meagher
forms a great limestone cliff above Dudley Creek on the south valléy
‘ﬁall. It is a dense,‘grey; yelloW-ﬁottled,_thinabéddéd tormassivq
limestone. The mottles are fine-gréined siity limestone found in‘a
dense finely crystalline; relétively'pure limestone. Glauconite is
common in the upper ‘beds.

AThé‘Park_Formation rests confbrmably on tﬁé‘MeagherVLimestone.
This unit appears as a grey-green, fissile, micépeous shale..“Intaff
beds of éaicareous siltstone and limesﬁone are pfesent. The Park is
nonresistant and has few good exposﬁrés; but its thickness has been
measured in the study area as 175 foot by. McMannis and Chadwick
(1964) . |

" The Pilgrim is some 170 feet thick (McMannis and Chadwick,

1964) .and similar t§ the Meacher except for dolomiﬁization. Tt is
a greyish-brown to brown dolomite; fine to medium saccharoidal,
dense, massively bedded, and ledge-forming. Various beds in the
Pilgrim are glaucohitic,:Oolitic, andfossiliferdﬁs, The Pi1grim~is

N\
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irregularly mottled and has many shale partings. According to
‘ MCManﬁis and Chadwick (1964) the filgrim‘in the area of Dudley
Creek is thinner than in areas to the north and;northeést. This is
attributed to erosion of the Pilgrim and younger,Cambrién beds prior

to deposition of overlying Devonian strata.

Devonian
Ordovician and Silurian strata are missing iﬂ‘this area. The

Ordovician as.mapped by Swanson (1950) is here considered to bq part
of the Pilgrim Limestone. |

' The-Jefferson Formation lies disconformably on the Pilgrim.
This unit is some 400 feet thick (McMannis and Chadwick, 1964) and
comprised of medium-bedded to massive, gfey and brown‘doiomite,

Sqme dolomitic iimestone, limestone, and shaly limestone are present.
A few beds hav§¢a strong petroliferous odor. Both AmEhiEora and

Stromatopora are common,

The Three Forks Formaﬁion'conformébiy overliesathe Jefferson.
The unit consists of massive dolomite, thin-bedded dolomite with
shale partings, grey-brown and yellow-brown calcareous siltstone,
mudétone, and sandy 1imestone._ A caleareous, fine-grained‘sapdstone
is present at the contact With the Mississippian Loagepole Limestone.
These_uppér siltstone and sandstone units have been called the

Sappingfon Member. They have been included in the Devonian strata




6.

_for ﬁapping purpoées. However, the faunal boundaﬁy separatiné the
Devonian and Mississippian strata is probably midway in the Sappiﬁg-
ton (Gutschick and others, 1962; Sandberg, 1965). As mapped at
Dudley Creek by MCMannls and Chadwick (1964) the Three Forks Forma;

tlon is approx1mately 135 feet thick.

‘Miss1ss1pp1an .

The Mis51ss1pp1an strata within the study area are the Lodgepole
and Miss1on Canyon limestones of thQ‘Madlson Group. The Lodgepole
has been considered by Weller and otherg (1948) as Kinderhookian
‘and early Osagian., The Mission Cényon is Osagian, These carbonates
rest disconformably on the Sappington Member of the Three.Fprks'
Formation. ‘They are of ﬁarine origin and in pléces it is not easy
to disfinquish between the two.

| The Lodgepole is a grey-brown,'thin- to medium-bedded, ‘finely
crystalllne llmestone with interbeds of arglllaceous limestone or
calcar;Lous‘s:thstone6 In places the Lodgepole is oolitiec, foss111-
ferous, and'cheft bearing. The argillaceous 1nterbeds-are‘yellow—
grey to yellow-brown, fine- gralned and commonly fosslllferous
"Thlckness of the Lodgepole is approx1mate1y 575 feet (McMannls and
Chadwick, 1964). | |

The Mission‘Canyon along with the Lodgepole fofms ﬁhe érest‘of

the prominent hogback within the map area, Dudley Ridge. .This unit
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- ‘measures about 650 fest in thickness.(McMannis and Chadwick, 1964)
" and consists of grey to brown, ﬁediﬁﬁ—bedded to massive,,f?ne to
coarsely crystalline ddlomite, dolomitic limestone, and limestone.
The Mission Canyon Limestone weathers to rubblj outchps:with
obscure bedding planes. Some solution breccias are present in the.

upﬁer beds,

Pennsylvanian

" The Amsden Formation is Early Pennsylvanian age and is extreme-
ly variable in thickneés, ranging from zer§ to greater than.ZOO feet.
Within the map area this unit is difficult to distinquish froﬁ the
underl&ing Mission Canyon. However, the characteristic reddish out-
crops, although quite thin.in the study area, .are easily seen Jjust
to the east, directly‘across the West Gallatin Rivei'° The Amsden
consists of‘&éllow—grey,'thin-‘tq thick-bedded, medium- to coarse-
grained dolarenite; pale-grey to white;.densé, fhin— to mediﬁm-
bedded dolomite; grey-brown, finefgrained, medium-bedded to massive,
fossiliferous limestone; purplish-red, dense, dolomitic mudstone; and
argillaceous dolomite. There is‘some green énd'red flaky dolomitic
shale, |

fhe Quadranf Formation'COnsists‘of all the sandstones, lime-

stones, ;ﬁd gradations between sandstone and limestone'oveflying the

Amsden and underlying the Permian Phosphoria. This formation
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,measures 205 feet in . thlckness (McMannls and Chadw1ck 1964) ‘The~v
Quadrant 1ncludes white to cream colored, medium- to thlck—bedded
cross-bedded, fine to medium-grained quartz‘sandstone, In the lower

" portion of. the formation are medium—bedded.light eolered'erystalliﬁeJ

limestones and calcarenites. These grade‘ﬁprard to sandy limestones,

limy sandstones, and other-quartzites,

- Permian

" The Phosphoria Formation rests‘disconformably on the upper
Quadrant Formation and consiste of’119vfeet (McMannis and Chadwick,
‘ 1964) of grey to yellew-brown nodular chert:‘grey-brewn, medium—_
grained, thick—bedded.quartzite and yellow-brown silieified silt-
stone interbedded-with chert. ‘The quartzite beds contain numerous
tubular burrows. The phosphate content of this formation ir.the
Upper Gallatin reglon is of no economic. 51gn1f1cance,i The Phos-
phoria is disconformably overlaln-by the Dinwoody Formation of

Triassie age.

Mesozoic
~ The Triassic‘formatieﬁS‘and the Juraseic Ellis Group of the
Mes0201c strata are of marine orlgln whereas the latest Jurassic.
Morrison Formation is nen-marlne. Some 9,000 fest of Cretaceous‘
_ strata (not ali present within the map area) is composed of flne_

normal and volcanic elastics. The Mesozoic .rock types are
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~dominantly mudstone, shale, and tuffaceous sandstone, in contrast to

the Paleozoic marine carbonate sequence,

Triassic

Two hundred sixty-five feet of the Triassic Dinwoody Fofﬁétion
is exposed in the map area but is absent in the Squaw Creek area to
the north, (McMénnis and Chadwick, 1964); In the West Fork area the
exposures are poor, Most of the formation ié covgred; boundéries
are determined by float. Thé Dinwoody rests conformably on the
underlying Phosphoria (Kummel, 1954), and consists of dark to light
brown, thick-bedded,‘sandy limestone and calcareous siltstone.

Linguloid brachiopods are present locally.

Jurassic

The Ellis Gfoup is of marine origin and includes.fhe Sawtooth,
Rierdon, and Swift formations. The Ellis Group is 570 feet in the
map area (Mthnnis and Chédwick,‘1964)i The basal unit is the
Sawtooth of Middle Jurassic age which rests disconformébly on the
Dinwoody. Thié lowermost unit includes argilléceous limestones and
caléareous shales. The uppef beds inelude yellow-brown, calcareous
sandstone, sandy 1imestone,‘and silty_shalg. jFossils are abundant,
especially in the upper half of the formation.

The ﬁierdbn Formation ivaiddle'to Late Jurrassic in age and -

rests conformably on the Sawtooth. In‘thé map area the Rierdon is a
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dominantly mudstone, shale, and tuffaceous sandstone, in contrast %o

the Paleozoic marine carbonate sequence,

Triaséic
~ Two hundred sigty-five feet of the Triassic Diﬁwoody Formation
is exposed in the map area but is absent in the Squaw Creek area to
the north, (McMannis and Chadwick, 1964), Tn the West Fork area the
exposures are poor, Most of the formation is covered; boundaries
are defermined by float. Thé Dinwoody rests confdrmébly on the
underlyiﬁg Phosphoria (Kummel,'l95§5; and100nSi§ts of dark to light
brown, thick—bédded, sandy'limestone'énd calcareous siltstons.
Linguloia brachiopods‘are present locally.
Jurassic
The Ellis Group‘is of marine origin‘and‘inpiudes'fhe Sawtooth;(
Rierdon, and Swift formations. The Ellis Group is 570 feet in the
map area (McMannis and Chgdwigk, 1964). The basal‘uhit is the_‘
Sawtooth of Middle Jurassic¢ age Whicﬁ restSidiséénfofméblyvon_the"
Dinwoody. This 1owerm§st unit includes‘argillaceoﬁsilimestones and
calcargous:shales. The upper beds include yellow-brown, calcareous
sandstone; sandy limestone, and silty shale. Fossils are‘ébundant,
especially in the ﬁpper_hélf of‘thé formation. -
| -The‘ﬁierdon Formation is Middie‘ﬁo Léﬁe Jurréssic'in.age and

rests conformably on the:SawtooﬁH; In the map area the Rierdon is a
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ledge formlng oolltlc 11mestone ) The limestone is impure, argilla-
ceous and 511ty | | | |

The Swift Formation éonsists of glaucopitic‘sendstones‘and
shales. This unit is of Late Jurassic age and rests disconformably
on the Rierdonr The sendstones are yellow-brown to[greepish-grey,
calecareous, thin- to mei&um¥bedded) eross;bedded; ripplemarked; fine-
to hedium;grained. Sporadio conglomeratio-zones‘ooptain pebbles
consisﬁing mainly of chert. Fossils‘are common, |

The Morrison Formation overlies the Ellis Group and'is an
uppermost Jﬁrassic'non-marine unit~ The formatlon is 335 feet thick
(McMannis and Chadw1ck 1964) and con51sts of terrestlal claystones
and sandstones that conformably rest on the marine Swift. Imlay |
(1952) considers the Morrlson to be Klmmerldglan (mlddle Upper Jur-
assic). The claystones are non- calcareous, green, grey, ollve, or
red. These are 1nterbedded w1th 1atera11y dlscontlnuous sandstones
The lower Morrison is dominated by reds, yellows,-and greens, while

the upper beds are dull colored.

Cretaceous

The‘Crefaoeous sequence Consistseof'more than. 9,000 feet of
predoﬁipantly non-marine strata..,The~Kooteﬁai‘and Thermopolis-
formations‘constitute the'Lower‘Cretaeeous. The Upper Cretaceoﬁs is

a sequence of sﬂales, claystones, and some sandstones that. have not
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been studied in detail.

The Lower Cretaceous Kpotenai Formation consiéts of fresh water
conglomerate, claystone, limestone, and sandstone. Tﬂe 1owé$t of
the units is a bagal conglomeratic sandstone. The sandstone is fine
to coafse~grained, thick and cross-bedded: The.pebbles are of
.chert, quartzife, aha 1imestone."Within‘£he stﬁdy area, coarse
irregular blocks of Kootenai sandstone COnglomgrate form large talus
slopes which in piaces cover the prominent éource iedge.

The middle unit‘of the Kootenai is composed of yellow-brown to
| maroon mudstone and shale, limy siltsténé,'and fresh water limesfone.
The limestones occur in two 20595 appro#imafely 50 and 100 feet above
the basal sandstone and contéin numefous steinkerns and shells of
gastropods., Sandstone comprising.the upper unit of the Kootenai is
a well;sorted‘quartz‘arenite. This uni£ weathers to a dark red-
brown an& commonly forms a promineﬁt ledge_or‘bénch at_the.top of -
the Kootenai slope. -The Kootenai Formation as measured by McMannis
and Chadwick (1964) is 412 feet thick. This formation is considered
Aptian in age (Cobbén and Reeside, 1952). ‘ |

| The Thermopolis Formation conformaﬁly overlies the’Kootenai
Formation in West Fork basin.and~éreas adjacent to the south. Bolm
(1969) measured 195 feet of Thermopolis in West Fork bésinf 'In
places to the soutﬁ of weét Fork basin the\fofmation‘is”more than

350 feet thick (Hall, 1961). The Thermopolis Formation consists of
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an un-named basal shale member overlain by the Muddy Sandstone
Member, The shale member is medium to da;k grey,_vefy fissile,
carbonaceous shale and intercaigted irregularly bedded siltstone,
This member is considered to.be the brackish water equivalent of
the marine Tﬁermopolis shale of WYomiﬁg. Overlying,tﬁe Sasal shale
member are 80 feet (Bolm, 1969) of greyisﬁ—green to buff colored
sandstoné called the Muddy Sandstone Member. Lithologically this
sanQStone is cross—bédded, medium-bedded, fine- to, medium grained,
poorly sorted, and has di;continuous lenses‘of‘olive to greenish-
. grey claystone and.shale. The Muddy weathers to a dirty yellow color.
Excellent exposures of the Thermopolis Formation and other Crete- |
ceous units are féund along South Fork east éf Ousel Falls.

The Albino Shale rests with apparent conformity.atop the Muddy.
Sandstone Member‘éf the Thermopolis Formation. ~Bolm (1969) has
measured 160 feet of Albino. This unit is non-resistant and poorly
exposéd. The Albino‘conéisté of claysfone,‘bentonite; shalegAsili-
ceous ash, and tuff., Siliceous shales, ash, and tuff are white to -
pink or bright red. These beds pre@ominate in the Upper Albino and
are fossiliferous (ferns, 1eave$, and wood). '

Conformably overlying the Albino Shale is moré thap‘l,UOO feet
(Bolm, 1969), of undifferentiated sandstone and shale of Late
Cretaceous age. A conglomefate.in the iower unit of Late Cretaceous

age is cemposed of sandstone and éhert pebbles in a sandy matrix,
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The pebbles are resistant to weathering but are stained r;a by iron
oxidef The sandstone consists of fine- to-medium, subangular grains
‘of quartz and chert.. Biotite is present iu SOme‘sandstone units,
and there is some interstitial fine silt end'clay. The‘beds of
Late Cretaceéous age are probably equlvalent to the upper part of

the Colorado Group.

fertiary:

"No sedimentary rocks of Tertiary age are present in the study
area, with the possible exception of a riveér gravel some 400_feet '
above the present. day WestoGallafiu River near tue north of Michener
" Creek. To the south of West Fork basin Tertiary materials are pre-
sent. They are of terriginous and voleanic clastic sedimentary
rocks. Gravels, s1m11ar topographlcally to these, occur in numerous
places throughout the Upper Gallatln Valley preserved beneath vol—
canic rocks. The volecanics flowed 1nto'the lower portlons of the
stream ehanneis, represented by these gravels., The thickness of the
‘gravel in the study area Weseaetermined on the basis of float to be
between 80 and 100 feet. These gravels, called the‘Michener Creek
‘gravels,-consist of moderetely coarse; well-rounded ¢lasts of
“gnelsses and schlsts, several varletles of 1gneous rocks, and sand-
stones. Andesite clasts constltute approximately one half of the

gravel material, Basaltic material comprises only a. minor portlon
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~of the gravels. Where exposed, this high level river gravel dis-

playsién imbricate structure indidating transport direction to the :"‘

east.




IGNEOUS AND VOLCANIC ROCKS

Andesitic dikes and sills occur throughout the West Fork basin
areé. ‘Some of these intrusions are paft‘of a laccolithie complex
located_some five miles west of_the study area. The andesites
associated with this intrusive body, centered around Léne Mountain,
are acidic iﬁ composition. Other moré Basic andesites occur along
the same northwest trend as do the.majof étfuctural features of tﬁe
area, (Figure 3).

~ Late Cenozoic and early Pleistocene welded tuff  caps the
Tertiary river'gra&el near the mouth of Michener Creek, lThese tuffs
are equivalent to the Crown Butte ash flow sequence of the Upper

' Gallatin Valley mapped by Hall (1961).

Lone Mountain Laccolith

A 1arge multiple-horizbn laccolithic complex (Hall, 1961) ié
located five miles west of the study area. This compiex centers
afound Lone Mountain but iﬁcludés Fan,.Cédar, and Pioneervmoﬁntaiﬁs,
Andesite is the dominan£ rock type. Igneous rocks from the intru- |
sive comple# have been transported into the study area; the& consti-
tute the majority of élasts in the glacial outwash of West Fork basin
and the high-level Tertiary river gravels near the mouth of Michener
Creek. Sills and dikes project from the center of the intrusive
complex into the surrdﬁnding countfy rock. The variéty“of rock -

types could indicate that each of the peaks was an intrusive centef.
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In hand spe01men the rocks appear to be porphyrltlc andesite, grey
to tan in color wlth phenocrysts of plagloclase and hornblende,
Megascopically, the variation in andesites appears to be due to the
difference in size and number of phenocrysts.

Thin sectiOns were made of two narieties of andesite found in
the West Fork outwash gravels. In adddtion, one sample fronm Lone
Mbuntain was studied. Twinned green hofnblende along with twinned
and zoned plagloclase are the dominant phenocryst in each of the
ande51tes. Minor amounts of potash feldspar were also found in
each. Sparse quartz phenocrysts are present in the sample from
Lone Mountain aznd in one specimen.from the ontwash gravel. Dark
brown biotite is present in all three snecimens; but the amount
varies from one to six percent. All of the andesites have a crypto-
crystalline matrix, ‘The-specimen from Lone Mountain displays flow
alignment of the matrix around the,phenoqrysts. ‘Secondary chlorife
.and ciaj minerals have formed by alterafion'and replacement of the
.hornblende and biotite. Magnetife and hematite are also present as
alteration materlal. A1) three of the samples are considered to be
acidic andesites. However, a chemical analy51s of two of the sam-
ples might reveal sufficient normative quartz to permit classifica—
tion as dacite,

Age o% the Lone.Mountain laccolith has:not been determined; no

detailed analysis of the complex has been worked out. Swanson (1950)
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.suggests that intrusion of the ande51te porphyry occurred at approx-
1mately the tlme the Spanish. Peaks fault and associated structures
' were developing. Hall (1961) postulateS‘the intrusives to be post-
Paleocene and pre-Eocene; dikes of similar andesite intrude the
iLiyingston Formation considered‘tc bezPaleocene'to the south of the
‘”study areai Bolm, (1969) considers theremnlacement to be post-
' Eocense, following‘the‘formation‘of Lower Basin'syncline. Without
further stndy no exact age can be‘appended to the Lone Mountain

laccolith,

Other Intrusivesf

Sills ranging from five feet to‘overveiéhty feet thick occur
in the Cretaceous~sequence_stratigraphically‘above the.Kootenai ‘
Formation. These.sllls appear to trend in approximately the:same
'direction‘as the najor synclinal and antic¢linal structures‘of the
north end”cf the:UpperrGallatin.region;;Nd60 W. WCompositionalLy
these rocks are hlghly Weathered andes1tes, now mostly unconsolidated,
that appear dark yellow—brown at the surface. These units are best
exposed along South Fork on the south margln of West Fork bas1n

‘Thin sections show that the ferromagn651an mlnerals have been
50 altered that only pseudomorphs of the original crystals remaln
The original mlneral was probably hornblende hydrous mica and clay
- now replace it. The plagloclase crystals are tw1nned and display

' clay'alteration rims. Secondary calclte is present in one blotlte- .
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bearing intrusive. All samples contain sparse mggnétite and hema-
tite. These sills lack quartz and potash feldspar iﬁ contrast to
the Lone Mountain intrusive. One sahple of a highly weathered in-
trusive body alohg Middle Fork contains perlite. Thé glass comprises
abproximately ninety pgrceni‘of‘the sémple. The rock contains
phenécrysts of plagioélase, quartz, and hofnblendévand about two
percent hematite, magnetite and Iimenite.

‘Chadwick (1970) discusses the Spanish Peaks fault as a portion
'of the Western Absaroka_belt,-one of two nqrthwest~trendiﬁg belts
of eruptive centers across southwestern Montana. Sills and stocks
commonl& intrude the'eruptive'cenfers along the northwest trends.
Basaltic necks.locatedlat the head of forcupine'Creek to the soﬁth—
‘east of the sfudy area in secs. 29 and 32, T. 7 S.,.R; 5 E. are dis-
cussed by Hall (1961). If the linear trend associated witﬁ the
volcanlc necks is projected, the Western Absaroka belt contlnues :
northwestward to coincide with the Spanish Peaks fault Several
sills and dikes similar in composition to the andesitic Gallatin;‘
volecanics parallel this fault (Becraft and others, 1966) . The fauit
zone and associated-intrusiVes have been extended northwestward

across the Madison Valley by Andretta and Alsup (1960) and Reid

(1957). These intrusives, like those of the Lone Mountain laccolith,

pfdbably represent activity in the Late Cretaceous and early Ter-

tiafy, while flows spread over the Gallatin and possibly Madison
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ranges from the many eruptive centers,

Voicaﬁics

Near phe.mouth of Michener Creek and westward for approximétely.
two miles rhyolitic welded tuff crops out. These tuffs are consid-
ered by Christiansen (oral COmmuﬁication, 1970) to be part of the two
miliion jear old Huckleberry Ridge .Member of the Xeliowstone Tuff
sequence. They occur in irregularly distributed patches throughout
the Upper Gallatin Valley and are called the Crbwn'Butte ash-flow
sequence by Hall (1961). Within the study area the welded tuff un-
conformably caps the gentl& inclined Cretaceous rocks on the southwest
flank of Lower Basin syncline. Areas occupied by volqanics are
'chéracterized by‘a relatively smboth flat su?face. In the study area
the lowest elevation of the tuff is at 6,500 feet and the highest is
approximafely 7,000‘fee£. "This rise is over a distﬁnce of l,QOO feet
horizontally. Therefore the average dip of fhe tuff is about thfee
degrees. No decision was reached concerning the portion of the dip
that.ié primary and the portion due to deformation. In places the
tuff overlies the Tertiary river gravels previéusly discussed.

The contact of the welded tuffs wiﬁh #he Tertiany riVer grafels
is a éhill zone consisting of a slightly granular, crumbly, medi@m-
to light grey to pink.non—solidified‘ash layer. This zone appears

as a smooth blocky surface and is everywhere less than one foot
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thick. Above this zone is about 1507feet of pink to grey, porphy-
ritic;_conglomerafic, vitric, rhyélitic welded tuff. The groundmass
of the tuff is glass dust. The rock coptainé phenocrysts of sani-
dine, quartsz, biotité,-and sparse clino- and orthoﬁyroxéne. -Glass
.shards constitute about fiVe:percent:of the rock. Tuff and pﬁmice

fragments occur as inclusions.




STRUCTURAL SETTING

_ The regiOna1 structura1.felationships of the Upper‘Gallétin‘
Valley have been discussed by Hall (1961). Portiéns of his work aré
iuseful in understahding the geomorphiC‘history of ﬁhe study area.

The Lowér Bésin syncline‘lies“on‘the southwest side‘of tge

' Spanish Peaks fault block. ‘The‘Spgnish Péaks‘fault can be traced
to Bnnis Lake on the west and to the head of Porcupine Cresk on the
east where it passés under voleanics dated as Eocene (McMannis and
Chadwick,‘1964), (Figure_BS. Swanson (1950) considered the‘Spanish “‘
Peaks fault fo be the ﬁérthwest‘extension of the Gafdiner thrust
fau;t mapped by Wiison (1934); Chadwick (1970) considers the
Spanisﬁ Peaks fault to be in line with the Westérn Absaroka belt
of eruptives extending across southwestern Montana into Wyoming.
. This major structural feature is a high angle reverse faﬁlt pn1which
Precambrién‘crystailiﬁe roéké‘aré thrust southﬁafd over‘steéply
-dipping £o overturnsd sedimentary rocks of Lower Bgsin syncline.
. Strata forming the.syncline range in-agé from Cambrian to Late
Cretaceous. Steeply dipping carbonate‘layers on the north flank of
the syncline form a hogbéck ri&ge~which lbcally aftains-an'glevation
greater fhanﬁ9,000-feet@"

The minimum‘strétigraphic displacement or relief of the Pre-
cémbrian_surfacé on the‘fault is aboup.é,OQO feeﬁ. The amount of

structural relief due to folding before faulting developed‘cahhot be
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determined. In secs. 29 and 32, T. 6”Sj,yR,f4 E. normal fault
trends almost perpendicular to the Spanish Peaks fault, (Plate_I);
‘A sharply asymmetrical anticline with a steep southwestern
© limb is loca?ed south of the_map area. The axial trend of this fola.‘
is paraliel_to that of Loﬁer Basin s&ncline. The two structures
probably formed simultaneouslyt‘ Wilsey'<uhpublished field riotes,
1848, supplieé by W. B. Hall) named fhie‘fold theiBﬁck‘Creek‘anti—
~ cline, end Hail <l961) cohtinuedri£s ﬁeage;‘ |

On the southwest flank of Lowef‘Basin syncline, near the mouth
of Beaver Creek, faulting has developed in the Cretaceous section |
above the Kootenai. Proper interﬁretatioe of the sﬁructural_rela-‘
tiens_in this area depends 1arge1y on £he correct i&entificatien‘of
the various Cretaceous sandstones and sheles. Plate I represents
relationships Eased.on'tee uﬁits ae ideﬁtified,

Cenventional geologic structureusymbeis have beeh‘uSed in pfe- .
pering Plate I. However,.a thin line hes been used to show ma jor |
fracture zones which have no observabie displacement,_or faults on
- whichethe‘relative‘moveﬁent could‘hot-beideterminedu Theseelines,ef -
weakness have affected the topography, particularly the dralnage
patterns and the p051t10n of Mmass— grav1ty movements, and add to the
" overall understandlng-of‘the‘reglonal‘pattern of deformatlon@

Study of the geomorphlc and structural features of the lower

part of West Fork basin, especially as 1nterpreted on airphotos,
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_strongly suggests that at least the IOWer;miie.of West Fork has
followed a fault trace which trends almost due east,ldiagonally
across the upfurned beds at the east end of Duéley Ridge. ]This.
postulated fault has‘not been indicated on the surficial geology '
map because bedrock is everywhere buried beneath outwash gravels,
"+ except parhaps‘beyond.the.map area to the éast of West Gallatin
River. If such a fault-is present,:ana if one aSSﬁmes it exiends‘
due westward under the valley gravels and landslide deposits, it
would align perfectly with an ahomalops sast-west cliff on the south
' side of Flatiron Mountain. Kehéw“(l970) considers'this=steep_
slope to be the headwall scarp of a landslide (biock-glide type) iﬁ
a synclinal depression, '

To the north and east of the study area, Eocene volcanlcs are
present in the Gallatin Range to elevatlons greater than 9,000 feet.
McMannls and Chadw1ck (1964) 1ndlcate that the volcanic flows and
breccias burled the pre-existing topography and the Gallatln River
.established_lts present course on the relatively flat volcanic 'sur-
face, Since Eocene time there has been madification‘ofnrelief by
southeastward tilting and warping due to regional uplift and normal
faulting .on the northwest and southeast borders of the Gallatin
Range. Therefore, the present p051t10n of the Gallatln River is due
to both suberp051tlon‘and antecedenca:, If one assumes that the

voleanic terrain extended west into the Madison Range (Becraft, and
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others,‘l966) the cross- cuttlng relation of West Fork could also
be viewed ds one of superp051t10n Several remnants of these vol-
canics are present high on the east end of the Spanlsh Peaks, but .

apparently there is no remnant in west Fork basin or the hlghlands

dlrectly adJacent.




SURFICIAL UNITS

Chronology and Terminology

Charles Lyell in 1839 applied the word "Pleistocene™ to the

j "most recent’ epoch of geologlcal history. Presently, PleiStocene
is considered to be part of the Quaternary, an epoch characterized
by repeated‘glaciatiohs of certain areas cf the earth's surface
Ericson and Wallin (1964) and Oakley (1964) have tentatlvely placed
the beglnnlng of the world—w1de Plelstocene Epoch at not less than
800,000 and poss1bly 1.5 to 2 million years before present In the
‘Yellowstone Park area. Chrlstlansen (oral communlcatlon, 1970) places
.the 2 mlll;on.year old Huckleberry Ridge Member of the Yellowstone
Tuffs in ‘the Quaternary. ‘

| ‘ Durlng the Plelstocene there were four to five principal glaci-
,atlons each of wh1ch ‘may have 1ncluded three to four separate cold
stades with mlnor 1nterstadlals ~ The last of these gla01at10ns is
'the Wisconsln, divided in thls region 1nto the Bull Lake and Plne-
dale glacial stades (Bleckwelder, 1923). Drift dep051ts from Bull
Lake end"Pinedale stades and from,more.recent glacial events are
consideredxto represent time Since'the‘end of* the 1ast'major lnter-
‘glacial. Both the Bull Lake and Pinedale stades were compound (more
than one phase). The Pinedale ih‘places was followed‘by camparatively

"late minor glacial readvances.
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As discussed by Hall (1960a) the Madison Range shows evidence
of Bull Lake,‘Pinedale, and- more recent glaciatibn as well as.poss—
ible pre-Wisconsin glaciation. Elevation, lithologic ﬁaterial,
morphology, position, so?ls, artifacts, and ash layers are all
criteria upon which glacial deposits aré déted, Wifhin the study
area soils, morphology, positign, litholpéy, and elevation %ere
used for age.detefminations.of the glacial deposifs. Within the
Yellowstone Pa?k area, recent work by Richmond (1970) seems to in-
dicate that the Bull Lake extended from aéproximately 110;000 to
70,000 years before present. Thé post-Bull Lake and pre-Pinedale_
interstadial is'considered to have‘lastéd from 76,000 to 25,000
years b.p. Pinedale glaciation was initiated apﬁroximately 25,600‘

years ago, reaching its peak about 18,000 to 15,000 years before

present. The bgeinning of the post-Pinedale interval is thought to

" have been.aboﬁt‘lltpoo years b.p.

Evidence in thé mapped area docﬁments-at least_threé distinct
episodes of alpine glaciation during Wisconsin time. At present
they are assigned to one Pinedale and two Bull Lake stades, The
higﬁer porfibns of the Madison and Gallatin Ranges display strong
evidence for at least one episode‘of pre—Wisconsiﬁ glaciation of
sufficient magnitude tq form an ice'cap over most of the lower
‘valley di&ides; leaving only the highest portion of the range pro-

truding (Hall, 1960a). Higher ridges adjacent to the mapped area
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élsd show deposits of till much higher -and farther upvallej than the
youngest recognized Pinedale depostis. These are younger than Pine-
dale, are,viéWed as post-Altithgrmal, and are equivalent to the Gannet
Peak-Temple Lake neoglacial event of_other Rocky Mounfain areas
(C. Montégne; oral communication, 1976).

The classification of glécial.landfofmé in the‘map aréa'is
based on the descriptions of typical forms given by Flint (1957). A
sﬁmmary of the terms used as defined.by Flint is agufollowé: '

1) Valley glaciers are streams of ice that flow downward

through valleys in highlands. The term valley glacier is

".synohymous with mountain gladier and alpine glacier.

2) Drift is a term used collectively for glacial deposits.

3) A moraine:is an aCOumulation of drift having a construc-

. tional topogfaphic eiﬁressiéﬁfin detail ihat is indepéndentf
7<9f_the.surface underneath it,-an& having Beén built by

the diredt action of glacier ice.

A)A A Terminal moraine is a ridge-like accumulation of drift

builﬁ‘along the downstream or terminal margin of a glacier
Iobe occupying‘a‘ﬁalley.

5) Any terminal moraine built along the lateral margin of

any glacier lobe occupying a valley is a lateral moraine.

6) A kame terrace is an accumilation of stratified drift laid

dovm chiefly by streams betWeén a glacier and adjacent
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vallgy wall and left as a constructional terrace after
disappearance of the glacier,
:7) 'Outwésh is pro-glacial drift stream-built deposits found
beyond the toe of the glacier.
In the following paragraph; the surficial deposits will be
deSéribed by drainage bésins rather than Ey‘landform cateéofiés
for all basins. Mass-gravity phenoﬁena ére here 6mi£ted from dis-

- cussion, but are considered in a separate se¢tion of the study.

Dudley Creek Drainage Basin

Within Dudley Creek vélley,‘a narrow glacial trough, evidence
for at least fhree glaciations is present. Amphitheater shaped de-
pressions east of Wilson Peak (Figuré 7 ) were thé?gathering basins
for the valley glaciers. The‘fléors of fhe-cirques are approximately
9,200 feet in elevation., Early'Wisconsin, or poésibly—pré—Wiscona
"~ sin, till is located én‘a Meaghér‘limeéténé‘%houlderiat,the mouth of
Dudley Creek. This deposit-appeafs quite freéh but 1adké hummocky .

topography. Th9 morphology is that Qf a slightlj‘flattened bench-
’iiké surface.with enormous boulders. |
Bull Lake glacial deposits are present along the eastward flow-

>

ing pértion'of Dudley Creek. Moraines and ice-marginal kame terraces

are present, The terminal moraine has a crescentic form and displays .

subdued drumlinois topography. Kame terraces rise on the‘south-j

I




Figure 5. Glaciated trough of Dudley Creek,

Figure 6, North Fork Bull Lake moraine resting on West
Fork plain, ice-marginal channel in foreground.
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“side of the valley from the margin of the Bull Lake terminal to an
elevatlon 560‘feet above the‘valle& floor, The kameﬂterracee are
morphologically distinctive only in that they have a flattened bench-
1like upper.surface. Both the morainal forms and the_kame terraces
are-densely tembered. Till deposits located down—valle& from‘the
Bull ILake terminal moraine‘are:considered'to have their source in an
" amphitheater struoture‘in‘the Deer Creek drainage basin adjacent to
Dudley Creek on the north, From careful study of aerial photographs
and from field ev1dence a possible splllover ice-fall can be postu-
lated, flowing southwest from the 01rque in Deer Creek dralnage into
Dudley Creek, Evidence supporting. such an- 1ce—fall is the p051tlon _
of the t111 deposits (obllque to the present valley floor) and
erratics located in a topographic swale between the cirque-like'dea
" pression and Dudley'Creek. |

The only Pinedale glacial deposit within the map area is a mor-
ainal form in NW 1/4, sec. 19, T. 6 S., R. 4 E This terminal
moraine 1s fresh in appearance, has hummocky topography and 11ttle
soll development

At the mouth of Dudley Creek there is a small deposlt of glac1a1
outwash, unsorted gravels of Precambrian material in 4 matrix of un-
consolidated silt and sand, This.ontnash appeare to be concordant

with and_therefore‘probably,the same age as the Bull Lake moraines.

i
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North Fork Drainage Basin

~North Fork at present flows southeastward from a cirque located -

approximately three miles to the north and west of the map area.
This cirque, Bear Basin, was the major source of ige for North Fork
during‘tha Ball Lake and Pinedale glaaial stades. 'The only glacial
'deposits de%ived from North Fork that lie within tha map area are
high morainas of Bull Lake age.. These Bull Lake lateral moraines
conaist.of more than one hundred feet of material, including clasts
of Precambrian'gneisa, schist, and quartzite with some Paleozoic

" limestone. The laterals are located some two miles downstream from
the Pinedale moraines (C. Montagne, oral communication? 1971). ‘What
is thought to be an ice-marginal channel cuts through the maraine on
the north side of North Fork. This meltwater channel trends south-
easterly adross'the moraine and joins the lower:end of Crail Creek
(Plate I).

Crail Creek fan is airectly east of the North Fork Bull Lake
moraines. This landform is mapped as a Quaternary alluvial fan, |
Examination of a soil pit excavated in this feature suggest that
Crail Creek'"fan" is reworked ttll, or‘fap-fofm moraine, developed
by modification of the Bull Lake terminal moraine, which extended
out onto West Fork basin floor. The pit was approximately sevea»
feet deep. The material in the upper five feét shows some

o, | '
alignment and sorting, whereas the material in the lower portion
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of the pit is unsorted, rounded Precambrian cobbles and boulders in
a clay and silt mafirx. The i'fatn" is partially.mantled by float and
cclluviuﬁ derived from the adjacent Dudley Ridge to the north. The

fan-like morphology was probably achieved during the Bull Lake wet

post-glacial period. The Bull Lake terminal rests on the basin floor.

The frontal end of the moraine has a terrace;like form due to late
meltwater planation and subsequent (Pinedale or later) trimming back

of the flattened morainal toe by West Fork,

i

South Fork Drainage Basin

Till deposits are present at the western;mpst_end‘of the ﬁést
Fork'plain; These deposits.display 1little morainal morphology and
have been modified by mass—gfé&ity‘movements. The soil devélépment‘
is to a depth of 23 inches, greater than that found by C. Montagne
(oral communication, 1971) in Pinedalé deposits'of'quth and Midd}e
Forks, Aéproximately eighty percent ofifhe morainal material is
andesitic, faceted, rounded to subangular cobbles, The non-andesitic
COmponentsvall'appearjto be'lithoiogiGS‘typical of or recognizable in
the Cretaceous section.. The source area for the‘andesitic materials
is the laccolithic multiple-sill complex developed about the four
intrusive centers,(Cedar,'Fan,‘Piﬁneér,~and Lone MountainS'éomé three
miles west of the study area. Within these infrusiﬁes there.are dis-~

tinect Vafiations in composition and texture of the andesite (pércent

T R A ) N |
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and size of plagioclase and hornblehde phenocrysts). The mineral-
ogy of the andesite discussed in greater detail in_ﬁhe section of

this réport on ignéous rocks. The different lithologies are repre-

sented in the glacial,and‘fluvio—glacialwdeposits in West ‘Fork basin.

A soil pit was dug in the Buil Lake moraiﬁe at the westerh;ﬁost
end of West Fork p1a1n. Weathering‘of the ahdesitic materials is
” exten51ve All the near surface cobbles had thick clayey Weatherlng
r1nds, or were Sso deeply weathered that they Would crumble upon
application of even sllght pressure. The deep weatherlng has in-
creased the clay content of the soil, as further demonstrated by
its stick&? plastic nature, A soil prefile of this:deposit is giren

below.

Dete: August 22, 1970 :
Soil Type: Michel cobbly Toam o
Area: West Fork of the West Gallatin R1ver
Location: On hill-top back of Michel Ranch
Natural vegetation: Big sagebrush, Blue grass, Bromes, and
o o annual and perennial forbs
Parent material: Andesite and some sandstone till
Physiography: Glacial till, Bull Lake age
Relief: Normal :
Elevation: 6,600 feet
Slope: Three percent -
. Brosion: Slight
Permeability: Moderate
Drainage: Well drained
Ground water': Deep
Salt or alkali: None
Stoniness: None on surface to class 1

Typifying Pedon: Michelson cobbly 1oam
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" (Colors are for dry soil unless otherwise noted)

Al 0O -7" Dark grayish brown

(10 YR 4/2) -cobbly

loam, very dark brown (10 YR 2/2) moist;
weak coarse granular separating to strong
fine granular structure; slightly hard,

friable, nonsticky

and nonplastice; non-

calcareous, clear smooth boundary.

B21 ~ -7 - 13" nght brownlsh grey (10 YR 6/2) cobbly
clay, dark grayish brown (10 YR 4/2, 4/3
crushed) moist; strong fine subangular
blocky structure; hard, firm, sticky and
plastic; noncalcareous, clear. wavy boundary° o

B2t 13 - 23" Dark grayish brown

(10 R 4/2) moist;

clay; strong medium prismatic separating to
~ strong subangular blocky structure; extreme-
1y hard, very firm, very sticky and very
plastic; noncalecareous; prisms occur in
vertical and slanted p051t10ns, gradual

wavy boundary

1 23" + Colors are the*same except there is an in-

crease in yellows;.

clay; extremely hard,

very firm, very sticky and very plastic;
noncalcareous; andesite cobbles and stones
occur below 23 inches which are highly
weathered or rotten; exfoliation is appar-

- ent, and there appears to be weathering in
place from andesite to c¢lay in the contact
zone between the andesite rock and clay
matirx; slickensides occur immediately
below the prisms in the B2t horizon.,

The deposits of Bull Lake till resting on .the apex of West Fork

outwash plain are so minor as to give little iﬁdication‘of the

amount of ice that must have flowed eastward from the heads of South

Fork andlltS'sub51d;ary dralnages South Fork heads in a ¢irque on

the easﬁ.side of Cedar Mountain (Flgure 2).

Its tributaries are
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Mhddy Creek and First, Secogé; and Third‘Yellow Mule creeks; all of
which head in-amphitheater-shaéed'dépressions on the northeaét flank
of Buck Creek Ridge. Figure 7 is a coﬁseﬁvative interpretation of
the distribution of Bull Take ice tongues which furnished £411 and
outwash materials to West Fork basiﬁ; The hypothetical distribution
of glaciers in Figure.7‘ is‘derifed by delineating glééiai features
on air photos when apparent in the various drainagesu:ZPinedale icev
may have acéumulated'in some of the same basins, but its extent_if
present has not iﬁ all'casés'been determined;
Although the wfiter feels that there is strong evidence in
- support of extensive glaciation of Souﬁh'Fork; it shéﬁid be noted B
'that the ubiquitous mass-~gravity features have altered the glacial
landscape so that little or né deposits with glacial morpﬁoloéy are
seen. Since'tﬁe Yelqu‘Mhlé_drainages ére‘outside‘fhe étudy'area,
suffiCient time ﬁas not spent in the field to accurately détermiﬁe
the extent of the‘glaciation. Détailed mapping of the area is needed
before any more fhan a postulation‘caﬁ,be-presenfed.
Evidence for poséible glaciation along SduthfF&rk and its
tributaries are: ' . | . |
1) Till deposits located directly north of the Michel Ranch; '
| sec, 2, T, 7‘5., R. 3 E., and néér Ousel:Failg; ‘ :
2) West Fork basin valley.fill'with apex‘in-South‘Fork drain-

age has characteristics of outwash;
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3) Seuth Fork heedS‘in a cirque on the east side of Cedar
Moﬁntain at an elevefion‘of‘9,4éb feet;
4) Aﬁphitheater shaped heads of Yellow’Mtle and Muddy -
creeks exist on.the north flank of Bﬁck Creek Ridge-at
elevations 8,400 to 9,200 feet; ;
5). Interlocking-spurs do not occur in the Yellow Mule and
Muddy Creek drainages (single.streams,in great conceve
valleys){ B
6) Subangular faceted andesitic cobbles and stones character-
istie of‘glacial drift are found at‘a'ppro'ximately -7,260
”feet on the north side ef Soutﬁ Fork one and one-half miles
west of Ousel Falls. | | |
- A northeastward slpping, arcuefe; gravel, fan-form outwash
plain mantles the Cretéceous units in West Fork basin. The apex of
this outwash is located near Ousel Falls,‘and its thickness is
approximately” flfteen feet as determlned from exposures along South .
Fork, Braided stream patterns formed while active dep051t10n was in
progress are still present on West Fork‘pla;n. Andesltlc_pebbles
ard cobbles ere'rhe méjOr components of fhe‘gravel,sﬁpebb;esvof
quartzssandstone from the‘Kootenéi Fermafion are‘numerous;"while the .
remalnlng Cretaceous units- are only nomlnally represented The matrix
- of the outwash is composed of sand, -silt, and clay size partlcles°

Clay lenses occur as ribbon—like features below the gravel surface,




Figure 8. Flattened toe of North Fork Bull Lake moraine
resting on West Fork plain,

Figure 9. Outwash gravel overlying Cretaceous shale along
South Fork, Dudley Ridge in background.
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Prngmbrian lithologies aré present in the outwash graﬁels, but only
in a relatively narrow strip.within a few yards of the course of
West Fork. .Since West Fork is-af the'north mergin of the outwaéh,
it is apparent that the bulk_éf‘the‘Valley outwash contains almost
no rock types from thé only area of frecambrian outerops (North Fork
drainage). |

Remmants of Bull Lake outwash m;terial appear as small high
terrgces on the margin of the‘preseht d;y basin floor. These ter-
races have been mapped'as.QtSIand are correlated with the high tér-
races aloné the West Gallatin Rivef using a gradieﬁt similar to thé
present day slope of the outwash gravels. The small area'mappéd as
. ét5 west of the ou@wash fléin is conco¥dant with South Fork Bull
Lake moraine. These terrace remnants are considered to be Bull Lake
in age because of their high‘poéition relative to the present ele-
vation of West.Fork basin fioér. ‘They'rgpresent the upper sﬁrfade'éf
the Bull Lake outwash gravels. Subsequent Pinedale deglaqiatibn re-
.sulted in a simiiar episodéiof,ero§ion and‘deposition. Pihedale“
' glaciers were less extensive than those of Bull Lake, and disection
associated with Pinedale activity did not remove all of the Bull Lake
gravels, .The Pinedals deéosits‘did‘nob reach the thickness‘of the
earlier glacial outwash.

Scou? channels, represehted on Plate I by short arrows, indi-

cate the direction of meltwater flow. These channels, as mentioned
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_before, are remnants of a time of active stream transport and deposi-

tion in the basin.

Michener Creek Drainage

Micheﬁer Creek, a small stfeam soéuth of_West Fork, fleﬁe along
2 northeest trending fault in which the north block is downthrown.
Mass- grav1ty movements are present along the length of the dralnage.
The pattern of alluv1um demonstrates temporary stream blockage. The
mouth of MiChener Creek is occupied by alluvial fans which areelay—

ered deposits from minor floods..
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'MASS—GRAVITY MOVEMENTS

-Approximately thirty percent of the study area is surfaced by
mass-gravity deposits which entirely‘cover the underlying bedrock

The vast amount of mass- grav1ty movement has been a prlmary factor in

development of the present topography The rock types .and the struc- -

tural settlng of the area, interbedded Cretaceous sandstones and
shales. in a syncllnal basin, are favorable for the actlon of mass-
gravity movements. Evidence for several‘types of mass-gravity phe-
nomena, including both flow and sllde mechanisms, 1is present

The hazards of landslides. w1th1n the Cretaceous are well known

: throughout the Rocky Mbuntaln reglon, and they create problems in

construction and maintenance of roads, bulldlngs, and reservoirs.
Development of facilities such as these may disturb the equlllbrlum
of presently stable slopes. Slnce a portlon of the study area is
1ncluded in plans for a large recreational facility attention should
be focused on the mass— grav1ty dep051ts already present in the area
and the poss1ble measures that.could be taken to prevent such
movements in the future when the act1v1t1es‘of man entail modifi-
cation of the terrain," |

. Description and General Discuslenl
of Mass-gravity Deposits

Sharpe (1938, p. 7) categorized mass-gravity phenomena:as a

series of typeS‘"ln which the debris'load‘steadily increases and the -
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water content diminishes to the vanishing point". The continuous

series is given by Sharpe (1938, p. 8).

stream flow: much water, small load, low angle

slopewash

sheetflood

rmudflow

earthflow -

debris avalanche . |
landslide: Little water, large load, moderate to high angle

. Based on the kind of movement and the felative rate of movement

Sharpe (1938) has classified mass-gravity phenomena into three types:
. 8low flowage, rapid flowage, and landslides. All three categprieg
are represented in the study area; For the purpoée of this dis-
cussion the definition of landslide will be as stated by Varnes (1958,
P. 20), ". . . 'landslide! dénotGS‘downwafd‘and oﬁtward movement. of
slope forming materials composed of natural rock?.soils. artificial
‘fill, or a combination of these m;terials_" .This definition alloﬁs

the term landslide to be used in a general sense for all types of

mass-gravity movements. The terms soil creep, earthflow, mudflow,

slump, roékfall and rockslide will be used according to Sharpe (1938).

The following is a summary of the characteristics of the main types
of mass-gravity depqsits present within the study area.

Sharpe (1938, p. 21) has defined creep as "the‘slow downslope |
movement of superficial soil on.rock’debris, usua11y imperceptible

except to observations of long duration.” Soil creep has affected
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a large portlon of the study area but has produced no mappable de-
p051ts. - ' _

Earthflow is considered by Sharpe (1938) to "be. the slop&e;st
flow type io his rapid flowage category. EarthfloW'is the most
r51gn1flcant category’ of mass-gravity actlvlty and accounts for the
great majority of feature mapped as Qls. Withln the study area
earthflows are characteristic of gentle to moderately steep slopes.
Earthflow moveﬁent is slow but perceptlble Some features typlcal
of earthflows w1th1n-west Fork basin are: o

i) Gentle to moderate slopes (less than 15 degrees); ‘d

2) Commonly developed on‘beds of silt and olay capped by

porous sandstone or welded tuff

3) Some transport of bedrock

4) Crescentlc scar at head of flow;

5) Source.area_is broken'into,a.series of slump Blocks;

6) ‘Linear ridges along sides of'some‘flow masses;

7) Commonly have a lobate toe;

8} -Hummocky‘topoéraphy; |

9) Ponds on hummocky surface.

Mipor mudflow deposits are‘presentrwithin thetarea. They differ

from earthflow deposits chiefly in their method of deposition and
their steep gradient. Movement is more rapid than earthflow and can .

be catastrophic. Mudflow characteristics are as follows:
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.1) No visiblé sﬁﬁrce area SCAr;

.2) ‘Steep graaient‘in source area;

3) Recurs in same channels;.

'4)‘ Inﬁ&ives tréhsport of surficial unconsolidated material
w:Lth little bedrock; |

5) Low ﬁrofile spatulate toe;

6) Smooth surface profile.

;Sharpe (1938) has divided the "landélide" categofy.of ﬁass—
gravity movements into slump, debris-slide, debris-fall, rockslide,
and rockfall. Deposits resuiting from slump, rockslide, and rockfall
afe present Within thp study area. A Sluﬁp bloqk ﬁéually‘moves as a
singular unit or smaller individual uniﬁs with backward rétation
abéut a hofiZontal axis parallel to the headwéll. - Movement: can be
slow and intermittent or in a single rapid slip. ROCkslides‘are
rapid downward.movements‘bf bedrock debrjs sliding alpng bedding,
fault planés , Or any other plane of sépération. Sharpe (1938;-'
'P' 78) defines rockfall as "the relatively freQ falling"of a newly
detached segment of bedrock 6f any size‘frpm a cliff, éteep‘siope,
cave, or aréh." ﬁMbvement may be by vertical fall‘or by a:series of
leaps and bounds down a.steep'slope;" w&tﬁin West Fork‘basin the
deposits of réckfall aré minor. Those present aré steep talus
covered sloﬁes."Movement of ﬁhe rock‘debris is slow and sporadic

by freeze-thaw pressures, A pile of rock debris is commonly present

Ll
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at the base of a talus slope. Characteristics of slump blocks and

rockslide deposits located within the study area are given below,

Slump

l)“Bédrock involvement; -

2) Blocks located down from and ahead of source;
3) Crescentic scar at head;

L) Convex bulge in toe area;

" 5) Blocks are relatively intact exéept for attitude.

Rockslide

1) Steep slopes in the sourée area;
2) Smaller in area than earthflo%s;
3) Steep headwall scar;

) Width of slide widens from headwall to toe.

As diseussed by Hall (1960b) thé maés—gfavify features of tﬁe
Madison Range cannot be classified as one single type. The diffi-
culty in classification of those deposits within the study area is
dus to mény factors. Several of the mass-gravity features located
within West Fork basin and the adjacent areas are greater than §ne
| wile in length and one-half mile in wid£h.. The surface topography
within one .of these large deposits may vary from plage tb place,

exhibiting slump characteristicé at and near the slide head and a
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hummocky surface over much of the slide area. Most of.the large
scalecdeposits within the study area appéér to be relatively_ihéc_
: five, exhibiting fresh piles of rock debrié‘probably due in.part to
the 1959 Hebgen earthquake. ILater mass-gravity ﬁovéments on'an
oldef slide surface are also common in thesé larger deposits. The
secondary movements ao not ﬁécessariLy»exhibit fhe same features as
the first. Most of the surface area of the mass-gravity deposits

located within the study afea are forested with Pinus contorta

(Lodgepole pine), Pseudotsuga menziesii (Douglaé nfir'), and Picea

engelmannii (Engelmann spruce) and show no evidenée of movement in
historic time. As Hall (1960b)‘has suggested, only a relative.
judgement can be ﬁﬁde on facfors which Shérpe‘considéred, such as
rate of movement and probable water content, when classifying these
pre-ﬁistoric mass-gravity deposits.

.The majoritj of thelmass-gravity featﬁres ﬁithin fhe study area
are south of.South Fork on the southwsest limb of Lower Basin syncline.
‘These slide deposits are on the dip slope (2-10° NE) of Cretaceous
sandstones and shales. A large slumé blockjis lbcated in sec. 14,

T. 7 S., R. 3 E, Héwever, earthflow is th9 main ﬁype 6f mass-gravity
activify. The'eafthflow deposité are relatively large; one such
deposit east of First Yellow Mule Creek extends more than two miles.
Most of the earﬁhflows except those‘fdrmed'in beds of the Cretaceous

Albino Formation are found in wnits of silty shale capped by
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sandstone or welded tuff. These aré porouS‘unitS‘and form steep
ledges with‘iarge ségments of tiltéd bedrock at heads of slides,;
Figure 10, In the source area pprtion of the slide the movement is
almost entirely by slump. Earthflows formed‘in the clays of £he
Albiﬁo‘and in.the porcellanite zone;ofuthe Albino are similar to
mudflow dep;sits in that they exhibit no well defined crescentic
sear at‘thejsoprce.  Many of the earﬁhflow‘depasité are characteriz-
ed by linear flow ridgeé as much as ten feet high;, Good exampleé
of these ridges are located in sec. 15, T; 7 S., R. 3 E. All the
earthflows display hummocky topography and_sméll ponds occupy some
of the depressions. | " B

Landslide, deposits along Middle Fork in Sec. 2, T. 78., R. 3
E. and sec. 35, T; 6 S.,s R. 3 E, are formed within the Cretaceous’
Albino Farmation on the southwest 1imb of Lower Basin Synclipe.
Crescentic scars are presént in the source areas ofythese earth-

flows, although no rock{ledge.is'exposed.‘ Likefthg‘flows south of

South Fork they display hﬁmmocky topography with some development of

ponds. Springs are also present along the base of the slides.
Other ﬁass—gravity movements.within;the area include minor
slﬁmping along the oversteepened bank of South.Fork gbrgé (sec, 36,
T, 6 S., R. 3 E, and sec. 31, T. 6 S., R. 4 E.), mudflow deposits
along the #ase-of Dudle&,Ridge in West Fork basin, and a rockslide

| deposit also Tlocated at the base of Dudley Ridgé. Mud flow deposits




Figure 11. Earthflow located south of South Fork, sec. 1,
T. 7S., R. 3 E., in the Cretaceous Albino
Formation.

Figure 12, Hummocky profile typical of earthflows in
West Fork basin area.
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_are,consiaered_po be‘irensitional Eetween stream alluviumeend:eerth-
flow{-‘They have defeloped‘in zones of steep slopes'(greater than
' 150),‘arersparsely vegetated, and have‘low‘toe?profiles. ‘These‘fan—
form‘flow depoSiﬁs ere probably due to very.rapid runoff following.
recurring heavy. rains; Surface debris is strlpped from the slopes
‘and carried. to thelbase of the rldge. ‘ |

A rockslide (sec. 31, T. 6 S., R. &4 E.) is the only mass-gravity
deposit located within the CretaceouS‘Kootenai f‘ormation° The slide
maSS‘descended:some'BOO‘feet downrﬁhe‘dip‘of the unit, probably s1id-
ing on a saturated‘layer of slightly oelcareous clay shale inter-
bedded with liﬁestones and -sandstone. ‘lhere is a steep headwall
on a slope of,sbout 23 degrees. As indicated from study of the
channel scar patterns on the surface of West Fork basin plain, this
‘ rocksllde was probably caused in part by undercuttlng of the Kootenal
by South Fork | |

Talus slopes produced by rockfall are present in the study area.

Most of the slopes are between 26‘and 32‘degrees. _One‘good example

is in‘the Kootenai Formation and consists of‘coarSe‘irregular blocks

of salt and pepper sandstone and chert pebble conglomerate resting
on a slope of about 30 degrees in sec, 32 T. 6 S.» R. 4 E., Figure
illustrates ariother examplsé of talus.that has developed below the

Mississippianvlimestones in sec. 23, T. 6 8., R. 3 E.

L
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Significance of Earthflow Deposits

Earthflbw deposits are the most significant of all the mass-
gravity deposits located within the study area. These depoéits have
a form (unchanneled overland flow) and topography-(hummécky surface)
which suggests the mass moved as a highly-visqous fluid. Slip sur-
faces at the base of'the fléws_are'not_visible.. The slide maferial
is composed of rock fragments, sand, and plastic clay. The original
waﬁer content of the slides cannot be determined from thé present
deposits. In view of the known sequence of Pleistocene glaciation
and subsequent deglaciation, it seems likely that these flows result-
ed from slope failure probably due in part to saturation of rock
'materiﬁl with consequent increase in pore-water pressure and de-
crease in shearing strength. As statgd‘by Varnes (1958),‘buoyancy
in the saturated state decreases effective intergranular preésure.and
friétiqn. Saturation destroys intergranular pressure due to cap-
illagy tensibn. |

Kehew (1970) sampled the Albino Formatiqn in West Fork basin and
found the ciay fraction to be entireiy cbmposed‘of montmorillonite.
High montmorillonite content has been shown by Grim (1962) and other
workers to result in low permeablllty, due in part to the small size
of the clay particles and in part to the ability of montmorlllonlte
to orient water molecules, rate of compressibility, high rebound on

load removal, and loss of strength in the presence of moisture.
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‘Zaruba (1969) dlscusses the factors producing slide movements
Of the many factors which Zaruba identified, the following appear to

be important in West Fork basin.

1) Changes in water content due to precipitation and meltwater..

2) Earthquake shocks.
3) Sudden increase of slope gradient (oversteepened slopes).

L) Deforestation (man's activities).

If it is accepted that the majority of mass-gravity deposits
within West Fork basin Were‘initiated during the Pleistocene, then
it can be argued that the wet interglacial climatic conditions
piayed a major role in the development of such movements. The pre-
01p1tat10n and meltwater probably produced a saturated state in the
strata, increasing the pore-water pressure and decreaslng coh951on
and internal friction. Slope stability is greatly reduced, allowing
for formation of landslides. During deglaciation there undoubtedly
were numereus small scale solifiuction type movementswwithin the
upper thawed portion of soil area. But' such features would necessar-
ily have been confined to the thawed portion, so not over threes to
six feet deep and hence much smaller in scale than the features here
mapped. As the c11mate changed from that conducIve to glaclatlon to
the‘fresent the permanently frozen pertlon of the ground thawed, thus

supplying moisture and preducing a saturated state in-the strata.

L Y S AV
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The ﬁain méss—graﬁityjmovéﬁenfs probablyroccured‘as the?permafrést
melted. | | |

Earthquake vibrations canfiniﬁiate landslide movéments.‘ Earth-
quake tremors would probably.not be especially significant in areas
of such low dip_andimoderate averggerslope, except for the fact.that
the c¢lay is mainly montmorillonite - the maiﬁ_clay miﬁefal of ‘quick
clays‘(LieBling and‘Kerr; 1963), Quick.clays undér conditions of
agitatioﬁ_can_easily fail ﬁith less than one degree 310pe.of the
failure plane. Faulting has been active thréughout the Quaternary
in the Rocky‘Moﬁntain fegion. Normal faults cut the two million y;ar
old Welded tuff in the Michener Cfeek part of ﬁhe study area.  In
1959 the Hebgén'Lake earthquake caused‘fresh rock debris to be
deposited on older mass-gravity features located ét many places in
theé Madison Rangse.

Because a major }ecreaﬁional coﬁplex has been prquSed fgr '
construction in‘West Férk basin, the COﬁstruction activities may
disturb the father delicate equilibrium éonditions which chgracter-

‘ize most old earthfléws. 'Reactivation of the earthflows could result
from excavation in the toe of slides, or mo&ification of the w;ter

table conditions.
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QUATERNARY HISTORY .

By lgte Tertiary timé the larger elements of.the presént‘West
Fork landscape were already paftially delineated by{the érosional
'proceéSesfthen~active. (Rivér‘gravels'are‘locafed 450@féet‘abpve the
present day west‘Ga1latin River.) The major ridges.ﬁere outlined . by
‘Pliocene time, and thé streémé_had dissected the.region into rela-
tively strong reliefs, Upon this‘mountainous topography, perhaps
Somewhat reéembiing‘the terrain of-todéy;‘the CrOwn‘Eﬁtte rhyoiitic‘
ash—flow.tuffs‘were deposited some two million years ago, approii-
matély at the beginning of ‘the Pleistocené Epoch. Nowhere in the
region haye“these tuffs beeﬁ found in p1éce resting as low as'ths
present day valley floors, and‘nowhere have they been identified in
place resting on ground higher than 8,240 feet. R. A;AChadwick.
(oral ¢omunic'a'tion, 1971) has ma,pped‘ 2 wolded tuff of similar tuff "
" at 9,600 feet at the head of Big Creéklnear the Gallétin ~ Yellowstone
drainage divide. This unit, however; has not been studied in suffi-
‘;cient detail to determine whethef‘it‘correlated with the Crown Butte
‘éequence. In most places the Crown Bﬁtte ésh-floﬁ seduénce‘is found
"in fositions of intérmédiate'elevation, and probably never_cévered the
-higher portions of the late Pliocene landscape. The known remnants of
these depdsits, althouéh‘quitézdisconﬁiéuous at present, indicaté that

they must have buried a large part of_théVYalley systems of the time.
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At numerous places in the region one can see.the old valley
floor gravels preserved beneath the‘lowest Unitiof the érown Butte
tuffs. An accessible example in the study area is located on the
south side of a hill near the mouth‘of Mdchener Creek, at -an.eleva-
tion of approximately 6,400 feet, in sec. 5, 7. 7., R4 E., and
" only one-half miles west of Highway l9l; THe old stream gravels
beneath the ash-flow tuff at this place afford:a»measure of'the low-
ering of the area during theépast two‘million years.: Tne gravels‘are
'presently‘about 450 feet higher than the. gravels along the present
Gallatin River, thus this amount. of lowering nas,been.aocomplished
since the tuff‘accumulated.‘ Erosion Since‘the‘ash—flows filled the
late Pliocene- early Plelstocene valleys has taken place 1n part
alongside the fllled 1ows,‘and present stream floors. are 1ower than
the old valleys, so that there is a seml—reversal of topography from
this seduencei. The Michener.Creek sub-ash flow gravels shom‘hy the
compositional range of the cobbles that the stream drained areas both
west and north of the present west Fork basin. There are fragments
of several Cretaceous sandstones,‘Precambrlan metamorphlc rocks, and
of andesite similar in lithology both megascopically and in -thin
section to those found in West Eork.basin. Faint‘imbricatiOn indi- .
cating transport to the east can also pe-seen in the gravel exposures.
C. Montagne (oral communlcatlon, 1971) has mapped hlgh level till .

and welded tuff in ‘sec. 28, T, 6 5., R. 3 E., but which may p0551b1y




-68-

be remnants of former river gravels from some ancestral stream eman-

ating from the Spaniéh Peaks area.

After the‘obliteration of the local valley floors by the Crown

Butte ash-flows, the former '"West Fork" altered its course to flow

along the north side of the fill, and thus assumed its present posi-

tion relative to West Fork basin.

Surrounding. areas in the Upper Gallatin regibn contain much evi-

dence for at least one stage of high Tlevel glaciation. Hall (1960a)

has provided a relatively complete summation of this evidenée for the

area., Some observations which support an early and extensive glacial

evént include:

1)

2)

3)

Drumlinoid ridges and grooves at 7,600 feet elevation on the

shoulder between Cache Creek and Deadhorse Creek ten miles
south of the map area in secs. 3 and 4, T. 9 5., R. 3 E.

High level £ill, such'as the Apex Till at 9,500 feet in-
secs. 27 and 3%, T. 9 S., R." 3 E.; the Marble Point Till at
8,049 feet in sqbs. 3 and &, T. 9 S., R. 4 E,, about eleven |
miles south of the study érea.

Precambrian erratic boulders at an elevation of 8,720 feet on
the divide betwéen tbe heads of Porcupihe and Béffalo Horn

Creeks, near Fortress Mountain in sec. 4, T. 8 S.; R. 5 E,,

seven miles southeast .of the study area.

Within the West Fork basin study area itself no evidence has been
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~found that is-attributed‘to this early‘episode of ice.accumulation.
Aimost all the area is loﬁ enoﬁgh.that the early ice with effective
catchment must have.entirely eovered the area. Sucﬁ eﬁ alleeovering
ice sheet would have less tendency to accumulate‘extensive surficial
blocks avalanching‘alongwcanyOn walls,‘a_situation not conducive to
the deposition‘of significent‘deposite, ,fhe processes of erosion,
solifluection, slumplng and. slldlng that characterize perlods of
glaciation and deglac1at10n have effectlvely removed every trace of
erratic fields that formerly existed.

Throughout the Rocky Mountain region two glacial stades;devel_
oped doring‘late Pleistocene time. .The.earlier ﬁore extensive stade
~ has been deeignated‘as Bull Lake (Blackwelder, 1923; Richmond, 1957).
ﬁichmond (1970) considers the Bull Lake glacial stade in this region
to‘have extended froﬁ about ilOyOOO to‘70,000 yeers before present.
Inothe‘West:Fork bQ§in-and‘in‘the‘adjaqeﬁt areas Bull Leke giaciere
carved cirquee in Beehive and Bear Bastne on‘the'south side‘of the
Spanish Peaks, in most of the high area of‘the Spanish Peaks, on the
‘ flanks of the laccolithic complex of Cedar, Lone Fan, and Pioneer |
mountains, and probably. also at the heads of valleys on the northeast
tflank of Buck Creek Rldge. Bull Lake t111 dep031ts on the floor of
West Fork basin 1nd10ate that ice at that time did reach as far as the
present confluence of North Fork and Middle Fork (Flgure? ). The ice

tongues orlglnatlng in. Beehlve Ba51n and on Lone Mountaln flowed
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eastward afong M1ddle Fork only a short way s and did not reach the
.North Fork COnfluence, (C Mbntagne, oral communication, 1970) In .~
Dudley Creek the Bull Lake ice‘reached:almost all the way to its
mouth, within a mile of‘thedwest,Gallatin River. The writer believes
that much more ice accumulated in the.South Fork‘drainage‘system‘than
‘:‘in the Nortb and Middle Forks. Bull Lake-till is present at the .
Michel Ranch bench, in sec, 2"T 7 S.,-R ‘3 E Iee must.bave
_reached thls polnt from some loglcal source .area of accumalation.
The only reasonable source for such ice would be -the Yellow MUle
valleys which head on the northeast side of Buck Creek Ridge, and
the upper parts of South Fork valley itself. All of these valleys
have large amphltheater-llke heads, and are wide straight troughs for
several miles below. .They appear to be ice-modified, but are so
affected by Pleistocene maSs—graVity action thatsthe glacial evi~ -
dence is largely obscured However, the fact ﬁbat'these troughs‘have
| been the sites of such strong post- g1a01al landslldlng should" not be
taken as detracting from the concept of their being glacial troughs
originally. Indeed, it is likely that the glacial scour so over-
steepened the seft Cretaceous‘units of these ralleys bhat theyywere
especially suSCeptible‘to maSS‘nastage failure during tbeEwest;post— ‘
‘glacial periods. | |
As the Bull Lake glaciers began to melt they produced an ever

increasing supply of meltwater to the West Fork basin. During this
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time the relatively confined meltwater easily cut the felatively flat
swath across the soft Cretaceous rocks of the South Fork area., As
the meltwaters began to wane they were no longer able to sweep the
valley clean, and deposition of the West fork‘gravels began. By fhe
cend of Bull Lake glaciation the gravel sheet from the South Fork
system alone reached a thickness of some sixty feet, £esting on tﬂs
truncated Cretaceous wnits. In this area evidence has not permitted

a determination of the number of Bull Lake advances. However, exten-

sive and detailed work by Richmond,(l970),_Pierce (1970), and chers'

in‘nearﬁy regioﬁs has documented two to three definite ice'advaﬁces
which have been included in the Bﬁll Lake. It would therefore seem
likely that this area also had a similar hispory. Tt is possible
that Dudley Creek,_on the‘ﬁorthern margin of the study'grea, would
be the most likely area to study infensively-for evidence of mulitple
Bull Lake ice advances dﬁe to the resistant nature of the Pre- |
cambrian gneisSes and schists."Probabxy extensive mass wasfgge'was
initiated during the wet conditions WhiCh followed the waning of
Bull Lake ice. The rockslare unusually susceptible to gravity féil~
' ufe, and‘in this period thgy mﬁsﬁ have Bepn‘nearly saturated in
many areas. The devegetated and oversteepened slopes were very

favorable sites for landsliding, and it is likely that the major

slide areaé‘of the presenf were.initiated as the Bull Lake ice melted.

Pinedale glaciation was in most areaé of the region less
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extensive than the Bull Lake, aed it would seem that this was also
true for the West Fork area. ICe.developed in some of the same
valleys which previously heid Bull Lske glaciers, but the Pinedale
tongues were not as large, and did not extend so far down the valleys.
No evidence has yet been found te show that Pinedale ice ever reached
the floor of West Fofk basin, _Pinedale-ice‘must ﬁave.modified some
of the 1andslide.deposits in the Bull Lake trouéhs, or even removed
some of the slide,materialt' The landslide deposits in the middle
portions of some of the Yellow Mhle troughs certainiy‘appear to be
drumlinized. . Terminal moraines regarded as Plnedale were deposited
in North Fork and Dudley Creek valleys, upstream from the Bull Lake
till. Pinedale ice apparently formed within the South Fork drainage
system, as documented by the extensive outwash gravels from the
basin, but the ice itself did not reach into the study area. The
terminal moraiﬁeS'qf Pinedale'age‘must stiil lie obscured by mass-
gravity depesits and heavj forest codey in'the region just south and
west of the study area.

The Pinedale deglaciation was more significant in terms of the
preeent West Fork basin floor developmeet than any other comparable
time period. MeltwaterS'from the Pinedele ice were nearly as effi-
cient as those from the Bull Lake ice in their actlons The Pinedale
meltwater first nearly completely strlpped out the Bull Lake gravel

sheet from the South Fork drainage. Only a few terraces remain of the

)
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former outwash sheet, as at the bench in éec. 2, T.'? S., R. 3 E.
Once again, as the volume of meltwater began to dimiﬁish, the Pine-
- dale outwash gr;vels began to acpumulate, and filled in the swath
cut through the Bull Lake deposits.  Pinedale ice was not as great,
and the outwaéh therefore only fifieen'to thirty feet thick, but
.covéred néarly as great aﬁ area. The pres;nf gravei sheet of tﬁe
West Fork basin is essentially Pinedale outwash derived from the
South Fork part of the basin. It is evident from5the slope of the
gravel surface, and from the many details of channel boundaries and
scour lines, that the waters which bfought the gravel came from the
southwest, not from Middlejor North Fork area. It would appear that
during Bull Lage énd finedale time the South Fork was the dominant
stream of West Fork basin. This situation remains true at the pre-
sent time, although the disparity in .flow at present is not-go
dramétic.

Tt was probably during this wet post-Pinedale period that South
Fork was diverted from a position along the west margin of the gravql
fill of the valley to its present course along the southeasternm

margin of the gravels. The record is not complete enough to create a

conclusive reconstruction of the evénts, but one possible sequence of

events whlch appears reasonable is given here:

1) South Fork flowed across 1ts outwash gravel, follow1ng flnal_

melting of Pinedale ice; massive earthflows moved northward
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2)

3)

"

5)

6)

7.

down the gentle slope of the West Fork bésiﬁ, toward the
valley floor.

Large amounts of water in the form of springs and seeps dis~
charged along the,toes‘of‘these'lérge slide‘masses, as can
59 seen along many of them today. .

The water from the toe areas came out nearly to the natural

depression south of the normal depositional ecrown on the

 outwash. The outwash surface sloped to the northeast, thus

the water would have been channeled‘in this direction.

This new stream flowed into the West Fork somewhere in the
area of the present South Forchonfluénce, fartherﬁwest;'
The new stream then cut through the thinngr gravels of the
southeast margin, and into the soft uﬁits of the Cretaceous
se&iments beiow; |

The new stream cut headﬁara, and‘captured‘the upper part

of South Fork, aﬁproximately in the areé of the apex of the

gravel outwash, in sec. 2, T. 7 S., R. 3 E.

. The abandoned channels are still plainly visible on the

airﬁhotos_of the gravel plain. Once captured, South Fork

water together with the earthflow seepage water cut down

well below the old gravel surface, Cutting is still pro-

gressing, and the. gorge has very steep walls (Figure 13). e

The large earthflows still push northeastward and have

F
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Figure 13. Muddy Sandstone ledge along South Fork, secs. 2
and 11, T, 7 S BoV3 B,
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encroached over the low térraces of South Fork in some
spots, éﬁd«keep the stream'pﬁshed against‘its northwest
bank.

Normal faulting has displaced the Crown Butte ash-flow tuff in
this area,vas=wasiélso the casé with the equivalent tuff in the area
just to the south, as reported by Hall (l96i). Because these ash-
flow tuffs are believed to be approximately two million years old,
the faulting must be considered late fliocene or Quaternary. Linear
trends visible on the airphotos follow the known trace of this fault-
ing but cross afeas~of maés—gfavity deposits t@at surround exposures
of thé tuff. These trends are too evident to ignore, but are not
idenfifiable on fhe ground in such areas, hence may not be‘definite
fault traces. .If these trends represeﬁt the true faults either some
of the faulting-wés post masé-gravity or some. linear movement took

élace‘along the fault since the slides devéloped.




COMMENT ON ENVIRONMENTAL AND QUATERNARY GEOLOGY

The term "land" is used by Stewart (1968,‘p. 1) to refer to "a

wide array of natural resource attributes . . . climate, landform,

‘soil, vegetation, fauna, and water." Stewart (1968) also notes the

mobility of water in contrast to the other attrlbutes, the self-

regeneratlng nature of vegetation and fauna, and. the consumable

* nature of physical resourcesasuch as. soil and minerals; The "land

surface" is a product of effects of paet and present climates.and :

geomorphic processes acting fhfoogh the‘time of geologie parent
maperial.. “Environmental geology” is considered by the writer to be
the study.of the interdependence-of the activitdes‘of man_and the
phy51cal natural resource attributes of the land.-

In con51der1ng the "environmental geology" of the’ study area,
empha51s has been placed on landscape gen951s and the surflclal fea-

tures of the geologlcal‘aspectvof the environment. The magor factors

involved are groundwatei, earthflows, and glacial till. The B1g
‘Sky recreational complex that is planned for the area will involve

. such activities as excavation, construction; and sewage disposal.

Large scale earthflows, already dlscussed are located within

the study area, south of the proposed "summer village" of the recrea-

tional complex Although. there are no mass gravity dep051ts located

near the bulldlng sites, cautlon w111 have to be exercised in excava-

tion of access_roads. -In addltlon to-con51derat10n of actlv;tles

!
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~taking place on the progect land, concern should be directed toward
tracts of land owned by cooperatlng agencies such as the Forest
Service. TIf roads must be constructed over the earthflows, they can
probably be successful if built up upon_the existing surface and
novhere cut into‘old slide masses. One particular area of concern is
the gravel road fo Aﬁdesite qukoﬁt Téwer‘féur ﬁiles west of the
basin itself. Greater than fifty percent of this road lies on o0ld
earfhfloﬁ‘depositsﬂ With the ihflux of people into West Fork basin,
vehicle traffic on this access road will increase. Some maintenance
of the road will be necessary sipce at present it is impassable when
wet. The susceptibility of this slide material to.frost heaving will
have to be taken into account as well as possible slide reactivation
by undercutting.

Groundwafer extraction will necessarily be dependent in large
:part on the prbjectgd.number of persons,that will oécupy West Fork
basin at any given time. The presen£ lahdowners within the basin
rrocure their water from weils drilled into Cretaceous sandstones and
shéle as well as from springs amanating from earthflows. Considera-
tion should Be given to the massive earthflow deposits adjacent to
the construction sites as possibie.sources for water.

Irrigation in the basiﬁ will not-adversely affect most sites
unless they are located on oid landslldes, where the additional mois-

ture could act as a lubricant decreasing r1d1g1ty and internal shear
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strehgth, thereby causing creep if not flow activation. Irrigation
will probably be‘nécessary after consfruction in all areas of re= -
growth, especially if species n6t native to the area are to be intro-
duced. There should be an eitensive‘program of planﬁed-reﬁlanting,
especially gréﬁnd the village siﬁe“and along £he proposed gblf ‘
course. | | - o
The sqils‘within lower West Fork basin in the area of the summer
"villége site héve no severe limitatiqhs to conétruction. As'mapped
these soils are the Bigel cobbly loam soils and Bearmouth gravelly
1oams along withvother well‘drained>soils in the'Bigel - ﬁobécker
Assogiation. These soils have moderately slow perﬁeability'in the
ﬁpper part and rapid permeability in the substratum. These shallow
depths (10;4O inches) down to rapidly permeable matefigls may pré-
vide a wéter pollution hazard in septic tank areas. To handle a large
number of feople it will be necessary to have complete sewage treat-
ment facilities. if waste water is of the same or higher quélity than
the original water the environment will not suffér. .Some form of
tertiary treatment should be COnsidqred.
| CAll sub-alpine and intermonfane envirOnménts are‘cémparatiVQLy
delicate and tran51tory owing to the complex1tles of 1nterdependence
of topography, geologic materials, climate, 5011, and vegetatlonal
cover. A study of Quaternary geology is largely a study of surface

form and surficial materials.- the most obvious part or "visible"
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part.of the environment. Whatever iaﬁdforms and‘soiis and fégetaﬁién-
al céver comprise a particular region, thgy‘repreSent a,teﬁporary‘
balance or equilibrium betwesn dynaﬁic features. Any Changeyin the
arrangement of materials or in operation of any of these features
must produce‘correSponding changés in the dependent compénents.
Therefore, if is certain that any significant orllong term 60nstrucf
ﬁioﬁ,‘modification of surface, removal of soil, pf interferénce
with the groundwater regime - all of wﬁich‘accompany "development!
of a méjor recre;tional complex - mﬁst and will produce majof alter-

ation of the present environment,
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