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Abstract:

Rocks ranging in age from Precambrian through Late Jurassic are present along the Beartboth
Mountain front between Emigrant Gulch and Mill Creek. The Middle Cambrian strata have been
intruded by a silllike pluton of dacitic magma which possibly caused upthrusting and warping of the
overlying sedimentary sequence. The crystallized magma is concentrated at the point of convergence of
the Mill Creek fault zone, the Cooke City zone, and the Deep Creek fault suggesting a cause and effect
relationship.' Uplift of the west flank of the Beartooth massif is attributed to range-front movement
along the Deep Creek fault, the trace of which is postulated to be buried beneath alluvium and glacial
deposits on the valley floor within the map area. Its presence is implied by springs and travertine
deposits in the. Chico vicinity and by recent scarps projecting into the map area along the mountain
front.

Tertiary sediments on the valley floor at Wanigan were dated as late Miocene - early Pliocene and
correlated with similar deposits of that age five miles to the south at White Cliffs.

Wisconsin glacial features cover a pre-Wisconsin topography of considerable relief on the valley floor
and include two outwash plains and two piedmont terminal moraines of different ages. Analyses of
preservation of these glacial features, weathering of debris, soil profile development, stratigraphic
relationships, and physiographic relationships indicate at least two Wisconsin piedmont glacial
advances. However, evidence for correlation with "standard" Bull Lake and Pinedale substages is
inconclusive.

The post-glacial history of the valley is characterized by recurrent structural movement along the
mountain fronts and sporadic downcutting and lateral erosion by the Yellowstone River and its
tributaries.
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ABSTRACT

Rocks ranging in agé from Precambrian through Late Jurassic are
present along the Beartooth Mountain front between Emigrant Gulch -and
Mill Creek., The Middle Cambrian strata have been intruded by a sill-
like pluton of dacitic magma which possibly caused upthrusting and warp-
ing of the overlying sedimentary sequence. The crystallized magma is
concentrated at the point of convergence of the Mill Creek fault zone,
the Cooke City zone, and the Deep Creek fault suggesting a cause and
effect relationship: .

Uplift of the west flank of the Beartooth massif is attributed to
range-front movement along the Deep Creek fault, the trace of which is
postulated to be buried beneath alluvium and glacial deposits on the
valley floor within the map area. Its presence is implied by springs
and travertine deposits in the. Chico vicinity and by recent scarps
projecting into the map area along the mountain front.

Tertiary sediments on the valley floor at Wanigan were dated as
late Miocene - early-Pliocene and correlated with similar deposits of
that age five miles to the south at White Cliffs.

Wisconsin glacial features cover a pre-Wisconsin topography of
considerable relief on the valley floor and include two outwash plains
and two piedmont terminal moraines of different ages. Analyses of pre-
servation of these glacial features, weathering of debris, soil profile
development, stratigraphic relationships, and physiographic relationships
indicate at least two Wisconsin piedmont glacial advances. However,
evidence for correlation with "standard" Bull Lake and Pinedale sub-
stages is inconclusive.

The post-glacial history of the valley is characterized by re-
current structural movement along the mountain fronF7and sporadic down-
cutting and lateral erosion by the Yellowstone River and its tributaries,
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.by Weed (1893) and by Horberg (1940). Horberg's work was done in con-

GENERAL GEOLOGY AND GEQOMORPHOLOGY OF THE EMIGRANT GULCH-
MILL CREEK AREA, PARK COUNTY, MONTANA

INTRODUCT ION

Geographic Setting

The area of this field study is located along the wesf flank of the
Beartooth Range in fhe mountainsAof south-central Montana, part of the
northern Rocky Mountain chain. This area includes'part of the valley on
the east side of the Yellowstone_River:directly south of the small commun-
ity of Pray, Montana, about 25 miles south of Livingston. The map area
(see figure 3) is bounded by the Yellowstone River on the west, Emigrant
Qreek on the sohth, and Mill Creek on the nerth. The eastern boundary is
a hypothetical line paralleling the mo;ntain front and extending from Whité
City to Mill Creek. This line nearly coincides with.the saddles between the

more subdued ridges and the steep front of the main Beartooth massif.

Previous Investigatiens

Bedrock geology of the map area was first studied by Iddings and Weed;
whose work was published in 1893 in the U. S. Geological Survey's Livingston
Folio. Their map and descriptiom of the area is very general. The area
was later mapped in more detail bva. T. Wilson (1@37) as part of his
Ph. D. thesis at Princeton University but this work was never published.
However, his map was used'in the compilation of the state geologic map of
Montana (1955). o

Geomorphic studies which included the map area have been published

: !
sidefably more detail.but thenmosflimportant geomorphic interpretations

can be attributed to Weed. Alden (1932) made several trips througli”the




0o

R8E

Z

—

Montana

|JLivingston

Figure 3. Index Map

\\ 158
/ T6S
&
. S
Q.
= o
5 s
- §
()
Pt "
S AL
Yellowstone National Mont
: -Pork . _ (— - Wyo g
Map Area




3
area but relied eésentially on Weed's work in presenting some intereéting
suggestions regarding correlation of surfaces on a regional basis.
The most recent work in the area has been done by John Montagne in
1961, '62, and '63. Montagne's research was concentrated on the evidence
for high-level pre-Wisconsin glaciation in the valley but the general
geology was also noted. The fesults of his work havefnot yet been pub-

\

1ished.

Objectives ‘

The objectives of this study weré to construct an accurate geo-
logic map of the area, to describe rock units and structural and geo-
morphic relationships, and to propose a likely Quaternary through Recent
geomorphic history .of the area. Other.problems consideréd in this study

include the possibility of range front faulting and the age of Tertiary

sediments on the valley floor.




Age

Stratigraphic

Unit

Approx.
Thicknéss

Character

Morrison Formation.and overlying Mesozoic units not exposed.

U. Jurassic Swift 80' Calcareous fo335iliferous cross-bedded glauconitic
Formation’ sandstone.
Ldisconformity
’ M. Jurassic | = Rierdon 95' Calcareous olive-gray shale overlying thin -zone of
o Formation gray fossiliferous oolitic limestone.
& .
wx .
N o ' About 160' of dense gray, brown, and yellow shale
M. J — Sawtooth 250 - '
urassic = | Formation overlying about 80' of yellow to gray s1lty and sandy
shale,
: —disconformity
Pennsylvanian Quadrant 115 Light- yellow1sh gray to light-reddish-gray fine-
. Formation grained quartzite or quartz sandstone,
Pennsylvanian Amed; Non-resistant beds of red shale and siltstone. Inter-
and : F r;di? " 80" bedded limestone and varicolored shale. Basal sand-
Mississippian orfmatlio stone containing fragments of underlying Madison Lime-
o . stene. - Weathers to-red soil.
disconformity
Mission |Light gray siliceous limestone.- Chert nodules .and
Mississippian Canyon 580" ,lgnses commonly paral}el to bedding. Generally mas-
Limestone sive, dense, and devoid of fossils.
Lodaenole Light gray thin-bedded. to massive fossiliferous frag-
L gep 400’ mental limestone. Chert nodules and lenses commonly
imestone :
parallel to bedding.
disconformity :

TABLE I. - Generalized Paleozoic and Mesozoic Stratigraphic -Section near Mill Creek

T




Three Forks

Thin-bedded orange-brown shales interbedded with gray

. Devonian Shal 85" to orange-gray dolomite. Thin beds of yellow cross-
‘ohale bedded arenaceous dolomite. Salt casts and ripple
marks common in some beds.
. Dark gray to black medium-bedded to massive fine-
. Devonian g?igiiigg 258" grained dolomitic limestone. Weathers to medium to
- dark brown color and gives -'petroliferous” odor from
fresh fractures. Contains Amphipora and has calcite
veinlets in fractures. Solution breccias common in
a few zones. -
disconformity - _ -
) Buff to gray massive fine-grained dolomite. C€rinoid
. Ordovician Blgho?n 80" stems are common. Siliceous stringers cause weather-
Dolomite ' ing to "honey-comb-like" rough pitted surface,
disconformity : : _
Medium-bedded buff limestone pebble conglomerate,
Grove Well-rounded greenish-coated limestone pebbles with
. Cambrian C?eek : . 30" - little or no limestone matrix.
- Limestone -
o Member
= g
FEa)
g Sage Pebble , Medium-bedded to massive flat pebble conglomerate with
oS Conglomerate 160" interbedded gray-green thin-bedded shales. Conglom-
© Member erate composed of dense limestone pebbles in a crystal-
= ' line limestone matrix..
= . :
m -
2 | Dry Creek Gray-greén and dark green, thin-bedded shales inter-
e Shale 90" calated with a few beds of brown, sandy shales.
n Member o B A )
Pilgrim 202" Approximately 100 ft. of light gray to buff mottled
Limestone

thick-bedded oolitic crystalline limestone overlying

TABLE I, - (Continued)




about 100 ft. of gray-green cearse edgewise conglom¢
erate irregularly bedded with intercalated thin beds
of gray and green shales.

M. Cambrian .

Gray-green fissile micaceous .shale. A few thin beds

lPrecambrian (Archean)

Park . . . . -,
Shale 200 of.gray crystalline limestone in the middle of the
‘ unit.

Meagher : Gray thin-bedded limestone with silty yellow part-

Limestone 150" ings. Weathers to yellowish-gray-soil. Middle part
is most resistant., Yellow silty partings give a
mottled appearance. B -

Wolsey o Gray-grgen and maroon fiss@le. micaceous shale with

Shale 110 some thin beds of lighter micaceous siltstone. Worm
trails and burrows are common.

Flathead ' Buff te red medium-to coarse-grained medium-to-thick-
‘Quartzite 75 bedded cross-bedded quartz sandstone or quartzite.
.Conglomeratic near base.

—uncenformity -

Dark .green schist with many veins and veinlets of
quartz generally parallel to foliation.

TABLE I. - (Continued)




STRATIGRAPHY

Lithologic units in the map area range in age from Precambrian
(A.rchean) to Recent. Formations typical of the interval from Pre~
cambrian through’Upper Jurassic are exposed along the west side of the
Beartooth Range between Emigrant.Gulch and Mill Creek. Exposures are
generally poor but suffice for field-mapping. The pbor exposures make
it necessary to draw upon information from other areas for descriptions
of Paleozoic énd Mesozoic units. Significant thicknesses of Middle

Cenozoic and Recent sédiments are confined to the area west of the moun-

tain front and are well exposed only along road-cuts and stream channels.

Precambrian

In the map area, Precambrian rocks are exposed mainly along the
north side of Emigrant Gulch. A small patch was also mapped in sec.7,
T. 6 S., R, 9 E. in the bottom of Conlin Gulch on the basis of float.
Where exposed in Emigrant Gulch the Precambrian consists of dark green
to black schist containihg many small quartz veins. The quartz veins
are randomly distriﬁﬁted and tend to parallel the foliation of ‘the
schist., The foliation generally parallels the mountain front striking
at about N, 60° E. and dipping‘steeply to the northwest.

Although no radiogenic‘age determinations have been made on thé
metamorphic rocks in the map area, an age of 2420 m.y, was determined
from K - Ar analysis of biotite in phyllite from Jardine, aﬁout 20
miles from Emigrant, on the southwest corner of the Beartooth massif by
Bruno Gilletti (oral communication, William J. McMannis, 1963). This

age may be similar to that of the Precambrian schist in the map area and
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indicates that the metamorphic rocks of the western Beartooth Mountains

are pre-Belt in age.

Qambrian

Cambrian stratigraphic units in the thesis area were mapped as €y -
Middle Cambrian Flathead Quartzite and Wolsey Shale,em ~- Middle Cambrian
Meagher Limestone, and as €, ~ Middle Cambrian Park Shale and Upper Cam-
briah Pilgrim Limestone and Snowy Range Formation. The Cambrian section‘

apprbaches 1000 feet in thickness in the map area. FEach unit is discussed

belbw.

Flathead Quartzite

The oldest Cambrian unit iﬁ the map area is the Flathead Quartzite
which unconformably overlies Precambrian metamorphic rock. fhe only ex-
posure of this contact found in the area is on the ridge along the north
side of Emigfant Gulch. At this cantact the angular discordance between
the Flathead and the Precambrian schist is as great as 80°. The Flathead
is pfesent along the bottom of Conlin Gulch and ‘in sec. 3, T. 6 S.,
R. é E. on the south side of Mill Creek Canyon. All exposures of Flathead
in the map area consist of a buff £o’red medium-to coarse-grained quartzite.
Cross-bedding is prominant in some zones. Thin lenses of conglomerate con-
taining subrounded quaftz pebbles also characterize the unit. Where ex-
posed near the map area and studied by other workers, the Flathead anrtzite

generally consists of 50 to 125 feet of quartz sandstone and quartzite

with a characteristic buff and red mottling which is independent of bedding

pianes. A basal arkosic and somewhat conglomeratic zone with a varying




thickness is found in some areas.

The thickness of the Flathéad was not measured but appears to be
- about 75 feet on the north side of Conlin Gulch. This is the only place
where what is believed to be a full thickness is éresent in the map area.
This thidkness agrees with that measured by Richards (1957) near Livingston
and that veported by J. T. Wilson (unpublished Ph. D. thesis, Princeton U.,
1937) near the mouth of Mill Creek. The Flathead was deposited on an ir-
regular Precambrian surface so local variations in thickness are ceommon
(Lochman;Balk, 1956, p.\SdS),

At most places in the map area, the Flathead is closely associated
with Tertiary dacite porphyry which has intrﬁded along the Cambrian-Pre-
cambrian contact. dontact metamorphism has baked the quartzite'to & dafk
red to black extremely brittie materiai in some places. In other placeé
along the contact the quartzite has been bleached to a medium gray and the

iron oxide has accumulated along fractures.

Wolsey Shale

Although the Wolsey Shale is present at several plaoeé in the map
area if crops out only at one loéation in a roaq-cut about one-quarter
mile south of Chico Hot Springs. About‘40 feet of the unit is exposed iﬂ
fault contact with Devonian Jefferson Limestone and intrusive éontact with
Tertiary dacite porphyry. At this oupcrop the Wolsey consists of gray-green
and maroon fissile micaceous shale with some thin beds of micaceous silt-
stone. No trilobite fragments were found although they are common in the

Wolsey in adjacent areas. Worm trails and burrows which characterize the
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Wolsey in other areas are vefy commoh in this exposure.

Wherever the Wolsey is present in the map area it is closely associ- .
atgﬂ with porphyritic intrusive rock. Contact metamorphism has consider-
abiy altered the character of the shale near the contact with the por- |
phyfy‘ Such a contact is exposed just upstream from the mouth of Mill
Creek Canyoh (see figure 4.) where the ériginally green micaceous shale
has been metamorphosed to a dark gray to black siliceous hornfels. |
The bedding plane fissility of the shale for as much as two inches from- the
contact has almoét'completely disappeared. Also, this twe-inch-thick meta-
morphosed zone gontains a few scattered porbhyroblasté of quartz and is
extensively iron;stained along fractures. The hornfels has retained much:
of the"orﬁginal mica and does not contain any metamorphic ﬁinefals,‘

The contact between the Wolsey Shale and the underlying Flathead
Quartzite is poerly exposed in the map area. Near Livingston (Richards,
1957) and in the Garnet Mountain Quadrangle west of the map area (McManni$
and Chadwick, in press) the top of the Flathead grades into the base of the
Wolsey and the contact is placed above the ﬁighest prominenf sandstone “or
quartzite ledge. .Isopéch maps (Hanson, 1952) ‘indicate that the Welsey'
Shale should be about 110 feet thick in the ﬁap area., This agrees rea-
sonably with the thicknéss of 105 feet measured by Richards (1957) near -

Livingsten.

Meagher Limestone
The Meagher Limesteone is Middle Cambrian in age and conformably over-—-

lies the Wolsey Shale. The contact is not exposed in the map area but is
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Figure 4. Tertiary intrusive over Wolsey Shale near mouth of Mill

Creek Canyon,
generally chosen as the bottom of the lowest ledge-forming limestone in the
gradational zone between the two formations as in the Garnet Mountain Quad-
rangle (McMannis and Chadwick, in press) and near Livingston (Richards,
1957). In the map area the Meagher crops out as a dark gray thin-bedded
limestone with yellow silty partings which give a mottled appearance. The
rock weathers to a yellowish-gray soil. Like the other Cambrian units in
the map area, the limestone is intruded by dacite porphyry. No effects of
contact metamorphism were found but the rock is extremely fractured near
the intrusive contact, The thickness of the Meagher Limestone was not
measured in the map area but the unit is about 150 feet thick on the East
Fork of Mill Creek (W. J. McMannis, personal communication, 1964). This

agrees well with the isopach thickness shown by Hanson (1952). In other
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areas between the Gallatin Bange and Cooke City, the Meagher Limestone var-
ies considerably in thickness. Generaily there is a rapid thinning to the
northeast, At Garnet'Mountain in the Gallaéin Range, the thicknesé is
449 feet (McMahnis and Chadwick, in bress) whereas east of the map area, .

near CGooke City, it is 114 feet (Hanson, 1952).

Park Shale

The Park Shale is not exposed in the map area but was mapped on tﬁe
basis.of float and the covered interval between outcrops of the under-
lying Meagher Limestone and the: overlying Pilgrim Limestone. Because the
Park is not exposed and contacts could not be precisely determined, %ts
thickness was not measured. An approximate thickness of about 200 feet,
interpolated from an isopacﬁ (Hanson, 1952) seems to be about right.
McMannis and‘Chadwick (in press) measured 217 feet of Park Shale in the
northeast corner of the Garnet Mountain Quadrangle and Richards (1957)
reports a thickness of 380 feet near Livingston. The discrépancies in
thicknesses can probably be attriguted to the use of different.criteria
for the choice of contacts.

Where exposed in the areas mentioned above, the Park Shale consists
of gfay-green and maroon micaceous fissile shale with intérbedded cal-
careous silfstone and fine sandstone. The Park'is much like the Wolsey
except that it is less micaceous. Near the top of the unit are thin in-

terbeddéd limestones and yellow calcareous shales. Near the base of the

I .
Park.are’' a few thin beds of glauconitic limestone and limestone-pebble

conglomerate (McMannis and Chadwick, in press). In -the map area, oily
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a few scattered pieces of gray-green shale in a greenish soil could be found

in the Park covered interval.

Pilgrim Limestone

BetWéen Conlin Gulch and Mill Creek in the map area, the more re-
sistant upper part of the Pilgrim Limestone is quite well exposed in the
saddles between the lower,,mofe subdued ridges and the steep front‘of the
Beartooth Range. The Pilgrim Limestone is thé lowest unit of the Upper
.-Cambrian sequence and conformably overlies the Middle Cambrian Park Shale.
According to Dorf and Lochman (1940), the Pilgrim has a uniform lithoiogy
throughout the region and consists of pwo'distinct units. ‘The upper unit
is about 100 feet thick and consists of thick-bedded oolitic gray to-buff.
mottled crystalline limestone. The lower unit is also about 100 feet
thick and consists of gray-green coarsé edgewise flat-pebble conglomerate
and gray-green shale. In the map area, the upper unit is generally well
exposed and pr&?ides an excellent marker unit for field @appiﬁg. The
lower unit is not exposed except in a logging-road cut in sec. 7, T. 6 S.,

R. 9 E. on the north side of Conlin Gulch.

Snowy Range Formation
In the map area tﬁe Snowy Range Formation is very poorly exposed. Tt
"was mapped on the basis of float. The Snowy Rangé Formation is subdivided
info three members as described by Lochman—ﬁalk (1956) . The. lowest member
is the Dry Creek Shale Member which overlies the Pilgrim Limestoné conform-
ably.and consists of intercalated fissile shales, black, gray anq green

sandy shales, tan to pink fine-grained calcareous dolomitic and pure
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sandstones, thin-to medium-bedded buff siltstones, and red to purple
arenaceous limestones. The top of the unit is generally placed at the base
of a columnar limestone which forms the base of the overlying Sage Pebble
Conglomerate Member., The Dry Creek Shale has a reported thickness of 80
to 95 feet in the Beartoeth Range.

The Sagé Pebbie Conglomerate Member overiies the Dry Creek Shale con-
\formébly and in the Mill Creek area consists of medium-bedded to massive-
flat 1ime$toneﬁebble conglomerate with interbedded gray-green shaleé
(Lochman-Balk, 1956; Dorf and Lechman, 1940). The conglomerate is com-
posed of dense limestone pebbles in a crystalline limestone matrix. Minor
1ithologic zones within the unit are a columnar aigal limestone near . the
base, thin brachiopod lenses about 20 feet above, and‘a limestone-pebble
conglbmerate ledge near the middle. The type locality for the Sage Pebble
Conglomerate Member is the south slope of Castle Rock which is a few miles
eastlof the map area.at the mouth of the East Fork of Mill Creek, At the
type locality the unit is 160 feet thiok.

The Grove Creek Member is the youngest member of fhe Snowy -Range
Formation and represents the uppermost beds of the Cambrian sequencelin
. the map area. The Grove Creek was originally deécribed as a formation
(Dorf and Lochman, 1940) but was later included as the upper member of
the Snowy Range Formatien (Lochman-Balk, 1956). The Grove Creek consists
of 0 to 50 feet of thick-bedded limestone-pebble conglomerates, thin shales,
and limestones. The‘lowér part of the member is composed of thick—bed-.
ded limestone-pebble conglomérate inFerbedded with a few thin shales and

gray limestones. The upper part consists of platy arenaceous dolomite,
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limy siltstones, and pure limestones intercalated with varying amounts of

shale (Lochman-Balk, 1956).

Ordovician
Bighorn Dolomite

_The Bighorn Dolomite first assigned to the Upper Ordovician by -
Darton (1904, p. 28), disconformably overlies the Grove Creek Member of
the Snowy Range Formation. Lower and Middlé Ordovician strata are absent.
The Bighorn is very poorly exposed in the map area and was mapped on the
basis of float and a few scattered 1edges.’ Where exposéd the unit is a
buff fine to medium-grained differentiaily crystalline dolomite containing
abundant/crinoid stems. No other fossils were seen in the Bighorn- of the
map area. The weathered surface in some places shows a rough, "honeycoﬁb—
like" character. No thickness could be determined but isopachs (Richards.and
Nieschmidt, 1957) indicate a thicknéss of about 80 feet in the map area.
The Bighorn is generally much thicker to the south and east but has been
partially removed by post-Ordovician - pre-Devonian erosioh'(Richards and
Nieschmidt, 1957).~

The Bighorn of the map area is probably the lower unit of'the Bighorn
Dolomite which attains thicknesses of over 400 feet in north-central Wyoming,
This lower unit is described by Richards and Nieschmidt (1957) as a massive
cliff-forming dolomite which is somewhat mottled yellowish—gray'to pale
orange, is microcrystalline to coarsely crystalline, and contains abun§ant
fragments of crinoid stems, o%thocone cephalopods, and some brachiopods and

corals.,
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Devonian
Silurian and Early and Middle Devonian time is represented by an un-
conformity in the map area, Late Devonian stratigraphic units present in
the map area are the Jefferson Limestone and the overlying Three'Forks
Shale. Because of the paucity of exposures the two units were mapped

togefher.(Du).

Jefferson Limestone

The Jefferson Limestone overlies the Bighorn Dolomite disconformably
in the map area. Parts of the Jefferson are well exposed between Emigrant
Gulch and Mill Creek but not well enough for a stratigraphic study. DOut-
crops show a dark gray to black medium-bedded to massive fine-grained dolo-
mitic limestone. fhe Jefferson is generally weathered to a medium to dark
brown color and gives a "petroliferous™ odor from fresh fractures. Solution
breccias and Amphipora are common in some zones. An excellent exposure of
the solution breccias can be seen in a road-cut between Chico Hot Springs
and O0ld Chico in sec. 12, T, 6 S., R. 8 E. No thickness of the unit was
measured in the map area.

vOn the East Fork of Mill Creek, McMannis (1962) measured the Jefferson
Limesfone and reported a thickness of about 260 feet. The upper 85 feet
consists of medium-to coafse—grained iightrcolored massive dolomite,
According to McMannis (1962, p. 8) this upper part is almost invariably
separated from the lower more heterogeneous part by a solution breccia
and/or shaly dolomite zone of varying thickness. The lower part is medium-

bedded and contains shale, limestone, dolomite, and several solution breccia
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zones. There is generally a little more limestone and less dolomite near

the base.

Three Forks Shale

Tﬁe Three Forks Shale overlies the Jefferson Limestone conformably
and consists of thin-bedded orange-brown shale interbedded with gray te '
orange—~gray dolomite. The Three forks is very. poorly éxposed in the map
area except in a road-cut between Chico Hot Springs and 0ld Chice in sec.
12, T. 6 S., R. 8 E. The exposure consisté of.thin-bedded orange?browh
shale, interbedded gray to orange4gray dolomite,; and some thin beds of
yellow cross-bedded arenaceous doloﬁite.. The formatien was mapped on the
basis of scattered pieces of float in the cevered interval above the more
resistant Jefferson Limestone and below the ledges of the Lodgepole Lime-
stonef

The nearest measuved section is that.of McMannis (1962) on the
EastvFork of Mill Creek. His columnar sectien shows about 80 feet'of

. orange-colored dolomite with a thin zone of orange-brown dolomitic shale

near the base.

Mississippian

) Mississippian stratigraphic’units of the map area are the Lodge-
‘pole and Mission Canyon limestones, comprising the Madison Group and
having a combined thickness of about 1000 feet. Because of poor ex-

posures, the two formations were mapped as a single unit (My,).
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Lodgepole Limestone

The Lodgepole Limestone is Early Mississippian in age -and over-
lies the Three Forks Shale with erosional unéonformity. The Lodgepole
is well exposed in some places in the map area but most of the good
outcrops are near an igneous intrusive body. Centact metamorphish and/
or hydrothermal activity which may have been trelated to faulting have
considerably alfetred the character of the limestoné at these exposures.
For example, a ridge of Lodgepole in sec. 12; T. 6 S., R.\8 E., is
composed of very siliceous extremeiy brecciatedllimestone. A large
deposit of £ravertine is'ekposed'on the southwest end of the ridge
aboup a Quarter of a mile from the hot springs at Chico.' Elsewhere in
the map area the Lodgepole shows similar but less extreme alteration.
Where no hydrothermal and/or contact metamorphism hés occurred, scat-
tered ledge show a thin-bedded medium- to coarse-grained gray;brown
fossil ffagmental limestone containing abundant brachiopods and an
occasional Syringopora. Chert nodules are present in some zones and
are oriented morelor less parallel to bedding.

McMannis (1964, personal communicgtion) found a thin’black silt-
shale zone at the base of the Lodgepele Limestone on the East Fork of
Mill.Creek and reports that this zone is also present in the Gallatin Range.
It is probably the same shale unit described by Sandberg (1963, p. 17) as
having a thickness qf about 12 feet in the western Beartooth‘Rahge and con-

sisting of, "dark-gray to black carbonaceous dolomitic quartzose shale and
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light olive-gray, yellowish-brown, yellowish-gray, and dark gray dolomitic
siltstone that grade to very shaly’and very'silty dolomite",

A columnar §éction (Roberts, 1961) of the Madison Group in the lower
canyon of the Yellowstone River near Livingston includes 575 feet of Lodge-
pole Limestone. This sectién shows three distinct parté of the unit: A .
lower part about 200 feet thick composed of limestone and dolomite in
which chert zones are common, a middle part composed of more than 300

feet of silty limestone and dolomite and fragmental limestone, and an

upper part consisting of about 50 feet of dolomite.

Miséign Canyon Limestone

The Mission Canyoﬂ Limestone is Early Mississippian in age and con-
formably overlies the Lodgepﬁle Limestone, An abrupt change from the thin
beds of the uppei Lodgepole to the massive beds of the lower Mission
Canyon is the'basis for determining the contact betWeen the two units., In
the map area, the Mission Canyén.Limestone is well exposed as scattered
ledges in some places but outcrops are not sufficiently continuqﬁs for
stratigraphic study. Where exposed.the unit is a light to dark brownish-
gray massive dense limestone. The limestone is dolomitic in most exposures
and is very siliceous near contacts with dacite porphyry intrusives,
Irregular chert nodules oriented parallel to bedding are abundent -in some
zones., »Nd fossils were found in the Mission Canyon in the map area.

A columnar section of the Madison Group near Livingston (Roberts,
1961,‘p. 295) shows the Mission Canyon Limestone sub-divided into two

parts. The lower part is 330 feet thick and consists mainly of dolomite
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ahd dolomitic limestone. Zones cdntaining abundaﬁt.chert nodules are pre-
sent near ihe middle of thié part. The upper part is 325 feet thick aﬁd
consists mostly of limestoné and dolomitic limestone., There are some zones
containing‘chert'noduies an& stringers and there are a few thin zones of

silty limestone and silty dolomitic limestone in the upper 100 feet.

Mississippian and.Pennsylvanian

Beds overlying the Mission Canyon Limestone of Mississippian‘age and
underlying the Quadnant Formation of Pennsylvanian age coﬁprise the Amsden
Formation. The Amsden was mapped as a distinct stratigraphic tinit (Mg) in

_this study.

Amsden Formation

The Amsden Formatien is probably latest Miésissippian and earliest
Pennsylvanian in age (Williams, 1948) and is exposed at only one place in
the map area. This outcroé is in the southwest part of sec. 6, T. 6 S.,
R. 9 E. on the north side of the mouth of Conlin Gulch. The Amséen con-
sists of non-resistant beds of red shale aﬁd siltstone with interbedded
limestone and'varicolored shale. The formation weathers to a red soil.

The Amsden is.also present in sec. 5, T,‘6 S., R. 9FE, bﬁt is not ex-
boséd. At this location it was-mapped on the basis of(a red soil strati-
graphically beneath ledges of the Qwadrant'Formation° The width of the
red soil zone and dip of the Quadrant indicates a thickness of 75’to 100
feet for the Amsden. |

On Cinnabar Mountain, about 25 miles south of the map area, C. W,

Wilson (1934) measured 161 feet of Amsden. At that location the formation

<A
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consists of -fine-grained white to gray thin-to thick-bedded limestone with
interbedded yellow, green, and red shale and massive ﬁhite to buff fine-
grained sandstone. The basal part is medium-grained white to red sand-
stone which contains abundant f;agments of the underlying Mission Canyon
Limestone. Most'workérs feel that this irregular éontact between the
Amsden and the Mission Canyon represents deposition on a rough karst topog-

raphy which developed on the Mission Canyon prior to Amsden deposition.

Pennsvlvanian

- Quadrant Fbrmation

The Quadrant Formation is Penrsylvanian in age (Henbest, 1954, p. 53)
and conformably overlies the Amsden Formation. The Quadrant, mapped as
Pg» is well exposed in sec. 5, T. 6 S., R, 9 E. and is present under a
covered interval at the mouth of Conlin Gulch, It is absent elsewhere in
th; map area. The one good exposure consists of lightiyellowish-gréy to
light-reddish gray fine-to medium-grained 1oca11y'quartzitic cross-bedded
quartz sandstone. This description is consistent with general 1ith016gies
reported by workers in other areas although McMannis and Chadwick (in press)
report that the lower part of the formation contains yellow-brown and gray

dolomite interbedded with quartz sandstone in the Garnet Mountain Quadran-

L - gle. Some fragments of dolomite were found near the base of the Quadrant

in the map area so probably this interval is present but not exposed. In-
terpolation between a thickness of 130 feet on Cinnabar Mountain (C.W.
Wifson, 1934) and a thickness of 100 feet near Livingston (Richards, 1957)

suggests a thickness of about 115 feet for the Quadrant Formation in the

map .drea.
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Jurassic
The Jurassic Ellis Group is exposed in the map area and comprises the
Sawtooth, Rierdon, and Swift formations. Each formation was mapped sepa-
rately as Jg, Jr, and Jg,, respectively. The only place in the map area
where Jurassic strata are present is on a low ridge parallel to the moun-
tain front directly west of Conlin Gulch in sec. 6, T. 6 S., R, 9 E, Ex-

posures of the formations are small and field descriptions are limited.

Sanooth Formation '

The Sawfoofh Formatioﬁ is Middle Jurassic in age (Imlay, 1952, p.
'948) and is the basal unit of the Ellis Group. It is represented by a
covered interval north of the mouth éf Conlin Gulch and was mapped on the
bésis of scattered fragments of dense gray and yellow limestone and'shale
in the soil, |

The Sawtooth Formation is equivalent to the Piper Formation which
is 240 feet thick near Livingston (Richards, 1957) and overlies the Quad-
rant Formation disconformqbly. Neaf Livingston, the Piper consistssof a
thin basal sandstone aﬁd coﬁglomerate overlain by a thick shale and lime-
stone interval. The conglemerate contains angular chert pebbles as much
as one inch in diameter in a yellowish-gray calcareous sandstone matrix.
The limestone is gray, platy,, and dense and is fossiliferous near the top
of the formation, The shalesgare gray, yellow, green, and red and include

some silty zones,

Rierdon Formation

The Rierdon Formation is Middle and Late Jurassic in age (Imlay, 1952,
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p. 968) and is the middle unit of the Ellis Group. The Rierdon rests con-
formably on the Sawtooth Formation. A few thick ledges of the unit are
exposed'directly north of the mouth of Conlin Gulch and consist of very
oolitic gray-brown limestone.- These ledges are characterized by large trav-
ertine filled fractures which may suggest hydrothermal activity. The
thlckness of the Rierdon Formatlon was not measured in the map area but
Richards (1957) reports 95 feet of Rierdon consisting of gray oolitic some-
what cross-bedded ledge-forming limestone and olive-gray spale and silt-

stone near Livingston.

Swift Formation
" The upper-unit of the Ellis Group is the Swift Formation, of Late

Jurassic age (Imlay, 1952, p. 968). It disconformably overlies the Rier-
“don Fermation. The Swift is the youﬁgest Mesozoic unit exposed in the map
area and the 6n1y éxposure is between Conlin Gulch and Mill Creek, near
the center of sec. 6, T. 6 S., R. 9 E. This outcrop consists of medium-
to 6oarse—grained thin-bedded light gray to tan cross-bedded calcareous
glaucoqitic fossiliferous sandstone Ehét weather to a yellow gray c‘olor°
This description is similap tonthose of lithologies reported by workers in
nearby areas. Thickness of the Swift Formation could not be measured in
the map area because contacts are not exposed but Richards (1§57) reports

a thickness of 80 feet for the unit near Livingston.

Uppermost Jurassic and Cretaceous

Scattered fragments of the Morrison Formation (Upper Jurassic) and

the Kootenai Formation (Lower Cretaceous) are present in Quaternary glacial




24
till directly north of the mouth of Conlin Gulch, These formations may be
present at depth in the map area and are now covered by glacial deposits.
Because they are not exposed and were not mapped, they will not be discuss-

ed in this paper.

Tertiary

Only two exposures of Tertiary sediments are present in the map area.
One is a small poorly exposed patch about 400 feet above the valley floor
between the mouths of Conlin Gulch and Davis Gulch; the other is an excel-
lent exposure along a highway-cut directly north of the Wanigan in the north-
west corner of sec. 3, T. 6 S., R. 8 E. (see figure 5.). At this second

location the deposit consists of white to light tan poorly bedded siliceous

Figure 5. Vertebrate fossil locale near Wanigan.
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siltstone and claysténe. The sediments are highly tuffaceous, contain some
small fragments of basic extrusive (aphanitic) and intrusive igneous reck,
and are very non-resistant. A thickness of about 80 feet of this deposit
is exposed beneath a sharp contact with overlying glacial till (see figure
3.). The base is not exposed. .

Vertébrate fossils collected at this location have been identified
as late Miocene - early Pliocene in ége (Dr. Bryan Patterson and Dr. Morris
Skinner, personal'cdmmunication, 1963) . Among these were: (1) Camelid:
incisor and fragmentary premaxilla, incomplete posterior cervical, and
incomplete éntérior dorsal and (2) Later three toed horse: fragments of
forelimb, distal end of scapula, distal end of humerus, incomplete proxi-
mal end of radius, distal portion of 3rd-metacarpal with proximal phalanx:
and fragment of latéral metacarpal. Because the specimens are so wéll
preserved, further work by paléontologists at this locality might yield.
a much moré coﬁplete fauna.

fhe late Miocene - early Pliocene date for this deposit correlates
with the age assigned to Tertiary sediments exposed at the White Cliffs,
seﬁéral miles south of the Wanigan, (Herberg, 1940, p. 285). A general
descripti&n of that section as measured by Montagne (personal communica-
tioﬁ, 1963) is as follews:

. N Pleistocene (?)AgraVﬁlf
24 feet Light tan siltstone with some layers
of very tuffaceous material. Sharp
contact with overlying grave};

12_6lfeet . ‘ ’ Tan siltstone as above but with thin
greenish clayey zones.
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54.5 feet ‘Massive tan siltstone with some small
' shell fragments, possibly gastrepeds,

16.8 feet Massive tan poorly bedded siliceous
claystone. Small shell fragments
common.

27.8 feet ' Massive greenish siltstone. Many .
small shell fragments, possibly gas-
tropods.

38.8 feet Light tan poorly bedded massive sili-

: ceous claystone., Highly tuffaceous.
total 174.5 feet Bottom not exposed.

The gravel oﬁerlying the late Miocene - early Pliocene sediments at

the White Cliffs contains boulders up to 2% feet in diameter and is poorly’

sorted. The 1argef boulders are mostly of varidu% volcanic lithologies bup
pieces of Precambrian granitic and Tertiary sedimentary rock are also pre;
sent, A few cobbles resembling lithologies of the Precambrian Belt series
were also found. The gravel is about 125 feet fhick and is overlain by k
olivine basalt, The gravel and basalt overlie probable early-Pliocene
sediments and.underlie Pleistocene glacial debris so must be Pliocene and/
or Pleistocene in.age.

At the Tertiary exposure in sec. 3, T. 6 S., R. 8 E. the gravel and
basalt described above are not present. Instead, the Tertiary sedgmenfs '
are overlain by glacial till (see figure 6). The White Cliffs are only a
few miles from this exposure so it seems likely that the younger gravel and
the basalt were once present ih the map area and were removed by erosion
before glaciation occurred. The fact:that the gravel and the gasalt at
the‘White Cliffs have been preserved whereas those north of the Wanigan

were removed can probably be attributed to the respective lecations.
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Figure 6. Glacial till over Tertiary sediments near Wanigan.

The area north of the Wanigan is relatively near to the mouth of Emigrant
Gulch where stream erosion might have been considerable whereas the White

Cliffs are somewhat isolated from the mouths of any major gulches.

Quaternary

Considerable quantities of unconsolidated Quaternary material are
present in the map area. No attempt was made to differentiate Pleisto-
cene and Recent deposits in mapping but their ages and origins will be
discussed later in this paper under the heading of geomorphic history.
Quaternary deposits mapped during this study include glacial till (le

and Qg2), glacial outwash (QOW), and other alluvial deposits (Q,4).
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Glacial Deposits
In the map area, glacial till may be as much as 200 feet thick in
some places and consists of unconsolidated unsorted unstratified coarse
debris. The coarse fraction is characterized by boulders generally less H

than one foot in diameter. However, many erratics as much as 30 feet in

diameter are present in the map area (see figure 7). Most of these lar-
ger boulders are granitic Precambrian rocks. The lithologies comprising
most of the glacial till include various types of volcanic rock, much
Precambrian schist and gneiss, and a few scattered fragments of Tertiary
sedimentary rock. The composition of the till remains fairly heterogeneous
near the center of the valley but near the mountain front the composition

definitely includes high percentages of local bedrock material. For

Figure 7. Large erratic near the mouth of Emigrant Gulch.
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example, near the mouth of Emigrant Gulch the till is composed mostly of
locally derived intrusive fock; volcanic brebcia, and green schist. Fuy-

. ther north élohg ihe-mountaip ffont, between Chico and Mill Creek, the till
cbntainé a high percentage of dacite perphyry and Paleozoic and-Mesozoib
sgdimentary robk. The coarse fractioen predominates over the métrix in
mbst of the map_aiea; however, néar the terminus of glacial deposits north
of phe-mouth-bf{Mill Creek a silty,to fine'sandy matrix appears to com-

prise the greater volume.

Glaciofluvial Deposits

Two QupwaSh'plains, which will be discussed in detail later in this
paper, aré'presént in the uppetr Yellowstone Vélley. Glaciofluvial deposits
comprising these surfaces consist of subreunded to rounded pebbles and
cobbles in -a silty té sandy matrix. In cross-section the outwash material
shows a peorly developed but distinct bedding with numerous sand and silt
lenses. In some places a slight imbrication to the nbrth is present in the'
coarse fraction, Lithologically there appears to be no difference between

ihe outwash and morainal deposits. -

Other Alluvial Deposits
-dhaternary deposits ether than glacial till and outwash'are pre-
sent a£ several places in the‘map area. They will, because of fheirvge6~
morphic implidations, be described later in this paper in thg discussion

of éeomqrphic-problems of the upper Yellowstone Valley.




TECTONIC SETTING

A discussion of the regional tectonic setting may be pertinent to
interpretations within the map area which includes part of the northwest
corner of the South Snowy block of the Beartooth ﬁange and a considerable
area on the fleor of the.upper'Yellowsténé Valley. The valley is bounded
on the west by the Gallatin Range and on the east by the Beartooth massif.
Northwest~ and hortheast;trending faults and associated folds are the
dominant structural features in the Gallatin and Beartooth ranges and in
nearby areas (see figure 8).

Most of the Gallatin Range is covered by a thick sequence of vol-

canic material which has not been significantly affected by Laramide
compressional deformation. These volcanics are mostly breccias and flows
fhat accumulated on an erosional surface wi%h local relief of as much as
3000 feet (McMannis, personal communication, 1964). They are probably
present under Tertiary and Recent sediments of most, if not all, of the.
upper fellowstone Valley. Although the age of these breccias and flows
is not precisely determined, they are similar in most respects to and
may correlate with the early basic breccias of early.middle Eocene age
(Dorf, 1960) in Yellowstone National Park.
3& . Bordering the north end of the upper Yellowstone Valley is a positive
structu;al area of Precambrian, Paleozoic, and Mesozoic rocks through which
fhe Yeilowstone River has cut a narrow canyon, West of the canydn, in the
Canyon Mountain area, the Paleozoic and Mesozoic strata are deformed by

northwest-trending folds and low angle thrust faults, East of the cényon

in the northwest corner of the Beartooth massif, the structures are mostly
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northwest~ and northeast-trending high angle faults., These faults sepa-
rate the Beartooth uplift from the Crazy Mountain syncline (see figure 8),
a'northwest~-trending complex structural basin.

The Beartooth Range was uplifted along faultsfggying_nnrlhgggj‘and
ngihm§§3‘fgggg§. Movement along one of these, the Deep Creek fault, which
ﬁas first described by Lammers (1937), has produced much of the structural
and topographic relief between the Beartooth block and the dpper Xellow-
stone Valley. Expressions of.recent movement on this fault can be seen -
Whefg en echelon scarps cut allu&ial fans emaqéting from the:mountain front,
These recént scarps are present in many places including the fans of Deep
Creek and Barney Creek near the Ao}th'end of the valley, and in alluvium
near the‘mouth of Yankee Jim Canyon at the south end of the valley. At
the north end of the upper Yellowstone Valley, the Deep Creek fault loses
its identity in a structurally complex area betwéen Canyon Mountain and the
northwest corner of the Beartooth massif. The hidh angle faults along the
northwest corner of the Beartooth massif as‘opﬁosed to the low angle thrusts
of the.Canyon Mountain area suggest that the Beartooth block was already
topographically higher than the Canyon Mountain area when Laramide com-
ﬁression began (W. J. McMannis, personal communication,-1964). Because
the Deep Creek fault appears to separate these two differing structural
areas, it may pre-date the sfructures within them. This concept agrees
with that of Richards (1957) who suégests that the Deep Creek fault has
beenﬁéffset by one of the nofthwest-tfending high angle rteverse faults. A
northeast-trending disturbéd zone north of Livingston, in the Crazy Moun--

tain Basin, projects. southwestward on line with the Deep Creek fault.
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_ West of this zone, struciural contours suggest that Upper Cretaceous and
Paleocene strata thicken abruptly (Dobbin and Erdman; 1955) . Robertsv‘
(1963 reports more than 13,000 feet of strata of this interval near
Livingston. This implies that the western part of the Crazy Meuntain
basin subsided much faster than the eastern part auring Late Cretaceous and
Paleocene time, If this zone is a northward extension of the Deep-Creek
fault, and if movemént was-contemporaneous along both-of them, initial -
uplift of the west side of the Bearteoth block could. have hgppened as early
as Laté Cretaceous time. Most workers suggest that major uplift of the
Beartooth block began in middle or late Paleocene time and culminated in
;he eérly Ebcene on the basis of évidence found along the north and east
sides of the massif. These intérpretapions are not necessarily entirely’
applicable to the West side of the massif, however, because all sides of
the Beartooth Range need not‘have been uplifted concurrently.

le Major structural features within the Beartooth Range include the
Cooke City zone and the Mill Creek fault zone which converge near the

mouth of Mill Creek Canyon. The Cooke City zone is a prominant, structur-

Eileiqgh“gortheast—trending linament of faults and shear zones (Foose,

Wise, and Garbarini, 1961). The Mill Creek fault zone trends west and__

northwest along the Mill Creek-drainage and separates the upthrown North
§gpwy—blogk_£mom'thg_downihxown_SQQLQ_§EEWX‘PEQEE*£J:‘T. Wilsen, 1937).

Part of the map area includes Paleozeic 'and Mesozoic strata which have
" been preserved on the southern downthrown side of the Mill Creek fault

zone,
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- STRUCTURE -

The general structural configuration of the map area is that of
north- and northwest-dipping Palqozoic'and'Mesozoié strata deformed by
faults of uncertain age, origin, and classification. Dips.on these beds
range from 30° to 50° except near contacts with a large intrusive body.
Near the intrusive contact the dip of the beds génerally steepens con-
siderably. The most extreme example of this.is in a'small block of Paleo-
zoic strata near Chico Hot Springs wherg béds are vertiéal to overturned
along ‘the igneous contact. Much of the folding and faulting of strata in
the map area is pdssibly the result of forces aséociated with intrusion
of dacite porphyry between Emigfant Gulch and Mill Creek.

Faults mapped are.of two general types; faults diagonal or normal
to,ignéous contacts and faults parallel.to igneoué contacts. This dis-
tinction is made because of the role played by the igneous intrusive in
the genesis of at least some of these faults. \I

Faults diagonal or normal to igneous contacts were mapped on the
baéis—of stratigraphic displacement observed along the north side of Con-
lin Gulech in sections 6 and 7, T, 6 S,, R. 9 E. Their apparent trend is
parallel to the Beartooth mountain front but exposures are poor apd topo-
graphic expression is lacking so their northeast trend is not certain. On
cross+section B-B! and on the map they are shown as vertical faults but
evidence is insufficient to establish thisi Of the four faults mapped, two
have appareni downthrow on the west and two have apparent downthrow on the

east (see cross-section B—Bl). The net result of these movements is at
. o€

least 2000- feet of stratigraphic upthrow to the east. The western-most
5 :
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fault mapped, in sec. 6, T. 6 S., R. 9. E., may be of particular impor-
tance. This fault may extend southward along the igneous contact into |
sec. 12, T, 6 S., R. 8E, If so, it is likely that there is a fﬁll sec-
‘tion of Paleozoic and Mesozoic strata downthrown and preserved west of the
fault between Chico Hot Springs and Conlin Gulch (see cross-section c-chy,
If this is the case, the fault is either a strike—slip féult or a normal
fault along which the porphyry might have been intruded. Whether the fault
is a product of the forces of intrus;on‘or of uplift along the Beartooth
front is unknown but in either case it has contributed about 1100 feet of —
positive structufal relief to the mountain front. Field evidence is too
limited to establish the genesis of these faults bui possibly they are en
echelon mo&ements’along the Déep‘Creek fault or are related to the forces
of intrusion. If they were cﬁncurrent with intrusion or if they are post-
intrusive it is probable that the intrusive would be offset along théem.
Oqu one of these is known to offset the intrusive (see cross-section
B-Bl). Post-intrusive movement on this fault amounts fo about 50 feet,
Therefore it is most likely;that thé greatest movement oh these faults
occurred before the intrusive porphyry was emplaced.

Faults striking parallellto igneous contacts appear to be high-
angle normal faults of generally small stratigraphic displacement (see
cross-section A-Al) and can be termed upthrusts after Billings (1939,

p. 195). One upthrust of large displacemenf is mapped in sec. 7, T. 6 S.,
R, 9 E. on the north side of Conlip Gulch where Lodgepole Limestone is in
fault contact with Meagher Limestone. The stratigraphic displacement on

this fault is at least 1200 feet. Upthrusts of lesser displacement were
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mapped in sections 3 and 8, T. 6 S., R. 9 E. Although poor exposures
limited the mapping of these faults and althoﬁgh their exact dip angles
and amounts of stratigraphic disp}acement could not be determined, they
seem -to be nearly parallel to the igneous contact. The upthrown side of
each upthrust is toward the porphyry so it is possible that the forces
associated with the emplacement of the intrusive are responsible for
movement along these‘faults,

The mechanics of intrusion have not been definitely ‘established but
evidenée in and near the map area indicates that the igneous material, a
dacitic magma, spreads out into nonresistant Middle Cambrian strata as
half-domed concordant boqies. The Paleozoic dnd Mesozoic rocks were
upwarped and faulted by the outward pressure from the intrusion (see
cross 'sections A—Al, C—Cl, and D—Dl), In most of the map area, the con-
tact between igneous and sedimentary rocks is parallel or nearly pafallel
to bedding (see figure 4). The source of the magma is not known bﬁt it
is presumed to have originated at depth in or below the Precambrian meta-
morphic rock and to have moved to the top of the P?ecambrian through a
fissure or series of fissures. It is likely that the magma utilized
faults in the basement rock to move upward. A logical place for such
igneous conduits would be near the mouth of Mill Creek Canyon, where the
Cooke City zone, the Mill Creek faulf zone, and the'Deep Creek fault con;‘
-verge, This doncept is strengthened by the presence of intruded dacite
porphyry closely éssociated With'the Mill Creek fauit zone along MillCreek
and its east fork (J..T,.Wilson, 'unpub..Ph.D. thesis, Princeton University,

1937). Lacking evidence, I did not map the Deep Creek fault between
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Emigrant Gulch and Mill Creek, but its presence along much of the mountain

frbnt implies that it should also be present in thg map'area. If so, ‘it
is possible that the intrusive utilized the fault as. far south aé Chico
Hot Springs. The Lodgepole Limestone along the igneous centact near the
Hot Springs has dips ranging from vertical to overturned. This could be
the result of a very steep force component from intrﬁsion and/or drag
from range front faulting. Other lines of evidence for range front
faulting in and near the map area are a travertine deposit and breccia in
the Riefdon formation in sec. 6, T. 6 S., R, 9 E...the hot springs at
Chico, a travertine deposit in the Lodgepole Limestong in sec. 12,

T. 6S., R. BE., and a qalcareous talus breccia, spring, and recent
scarp (Montagne, personal communication, 1964) on the Blakeslee Rancﬂ
directly south of the mouth of Emigrant Gulch. The travertine deposits
and the springs suggest that faulting has occurred but do not necessarily
indicate the locatien of the fault(s), The age relatienship between
major faults and intrusion in the Mill Creek area is not certain.

J. T. Wilson (unpublished Ph.D. thesis, Princeton University, 1937)
reported that intrusives are not disturbéd by majoer faults in the Mill
Creek-Stillwater area. However, recent expressions of uplift along the
Deép Creek fault north and south of Mill Creek indicate post-intrusive
movement élong the mountain front. If the intrusive were not involvéd in
major.uplift and if major uplift cuiminated in the middle Eocene, as
suggested by Foese, and.others (1961), the intrusives in'the map area are

late Eocene or younger.
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IGNEOUS GEOLOGY

The intrusive dacite porphyry discussed under the previous heading is
exposed across the entire southeast side of the map area where it forms
the areas of higher elevations. The Paleozoic-intrusive ébntact coincides
with a series of topographic saddles separating the steep slopes on the
ihtrusive rock from the lower, more subdued topography formed by Paleozoic
sedimentary rock. This intrusive is one of several in the Mill Creek-
Siillwqter area, all of which have almost identic¢al compositions
(J. T. Wilson, unpublished Ph.D.: thesis, Princeton University, 1937j.
Thin—secpiqns were made from Specimens collected near Chico in the west-
centrai part of sec. 12, T. 6 S., R. 8 E. on the 5600-foot contour, in
the northwest corner of sec. 17, T. 6 S., R. 9 E. at the head of Conlin
Gulch on the 7320-foot contour, and in the center of sec. 9, T. 6 S.,
R. 9 E. at the head of Davis Gulch on the 6560-foot contour..'A detailed
petrologic analysis was not a major objective of this study, so only a
'general Qescription is submitted héfe. The tﬁree thin-sections all had
similar compoéitions which are generalized beloﬁ.

Phenocrysts~—25% to 40%

Plagioclase (zoned) - 50% to 80%, Ango_sg

Measured by ext.Z- 14° to 20°, biax. neg.
Hornblende - 10% to 15%, prismaticw high birefringence,
‘moderate pleochroism (med. green to dark green),
opaque ‘minerals in altered edgés, some twinning.

Biotite - 10% to 20%, platy, high birefringence, strong
pleochroism (med. brown to dark brown)

Quartz - 0% to 10%
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Grounaihr,n‘s:sj: 60% to 75%

Plagioclase - 80% to 85%

K—-feldspar - 5% to 10%, approx. by Becke line method.
Ferromagnesians - 5% to 10%

Opaques. - about 5%, concentrated around ferromagnesian

minerals. in alteration rim,

The rock is here called a dacite porphyry on the basis of texture and com-
position according £o Wahlstrom (1955, p. 307).

Other, more basic igneous rock is present in a smail exposure in
the northeast corner of sec. 6, T.6'S., R. 9 E. on a low subdued ridge
paralleling the mountain front. Wisconsin piedmont ice has smoothed the
ridge and deposited.abundént erratics of various lithologies so bedrock
mapping was extremely difficult. Specimens were ¢collected at two loca-
'tioné about 60 feet apart along the ridge and were.found to have Similar‘
compositions in thin-section. One sample has very well develaped mega-
seopic and microscopic flow structure with thin layers of iron oxide
accumulated parallel to the crystal orientation. If is mostly micro-
crystalline with only a few scattered phenocrysts (about 5%) of which
about 90% are pyro#ene, The second specimen has more phenocrysts (about
25%) of which about 70% are pyroxene. The second specimen has no apparent
flow structure or orientation of minerals, The compositioens of these
specimens are generglizéd as follows:

Phenocrysts

20% orthopyroxene - moderate pleochroism (lt. green to tan),
moderate birefringence, parallel ex-

~ tinction, biaxial negative - hypers-
thene. -
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60% clinopyroxene - no pleochroism, high birefringence,
‘ some twinning, altered rim generally
present, biaxial poesitive, 2 V == 50°,
augite (Wahlstrom, 1955, p. 165).

10% plagioclase - ext. Z 27° to 299, piaxial positive
‘ (Angg_s3). Zoned.

5% hernblende - strong pleochreism (lt. brown to
dark brown), mostly remnants of
crystals removed by alteration.
5% opéques ;‘ apparently magnetite
Groundmass
70% plagioclase‘
15% ferromagnesian minerals
10% opaque minerals
The composition of the plagioclase pheriocrysts (An49_53) places
the specimens lithologically as basic andésites or as basalts according
to Wahlstrom (1955, p. 307). Because the plagioclase phénogrysts are
likely to be somewhat more calcic than the plagioclase of the groundmass,
the term andesite or basic andesite would probably be the’ﬁore apprﬁpriate.
The origin‘and correlation of the andesite isﬁunknOWn_but two pyro-
xenes (hypersthene and a clinopyroxene) aré also present in the Gallatin
volcanics (R, A. Cﬂadwick, personal communication, 1964) anq.in the vol-
vanic breccias. of the South Snowy block of thé Beartooth Range (A, Basler,
personal cohmunication, 19641. Present evidence is insuffipient to estab-
lish such é correlation although it is possible that the andesite described

above may be an erosional remnant of the.Gallatin volcanics and/or the

breccias of the South Snowy block.




GE OMORPHOL OGY
The geomorphic history of the map area records the activities of
wind, waﬁer, and glacial ice in late Cenozoic time. Because of the vari-
able intensities of the geomorphic processes in timé,'descriptions and
discussions in this paper are separated into the following three cate-
- gories: (1) Pre—Wigconsin Geomorphology and Glacial Geology, (2) Wié—

consin Geomorphology and Glacial Geology and (3) Post-glacial Geomorphology.

Pre-Wisconsin Geomorphology and Glébial Geoloqv~

Evidence found by workers in other parts of the upper Yellowstone
Yalley suggests the activity\of high-level glacial ice before the advent
of Wisconéin piedmont giéciation. Glacial erratics found at high eleva-
tions along the mountain frent by Horberg (1940, p. 295) and by Montagne
(personal cbmmunication, 1963) and the writer indicate: that piedmont
ice once filled the southern end of the valley ét'Yankee Jim.Canyonfand
'exténded at least as far north as Pine Creek. This concept presents'maﬂy
qgestions; for instance, in the map area, no evidence for high-level pre-
Wisconsin glaciation was found. However, the areas of»higher'elévation
between Emig?ant Gulch and Mill Creek are underlain by Tertiary intrusive
porphyry which is easil& modified by mass-wasting processes so it is
likely that glacial debris and/or abrasional features high on the.moun-
tain front would be removed Quring peri-glacial conditions associéted
with the lesser Wisconsin ice advance. .

The topography of thé map area before Wisconsiﬂ glaciation was pro-

bably duite'different from that of the present. The morphology of the
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mountain front may not have changed appreciably but the valley floor appears
to have had considerable pre-Wisconsin relief. Exposures (see pages 24, 25, & 26)
suggest that, pripr to Wisconsin glaciation, the Tertiary sediments and
Pleistocene basalt stood as.erosional remnants on a dissected valley
floor into which the Yeliowstone River and its tributaries had cut to at

~

least their present depths, The river is now,- in many places, downcutting

. For example, at the north end of the valley, in the lower canyon of the
.Yellowstone, the river is flowing on alluvium which was deposited ovef
Paleozoic strata. The river cut the canyon throdgh a bedrock barfiér,—then
deposited alluvium ih that can&on, ané now appears fo be downcutting in
tﬁe alluvium. Because the valley floor is covered with glacial and glacio-
fluvial deposits, it is likely that the material in the lower canyon was
deposited during the Wisconsin gléoial stage when the.river was overloaded
‘with outwash. In Emigrant Gulch, Emigrant Creek is downcutting in alluvium
:déposited after the gulch was eroded in Precambrian bedrock. These sedi-
ments are most logically identified with Wisconsin glaciation and will be
discussed under subsequent headings in this paper. A depqsit of uncohT
solidated cross-bedded sand and gravel (see figure 9.) exposed in a high-
way-cut about half a mile south of the Wanigan also indicates that the pre-
Wisconsin river channel was at least as low as the elevation of the pre-
sent channel at that point. The top of this deposit is about 100 feet
above the river and is covered by Wisconsin glacial till., The bottom is
not exposed but is probably at least as low as the present river bed.

Whether this material is a tributary stream deposit, a river deposit, or
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Figure 9. Cross-bedded sand and gravel one mile south of Wanigan.

an outwash deposit cannot be determined but any one of these possibilities
suggests that the river had eroded down to at least its present elevation
at that point before the advent of Wisconsin glaciation.

Wisconsin piedmont ice apparently somewhat levelled the valley
floor by filling the low areas with considerable thicknesses of debris

and by leaving only a veneer of material on the topographic highs.

Wisconsin Geomorphology and Glacial Geoloqy

Description
Piedmont glacial activity during the Pleistocene epoch re-shaped
the upper Yellowstone Valley with constructional and abrasional features

which characterize much of the present valley topography. Wisconsin glacial
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features of the valley have been previously described by Weed (1893),
Alden (1932), and by Herberg (1940).. These workers established the con-
cept that Wisconsin piedmont glacial ice descended the upper Yellowstone
Valley from what is now Yellowstone National Park and moved as far north
as Elbow Creek. Much éf the map area includes deposits and associated
glaciofluvial features formed at the receding terminus of piedmont ite.
Wisconsin ice and melt-water in the upper Yellowstone Valley left termi-
nal and lateral moraines, scattered deposits of debris, abrasional groeves,
ice~marginal and outwash éhannels, and outwash plains, all of which are
present in the map area. Along the'mountain flank the glacial debris
consists of scattered érratics which clearly mark the highest position of
Wisconsin ﬁiedmont ice as it moved down the valléy. On the west side of
the main valley, the till is at least 400 feet thick at the mouth of Eiéht
Mile Creek (Horberg, 1940, p. 283) and could be much thicker in other
places. its thickness in.the map area appears to be dependent upon a pre-
glacial topography of censiderable relief developed by the Yellowstone
River and its tributaries. For example, near the Wanigan where the river
has carved a cliff in glacial debris and the underlying Tertiary sedi-
ments, the till is as thin as 40 feet.. About three miles downstream, the
river has cut its way through at least 150 feet of glacial till and is
still flowing on_it.

Abrasional grooves are bresent on the south shoulder of the mouth
of Conlin Gulch but were either peorly developed or have net been well
preserved. The highest of these, cut in Tertiary intrusive rock, appears

to be the best developed and is at an elevation of about 6100 feet. It
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is about 200 feet long and has a maximum width of about 20 feet. The
bottom of the groove is very smooth and slopes northward along the valley
wall. Its elevation at the mouth of Conlin Gulch and the highest eleva-
tions of erratics in the area, when prejected north to the glacial. termi-
nus, suggest a grédient of about 190 feet per mile for the top of the
piedmont ice.

The activities of outwash waters nofth of éhe,glacial terminus pro-
duced a large well-developed outwash plain which now extends from Elbow
Creek northward for about five miles. In contrast to the ungfaded knob
and kettle topography of the moraine to the sbuth, the outwash plain-is
a smooth northward-graded surface. Alden (1932, p. 62, 123) and Herberg
(1940, p. 291) suggest that this surface correlates on a regional scale
with a pre-Wisconsin .erosional surface termed "No. 3 bench™ by Alden. It
is not likely that this correlation is valid, however, because "No. 3\
bench", diréctly southwest of Livingston is at an elevation of almost
5000 feet (Hoiberg, 1940, p. 291) while the outwash surface in-question,
only a few miles to the soutﬁ, is as low as 4750 feet and has a north-
ward gradient. Unless serious structural movement has occurred since
"No. 3 bench" was formed, there can be no correlation between the two
surfaces. The material on which the outwash éurface is formed could be
either pre-Wisconsin or Wisconsin in agé‘and could be the result of out--
wash deposition or of normal stream and/or'river deposition., At any rate
the present surface appears to be the result of the acpivities of Wis-
consin. glacial outwash waters and there is no evidence to indicate any

affinity between it and previous surface formation.
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A second and younger outwash plain emanates from a Wisconsin ice-
marginal channel near Chico Hot Springs and spreads northward as far as
the Mill Creek School where it merges almost imperceptibly with a large
alluvial fan of Mill Creek. The alluvial fan and the eutwash plain
comprise essentially a single surface but drainage textures on aerial
photographs show that the fan was produced by west-flowing streams from
Mill Creek Canyon while the outwash plain was formed by north-flowing
streams from the piedmont glacial terminus. Both surfaces have simi-
lar gradients and appear to merge, so it is likely that the outwash
~plain and the fan were formed concurrently. The ontwash plain described
above is apparently younger thar the one north of Elbow Creek because
the two.are separated by glacial moraine. The younger surface mosf like-
ly formed around a piedmont glacial terminus between the mouths of Emi-
grant Gulch and Conlin Gulch. This surface will be referred to hereafter
as the inner outwash plain to differentiate it from the older, outer.
outWash plain.

The ice-marginal channel from which the inner outwash plain emanates
prebably serviced both Emigrant Creek and melt-water from Wisconsin pied-
mont ice. It parallels the moeuntain front befween-the mouth of -Emigrant
Gulch and Chico Hot Springs where it broadens into the surface described
above. Before development of the inner outwash plain, the ice-marginal
chailhel prbbably continued northward along the mountain front between.

. Conlin Gulch and Mill Creek where the Wisconsin_glacial mofaine is cut
by several poorly developed stream channels. Apparently, as the recessioﬁ
of piedmont ice continued, the waters fleowing in the ice-marginal stream

developed new channels circumfluent to the receding glacial terminus,
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The .terraces pfesent at the head of the inner outwash plain near Chicol
Hot Springs suggest that Emigrant Creek and glacial mélt-water flowed
around the ice terminus at this point for a considerable time. The ice-
marginal channel was eventually blocked by moraine (see figure 10.) at
some stage of glacial ﬁctivity and Emigrant Creek was forced to cut a
new channel westward across the till. This channel, which extends from
the mouth of Emigrant Gulch to its juncture with the Yellowstone River
in sec. 34, T. 5 S., R. 8 E., is well developed (see figurell,) but has
no terraces. Near the mouth 6f Emigrant Gulch this.abahdoned channel
merges with a later fan into which the present channel of Emigrant Creek
is now entrenched. Whether this latést fan fdrmea as a direct result of
glacial rece;sion or whether it formed after the glacier had left thé
areé cannot be determined. In either éase, the gradient of the.later
surféce is about 160 feet per mile as compared to a gradient of about
115 feet per mile for the abandoned channel.

In Emigfant Gulch, near White City, a deposit of coarse unconsoli-

dated material has been preserved on the south side of the present stream

" bed, The surface of this deposit now stands about 160 feet above the

bottom of the gulch at:that point and slopés westward toward the mouth

of the gulch with a,gradient‘of about 100 feet per mile. Similar materi-
al has been preserved on the south wall of Emigrant Gulch near its mouth
but the top of the deposit at this point has been removed'by'erosion.

The gradient-of the surface, projected from an elevation of 5960 feet
near white.City, indicates that these deposits once filied the gulch to

an elevation of about 5800 feet near its mouth. These sediments may have

{
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Figure 10. Ice-marginal channel blocked by moraine between Emigrant
Gulch and Chico Hot Springs.

Figure 11. Old Emigrant Creek Channel, View is downstream north.
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been deposited in a lake formed behind a barrier of piedmont ice and/or
moraine. The material is very coarse and does not contain varved silts
and clays which typify glacial lake deposits but the steep walls of the
very narrow Emigrant Gulch probably account for this. Also, these deposits
are close to the wall of the gulch where coarse material would accumulate.
This supfaée was formed earlier than the ice-marginal channel énd otﬁer
channels éésociated with piedmont glacial recession. It lies at‘a much
_ higﬁer elevation so was probably formed during the piedmont glacial maxi—
mum rather than when the ice was receding. Contempdrary deposifs of simi-
ldr origin at.higher elevations than presernt moraine .have also been pre-
served in Six Mile Gulch ébout five miles south of the mab area (J,-Montagne,

personal communication, 1963) ,

Discussidn

The concept of Wiéconsin glaciation in the upper Yellowstone Valley -
as'outlined.by Weed (1893) implies ‘a single phase of glacial activity. -
Alden (1932, p. 123) described an inner and an outer piedmont terminal
moraine near the mouth of Mill Creek apd suggested that two phases of
glaciation had occurred but he did not submit any detailed explanation -
of the relationship except to note that the suppbsedly younger inner mor-
aine extended into an "inner valley" which had been eroded into the outer
and apparently oldér Wisconsin terminus by the Yellowstone River, Wis-
consin moraine in the upper Yellowstone Valley was first differentiated
and attributed to two distinct phases of glacial activity py Horperg

(1940) who termed them the early Wisconsin (Bull Lake) and late Wisconsin
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(Pinedale) substages in an attempt to correlate with Wisconsin substages
(Blackwelder, 1915) in the Wind River and Green River basins, Wyoming.
In this concept, the inner moraine of Alden (1932ﬁ p. 123) is considered
to be Pinedale and the outer. moraine is mapped as Bull Lake. Part of
Horberg®s evidence for two substages of glaciation in the main valley is
the relationship between two distinct tefminal‘moraiﬁes at the mouth of
Pine Creek, near the north end of the vailey. These moraines, the pro-
ducts of valley glaciation in Pine Creek Gulch, indiqate two separate
phases of glaciation between'which a period of considerable erosion occur-
‘red. The center of the older moraine (Bull Lake) was removed by Pine
Creek before the ydunger moraine (Pinedale) was deposited, Ihe Pinedale (?)
terminus was then deposited beyond the Bull Lake (?) teiminus. .Also;the
younger sequence waé deposited in a deep gap cut between the lateral
moraine of the older sequence and the canyon mouth. Becéu§é this relation-
ship exists at_the mouth of Pine Créek, Horberg attémpted to apply the same
concept to piedmont glaciation in the mdin valley. Evidence strengthen-
ing his Bull Lake - Pinedale concept of glaciation in the main valley
includes a peat zone (not presently exposed) buried by glacial moraine on
the north side of the present channel of Emigrant Creek, the ice-marginal
channel blocked by glacial moraine between Chico Hot Springs and the mouth
of Emigrant Gulch (see Figure HO.) and the presence of younger moraine in the
"inner valley" of the'Yellowstone about two miles north of Emigrant as |
first described 5y Alden (1932, p. 123). Further, Horberg (1940, p. 297)
describes the Pinedale (?) deposits:.ashraving a more youthful appearance thén‘

the Bull Lake moraine, -The ages of Bull Lake and Pinedale substages have




T 5 Li Li_ll

51

not yet been definitely established in terms of years but carbon-14 age
determination from Jackson Hole, Wyoming (Love, 1956, p. 149,150) sug-
gest possible ages of about 27,000 years for the Bull Lake substage and
about 9,000 years for the Pinedale substage.

Horberg(s concept has since been challenged by Montagne (personal -
communication, 1962) on the premise that the evidence for two substages
df Wiséonsin glaciation is not conclusive. Part of the purpoese of this-
paper is to further evaluate any evidence for or against the concept;

Becausé the map area includes much of the till deposited at the
distal end of the piedmont ice, it is probably the ﬁdst likely place in
Lthﬁpupper Yellowstone Valley for evidence pertinent to the glécial history.
The criteria used in an attempt to distinguish glacial deposits of dif-
ferent ages in tﬁis study were: (1) degree of preservation of distinctive
glacial features, (2) progress of weathering and composition of debris,
{3) degree of soil profile development, (4) stratigréphic relationships-
between soil, outwash, and till, and (5) physiegraphic relationships of
moraine, outwash plains, and stream channels. The time interval between
Bull Lake and Pinedale glacial substages is uncertain but should be suf-:
ficient for the development of hotable differences in the topographic,
preservation, degree of'weathering of material, and soil profile develop-
ment of Bull Lake and Pinedalexdeposits. Stratigraphic and physiographic
relgtionships can indicate advance and recession of glacial ice but do not
necessarily indicate any great time interval between phases of activity.
For this reason, conclusivé evidence for two disiinct substages of Wis-

consin glaciation must include some sort of time-dependent factor.

y
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(1) Preservation of distinctive glacial features - In the map area and in
the entire uppgr Yellowstone Valley, no distinction could be found inzthe
degrée of presgrvation of glacial features. Some places appear to have '
a slightly mdre yoqthful character but these places are present on both
Bull Lake (?) and Pinedale (?) moraine. Further, aerial photographs of
the valley floor show no apparent difference between moraines classified
by Horberg as Bull Lake and Pinedale,
(2) Progress of weathering and composition of debris- The progress of
weathering of material comprising Bull Lake (?) and Pinedale (?) moraines
appears to be identical., None of the'material in the glacial till appears
to be extensively weathered with the exception of certain schistose rocks.
These metamorphic rocks of Precambrian age are qgite susceptible to weath-
ering and so are easily exfoliated and decomposed. Furtﬁer, the composi-
tion of glacial debris in both Bull Lake (?) and Pinedale (?) deposits ap—-
pears to be consistent with that described on page 28 throughout thelarea.
(3) Soil profile development - Substages of Wisconsin glaciation have.been
distinguished in other areas by the degree of soil profile development.
For example, profiles on Bull Lake and Pinedale till on the east slope of
Rocky Mountain National Park, Colofado are described by Richmond (1960). as
being quite different. Bull Lake soils in that area are well developed
and are as much as five feet thick in contrast to the-immature Pinedale
soils with thicknesses of 12 to 18 inches. However, an attempt to distin-
guish substages of Wisconsin glaciation in Indiana on the ba§is of soil pro- -
file by Thornbury (1940) was essentially unsuccessful. According fo Flint

(1949), age correlations of glacial drift generally cannot be reliably
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determined on the basis of soil profile development becauée of the com-
plexity of soil forming factors. ’

In this study, soil profiles on Pinedale (?) and Bull Lake (?) mor--
aines were examined at various places in and near the ﬁap.area in an at-
tempt to differentiate deposits of the two substages. If a study of this!
type is to be valid, a consideration must be given to the variables affeci—
ing soil profile development. The most impertant variables are time, type
of parent material, climate, vegetation, and topography. Because time is
the variable to be considered, the other soil forming factors must be care-
fully controlled. The soil profiles to be studied must be located in areas
of similar climate, vegetation, and.topography, and must ﬁave 6riginated
from the same type of parent material. The profiles studied were located
aleng road cuts in reasonably flat surfaces. The parent material (glaciai'
till and loess) and the vegetation (short grass) were reasonably similar -
where the soils were.examined.

Profile characteristics noted in this study, that might indicate a
relative time factor, are the depth and the thickness of the C,, horizon.
Other characteristics which might have been useful for cemparison include
depths and thicknesses of A and B horizons, organic and ionic constituents in
those horizons, and types of clay present. These characteristics are all
interrelated to some degree.and are associated with the soil foiming fac-
tors that cause C,C0q accumulation so were not utilized ip this study. Ta-
ble II shows the results of Cca horizon comparisons in this stﬁdy, Ifany':
gross morphologic difference between Bull Lake (?) and Pinedale (?) soils exists

in the upper Yellowstone Valley, it should have been noted in the comparison
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TABLE II. Soil Profile Comparisons
Location Possible Substage
E, corner, sec, 13, 1. 5.83,; R. B E. Bull Lake
W. corner, sec. 5T. 5S., R. 9E, Bull Lake
E. corner, sec. 34, T. 5S., R. 8 E Pinedale
E. corner, sec. 3, T. 6 S., R. 8 E Pinedale
W. corner, %es. 1, T.76'S., R:-B E Pinedale
E. corner, sec, 27, T. 5S., R. 8 E Pinedale
side,wisec. 81, T, 645, R, 8 E Pinedale
2% 3 4, 5 6. 7
M. Bt A: ) P
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of these soil profiles. The only possible distinction which might be
noted in these profiles is that the two Bull Lake (?) $0ils: appear. to héve
a deeper and thicker Ccoq horizon. The validity of this distinction is
questionable, howevef, because only a few profiles were compared. The
character of the C , horizon and the rest of the profile varies a great
deal in both Bull Lake (?) afd Pinedale-(?)s0iPs-if the map’4¥éa. Some
exposures.show the. supposed youangér soiliwith®dibetter dévéloped: profile
- than that of the older soil (compare 5 and 7 with 2). This situation can,
in some exposures, be attributed to different local variables, e.g. depth
of loess, which influence profile development (compare 5 with 2) but, in
other exposures, it is apparently not consistent with these variables
(éompare 7 with 2). If the concepf of two substages of glaciation is
correct, the soils that developed on deﬁosits of different ages do not
appear to have any gross morphologic distinctions despite at least a
10,000 year age difference. It is possible that climatic conditions were
such that proefile development proceeded too slowly between Bull Lake and
Pinedale glacial substages to account for any notable diffe?ence in the:
respective soils. Or, it is possible that wind removed the soil as fast
as it formed. Whatever the explanation ma& be, if two substages of Wis-
consin glaciation occurred in the upper Yellowstone Valley, it is evident
that the gross features of soil'profiles cannot be used reliably for sub-
stage distinction. !
(4) Stratigraphic relationships - In the map area, a number of stratigraphic
relationships arée present which may be pertinent to the Bull Lake -~ Pine-

dale concépt of Wisconsin glaciation., Among these are deposits of outwash
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and loess which appear to be overlain and underlain by glacial till. For
exgmple. on thé north side of a dredge pond near the mouth of Emigrant
Gulch, outwash deposits overlie glacial till and appear to be also over-
lain by till. Exposure of this relationship is poer (see figure 12) but
by‘closelscrutiny and by digging, the outwash can be traced beneath‘mor—
aine at the mouth of Emigrant Gulch..

Thin deposits of silt and fine sand which are apparently buriéd by
glacial till are exposed along the old Emigrant Creek channel about one
mile above its juncture with the highway in sec. 34, T. 5S,, R. B E. |
and along the east bank of the Yellowstone River in sec. 23, T. 5 S.,

R. 8 E. Both of those deposits appéar to be loess which has accumulated
on, and then been covered by, QLacial till. However, both exposurés are
located on steep slopes so.slumﬁing inay have preduced this relationship.

In a small gully- ih the south part of sec. 34, T. 5 S., R. BE.,

a sequence of possible glacial lake deposits with interbedded glacial till
is exXposed. The north side of the gully shows a thick deposit of silt
with an upper zone of coarsely varved clay beds bverlain by giacial till
of varying thickness. The till is everlain by a thin, irregular zone of
silt and clay which is in turn overlain by more glacial till. If fhése
zones of clay and silt are true glgcial lake deposits or if they are loess
deposits, at least three advances of piedmont icé must have occurred.

All of the stratigraphic relationships described above suggest that
Wisconsin piedmont glacial activity was episodic and charactefized.at
least by intraglacial advances and retreats if not distinct Wisconsin

substages., These relationships do not indicate any great time-break in








































